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15 Claims. (CI. 250-11) 
This invention relates to transmitting Wave 

antenna Systems adapted for long wave radio sig 
naling, and more particularly to a system com 
prising an array of relatively long loaded hori 
Zontal wires associated with each other and a 
common generating source by means of trans 
mission lines to give an efficient electromagnetic 
radiating system. 
The object of the invention is to increase for 

0 long wave lengths the efficiency of radiation of 
Wave antenna, Systems. Another object is, to 
render the system suitable for multiplex signal 
ing. Still another object is to develop a certain 
amount of directivity. Other objects will appear 
in connection with the description of the inven. 
tion. ; : 

It is well known that as the frequency, of a 
Wave decreases the efficiency of radiation de 
creases; that is, the ratio of the energy which 
is radiated as electromagnetic waves to the total 
energy supplied to the radiator, which latter in 
cludes in particular the loss due to ohmic resist 
ance in the antenna. For comparatively short 
waves this efficiency may be as high as 98 per 
cent, whereas for waves of some 5000 or .6000 
meters the efficiency may be of the order of 3 per 
cent. . ... i. 

The so-called “wave antenna' has been used 
for receiving long radio waves with marked suc 
CeSS, and reference to or description of Such an 
tennas for reception is found in an article by 
Beverage, Rice and Kellogg, in Transactions of 
the American Institute of Electrical Engineers, 
Volune 42, 1923. Such as Wave antenna, may be 
used for a transmitter but its inherent radiation 
efficiency is very low. However, on account of 
its directional character, the amount of power 
radiated in the desired direction is considerably 
greater than would be the case for an antenna. 
of the same Over-all efficiency which radiates in all 
directions... But, even. So, if it is to be used for 
transmitting, Some arrangements must be pro 
vided for still further increasing the efficiency 
in the desired direction. 

In our system, which is especially for long wave 
lengths though not limited thereto, we employ a 
plurality of long horizontal wave antennas com 
bined in parallel to give not merely increased ra 
diation but increased efficiency of radiation. To 
accomplish this end the antennas are excited in 
phase and the spacing between the antennas is 
wide enough so that there is practically no in 
teraction between then. Also, to prevent unde 
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55 terminated with an impedance to ground match 

at the generator end of the antennas; Fig. 5 shows 
protecting means for loading condensers; Figs. 

sirable reflection effects, each antenna may be. 

ing the characteristic impedance of the antenna, 
and the velocity of the wave in the wire is brought 
more nearly to that of the velocity of light by 
loading condensers spaced along the antenna. 
The invention will be better understood by ref- 5 

erence to the following specification and accom 
panying drawing, in which Figure i shows an an 
tenna of a type which may be used in Our SyS 
tem; Fig.2 shows an array of such antennas for 
the purposes given above; Fig. 3 shows more, in 
detail a preferred manner of combining two such 
antenna units to be supplied in parallel from one . 
transmission line; Fig. 4 gives the transformer 
connections with certain supplemental features 
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15 
6 to 8 show various terminating arrangements 
and Fig. 9 shows the directive characteristics of 
a certain system embodying our invention. 

Referring more specifically to Fig. 1, there is 
shown an antenna unit which we use in our trans mitting system and which, from a physical point 
of view, is similar in many respects to the re 
ceiving antenna, described by Beverage et al., men 
tioned above. This transmission line, which in 
one construction is about nine miles long and 
supported about 20 feet above ground on poles, 
is loaded periodically with condensers c spaced 
uniformly at distances l which in the construction 
mentioned is about one-fourth of a mile. The 
purpose of the loading condensers is to increase 
the velocity of propagation of the current Wave 
in the line, bringing it more nearly equal to that 
of the velocity of light. 

It may be desirable to have no reflections at 
the two ends of the antenna and for this purpose 
an impedance K is connected between the Outer 
end of the antenna, and ground, this impedance 
being equal to the so-called Surge impedance or 
characteristics impedance of the line which it 
terminates. Also, for purposes which Will appear 
later, a condenser of capacity 2c is connected in 
the ground circuit. A similar electrical condi 
tion is established at the left end of the antenna, 
system which may be considered as the one into 
which power is to be supplied. In the actual 
case, however, the impedance K and condenser2.c 
are not so introduced at this end but the electri 
cal equivalence thereof is obtained by a trans 
former connection between the antenna and the 
transmission line in a manner to be hereinafter 
described. 

