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This invention relates to an antenna system, 
and more particularly to a multiple antenna. 

It has heretofore been proposed to arrange 
a plurality of antenna sections in a single line, 

is the sections being connected together in suc 
cession to constitute an array having a pri 
mary section and a plurality of secondary sec 
tions, all of which operate as radiators. Each 
section is connected to ground through a lead 

lo including a loading coil for controlling its 
tuning, and high frequency energy is supplied 
at relatively low voltage to the primary sec 
tion which operates as a step-up transformer 
supplying the energy to the secondary sec 

15 tions. : - 

The loading coils included in the down 
leads of the secondary sections each serve to 
neutralize a portion of the capacity of the 
antenna section with which it is associated, 

20 while the loading coil in the primary section 
down lead is designed to neutralize the ca 
pacity of this section and, in addition, the 
remainder of the capacity of the secondary 
sections which is not neutralized by the load 

25 ing coils associated with them. In certain 
instances the capacity thus neutralized is con 
siderably greater than that of any one section 
of the system. The purposes of this unsym 
metrical loading of the different sections is 

30 to render the primary section a tuned radi 
ating unit of low impedance for connecting a 
high frequency source to the secondary radi 
ating sections. The loading coils associated 
with the different secondary antenna sections 

35 are of such relative values that the capacity 
of these sections is equally distributed among 
the down leads and a current node is created 
upon each flat top section. . . . 
With this arrangement, in order to change 

40 over from one frequency to another, of sev 
eral frequencies which may be efficiently ra 
diated by the system, the loading coil of each 
Section must be adjusted separately. Because 
of the physical arrangement of the sections, 

45 such adjustment involves a large amount of 
labor and loss of considerable time, or, if a 
quick change-over is to be effected, a large 
personnel is required for this purpose. 
The present invention is directed to a mull 50 tiple antenna having the sections symmetri 

the labor and time required to change the tun 

1925. Serial No. 19,574. 
cally disposed about a geometrical center, 
whereby there is effected a material saving in 
the labor and time required to change the 
tuning of the antenna. 

In accordance with this invention a plu 
rality of antenna sections are symmetrically 
arranged relatively to a geometrical center 
to constitute a system. Similar terminals of 
the sections are connected together to provide 
a common terminal which is connected to 
ground through a down lead including a load 
ing coil. The other terminals of the sections 
are connected to ground through individual 
down leads, each of which includes a loading 
coil. The grounded terminals of the down. 
leads are electrically connected together. The 
loading coil in the common down lead is de 
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signed to neutralize the capacity of this lead 
as well as a certain part of the capacity of 
each of the equal and symmetrically disposed 70 
antenna sections, while the loading coils in 
the individual down leads are respectively 
adapted to neutralize the remaining parts of 
the capacities of the antenna sections with 
which they are associated. 
In this arrangement the capacity of any one 

Secondary section is considerably in excess of 
the capacity of the primary section and there 
fore the high frequency energy is substan 
tially concentrated in the secondary sections, 
so that the common down lead constitutes, 
in effect, a non-radiating primary antenna 
Section for tuning the array to the frequency 
of the wave to be radiated. The tuning of 
the antenna array can therefore be controlled 
by adjusting the loading coil in the common 
down lead, or primary antenna section, so 
that by a single operation a quick change 
over from one frequency to another may be 
effected. 
One object of the invention is to simplify 

the operation whereby the tuning of a mul 
tiple antenna, may be controlled. 
Another object is to considerably reduce 
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ing of an antenna array. - 
A further object is to render the tuning of 

an antenna array controllable by a single 
operation. 
A feature of the invention is a single means 109 
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for controlling the tuning of a multiple an 
tenna system. 
An additional feature is an antenna array 

with means whereby the high frequency cur 
rent and voltage supplied to the radiating 
sections are substantially in phase with each 
other. 

