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My invention relates to high frequency antenna 
systems, and particularly to high frequency an 
tenna systems designed to provide substantially 
circular radiation patterns. 
In broadcasting radio programs within the 

higher frequency channels utilized for frequency 
modulation and television broadcasts, it is gen 
erally desirable to distribute the energy radiated 
from the transmitting antenna as uniformly as 
possible in all horizontal directions. At the same 
time, it is desirable to concentrate the radiated 
energy at low angles in the vertical plane. In 
other words, for most e?ective service, the radi 
ating system should have a high degree of ver 
tical directivity and the horizontal ?eld strength 
pattern should be as nearly circular as possible. 

Accordingly, it is an object of my invention to 
provide an improved high frequency antenna 
which possesses these and other desirable elec 
trlcal characteristics. 
In general, simple two-terminal antennas, such 

as dipoles heretofore commonly used, have non~ 
uniform radiation characteristics, It has here 
tofore been customary to resort to compound an 
tenna arrangements in order to secure a reason 
ably uniform horizontal wave pattern with hori 
zontal polarization. It is another object of my 
invention to provide an improved and simpli?ed 
compound antenna structure which is capable of 
producing a substantially uniform radiation pat 
tern and which is relatively economical to build 
and easy to adjust. 

Still another object of my invention is to pro 
vide a new and improved antenna system which 
has only two connection terminals and which 
nevertheless provides a substantially circular 
radiation pattern and the radiation of which is 
concentrated substantially in the horizontal 
plane, 
The features of my invention which I believe 

to be novel are set forth with particularity in the 
appended claims. My invention itself, both as to 
its organization and manner of operation, to 
gether with further objects and advantages 
thereof may best be understood by reference to 
the following description taken in connection with 
the accompanying drawings in which Fig. 1 is a 
perspective view of an antenna system embody 
ing the principles, of my invention; Fig. 2 shows 
vectorially the relationship of the current and 
voltage present on the antenna of Fig. 1; Figs. 
3, 4, 5, and 6 show modi?cations of the system 
disclosed in Fig. 1; Fig, '7 shows a different em 
bodiment of my invention; Fig. 8 is a diagram 
illustrating characteristics of antenna systems of 
the type illustrated in Fig. 5; and Fig, 9 shows 
another embodiment of my invention. 
As is well understood in the art, a properly 

terminated transmission line does not have any 
standing waves. In Figs. 1 and 2 there is shown 
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an antenna system in which a transmission line 
section is utilized as a radiator, the line section 
being formed into a circular loop and the ends 
coupled to a suitable source of signal voltage. 
Such an antenna has substantially uniform cur 
rent and hence a substantially circular radiation 
pattern in the plane of the loop. 
In Fig, 1 there is shown such a transmission 

line antenna or radiating transmission line. The 
antenna comprises a substantially closed circular 
loop l0 formed from electrically conductive mate 
rial of any desired cross sectional shape. For 
example, the loop may be a suitably formed pipe 
disposed in a circular configuration, The loop is 
coaxially disposed around a suitable electrically 
conductive member such as a cylindrical grounded 
mast II to form therewith a short section of 
transmission line. 
The loop H1 is suitably supported from the 

mast by means of a supporting member I2 of in 
sulating material, suitably connected at its re 
spective ends to the loop and to the mast and of 
such length that the loop and mast are spaced 
apart approximately a quarter of a wave length. 
Thus there is provided a transmission line con 
ductor and a grounded mast, the mast serving as 
a re?ector for the loop. 
There is illustrated in Figs. 1 and 2 means for 

energizing a system in which the length of the 
loop i0 is an integral number of full wave lengths. 
There is provided a transformer I 3, having a pri 
mary l4 and a secondary [5, carried by the mast 
ll, Any suitable transmission line It may be 
utilized to elTect the transfer of energy between 
the primary l4 and a suitable source of signal 
voltage which may comprise the high frequency 
radio apparatus or transmitter represented by the 
box ll. One end of the secondary I5 is suitably 
connected to the mast H and the other terminal 
of the secondary is connected to the mast through 
a variable condenser 18. Thus winding l5 and 
condenser l8 constitute a tuned circuit which 
enables proper termination of the transmission 
line It. In installations where wide band oper 
ation is desired, this tuned circuit should have a 
low Q. In such a system, since the radiator op 
erates as a transmission line rather than as a 
resonant dipole, no resonance effects are present, 
and the system exhibits relatively broad fre 
quency band width characteristics. 
The ends of the loop H) are connected to suit 

able points on the coil or winding l5 by means 
of suitable conductors is extendingr between the 
ends of the loop and the Winding through a suit 
able opening 26 in the mast. 
In Fig. 2, there is shown the vector currents 