In accordance with our invention, We use a 
plurality of such antenna units and associate 
them in parallel as shown in Fig. 2. Referring . 
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2 
more particularly to this figure, there is shown 
the connection of the transmission line to the 
plurality of antennas. . Consider a single isolated 
Wave antenna. Such as that of the dotted line 
ac-y. Such an antenna, would radiate energy, 
and the amplitude of the wave laid down or the 
field strength at any remote point Would be pro 
portional to the current in the antenna. The 
efficiency of Such a Unit antenna, Would be low 
because of the considerable iPr loss in Such a line. 

If, now, this antenna, is replaced by two in 
parallel, as a and b, and the Same current flows 
from the transmission line into each, then the 
wave amplitude at the remote point due to one 
antenna is the Same. But Since the antennas are 
excited in phase, the two wave components will 
be additive at a point on a line normal to the 
line a-b, giving twice the amplitude or field 
strength and, therefore, four times the power. 
The iPr loss for the two antennas together will, 
however, be only twice as great, and thus the 
radiation efficiency Will have been increased. In 
fact, for Such antennas as we are describing, if 
the efficiency of a single one is 3 per cent, that 
for the two in parallel will be substantially 
double. More particularly, if m and in represent 
the radiated power and the loss of power dissi 
pated in resistance, respectively, for one antenna, 
then the efficiency of that antenna, is given by 

y 

in-ri 
and if We now have paintennas in parallel, each 
supplied with the same current, then the wave 
amplitude at a remote point is p times as great, 
So that the received energy is proportional to pm. 
Whereas the ohmic loss is pn. Thus the effi 
ciency is expressed by 

p'n pm . 
pn-prl n-n 

If m is. Small compared to n, as in this case, the 
efficiency is increased by substantially the factor 
p up to reasonable values. This is all on the con 
dition that the antennas act as independent 
Sources of Waves; that is, are Spaced sufficiently 
So that there is practically no interaction be 
tween them and the input resistance of an 
antenna, is practically unchanged by excitation 
of other antennas. As a concrete illustration of 
this principle, a wave antenna, nine miles long 
Was found to have an efficiency of approximately 
3 per cent. Whereas a System of two identical ones 
in parallel and properly spaced, as shown in 
Fig. 3 was found to have an efficiency of 6 per 
cent. . . . 

Obviously, for a given spread or width t-t, 
which in the illustration referred to amounts to 
about five miles, it would be advantageous solely 
On the basis of radiation efficiency to have as 
many of the parallel antennas as possible still 
maintaining sufficient spacing. From an eco 
nomic point of view, however, it may not be de 
Sirable to go to the maximum number. Thus in 
Fig. 2 We have limited the number to twelve in 
three groups of four each. 
The feature of Supplying power to the antennas 

is important. In accordance with this disclosure 
We prefer to have the antennas all in the same 
phase, and the transmission line must be adapt 
ed for this. ASSunning the power station at the 
midpoint W, We night use a single transmission 
line with branches to the respective antennas, 
We find it better, however, in order to reduce i2r 
losses therein, to have a plurality of transmission 

1,992,283 
lines each of a pair of conductors, and instead of 
having a line to each antenna, we connect the 
antennas in pairs, as shown in Fig. 2. In order 
that the transmission lines shall be of the same 
electrical length, we loop them back on them 
selves by the necessary amount as shown in Fig. 2. 
This distribution permits a reduction of losses on 
the transmission line in about the same ratio as 
for the plurality of antennas. 
As noted above and largely for the purpose of 

