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United States Patent Office 2,953,786 
Patented Sept. 20, 1960 

2,953,786 
ANTENNA FOR POLARZED PROPAGATION 

Lloyd O. Krause, North Syracuse, N.Y., assignor to Gen 
eral Electric Company, a corporation of New York 

Filed June 4, 1958, Ser. No. 739,748 
12 Claims. (C. 343-895) 

This invention relates to antenna structures of the kind l3 
used for the radiation and reception of electromagnetic 
energy and more particularly to antenna systems for 
radiating and receiving high frequency energy having a 
broad azimuth directivity. 

In many communication and television applications, 
there is a need for radiating electromagnetic energy from 
a central source to a plurality of fixed or mobile receiv 
ers at any azimuth position about the central source. 
The radiation should be omnidirectional to permit the 
uniform distribution of the radiant energy to all points 
in circles concentric with the central source. Such a dis 
tribution affords the most efficient utilization of the 
available electromagnetic energy when the receivers are 
uniformly distributed over a given area or when the 
mobile receivers have equal probabilities of being at any 
position within the area. Unfortunately, many of the 
available communication antenna systems have limited 
directivity. The radiation patterns of such antennas show 
directions wherein the signal strength at particular azi 
muth angles is greater than the signal strength at other 
azimuth angles. Therefore, mobile receivers may go 
between areas of low signal strength and areas of high 
signal strength thereby affecting proper operation of the 
mobile receivers. 
Although there are available communication antenna 

systems which are substantially omnidirectional, their 
radiation efficiency is limited by the spread in the eleva 
tion distribution of the electromagnetic energy. The 
elevation distribution may be defined as distribution in 
planes normal to the surface of the earth. When com 
munication antenna systems transmit line of sight range 
signals, i.e., F.M. or television, most of the electromag 
netic radiation transmitted in directions above the horizon 
is incapable of reception and therefore wasted. To mini 
mize the amount of unavailable radiation transmitted by 
such antenna systems, it is necessary to decrease the 
angular spread of the radiation elevation distribution. 
Many techniques employing complicated arrays and 

stacks have been employed in obtaining more desirable 
elevation directivity characteristics. The resultant an 
tenna systems are usually complex and expensive. How 
ever, a very satisfactory solution of the problem is ob 
tained by using a helical antenna described and claimed 
in the copending United States application of Lloyd O. 
Krause and Howard G. Smith, Serial No. 732,482, filed 
May 2, 1958, as a continuation of Serial No. 271,374, 
filed February 13, 1952, now abandoned, which is as 
signed to the same assignee. The above cited helical 
antenna is of the side fire type. However, the helical 
antenna, besides being of the side fire type, radiates elec 
tromagnetic energy having its active component polarized 
normal to the antenna axis. Since a side fire antepana has 
a radiant energy flow normal to (radially from) the axis 
of the antenna, the vertical mounting of such an antenna 
yields the desired omnidirectional radiation pattern. 
However, since the active component (electric field com 
ponent) of the radiation is normal to the antenna axis, 

2 
vertical mounting results in what is known as horizon 
tally polarized electromagnetic radiation. Horizontally 
polarized radiation has many useful applications, for ex 
ample, in the transmission of television signals, but there 

5 are instances when vertical or circular polarization are 
more desirable. 

In the mobile communications art, vertically polarized 
radiation is less susceptible to certain types of interfer 
ence. Therefore, many mobile systems employ such 

10 radiation. Further, the vertical mounting of a whip an 
tenna on a vehicle is much simpler than the mounting of 
a horizontal antenna. Vertically mounted antennas are 
highly sensitive to vertically polarized electromagnetic 
radiation. 

It is accordingly a general object of the invention to 
provide an improved antenna system. 

It is a more specific object of the invention to provide 
an improved antenna system which, while having broad 
azimuth distribution characteristics, has a desirable mini 
mum of elevation distribution. 

It is a more specific object of the invention to provide 
an antenna system which has a high efficiency of radia 
tion. 

It is an object of one aspect of the invention to provide 
a highly efficient antenna system for radiating over a 
broad azimuth range vertically polarized electromagnetic 
radiation. 

It is another object of this aspect of the invention to 
provide an improved directional antenna system for ra 
diating vertically polarized electromagnetic radiation. 

Briefly, in accordance with a general aspect of the 
invention, an antenna system is provided which includes 
a linear conductor. A second conductor is developed 
about the linear conductor in a given direction. The 
second conductor extends from a first point along the 
length of the linear conductor toward a first of its ends. 
A third conductor is also developed in the same direction 
about the linear conductor. The third conductor extends 
from a second point along the length of the linear con 
ductor towards its other end. The first point is disposed 
between the second point and the first end of the linear 
conductor. A first energization terminal is coupled to 
the linear conductor. Second and third energization ter 
minals are respectively coupled to the second and third 
conductors (preferably but not necessarily at said first 
and second points respectively) for receiving signals to be 
radiated by the second and third conductors. 
In accordance with a specific aspect of the invention, 

the azimuth orientation of the first and second points is 
predetermined. A signal is fed between the first and 
Second energization terminals and the same signal with 
a time phase relation is fed between the first and third 
energization terminals so that the energy radiated from 
the second and third conductors interacts to establish 
resultant vertically polarized electromagnetic radiation. 

In some communication systems or in some military 
applications, it is highly desirable to transmit first and 
second classes of information signals from an antenna 
system. It has been the usual practice to provide an an 
tenna system having separate antennas for radiating the 
energy associated with the two classes of information. 
Attempts to radiate the energy associated with both classes 
of information often result in interferences between the 
two signals. 

Furthermore, to increase their versatility these systems 
often require that the electromagnetic radiation associated 
with each class of information be transmitted in mutually 
orthogonal modes of polarization. That is, the radiation 
associated with the first class of signals be vertically 

0 polarized while the radiation associated with the second 
class of information be horizontally polarized. 

It is, therefore, an object of a second specific aspect 
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of the invention to provide an antenna system which re 
quires a single antenna structure to radiate the energy 
associated with two classes of information signals. 

It is another object of this second specific aspect of 
the invention to provide an antenna system which, while 
employing a single antenna structure, permits the radia 
tion of electromagnetic energy associated with two classes 
of information within a minimum of mutual interference. 

