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The present invention relates‘ to new and improved 
antenna systems. More particularly, the invention re 
lates to antenna arrangements comprising multiple con 
ductor transmission lines which‘ areelectromagnetically 
coupled to surrounding transmitting or receiving loop 
arrays to effect systems that may operateto propagate 
radiant energy in multi-polarized ?eld patterns or to 
receive radiant energy propagated in such patterns. 
While there are many antenna constructions presently 

in use which may be operated to disperse electrical sig 
nals in dependable ?eld patterns in polarized orientation, 
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13 and 14 of relatively small diameter. Each of con 
ductors 11 to 14 is encircled by one of conductive loops 
>15, 16, 17 and 18, which are connected to the central 
conductor 10 to form symmetrically disposed horizontal 
cloverleaf arrays. A plurality of similar arrays is lon 

1 gitudinally spaced along the length of the transmission 
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none of them is capable of the ?exibility aiforded‘ by I 
the present invention which provides a simplemeans by 
which the radiant energy within the propagated ?eld 
may be directionally polarized along different axes. or 
polarization patterns‘. 

This feature of the inverltitin’i's very useful in that 
single antennas or transmitting and receiving equipment 
may be utilized ‘for different transmission or receiving 
requirements. Additionally, this concept mayqbeputilized 
as a means of effecting separation of information on 
a ?xed carrier frequency. For example, it is recognized 
that variations in the proximity of an antenna to the 
earth greatly atfect its ability to send or receive radiant 
energy of different polarizations where appreciable dis 
tances are involved. Since antennas close to the ground 
are most effective when vertical polarization is employed 
and those disposed at a high altitude are most effective 
when horizontal polarization is utilized, it would be 
desirable to be afforded of a single piece of equipment 
that could readily be converted to operate in the presence 
of the most effective type of polarization. 

Accordingly, it is a broad object of the present in 
vention to provide an antenna system that can be em 
ployed to el?ciently handle multi-polarized radiant ?elds. 

Another object of the invention is the provision of an 
antenna whose polarization may be changed or sensed 
through the expedient of electromagnetic coupling. 

Still another object of the invention is the provision 
of antennas systems wherein changes in polarization of 
radiant energy ?elds are elfected by means of electro 
magnetic coupling to transmitting or receiving equip 
ment. 

Further objects and additional advantages of the in 
vention will become apparent to those skilled in the ?eld 
to which it pertains from a consideration of the follow 
ing detailed description and drawing. 

FIG.,1 is a cross-sectional view of one embodiment 
of the invention. 
FIG. 2 is a cross-sectional view taken along line 2—2 

in FIG. 1. 
FIG. 3 is a cross-sectional view of another embodi 

ment of the invention. 
FIG. 4 is a cross-sectional view taken along line 4-4 

of FIG. 3. 
In the drawing, like reference characters designate 

similar parts in the several views. 
As shown in FIG. 1, one embodiment of the present 

invention comprises a transmission line including a cen 
tral conductor 10 of relatively large cross-sectional area 
and four equally spaced surrounding conductors 11, 12, 
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line. 
Current ?ow is induced in each of the loops 15 to 18 

by means of electromagnetic coupling between the in 
dividual loops and the centrally‘positioned conductors 
11‘to 14 with which the loops are associated in response to 
current ?ow in each of the central conductors. Such 
flow of current in the loops is of appreciable magnitude 
upon a condition of resonance in the loops. Resonance 
may be achieved by making the circumferential length 
of each loop approximately equal to the wave length of 
the transmission line carrier frequency. 
The radiant ?elds associated with each cloverleaf array 

may be suitably polarized by appropriately phasing the 
currents induced in the individual loops 15 to 18 of the 
array. For example, if it is desired to produce a hori 
zontally polarized radiant ?eld the current ?ows in the 
four conductors 11 to 14 are so phased as to produce a 
current ?ow difference of 180° in opposite loops. When 
several arrays are spaced longitudinally along the trans 
mission line, as'shown in FIGS. 1 and 2, a narrow hori 
zontally polarized beam is produced along the axis of the 
larger central conductor. 
A modi?ed form of an antenna utilizing the principles 

of the invention is shown in FIGS. 3 and 4. Here, each 
array is formed by a conductive ring 20 which is provided 
with radially extending conductive rods 21, 22, Band 
‘24 which are connected at their inner ends to the cen 
tral conductor 10 of a transmission line identical to that 
shown in FIG. 1 and which includes the similarly spaced 
smaller conductors 11 to 14. The closed loops are formed 
by the conductive paths de?ned by two adjacent rods, 
such as 21 and 22, for example, and the portion of ring 
20 connecting their outer ends. It is to be understood 
that adjacent closed loops comprise common rods as 
part of their conductive paths. 