economy, We connect the antenna units in pairs 
as shown in Fig. 3, the spacing between the two 
units of one pair being sufficient to conform to 
the requirement of negligible interaction, and, 
more specifically in our case, we find it con 
venient to make the portions f, which are at 
right angles to the antenna proper, one-half of 
the length of the conductor between two of the 
loading condensers, and the two units are then 
fed by means of a transformer connected at 
the midpoint h. This provides a mid-series con 
nection to each of the lines in a manner which 
is recognized as desirable in such transmission 
circuits. It is apparent that the spacing between 
two adjacent pairs must be sufficient so that the 
interaction between the two proximate conductors 
of the two pairs. Shall be kept at the desired low 
value. In Fig. 3 this spacing has been shown as 
somewhat greater than between the two antennas 
Of One pair. - 
The details of the transformer connection from 

the transmission line to the antennas of one pair 
are shown in Fig. 4. The transmission line is a 
balanced line which is to inductively connect to 
the grounded antennas, and such connection may 
be effectively made by connecting a condenser C2 
across the primary of the transformers in the 
transmission line, this condenser, with two other 
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condensers C3, giving a parallel tuned circuit. 
The secondary of this transformer constitutes a 
portion of a series tuned circuit consisting of the 
Winding T2 and condensers C4, the one end of the 
Winding being grounded. When two of the an 
tennas are connected in parallel the impedance 
thereof is reduced to one-half, and in this event 
it will be desirable to make the transformer a 
step-down transformer of the proper ratio to give 
natching in a nanner Well known in the art. 
Under these conditions there will be no reflec 
tion at either end of the antennas. 

Certain protective features are desirable in 
connection with our system. In part, it is desir 
able to provide means whereby accumulated 
charges on the loading condensers may be dis 
charged. To this end, as shown in Fig. 5, each 
Condenser is shunted by a leakage resistance 
which might be of the order of 15,000 to 50,000 
ohms. It is also shunted by a lightning arrest 
er gap to afford protection against more vio 
lent SurgeS. Such protection is also provided 
for the condensers C2, C3 and C4, as shown in 
Fig. 4. We find it also desirable to carry on tests 
of an antenna pair with respect to insulation, 
etc., which tests are best carried on with direct 
current or very low frequencies. To this end. We 
provide from the transmission line to the an 
tennas a conductive connection through the in 
pedances Z of Fig. 4. The high value of these 
impedances Z, as well as the resistances bridging 
the loading condensers, is such that their pres 
ence does not interfere with the transmission of 
the radio frequency currents but still provides a 
circuit for direct, current testing and protection 
against excessive accumulation of electric 
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charges. The condensers C3 are introduced as 
blocking condensers for direct current. 
While in Fig. 3 the renote ends of the pair of 

antennas are separately grounded, we would point 
out that Various changes in that connection may 
be made, as illustrated, for example, in Figs. 6 to 8, 
which do not need further explanation. 
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While the main purpose of the system, as 
We have thus described it, is for the purpose of 
increasing the efficiency of radiation, we find 
that the System is strongly directive. Such di 
rectivity would be present with one of our an 
tennas but with the plurality as shown, the di 
rectivity becomes greater in a manner analogous 
to that observed in connection with defraction 
gratings in Optical phenomena. Such directivity 
will depend on the total spread of our antenna, 
array, and it is for that reason that we have 
shown so wide a spread for six pairs of antennas 
in Fig. 2 rather than bring the outside groups 
closer to the middle group. The type of directiv 
ity which is obtained is illustrated by the curves 
of Fig. 9 which have been calculated for the case 
of one pair of antennas at frequencies of 68 kilo 
cycles and 60 kilocycles. Bringing several pairs 
into groups in the manner shown in Fig. 3 still 
further increases the directivity in a nanner 
which is analogous to that of the Optical case, 
What is claimed is: 
1. In a radio transmitting station, an antenna, 

system adapted for increased radio efficiency 
comprising more than two parallel horizontal 
wave antennas with condenserS Spaced along 
their length, a radio frequency generator, trans 
mission lines therefrom to the antennas at One 
end to excite the antennas in phase, a surge in 
pedance to ground at the other ends, transform 
ers for connecting the transmission lines to the 
antennas, the primary of the transformerSlbe 
ing part of parallel tuned circuits and the Sec 
ondaries being part of series tuned circuits, the 
spacing between the parallel antennas being SO 
large that they do not interact appreciably at the 
frequencies used. 