It is a further object of this aspect of the invention to 
provide an antenna system which permits the radiation of 
energy associated with two classes of information signals 
wherein the electromagnetic radiation associated with one 
class of information is vertically polarized and the electro 
magnetic radiation associated with the other class of in 
formation is horizontally polarized. 

Briefly, in accordance with this second aspect of the in 
vention, the above described antenna system is employed 
with a modified signal feeding means. The signal feeding 
means permits the feeding of the information signals of 
the first class between the first and second energization 
terminals of the antenna system in a given time phase, 
while feeding the same information signals between the 
second and third energization terminals in an out-of 
phase relationship so that the resultant electromagnet 
radiation is vertically polarized. At the same time the 
signal feeding means permits the feeding of the infor 
mation signals of the second class between the first and 
second terminals in a given time phase and feeding the 
same information signals in the same time phase between 
the first and third energization terminals so that the result 
ant electromagnetic radiation associated with the second 
class of information signals is horizontally polarized. 

It should be noted that such a system minimizes the 
interaction between the electromagnetic radiation asso 
ciated with the first and second classes of information sig 
nals when the operating frequencies associated with these 
information signals are different from each other. 

Although linear polarization, whether horizontal or 
vertical, is desirable in communication and military ap 
plications, there is often a need for circularly polarized 
electromagnetic radiation. For example, circular polari 
zation has been found particularly valuable in VHF FM 
communication systems and of possible value in television 
systems. One reason is that linearly polarized electro 
magnetic radiation when reflected changes polarization 
to some extent. Therefore, if the receivers are sur. 
rounded by high objects which prevent line of sight recep 
tion, the electromagnetic radiation initially transmitted 
with a predetermined linear polarization may be received 
by a correspondingly oriented antenna after reflection at 
a different polarization. However, when circularly polar 
ized electromagnetic radiation is reflected there is usually 
a strong enough linear component to ensure adequate re 
ception under most conditions. It is therefore an object 
of another specific aspect of the invention to provide an 
improved antenna system for radiating circularly polar 
ized energy. 

It is another object of this aspect of the invention to 
provide an improved antenna system for radiating over 
a broad azimuth range circularly polarized electromag 
netic energy. 

It is a further object of this aspect of the invention 
to provide an improved omnidirectional antenna system 
for transmitting circularly polarized electromagnetic radi 
ation. 

Briefly, in accordance with this third specific aspect of 
the invention, the antenna system of the second specific 
aspect of the invention handles a single kind of informa 
tion signals. Thus, when the signal feeding means feeds 
the information signals to the energization terminals in 
the above described manner, there is an interaction be 
tween the electromagnetic radiation transmitted from the 
second and third conductors. Since the antenna system is 
now radiating both horizontally and vertically polarized 
radiation of the same frequency, the resultant polarization 
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4. 
will be circular when there is a ninety degree time phase 
displacement between the linearly polarized electromag 
netic waves. 

Additional objects, features and advantages of the in 
vention will be apparent from the following detailed de 
scription when read with the accompanying drawings in 
which: 

Figure 1 shows an antenna structure which permits the 
radiation of electromagnetic energy with predetermined 
polarization in accordance with a general aspect of the 
invention as determined by the signal feeding means 
coupled to the antenna structure; 

Figure 2 shows a signal feeding means for coupling 
to the antenna structure of Figure 1 to permit the radia 
tion of vertically polarized electromagnetic energy in 
accordance with a specific aspect of the invention; 

Figure 3 shows a signal feeding means for coupling 
to the antenna structure of Figure 1 to permit the trans 
mission of either crossed polarized electromagnetic energy 
related to two classes of information signals or the trans 
mission of circularly polarized electromagnetic energy . 
related to a single information signal in accordance with 
further aspects of the invention; 

Figure 4 is a vector diagram to show the interaction 
of the electromagnetic radiation transmitted by the an 
tenna structure of Figure 1 when coupled to the feeding 
means of Figure 2 to establish a vertically polarized 
electromagnetic wave; 

Figure 5 is another vector diagram to show the vector 
interaction required to establish circularly polarized radi 
ation; 

Figures 6 to 9 are alternate vector diagrams using time 
as a parameter to show the vector interactions required to 
establish different forms of polarized energy. In par 
ticular, Figure 6 shows the interaction which produces 
horizontal polarization; Figure 7 the interaction for circu 
lar polarization; Figure 8 for vertical polarization; and 
Figure 9 for elliptically polarized radiation. 

I. General description of helical antenna systems 
Helical antenna systems may be grouped into two 

characteristic types, side fire and end fire. 
In the side fire type with which the subject application 

is concerned, the antenna system is vertically mounted 
with respect to the earth, and the radiation pattern may 
be either linearly or circularly polarized. More exactly, 
the volumetric radiation pattern of the side fire type is 
a solid of revolution about the antenna axis of a directive 
lobe normal to the axis. The radiation from an end fire 
helical antenna system such as is described and claimed 
in the copending United States application of Paul M. 
Pan, Serial No. 646,837 filed March 18, 1957, and as 
signed to the same assignee, is concentrated along the 
axis of the helical antennas. The radiation may also be 
either circularly or linearly polarized. 
The side fire type is particularly useful in television 

broadcasting and in communication systems where re 
ceiving locations are in various directions. The end 
fire type is particularly useful for directed communica 
tions and in radar systems. 

Side fire types may be arrayed; that is, a number of 
helical antennas may be supported end to end along a 
common axis. The side fire types when arrayed 
(stacked) produce a more concentrated radiation pattern 
in directions normal to the common axis. 
Each helical antenna comprises a series of single turns 

or helices. When the helical circumference is approxi 
mately some integral number of operating wavelengths, 
for example, two or four wavelengths, and is driven be 
tween a point on the helix and a concentric conducting 
mast, the normal mode of radiation dominates; that is, 
the helical antenna is of the side fire type. 

Each of the various embodiments of the invention has 
one major characteristic in common; each comprises at 
least two radiating conductors which are wound in the 
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same circumferential direction and in opposite axial di 
rections about a concentric conductor and each of the 
radiating conductors has a separate feeding means. 