It is to be noted that the conductors 11 to 14 are 
equally spaced between adjacent conductive rods and 
that each set of rods and rings 20 forming an array, best 
described as a wagon wheel array, are disposed in a 
horizontal plane. 

This form‘ of antenna performs in the same manner as 
that described in conjunction with FIGS. 1 and 2. 

It is to be understood that the large central conductor 
10, alone or in combination with conductors 11 to 14 
of the antenna may also be utilized with conventional 
insulating members disposed at each end to provide a sup 
porting structure for the antenna. Also, while not shown, 
the conductors ‘10 to 14 comprising the transmission line 
may be held in position by conventional spacing insula 
tors. 
Each antenna array of the above described modi?ca 

tions may be used to produce radiant ?eld patterns which 
are either of dual linear polarization or circular in either 
direction by suitably switching between lines 11 to 14. 
It is to be understood that the switching operation may 
be effected by a transmission line network. For ex 
ample, in ‘the case of linear horizontal polarization, op 
posite conductors 12 and 14 and their respective loops, 
in the case of a coaxial ‘feed line, would be connected 
together by means of a conventional matched T junction 
and a dilferenti-al line length of a half wave length. The 
T junction would split the power equally, the 180° line 
length would reverse the currents on the two conductors 12 
and 14 so that the resulting radiation from the two loops 



3,231,891 
3 

would reinforce each other in the direction normal to the 
plane of the loop arrays. 
To provide vertical polarization, conductors 11 and 13 

and their respective loops would be connected in a simi 
lar manner. Switching between the input to the T junc 
tion of conductors 11 and 13 and the input to'the T 
junction of conductors 12 and 14 would result in switch 
ing between vertical and horizontal polarization. If the 
inputs to these two T junctions are connected to a third 
T junction by means of two lines which differ in length 
by a quarter wave length, 90°, the resulting radiation 
would be circular. The direction, or‘handedness, of the 
circular polarization depends upon which line is longer 
than the other. 
From the foregoing it should be apparent to one skilled 

in the art that the present invention provides antenna 
constructions that may be energized from conventional 
transmitting equipment in the manner described to pro 
vide a radiant ?eld of desired polarization. Also, such 
antennas may be used to receive similarly polarized 
signals. 

While speci?c embodiments of the present invention 
have been disclosed in the foregoing description, it will 
be understood that various modi?cations Within the spirit 
of the invention may occur to those skilled in the art. Ac 
cordingly, it is intended that no limitation be imposed on 
the invention except as de?ned by the scope of the ap 
pended claims. 

Having thus described the invention, what is claimed 
and desired to be secured by Letters Patent is: 

1. An antenna system including a planar array com 
prising a plurality of closed conductive loops each con 
nected at a point on their periphery to a central con 
ductor, and a coaxially disposed mechanically spaced con 
ductor extending through each of said loops. 

2. An antenna system including a transmission line 
comprising a central conductor and a plurality of ad 
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jacent conductors disposed parallel to said central con 
ductor, said adjacent conductors being equally spaced 
radially from said central conductor, a planar array dis 
posed on said line comprising a conductive loop coaxially 
surrounding each of said adjacent conductors in spaced 
relation and having a point on the periphery thereof con 
ductively connected to said central conductor. 

3. An antenna system according to claim 2 wherein 
said transmission line is provided with a plurality of said 
arrays at spaced intervals along said line. 

4. An antenna system comprising an elongated central 
conductona plurality of adjacent mechanically separated 
conductors extending parallel to said central conductor 
and spaced therefrom, a radiating array comprising a 
spaced loop of conductive material coaxially encircling 
said conductors, and conductive rods extending between 
spaced points on said loop and said central conductor. 

5. An antenna system according to claim 4 wherein 
each one of said rods extends centrally between adjacent 
pairs of said adjacent conductors. 

6. .An antenna system as de?ned in claim 5 wherein 
a plurality of said arrays is disposed at spaced intervals 
along said conductors. 
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