2. In a radio transmitting station, an antenna. 
system adapted for increased radio efficiency 
comprising a plurality of pairs of parallel hori 
zontal wave antennas with condensers Spaced 
along their length, a radio frequency generator, 
transmission lines therefrom to the antennas at 
one end to excite the antennas in phase, a termi 
nating impedance to the ground at the other 
ends, transformers for connecting the trans 
mission lines to the antennas, the primary of 
the transformers being parallel tuned circuits 
and the secondaries being series tuned circuits, 
the spacing between the parallel antennas being 
so large that they do not interact appreciably at 
the frequencies used, and an impedance leak and 
a lightning arrester across each loading con 
denser. 

3. The combination of claim 1 characterized 
by the fact that the plurality of antennas are 
connected in pairs with a separate transformel 
for each pair. 

4. The combination of claim 1 characterized 
by the fact that the plurality of antennas are 
connected in pairs with a separate transformer 
for each pair and a separate transmission line 
from the generator to each pair of antennas, the 
transmission lines to each pair being of the Sane 
electrical length. 

5. The combination of claim 1 characterized by 
the fact that the condensers in the horizontal 

3 
Wave antennas are equally spaced along their 
length and that the antennas are connected in 
pairs with a separate transformer for each pair, 
the Spacing between the antennas of a pair be 
ing equal to the spacing between the condensers. 

6. The combination of claim 1 characterized 
by the fact that the impedance at the transformer 
end as seen looking from the antenna into the 
transformer is also equal to the surge imped 
ance of the antennas. 

7. The combination of claim 2 characterized by 
the fact that there is a high impedance conduc 
tive connection from the primary of each trans 

10 

former to its pair of antennas to yield a con 
ductive path from the generator over the an 
tennas for protecting and testing purposes during 
Operation. 

8. The combination of claim 2 characterized by 
the fact that the impedance leak is a high re 
Sistance. 

9. In a radio transmitting station, an antenna. 
System for increased radio efficiency comprising 
more than two parallel horizontal wave antennas 
With condensers spaced along their length, a radio 
frequency generator, transmission lines there 
from to the antennas at one end, transformers for 
Connecting the transmission lines to the an 
tennas, the spacing between the parallel antennas 
being So large that they act as substantially in 
dependent antennas. 

10. The combination of claim 9 characterized 
by the fact that the primaries of the transformers 
are parts of parallel tuned circuits and the sec 
Ondaries are parts of Series tuned circuits. 

11. The combination of claim 9 characterized 
by the fact that there is a terminating impedance 
to ground at the remote end of each of the an 
tennas.' 

12. In a radio transmitting station, an antenna 
System adapted for increased radio efficiency 
comprising a plurality of pairs of parallel hori 
ZOntal wave antennas with condensers spaced 
along their length, a radio frequency, generator, 
tiansmission lines therefrom to the antennas at 
One end, transformers for connecting the trans 
mission lines to the antennas, the spacing be 
tween the parallel antennas being so large that 
they do not interact appreciably at the frequen 
cies used, and a resistance leak and a lightning 
arrester acroSS each loading condenser. 

13. The combination of claim 12 characterized 
by the fact that there is a transformer common 
to each pair of antennas. 

14. The combination of claim 9 characterized 
by the fact that the condenSers in the horizontal 
wave antennas are equally spaced along their 
length and that the antennas are connected in 
pairs with a separate transformer for each pair, 
the spacing between the antennas of a pair be 
ing equal to the spacing between the condensers. 

15. The combination of an antenna, COmpOSed 
of a plurality of equally long conductors and a 
plurality of condensers connected in Series with 
each other so that the condenSerS are Spaced 
from each other by equal distances each antenna, 
being grounded at both ends, and a plurality. Of 
high resistances each of which is connected in 
shunt With one of said condensers forming a con 
tinuous conductive path over the length of the 
antenna.S. 

AUSTIN BAILEY. 
AUGUSTUS E. HARPER. 
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