II. Antenna system (Fig. 1) 
A single bay system for radiating electromagnetic en 

ergy in which two helical antennas are arranged coaxial 
ly about a concentric central conductor is shown in 
Figure 1. It should be noted, however, that in some in 
stallations it may be desirable to axially stack several of 
the single bay systems to form a multi-bay system. 
The system generally comprises a central conductor 

20, which may also serve as a mast. The central conduc 
tor 20 is mounted on a support means (not shown) 
which may be a tower or the top of a high building. An 
insulator 21 sheaths the central conductor 20. A first 
energization terminal 22, mounted in the insulator 21, 
insulatively extends through the central conductor 20 for 
connection to the inner conductor of the coaxial line 32. 
A second energization terminal 24, mounted in the in 
sulator 21, also insulatively extends through the central 
conductor 20 to connect to the inner conductor of the 
coaxial line 34. Each of the outer conductors of the co 
axial lines 32 and 34 may be coupled to the central con 
ductor 20 in a conventional manner. It should be noted, 
however, that these separate connections of the outer 
conductors are equivalent to a single connection to the 
central conductor 20, which is hereinafter termed a 
third energization terminal 26. 
The energization terminals 22, 24 and 26, and the co 

axial lines 32 and 34 can be considered as a coupling 
system for coupling energy from an energy source to the 
radiating conductors 42 and 44. 

Insulating means, such as the insulator 21 or the 
equivalent, disposed about the central conductor 20, sup 
port the radiating conductor 42 which is connected to 
the first energization terminal 22 and the radiating con 
ductor 44, which is connected to the second energization 
terminal 24. The radiating conductors 42 and 44 are of 
the helical type which respectively extend in opposite 
axial directions from the energization terminals 22 and 
24. 

In particular, the radiating conductor 42 and the radi 
ating conductor 44 are helical radiative conductors which 
extend in axially progressive turns about a circular cen 
tral conductor 20, which functions as a conductive sup 
port structure. The radiating conductor 42 is shown as 
a right-handed helix, that is, it is developed about the 
central conductor 20 from its starting point opposite the 
energization terminal 22, in the same manner as the 
threads of a right-handed screw. Similarly the radiating 
conductor 44 is a left-handed helix; that is, tracing it 
from its starting point opposite the energization terminal 
24, it follows a path similar to the path of threads of 
a left-handed screw. 
The radiating conductors 42 and 44 each has an axial 

helical length (aperture) preferably in the range between 
one and one-half and five operating wavelengths and a 
helix diameter and pitch such that the circumference of 
each turn preferably equals an integral number of oper 
ating wavelengths. The radiating conductor 42, con 
nected at one end to the energization terminal 22, winds 
in one direction around the insulator 21 which encircles 
the central conductor 20. The radiating conductor 44, 
which is connected at one end of the energization termi 
nal 24, winds in the same direction. The ends of each 
of the radiating conductors 42 and 44 may be supported 
free or in contact with the central conductor 20. 
The energization terminals 22 and 24 preferably have 

the same azimuth position and arbitrary axial displace 
ment so that the radiating conductors 42 and 44 are sym 
metrical on either side of a plane located midway be 
tween the energization terminals 22 and 24, and perpen 
dicular to the axis of the central conductor 20. Such a 
symmetry permits the interaction of the electromagnetic 
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6 
energy radiated from each of the radiating conductors 42 
and 44 to provide for controlled polarization of the re 
sultant radiation. 

Further, by providing equicircumferential turns each 
of an integral number of operating wavelengths, all 
points on the radiating conductors 42 and 44 having the 
same azimuth direction radiate the same phase of signal. 
The electromagnetic radiation from these points interact 
with each other to provide an equiazimuth distributed 
radially propagated resultant electromagnetic wave which 
has a controlled elevation distribution. 
There is a relationship between the radial spacing 

between a radiating conductor and central conductor and 
the length of the radiating conductor. There is a fur 
ther relationship between these two dimensions and the 
helical pitch of the radiating conductors. In general, the 
radial spacing between a radiating conductor and central 
conductor determines the characteristic impedance of the 
radiating system. Also, the smaller the spacing between 
the central conductor and a radiating conductor, the 
smaller the radiation per unit length of radiating con 
ductor. Therefore, given a specific attenuation per unit 
length, it is possible to choose the length of the radiat 
ing conductor commensurate with radial spacing to in 
sure that any signal propagated along a radiating con 
ductor is substantially completely attenuated upon reach 
ing the end remote from its energization terminal. Thus 
the termination of radiating conductors 42 and 44 is 
neither important nor critical. 
A further understanding of these relations may be ob 

tained by considering the radiating conductors and the 
central conductor to form sections of a radiating trans 
mission line. Electromagnetic energization applied be 
tween adjacent ends of the radiating conductors and the 
central conductor cause electromagnetic waves to travel 
along the length of the radiating conductors away from 
the points of energization. In order to constrain the 
propagation to travel in the helical path instead of the 
axial path as in a coaxial transmission line, the coupling 
between a turn of the radiating conductor and the central 
conductor must be greater than the coupling between 
adjacent turns of the radiating conductor. In general, 
the radiating conductor pitch is greater than the radial 
spacing between the radial conductor and the central 
conductor. Furthermore, as the electromagnetic waves 
travel along the radiating conductors, they gradually de 
cay due to the radiation of the electromagnetic energy 
from the radiating conductors. Therefore, by making 
the radiating conductors of sufficient length, reflections 
of electromagnetic waves from remote ends of the heli 
'cal conductors can be made substantially insignificant 
in effect. Typical values for a specific case would be 
0.1 operating wavelengths radial spacing, 2 operating 
wavelengths per helical turn, .5 operating wavelengths 
helical pitch, 5 turns per helix, with 20-26 decibels of 
attenuation to the end. 