For a complete understanding of the in 
vention both as to its organization and mode 
of operation, reference may be made to the 
following description read in conjunction 
with the attached drawing in which Figs. 
1, 2 and 3 show antenna systems embodying 
the invention; and Fig. 4 illustrates a detail 
of the system, whereby a uniform mechanical 
tension or strain is maintained in the differ 
ent antenna sections. - 

Referring now to Fig. 1 there is shown an 
antenna system comprising a plurality of 
flat top sections 1, 2 and 3. Section 1 con 
sists of portions a and b, section 2 of portions 
c and d, and section 3 of portions e and f. 
The antenna supporting structure com 

prises towers 4, 5 and 6 disposed at the apices 
of an equilateral triangle, between which are 
supported two portions of different antenna 
sections to constitute the sides of the triangle. 
Thus a and g of sections 1 and 2, respectively, 
are supported between towers 4 and 5, d and 
e between towers 5 and 6, and f and b between 
towers 6 and 4. The flat top portions of the 
antenna system are connected to the towers 
4, 5 and 6 by messenger cables which include 
insulators 20. . 

Similar terminals of sections 1, 2 and 3 are 
connected together by conductors 7, 8 and 9 
extending to a common terminal to which is 
connected a down lead 10 including a loading 
coil 11 having associated with it, an adjust 
able contact 12 connected to ground. The 
other terminals of section are connected to 
ground through down lead 42 which includes 
a loading coil 13. In a similar manner the 
opposite terminals of sections 2 and 3 are re 
spectively connected to ground by down leads 
14 and 15, each of which includes a loading 
coil 13. The ground System is made nore 
effective by conductors 16 interconnecting the 
several ground points of coils 13 with the 
ground at contact 12. 

In accordance with the present invention 
the coils 11 and 13 are designed so that the 
different sections and the system are tuned 
to the frequency of the wave to be radiated, 
but the inductance of coils 13 relatively to 
that of coil 11 is such that, when the elec 
tromotive force of the high frequency wave 
supplied to the system is maintained con 
stant, the capacity of the down leads 42, 14 
and 15 will be greater than that of the down 
lead 10. The relative values of the induc 
tance in the coils 13 and 11 are such that 
current nodes occur at or near the down 
lead 10, or even in proximity to the upper 
terminal of the loading coil 11, with the re 
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sult that the current flowing through the 
down lead 10 will be small, while the currents 
flowing through the down leads 42, 14 and 
15 will be large. A source of high frequency 
energy T is coupled to the array through 
the coil 11 included in the common down 
lead 10. Source 17 may comprise any well 
known arrangement for supplying high fre 
quency signal modified waves to the antenna. 
By adjusting the loading coil in the down 

lead 10, the tuning of the sections of the sys 
tem may be varied with the result that the 
high frequency current nodes are shifted in 
Wardly or outwardly along the flat top por 
tions of the antenna sections. 

In one test it was found that the current 
flowing through the primary section 10 was 
approximately one-tenth to one-thirtieth of 
that traversing the secondary sections when 
the energy supplied to the array was varied 
from 285 kilocycles to 235 kilocycles, respec 
tively, so that for all frequencies used the 
former is a non-radiating unit, while the lat 
tier operate as radiators. - 

Fig. 2 illustrates an antenna system sim 
ilar to that shown in Fig. 1. Like elements 
in the two figures are identified by like refer 
ence characters. This system differs from 
that described above in that the portions of 
the different antenna sections are connected 
together to constitute one side of the tri 
angular figure. Thus portions a and b of 
section 1 are supported between towers 4 
and 5, portions 6 and d of section 2 between 
towers 5 and 6, and portions e and fof section 
3 between towers 6 and 4. 
The common down lead 10 is connected 

by conductors 7, 8 and 9, respectively, to 
the junction points of portions a-lb., c-d 
and e-f. The individual down leads 42, 
14 and 15 are also connected to these junction 
points respectively. 
The common down lead 10 is provided with 

a loading coil 11 and the individual down 
leads 42, 14 and 15 are provided with loading 
coils 13. As in the arrangement of Fig. 1, 
the inductance of the coil 11 should be so 
related to the inductance of the coils 13 that 
the current flowing through the down lead 
10 will be small, while that flowing through 
or traversing the down leads 42, 14 and 15 
will be large. 