Since the radiating conductors 42 and 44 and the 
central conductor 20 can be considered as a pair of radi 
ating transmission lines being fed from adjacent ends, 
the coaxial lines 32 and 34 are respectively coupled 
between the energization terminals 22 and 26 and 24 and 
26 in the following manner. The inner conductor of the 
coaxial line 32 is coupled via the energization terminal 
22 to the radiating conductor 42, while the outer con 
ductor of the coaxial line 32 is coupled via the energiza 
tion terminal 26 to the central conductor 20 to provide 
a feeding means for the upper radiating transmission 
line which comprises the radiating conductor 42 and the 
central conductor 20. Similarly, the inner conductor of 
the coaxial line 34 is coupled via the energization ter 
minal 24 to the radiating conductor 44, while the outer 
conductor of the coaxial line 34 is coupled via the ener 
gization terminal 26 to the central conductor 20 to pro 
vide a feeding means for the lower radiating transmission 
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line which comprises the radiating conductor 44 and the 
central conductor 20. 
The apparatus so far discussed provides an omni 

directional side fire antenna system. The polarization of 
the electromagnetic radiation is dependent on the signals 
(particularly their phasing) transmitted to the feed 
means. Several types of linear and circular polarization 
are obtainable. 
III. Generation of linearly polarized electromagnetic 

radiation 

In general, the electric field component of an electro 
magnetic wave radiated from a linear conductor is par 
allel to the length of the linear conductor and has an 
amplitude and direction related to the amplitude and 
direction of signal current flowing in the linear con 
ductor. As the electromagnetic field radiates from the 
linear conductor, the orientations are maintained. Since 
incremental lengths of the radiating conductors 42 and 
44 may be considered as small linear conductors, the elec 
tric field components associated with their radiation 
should have a similar parallelity. Thus the electric field 
components should be linear and making an angle with 
the axis of the central conductor which is the same as 
the pitch angle of the radiating conductors. 

Electric field components have the property of inter 
acting with each other. They are vector quantities which 
are governed by the laws of vector algebra. Since ex 
amples associated with these vector interactions are here 
inafter more fully described and shown, it will for the 
present be stated that when the electric field components 
radiated from the radiating conductors 42 and 44 have 
direction symmetry about the horizontal plane, but op 
posite Senses, they interact to produce resultant electric 
field components that are vertically polarized. The 
structural symmetry of the radiating conductors 42 and 
44 ensure that the electric field components have direc 
tional symmetry. Their sense is determined by the in 
stantaneous polarity of the signal current flowing in the 
radiating conductors. Thus, when there are opposite 
polarities of signal currents at corresponding points on 
the radiating conductors, the electric field components 
will have opposite senses. To produce the opposite po 
larity signal currents it is necessary to feed each radiating 
qonductor with the same signal but completely out of 
phase, i.e., one radiating conductor receives the signal 
and the other radiating conductor receives the same sig 
nal, but one hundred and eighty degrees out of phase. 
In other words, the radiating conductors 42 and 44 of 
Figure 1 are fed in push-pull. 

Accordingly, Figure 2 shows apparatus for generating 
the desired out of phase signals. The apparatus in 
cludes a transmitter 50 and a half wavelength phase shift 
er 51. One output terminal of the transmitter 50 is 
coupled via the coaxial line 55 to the half wavelength 
phase shifter 51. The coaxial line 54 is coupled to an 
other output terminal of the transmitter 50, while the 
coaxial line 52 is coupled to the output terminal of the 
half wavelength phase shifter 51. To transmit vertically 
polarized electromagnetic radiation, it is only necessary 
to couple coaxial lines 52 and 54 respectively to the co 
axial lines 32 and 34 of Figure 1. 

2. Since transmitters and half wavelength phase shifters 
are well known in the art, only their general requirements 
will be discussed. It should be noted that by using a 
conventional push-pull amplifier for the output of the 
transmitter 50, there is no need for a phase shifting cir 
cuit. If a phase shifting circuit is employed, it is neces 
sary to ensure that signal attenuation of any consequence 
introduced by the phase shifting circuit, such as the half 
wavelength phase shifter 51, be compensated. One meth 
od is to introduce an attenuator at either end of the co 
axial line 54. However, a more satisfactory means of 
compensation is to feed a greater amplitude signal to 
the coaxial line 55 than to the coaxial line 54. 
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There has thus been shown means for generating out 

of phase signals which produce electric field components 
of opposite sense to yield a resultant electromagnetic field 
having vertical polarization, in accordance with one em 
bodiment of the invention. 
When the electric field components are in the same 

direction and have the same sense, the resultant radiation 
is horizontally polarized. Again, since the antenna sys 
tem of Figure 1 will radiate electric field components 
having the same direction, it is necessary to provide for a 
similarity of sense. In other words, the polarities of the 
signals on corresponding points of the radiating conductor 
must be the same. In accordance with another embodi 
ment of the invention, to provide for the same polarity 
it is necessary to feed the same signal without any rela 
tive phase shift (push-push) to each of the radiating 
conductors. 
By providing predetermined relative phase shifts of the 

two signals fed to the antenna system of Figure 1, it is 
possible to produce radiation having a corresponding 
angle of polarization, in accordance with other embodi 
ments of the invention. 

IV. Generation of crossed polarized electromagnetic 
radiation 

It has been shown in section III that by feeding the 
radiating conductors in push-pull, the resultant electro 
magnetic radiation is vertically polarized and by feeding 
the radiating conductors in push-push, the resulting elec 
tromagnetic radiation is horizontally polarized. 

If a first frequency signal is fed to the radiating con 
ductors in push-pull and a second frequency signal is 
fed to the radiating conductors in push-push, crossed 
polarized electromagnetic radiation is radiated by the 
antenna system, i.e., there will be vertically polarized 
radiation of the first frequency signal and horizontally 
polarized radiation of the second frequency signal. 
The first and second frequency signals may be fed al 

ternately or simultaneously. Simultaneous feeding per 
mits the transmission of two classes of information from 
the same antenna system. A possible application could 
be in television wherein the audio signals and the video 
signals might be simultaneously transmitted over differ 
ent carriers. 
There is little interaction of the two signals provided 

Suitable diplexing means are used in the feed system. 
Figure 3 shows apparatus for coupling to the antenna 

system of Figure 1 for transmitting two cross polarized 
electromagnetic waves. The apparatus includes first 
and second transmitters 60 and 62, a hybrid junction 64, 
and a quarter wavelength phase shifter 66. The trans 
mitters 60 and 62 are respectively coupled via the coaxial 
lines 68 and 70 to the hybrid junction 64. A first output 
terminal of the hybrid junction 64 is coupled via the 
coaxial line 74 to the coaxial line 34 (Fig. 1), and a 
Second output terminal of the hybrid junction 64 is 
coupled via the coaxial line 71, the quarter wavelength 
phase shifter 66, and the coaxial line 72 to the coaxial 
line 32 (Fig. 1). 

Each of the transmitters 60 and 62 may be of conven 
tional design for transmitting two forms of signal intelli 
gence. The hybrid junction 64 may be of the well-known 
"ring' variety, having the following properties: Signals 
received via the coaxial line 68 are transmitted in the 
same phase via the coaxial line 74 and via the coaxial 
line 71 lagging in phase by a quarter of an operating 
wavelength. Similarly, signals received via the coaxial 
line 70 are transmitted in the same phase via the coaxial 
line 71 and via the coaxial line 74 lagging in phase a 
quarter of an operating wavelength. The quarter wave 
length phase shifter 66 may be one of the many well 
known in the art. The basic function of the phase shifter 
66 is the introduction of a lagging phase shift of a quarter 
of an operating wavelength in the signals received via 
the coaxial line 71. 
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in operation, a signal is transmitted from transmitter 
60 via the coaxial line 68 to the hybrid junction 64. The 
hybrid junction 64 transmits this signal without relative 
phase shift to the coaxial line 74. The signal is also 
transmitted to the coaxial line 71 with a quarter of an 
operating wavelength phase delay. The delayed signal 
is further phase delayed another quarter of an operating 
wavelength by the quarter wavelength phase shifter 66. 
It is therefore transmitted via the coaxial line 72 to the 
coaxial line 32, phase-shifted half an operating wave 
length. Since the signal on the coaxial line 74 has no 
phase shift and the signal on the line 72 has a half an 
operating wavelength phase shift, the signal from the 
transmitter 60 is fed to the antenna system in push-pull 
and the resultant electromagnetic radiation is vertically 
polarized. 
At the same time, a signal is transmitted from the 

transmitter 62 via the coaxial line 70 to the hybrid junc 
tion 64. This signal is transmitted from the hybrid junc 
tion to the coaxial line 71 without relative phase shift 
and to the coaxial line 74 with a quarter of an operating 
wavelength lagging phase shift. The quarter wavelength 
phase shifter 66 introduces a quarter of an operating 
wavelength lagging phase shift in the signal on the co 
axial line 71 during its transmission to the coaxial line 
72. The signals from the transmitter 62 which are now 
present on the coaxial lines 72 and 74, both have a phase 
delay of a quarter of an operating wavelength and are 
therefore in phase with each other. Thus, the signals 
from the transmitter 62 are fed to the antenna system in 
push-push and the resultant electromagnetic radiation is 
horizontally polarized. 

It has therefore been shown that by using apparatus of 
Figure 3 to feed the antenna system of Figure 1, it is 
possible to generate two electromagnetic waves that are 
crossed polarized, that is, one electromagnetic wave is 
horizontally polarized while the other is vertically 
polarized. 
V. Generation of circularly polarized electromagnetic 

radiation 

As is hereinafter more fully described, there are three 
basic requirements for producing circularly polarized 
electromagnetic radiation. There must be a vertically 
polarized electromagnetic wave and a horizontally polar 
ized electromagnetic wave, both electromagnetic waves 
must have the same operating frequency and amplitude, 
and there must be a quarter of an operating wavelength 
phase difference between the two electromagnetic waves. 

In section IV there has been described apparatus for 
simultaneously transmitting horizontally and vertically 
polarized electromagnetic waves. By suitably modifying 
the apparatus of Figure 3, the remaining requirements 
for producing circularly polarized electromagnetic radia 
tion are satisfied. First, the transmitters 60 and 62 must 
generate the same signal. It may be more desirable to 
use a single transmitter such as the transmitter 60, and 
feed both coaxial lines 68 and 70, in parallel. To ensure 
that equal amplitude signals are transmitted to the an 
tenna system, it may be further necessary to introduce a 
conventional attenuator in the coaxial line 74, to com 
pensate any attenuation of consequence in phase-shifter 
66. Additionally the antenna helix pitch angles must 
be suitably adjusted for equal horizontal and vertical 
components. With these modifications, the electromag 
netic radiation from the antenna system will be circularly 
polarized. 

There has thus been shown apparatus for transmitting 
circularly polarized omnidirectional electromagnetic ra 
diation. 

VI. Vector algebra 
Many physical quantities are best represented by vec 

tors or directed line segments which both indicate mag 
nitude and direction. These physical quantities include 
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forces, velocities, and the electric field component of an 
electromagnetic wave. 

Vectors may be added by means of several graphical 
methods. Figure 4 shows the parallelogram method. A 
first vector 76 extends from a point 75 while a second 
vector 78 also extends from the same point. A line 79 
is drawn from the arrowheaded tip of the vector 78 
parallel to the vector 76. Another line 77 is drawn 
from the tip of the vector 76 parallel to the vector 78 
to form a parallelogram. The resultant vector is the 
diagonal of this parallelogram drawn from the point 75 
to point 81. 
The vectors shown in Figure 4 actually represent the 

electric field components of the antenna system of Fig 
ure 1 when it is fed a sinusoidal signal in push-pull. The 
points shown are for one cycle of the sinusoidal signal 
at thirty degree intervals. It should be noted at each 
thirty degree point that the resultant vector is vertical. 
Thus the resultant of the electric field component of 
the electromagnetic radiation is vertically polarized. 

Figure 5 shows the vector addition which produces a 
rotating vector. The curve 82 which is disposed about 
the horizontal (X) axis 83 represents the instantaneous 
magnitudes of a sinusoidally varying vertically directed 
vector 84, while the curve 85 disposed about the vertical 
(Y) axis 86 represents the instantaneous magnitudes of 
a horizontally directed vector 87. It should be noted 
from the angular coordinates along each axis that there 
is a ninety degree (quarter operating wavelength) phase 
difference between the two vectors. It should be further 
noted that the maximum amplitudes of both of the vec 
tors 84 and 87 are equal and their sinusoidal periods 
(frequency) are also the same. 
At the beginning of the sinusoidal period (zero de 

grees), the vertically directed vector whose amplitude 
is represented by the point 100 has zero amplitude while 
the horizontally directed vector 87 has a maximum posi 
tive value (point 100'). The resultant vector 88a is 
shown on the circle 90 as a line from the center 89 
of the circle to the point 100-0'. Consequently, the 
resultant electric vector is horizontal as indicated. 