In this figure the distribution of the high 
frequency current is indicated for one sec 
tion by the lines a, y and 2. In this case the 
inductance 11 is adjusted so that a current 
anti-node occurs in proximity to the coil 
11 and a current node occurs on the primary 
section in proximity to the common junction 
points of the portions a-lb of section 1. 
The current is distributed in sections 2 and 
3 in a similar manner. This arrangement 
operates in a manner similar to that shown 
in Fig. 1. Its tuning may be controlled by 
adjusting the contact 12 associated with the 
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loading coil 11, whereby the current node is 
shifted inwardly or-outwardly upon the flat 
top sections. . - 

Fig. 3 illustrates a multiple antenna sys 
tem and a method of supporting it, which is 
somewhat different from those previously 
described. 
The antenna system comprises a plurality 

of double fan-shaped sections 21 supported 
by messenger cables 22 secured to towers 4, 
5 and 6. Each section is insulated from the 
towers by insulators 20 included in the mes 
senger cables 22 and the unlike, or outer, ter 
minals are connected to auxiliary support 
ing towers 23 by messenger cables 24, each 
including an insulator 25. 
The antenna sections radiate from a com 

non center which is connected through a 
down lead 10, inductance coil 11, and ad 
justable contact 12 associated there with to 
ground. The other terminals of the sections 
are grounded through down leads 26, each 
including a loading coil 13. The grounded 
ends of the coils 13 and the contact 12, asso 

3. 

ciated with coil 11, are connected together by a ground system 27. While the system 
27 is indicated as a single conductor extend 
a common ground lead 28 to which the con 
tact 12 is connected, it is to be understood 
that this is merely a bus bar which may be 
connected to any well known design of sys 
item for providing the desired low resistance 
connection to ground. 
The inductance of the loading coil 11 in 

down lead 10 and the inductance of the coils 
13 in down leads 26 should be so designed 
that the high frequency energy is distributed 
in the antenna sections in a manner similar 
to that described in connection with the pre 
ceding figures. a . 
The antenna system of Fig. 3 operates and 

may be controlled in the same manner as 
those previously described. Thus by adjust 
ing the loading coil 11 the tuning of the sys 
tem may be changed so that it is resonant to 
a different frequency and the current nodal 
points are shifted along the sections without 
substantially varying the radiating charac 
teristics of the system. . . . 

In one form of supporting arrangement 
for multiple antenna systems previously 
used, the desired mechanical tension was ap 
plied to each of the individual wires, in 

; eluded in a section, which were then perma 
nently secured to the supporting masts or 
towers. In another arrangement the ter 
minals of the sections Were connected by sup 
porting cables to a winch or hoisting mecha 
nism which was used to raise the antenna 
system into position between the towers and 
to apply the desired mechanical strain to 
each section. 
In either case, there is considerable liabil 

ity during stormy weather, for some portion 

or the whole of the antenna system to break, 
thereby causing serious interruption of serv 
ice. In order to overcome this objectionable 
feature, there is illustrated in Fig. 4 an ar 
rangement which may be used to maintain 
uniform the mechanical tension applied to 
the different sections of the antenna system. 
The supporting cable for an antenna wire 

or section is led over a block or pulley 30, 
at or near the top of each supporting tower, 
and has its opposite end connected to a pull 