During the first quarter cycle, the vertically directed 
vector increases in magnitude while the horizontally di 
rected vector decreases in magnitude and the resultant 
vector rotates. Its amplitude remains constant but its di 
rection Sweeps out ninety degrees of arc on the circle 
90. The points 101-1, 102–2 and 103-3 represent the 
resultant directions respectively for the 30, 60 and 90 
degree points in the sinusoidal cycle. The resultant vec 
tor 88b is the resultant at the 90 degree point. It is 
basically the vertically directed vector 84, since at this 
point the horizontally directed vector has zero amplitude. 
During the second quarter cycle, the vertically directed 
vector decreases in amplitude and the horizontally di 
rected vector increases in amplitude in an opposite di 
rection. The resultant vector sweeps out another ninety 
degree arc on the circle 90. For example, the vector 88 
represents the resultant of the vertically directed vector 
84 and the horizontally directed vector 87 at the 120 
degree point in the sinusoidal cycle. The process con 
tinues for the complete sinusoidal cycle and a complete 
circle is traced out. 

There is an alternate way of visualizing the interaction 
of the electric field components radiated from the ra 
diating conductors 42 and 44 (Fig. 1). The radiating 
conductor 42 is a right-handed helix extending toward 
one end of the central conductor 20 and the radiating 
conductor 44 is a left-handed helix extending toward the 
opposite end of the central conductor 20. Incremental 
lengths of the radiating conductors radiate electric field 
components that are parallel to their length. When there 
is Symmetry of the radiating conductors 42 and 44 about 
the horizontal plane which bisects the space between the 
energization terminals 22 and 24, no relative time phase 
shift is introduced between the electric field components 
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radiated from the incremental lengths of the radiating 
conductors 42 and 44 which are the same distance from 
their associated energization terminals. Since energy in 
troduced at the energization terminals 22 and 24 is ra 
diated while traveling toward the ends of the radiating 
conductors 42 and 44, the direction of travel of energy 
along the incremental lengths determines the sense of 
the electric field components. 

Each of the incremental lengths makes an angle with 
the horizontal plane. Thus, the electric field component 
associated with each incremental length makes a corre 
sponding angle. Each of the electric field components 
can be separated into a horizontal and a vertical com 
ponent. The sense of the horizontal components from 
each of the incremental lengths is the same, but the sense 
of the vertical components is opposite. Thus, when 
viewed from a point external to the antenna system it 
appears that there is a relative hundred and eight degree 
time phase shift introduced by the geometry of the helices 
on the vertical components but no time phase shift on 
the horizontal components. It should be noted that this 
effective time phase shift of the vertical components is 
also introduced regardless of the relative time phase re 
lationship of the signals fed to the radiating conductors 
42 and 44 by the associated energization terminals 22 
and 24. 

Figures 6-9 have been provided to more clearly point 
out the interaction of the electric field components of 
the radiating conductors 42 and 44 in terms of the time 
phase relationship of their horizontal and vertical compo 
nents and several examples will be given. Each of the 
examples uses time as the variable to control the rela 
tionship of equal amplitude vectors instead of physical 
direction as heretofore described in Figures 4 and 5. 
The vectors of Figs. 6-9 will be designated by an "H" 

or 'V' representing the horizontal or the vertical com 
ponent of the electric field component radiated by the 
radiating conductors 42 and 44 followed by a number 
indicating the radiating conductor. Thus, the vector 
H42 is the horizontal component of the electric field com 
ponent radiated by the radiating conductor 42. 

Figure 6 shows the vector diagram of the electric field 
components when there is no time phase difference be 
tween signals transmitted from the energization terminals 
22 and 24. Since there is no time phase difference, the 
vector H42 has the same direction as the vector H44. 
Since the vector V42 is in time phase with the vector H42 
it is similarly directed. However, the vector V44 is op 
positely directed because of the effective one hundred 
eighty degree time phase shift introduced by the geometry 
of the helices. The vector HR is the resultant horizontal 
component and the vector VR is the resultant vertical 
component. It is seen that the horizontal component 
vectors H42 and H44 and to produce a resultant of dou 
ble amplitude and the vertical component vectors sub 
tract to yield a zero or null resultant. Thus, the electric 
field for push-push feed is linear polarization in the 
horizontal direction. 

Figure 7 shows the vector diagrams when a ninety 
degree time phase shift exists between equal amplitude 
signals fed from the energization terminals 22 and 24. 
The vector H144 (the horizontal component of the elec 
tric field component radiated by the radiating conductor 
44) lags by ninety degrees in time phase the vector H142 
(the horizontal component of the electric field component 
radiated by the radiating conductor 42). The vector V144 
lags the vector V142 by two hundred and seventy degrees 
(ninety degrees from the time phasing introduced at the 
energization terminals and one hundred and eighty de 
grees from the geometry of the helices). The resultant 
vectors of the sumations of the horizontal components is 
vector HR1 and of the vertical components is vector 
VR1. Vectors HR1 and VR1 are ninety degrees out of 
time phase. Since the resultant vectors HR1 and VR1 
are of equal amplitude and in time phase quadrature, they 
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12 
interact to produce circularly polarized radiation, as previ 
ously described. It should be noted, however, that if the 
original horizontal and vertical components were of dif 
ferent amplitudes the resultant polarization would be 
elliptical. 

Figure 8 shows the vector diagram when the signals 
feeding the energization terminals 22 and 24 are one hun 
dred and eighty degrees out of time phase or push-pull. 
The vector H244 cancels the vector H242 because of the 
phase opposition relationship. However, the vector 
V244 reinforces the vector V242 because they are three 
hundred and sixty degrees out of time phase or effectively 
in phase since the vector V244 lags the vector V242 by 
one hundred and eighty degrees because of the time phase 
shift introduced in the signals fed to the energization ter 
minals and lags another one hundred and eighty degrees 
because of the geometry of the helices. The resultant 
electric field component is therefore vertically polarized, 
as heretofore described for push-pull feed. 

Figure 9 shows the vector diagram when the signals 
feeding the energization terminals 22 and 24 are two hun 
dred and twenty-five degrees out of time phase. 
The vector H344 lags the vector H342 by this two 

hundred and twenty-five degrees, and the vector V344 
lags the vector V342 by four hundred and five degrees 
(two hundred and twenty-five degrees from the time phase 
shift introduced by the feeding means and one hundred 
and eighty degrees from the helical geomery). The re 
sultant vectors HR3 and VR3 are of different amplitude 
and ninety degrees out of time phase to yield an ellip 
tically polarized electric field component. However, it 
should be noted that for unequal amplitudes of the hori 
zontal and vertical components the degree of ellipticity 
of polarization would be different. For example, for 
the case of Figure 9 with a 225 phase shift, a reduction 
in the amplitude of the vertical component yields a less 
elliptically polarized resultant. 

In summary, it may be stated, that with equal am 
plitude components for time phase differences other than 
multiples of ninety degrees the polarization is elliptical. 
Circular polarization occurs for a ninety degree phase 
difference. Linear polarization occurs when the time 
phase differences are multiples of one hundred and eighty 
degrees. 

It should be further noted that the above descriptions 
and explanations are related to the interactions of the 
electric field components at points in a plane bisecting 
the junction of the two helices and normal to their col 
linear axes. At other elevation angles there will be an 
apparent increasing or decreasing phase shift between the 
upper and lower helices because of the differences in 
space phase delay. Therefore, circular polarization in 
the above-mentioned plane will become more elliptical at 
points elevationally displaced from this plane. 

VII. Conclusion 

There has thus been shown an improved omnidirec 
tional antenna system for efficiently radiating electromag 
netic waves having predetermined polarizations. One 
embodiment of the invention comprises apparatus for 
transmitting omnidirectional vertically polarized elec 
tro-magnetic radiation. Further embodiments have been 
disclosed for transmitting crossed polarized electromag 
netic radiation representing two kinds of intelligence 
from the same antenna structure. The crossed polarized 
radiation is transmittable over a broad azimuth range. 
Other embodiments of the invention comprise apparatus 
for radiating linearly polarized electromagnetic waves 
and apparatus for radiating circularly polarized elec 
tromagnetic waves having an omnidirectional radiation 
pattern. 
While a number of specific embodiments of the inven 

tion have been described in detail, it should be apparent 
that many modifications and changes may readily be 
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fmade without departing from the spirit and scope of 
the invention. 
What is claimed is: 
1. In combination, a first conductor, a second con 

ductor developed in a given direction about said first con 
ductor and extending toward a first end of said first 
conductor, a third conductor developed in the same given 
direction about said first conductor and extending toward 
the opposite end of said first conductor, a first energization 
terminal coupled to said first conductor, a second ener 
gization terminal electrically insulated from said first 
energization terminal and coupled to said second con 
ductor, and a third energization terminal coupled to said 
third conductor. 

2. The antenna system of claim 1 wherein said second 
and third conductors are helical radiative conductors. 

3. A side fire antenna comprising a central conductor, 
a first radiative conductor, said first radiative conductor 
being a right-handed helix developed about said central 
conductor extending from a first point along the length 
of said central conductor toward one end of said central 
conductor, a second radiative conductor, said second 
radiative conductor being a left-handed helix developed 
about said central conductor extending from a second 
point along the length of said central conductor toward 
the other end of said central conductor, said first point 
being disposed between said second point and said first 
end of said central conductor, a first energization ter 
minal coupled to said first radiative conductor, a second 
energization terminal electrically insulated from said 
first energization terminal and coupled to said second 
radiative conductor, a third energization terminal cou 
pled to said central conductor, means for feeding a first 
kind of signal energy to said first and third energization 
terminals, and means for feeding a second kind of signal 
energy to said second and third energization terminals. 

4. A side fire antenna comprising a central conductor, 
a first radiative conductor, said first radiative conductor 
being a right-handed helix developed about said central 
conductor and extending from a first point along the 
length of said central conductor toward a first end of 
said central conductor, a second radiative conductor, said 
Second radiative conductor being a left-handed helix 
developed about said central conductor and extending 
from a second point along the length of said central con 
ductor toward the second end of said central conductor, 
said first point being disposed between said second point 
and the first end of said central conductor, each turn 
of each helix being an integral number of operating wave 
lengths, first feeding means coupled to the portion of 
said first radiative conductor adjacent to said first point, 
and second feeding means electrically insulated from said 
first signal feeding means and coupled to the portion of 
Said second radiative conductor adjacent to said second 
point whereby electromagnetic energy to be radiated 
travels along the length of said first and second radiative 
conductors. 

5. A side fire antenna to radiate electromagnetic radia 
tion of predetermined polarization comprising a cylin 
drical conductor, a first radiative conductor, said first 
radiative conductor being a right-handed helix of given 
pitch developed about said cylindrical conductor and ex 
tending from a first point along the length of said cylin 
drical conductor and extending toward one end of said 
cylindrical conductor, a second radiative conductor, said 
Second radiative conductor being a left-handed helix of 
the same given pitch developed about said cylindrical 
conductor and extending from a second point along the 
length of said cylindrical conductor toward the other end 
of said cylindrical conductor, said first point being dis 
posed between said second point and the first end of 
said cylindrical conductor, each of the turns of each of 
the helices of said radiative conductors having the same 
integral number of operating wavelengths, first feeding 
means coupled to the portion of said first radiative con 
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ductor adjacent to said first point and adapted to feed 
signal energy to said first radiative conductor, and a 
Second feeding means electrically insulated from said 
first signal feeding means, said second signal feeding 
means being coupled to the portion of said radiative con 
ductor adjacent said second point and adapted to feed 
signal energy to said second radiative conductor so that 
the electromagnetic radiation radiated by said first and 
second radiative conductors interacts to produce a re 
Sultant electromagnetic radiation having a predetermined 
polarization. 