70 

75 
ley or block 31. A control cable 32 is con 
nected at one end to a weight 33, which slides 
freely in the frame 34. The cable 32 passes 
over a pulley 35, secured to the frame 34. 
the sheaf of pulley 31, over a pulley 36 and 
has its other end connected to a winch 37 
mounted on the tower in proximity to the 
ground. 
With the controlling mechanism in the 

position shown, the strain applied to the an 
tenna unit will be determined by the weight 
33. Any expansion or contraction of the an 
tenna unit, or additional load applied there 
to, will cause the weight 33 to change its 
position so as to maintain uniform the ten 

ision applied to the unit. Thus during wind 
ing from the lower terminals of coils 13 to or sleet storms, the strain applied to the con 

ductors constituting the antenna unit or sec 
tion is limited to that determined by the 
weight 33. . . . . . . . 
This control mechanism may be used with 

any of the antenna systems described above, 
and for purposes of illustration is shown ap 
plied to the antenna system of Fig. 2. In 
proximity to the supporting towers the mes 
senger cables for adjacent antenna portions 
are connected together and to a supporting 
cable, which after passing over the block 30, 
is connected to the pulley 31. The control 
cables 32 have their ends respectively con 
nected to the weight 33 and winch 37 in each 
case. • - - - 
An antenna System similar to that shown 

in Fig. 3 has been operated for a frequency 
range from 235 to 285 kilocycles. 
The supporting structure consisted of self 

supporting towers 165 feet high and 500 feet 
apart. The static capacity of the antenna 
with all of the down leads open was 5,375 
mm.f. The inductance of each of the coils in 
the down leads individual to the Sections 
varied from .22 to .32 millihenries for the 
frequency range given above, and the induc 
tance of the coil included in the common down 
lead was 1.2 millihenries. The tuning of this 
system was also controlled by varying the 
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inductance of the common down lead, while 
maintaining constant the inductance of the 
coils included in the individual down leads. 
In either case the resonance of the system was 
varied from 235 kilocycles to 285 kilocycles 
without materially affecting the radiating 
characteristic of the system. 
The lines a, y and 2, applied to the system 
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of Fig. 2, to illustrate the current distribution 
in Section 1 of the antenna system, serve to 
identify the current distribution in each of 
the sections of this system, as well as in that 
of each Section of the antenna systems shown 
in Figs. 1 and 3. - 
A satisfactory method of operating antenna 

systems of the type described above involves 
supplying the energy to the radiating sec 
tions at high voltage and low current. In 
order to effect this, the inductance of the load 
ing coil 11, included in the common down 
lead, is of such value and is so adjusted that 
the antenna array effectively comprises a 
number of secondary sections connected by a low impedance primary section to the sec 
Ondary of a step-up transformer; by means 
of which the signal wave source is coupled to 
the antenna. The primary of this trans 
former may or may not be tuned by a shunt 
condenser to the frequency of the waves sup 
plied by the source. The primary section or 
common down lead is then only a short low 
impedance transmission line over which high 
frequency energy is supplied to a load circuit 
comprising a plurality of secondary sections 
connected in parallel. . 
Under the conditions noted above the phase 

angle between the currents, supplied to the 
primary section with reference to the voltage 
across the secondary and the coupling trans 
former, decreases as the number of turns of 
the transformer secondary is increased. Un 
der ideal conditions, the current traversing 
the primary section and the voltage across 
the transformer secondary would be in phase. 
However, in practice the phase angle between 
the primary section current and the primary section voltage is only approximately zero. 
This method of supplying high frequency 

energy to an antenna system may be defined 
as “high voltage feed”, and serves to deter 
mine one limit of the frequency range over 
which the antenna system described above is 
operable. The other frequency limit is de 
termined by the case in which the current in 
the antenna primary section is in phase 
quadrature with the voltage applied thereto. 
Over thefrequency range identified by these 

limits, the primary current decreases in mag 
nitude as the “high voltage feed’ condition 
is approached. When this is obtained, cur 
rent flowing through the antenna primary 
section is extremely small and is approxi 
mately equal to that necessary to provide 
energizing current to the radiating system. 
In other Words the magnitude of the current 
transmitted through the antenna primary 
Section is approximately that necessary to 
take care of the power loss in the radiating 
system. This loss is determined by the equa 
tion 