6. A side fire antenna to radiate electromagnetic radia 
tion of predetermined polarization comprising a central 
conductor, a first radiative conductor, said first radiative 
conductor being a right-handed helix of given pitch de 
veloped about said central conductor and extending from 
a first point toward one end of said central conductor, a 
second radiative conductor, said second radiative con 
ductor being a left-handed helix of the same given pitch 
developed about said central conductor and extending 
from a second point along the length of said central con 
ductor toward the other end of said central conductor, 
said first point being disposed between said second point 
and the first end of said central conductor, each of the 
turns of each of the helices of said radiative conductors 
having the same integral number of operating wave 
lengths, a signal source, first signal feeding means respon 
sive to said signal source for feeding signal energy to the 
portion of said first radiative conductor adjacent to said 
first point, and second signal feeding means responsive to 
said signal source for feeding signal energy to the por 
tion of said second radiative conductor adjacent to said 
second point in a relative time phase displacement with 
respect to the signal energy fed from said first signal 
feeding means so that the electromagnetic radiation ra 
diated by said first and second radiative conductors inter 
acts to produce a resultant electromagnetic radiation that 
is vertically polarized. 

7. A radiating system to radiate electromagnetic radia 
tion of predetermined polarization comprising a central 
conductor, a first radiative conductor, said first radiative 
conductor being a right-handed helix of given pitch de 
veloped about said central conductor toward a first end 
of said central conductor, a second radiative conductor, 
said second radiative conductor being a left-handed helix 
of the same given pitch extending from a second point 
along the length of said central conductor toward the 
other end, each of the turns of each of the helices of 
said radiative conductors having the same integral num 
ber of operating wavelengths, said first point being dis 
posed between said second point and said first end of said 
central conductor, first feeding means coupled to the 
portion of said first radiative conductor adjacent to said 
first point and adapted to feed signal energy to said first 
radiative conductor, a second signal feeding means cou 
pled to a portion of said second radiative conductor ad 
jacent to said second point and adapted to feed signal 
energy to said second radiative conductor, a transmitter, 
and a half wavelength phase shifter, said transmitter being 
coupled to said first feeding means, and to said second 
signal feeding means via said half wavelength phase 
shifter, so that the electromagnetic radiation radiated 
from said first and second radiative conductors interacts 
to produce resultant vertically polarized electromagnetic 
radiations. 

8. A side fire antenna system to radiate electromagnetic 
radiation of predetermined polarization comprising a cen 
tral conductor, a first radiative conductor, said first radi 
ative conductor being a right-handed helix of given pitch 
developed about said central conductor and extending 
from a first point toward a first end of said central con 
ductor, a second radiative conductor, said second radia 
tive conductor being a left-handed helix of the same given 
pitch extending from a second point along the length of 
said central conductor towards the other end, each of the 
turns of each of the helices of said radiative conductors 
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having the same integral number of operating wave 
lengths, said first point being disposed between said sec 
ond point and said first end of said central conductor, 
first feeding means coupled to the portion of said first radi 
ative conductor adjacent to said first point for feeding 
signal energy to said first radiative conductor, a second 
signal feeding means coupled to the portion of said sec 
ond radiative conductor adjacent to said second point for 
feeding signal energy to said second radiative conductor, 
a first signal source of signal energy of a first frequency, 
a second signal source of signal energy of a second fre 
quency, and coupling means for coupling said first and 
second signal sources to said first and second signal feed 
ing means whereby the electromagnetic radiation radiated 
by said first and second radiative conductors interacts to 
produce resultant electromagnetic radiations having pre 
determined polarizations. 

9. The apparatus of claim 8 wherein said coupling 
means couples signal energy from said first signal source 
to said first signal feeding means and in the same time 
phase to said second signal feeding means to produce an 
electromagnetic radiation having a horizontal polariza 
tion and said coupling means couples signal energy from 
said second signal source to said first signal feeding means 
and the same signal energy in time phase opposition to 
said second signal feeding means to produce vertically 
polarized electromagnetic radiation. 

10. A radiating system to radiate electromagnetic radi 
ation of predetermined polarization comprising a cen 
tral conductor, a first radiative conductor, said first radi 
ative conductor being a right-handed helix of given pitch 
developed about said central conductor extending from a 
first point toward a first end of said central conductor, a 
second radiative conductor, said second radiative con 
ductor being a left-handed helix of the same given pitch 
extending from a second point along the length of said 
central conductor toward the other end, each of the turns 
of each of the helices of said radiative conductors having 
the same integral number of operating wavelengths, said 
first point being disposed between said second point and 
said first end of said central conductor, first feeding means 
coupled to the portion of said first radiative conductor 
adjacent to said first point for feeding signal energy to 
said first radiative conductor, second signal feeding means 
coupled to a portion of said second radiative conductor 
adjacent to said second point for feeding signal energy 
to said second radiative conductor, a transmitter, junc 
tion means, means for coupling said transmitter to said 
junction means, and means for coupling said junction 
means to said first signal feeding means and said second 
signal feeding means so that the electromagnetic radia 
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tion radiated from said first and second radiative con 
ductors interacts to produce resultant circularly polarized 
electromagnetic radiations. 

11. A radiating system to radiate electromagnetic radi 
ation of predetermined polarization comprising a central 
conductor, a first radiative conductor, said first radiative 
conductor being a right-handed helix of given pitch de 
veloped about said central conductor extending from a 
first point toward a first end of said central conductor, a 
second radiative conductor, said second radiative con 
ductor being a left-handed helix of the same given pitch 
extending from a second point along the length of said 
central conductor toward the other end, each of the turns 
of each of the helices of said radiative conductors having 
the same integral number of operating wavelengths, said 
first point being disposed between said second point and 
said first end of said central conductor, first feeding means 
coupled to the portion of said first radiative conductor 
adjacent to said first point for feeding signal energy to 
said first radiative conductor, second signal feeding means 
coupled to a portion of said second radiative conductor 
adjacent to said second point for feeding signal energy 
to said second radiative conductor, first and second trans 
mitters, junction means, phase shifting means, and means 
for coupling said first and second transmitters to said first 
feeding means via said junction means and to said second 
feeding means via said junction means and said phase 
shifting means, so that signals from said first transmitter 
are radiated from said first and second conductors with a 
given polarization and signals from said second trans 
mitter are radiated from said first and second conductors 
with a polarization different from said given polarization. 

12. The radiating system of claim 11 wherein said 
phase shifting means is a quarter wavelength phase shifter 
and said signals from said first and second transmitters 
are radiated with horizontal and vertical polarizations 
respectively. 
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