W 
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where I is the current and W is the loss 
due to R, the multiple impedance of the sec 
ondary sections. 
In the arrangements herein described, the 

antenna system is illustrated as triangular. 
However, the antenna system may be com 
posed of any number of sections symmetrical 
ly disposed about a geometrical center. The 
down leads may comprise cage Sections or 
single conductors. The flat top portions of 
the antenna sections may be of the cage type 
or may consist of a plurality of conductors 
in a single plane or arranged in any other 
suitable manner. . 
While in the foregoing, specific details have 

been described for the purpose of completely 
and clearly disclosing the nature of the in 
vention, it is to be understood that this in 
vention is not limited thereto, but only by 
the scope of the attached claims. 
What is claimed is: 
1. A multiple-tuned radiating system com 

i prising a plurality of antenna sections Sym 
metrically disposed about a geometrical cen 
ter, and a ground connection therefor com 
prising a down lead common to said Sections 
and other down leads comprising one indi 
vidual to each of said sections. 

2. A radiating system comprising a plu 
rality of antenna sections symmetrically dis 
posed about a geometrical center, and a 
ground connection therefor comprising 8. 
down lead common to said sections and other 
down leads individual to said sections, said 
common down lead operating as a non-radi 
ating high voltage source for supplying 
energy at approximately the voltage anti 
node to the symmetrical sections. 

3. A radiating system comprising a plu 
rality of antenna sections symmetrically dis 
posed about a geometrical center, a ground 
connection therefor comprising a down lead 
common to said sections and other down leads 
individual to said sections, and means in 
cluded in said common down lead for shift 
ing the voltage anti-node inwardly or out 
wardly on the symmetrical sections, whereby 
the resonant frequency of the system may be 
changed. 

4. A multiple-tuned radiating system com 
prising a plurality of antenna sections sym 
metrically disposed about a geometrical cen 
ter, a ground connection therefor comprising 
a down lead common to said sections and other 
down leads comprising one individual to each 
of said sections, and means included in at 
least one of said down leads for controlling 
the tuning of said sections. 

5. A radiating system comprising a plu 
rality of antenna sections symmetrically dis 
posed about a geometrical center, a ground 
connection therefor comprising a down lead 
common to said sections and other down leads 
individual to said sections, reactances in 
cluded in the respective down leads for deter 
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mining the electrical characteristics of said 
sections, the reactance included in one section 
being adapted to neutralize the reactance of 
different character inherent in said section 
and also reactance of an equal and symmet 
rically disposed portion of each of the other 
Sections. . . . . 

6. A radiating system comprising a plu 
rality of antenna sections symmetrically dis 
posed about a geometrical center, a ground 
connection therefor comprising a down lead 
common to said sections and other down leads 
individual to said sections, loading coils in 
cluded in the respective down leads for deter 
mining the electrical characteristics of said 
section, the loading coil in one section being 
adapted to neutralize the capacity of the sec 
tion in which it is included and the capacity 
of an equal and symmetrically disposed por 
tion of each of the other sections. 

7. A radiating system comprising a plu 
rality of antenna sections symmetrically dis 
posed about a geometrical center, a ground 
connection therefor comprising a down lead 
common to said sections and other down leads 
individual to said sections, and loading coils 
associated with said down leads for tuning 
said Sections and the system to the frequency 
of the waves to be radiated, said coils co 
operating to produce a current node in prox 
imity to the junction of said common down 
lead with said sections. 

8. A radiating system comprising a plu 
rality of antenna sections symmetrically dis 
posed about a geometrical center, a ground 
connection therefor comprising a down lead 
common to said sections and other down leads 
individual to said sections, a source applying 
a signal wave to be radiated, loading coils in 
cluded in said down leads for tuning said sec 
tions and the system to the frequency of the 
supplied wave, the coil included in the com 
mon down lead being designed to cause the 
current and voltage produced therein by said 

be approximately in phase 
with each other. 
In witness whereof, I hereunto subscribe 

my name this 30th day of March, A.D., 1925. 
ERNEST J. STERBA. 