?owing in the antenna IQ of Fig. l. The arrow 
heads on the circle H3 represent the directions of 
current ?ow within the loop and the arrows point 
ing inwardly from the circle l0 represent the volt 
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age phase relationships at the indicated points. 
The loop I0 is energized from coil [5 by means 
of conductors l9 connected to desired taps on 
winding 15. With this arrangement there exists 
a difference of voltage across the ends of the loop 
and the loop has a circulating current with only 
the radiated energy and heat loss being supplied 
from the feed line. It is apparent that currents 
are uniformly distributed around the loop and, 
at diametrically opposite points of the loop, are 
180° out of phase and may be represented by vec 
tors pointed in opposite directions. In effect, 
therefore, the currents are in phase at opposite 
points of the loop 16, in that these currents pro 
duce additive radiation ?elds along the axis of 
the loop, as well as radiation in all horizontal 
directions. Normal to the plane of the loop, 
therefore, is a concentrated beam of radiation. 
In Fig. 3 there is depicted schematically an 

arrangement which enables the application of the 
above principles to a loop having an electrical 
length equal to an odd number of half waves. 
A balanced input circuit to the loop is shown. 
The ends of the transmission line l6 are con 
nected directly to the ends of the loop 26, a suit 
able condenser 20' being used properly to ter 
minate the line in conjunction with a short length 
of line joining the antenna 20 and the transmis 
sion line 16. The Vector voltage and current re 
lationships are shown by means of arrows. The 
phase of the loop current and voltage changes 
uniformly and progressively throughout the 
length of the transmission line antenna and the 
vectors make a half revolution in approximately 
one half wave length of line. The amplitude does 
not change appreciably, however, and, as long as 
the spacing between the loop and mast 2| is not 
great enough to introduce substantial radiation 
resistance and, hence, attenuation, a uniform sub 
stantially circular radiation pattern results. 
In Fig. 4 I have shown a modi?cation of the 

antenna structure of Fig. 1, in which a pair of 
substantially circular loop elements l8, Ill’ each 
have an electrical length equal to an integral 
number of full wave lengths at the operating fre 
quency of the antenna and, spaced from the con 
ductive mast I! by a distance equal to a quarter 
wave length, are spaced apart vertically by a 
distance M2 equal to a half wave length. Posi 
tioned below the lower element ID’ by a distance 
M4 equal to a quarter wave length is a reflector 
II’. The ends of loop l6 are connected to a 
source of signal II by means of conductors [9, IE 
and the ends of loop H)’ are connected to the 
source by means of conductors l9’, It. The 
length of connection from the source to loop [0 
is made half a wave length longer than the con 
nection to loop I0’ so that these coaxial loops 
carry currents which are opposite in phase. Since 
the loops are displaced axially by a distance 
equal to a half wave length, the horizontal radia 
tion of the loops is substantially completely can 
celled, while their vertical radiations are addi 

. tive to give a concentrated highly directive beam 
of radiation. By means of the re?ector II’, this 
vertical radiation is con?ned to a single direction, 
namely, upwardly along the axis of the loops. 
Such an antenna is relatively small and simple 
in structure and is particularly useful where con 
centrated radiation in a small area is desired, 
for example, for better illumination of a Parabolic 
re?ector, or for use for diathermy and therapeutic 
work. Any larger even number of loops spaced 
apart axially by a distance equal to a half wave 
length with adjacent loops energized in opposite 
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phase may be used, of course, to obtain a desired 
strength of radiation beam. 

Fig. 5 shows the system of Fig. 3 with the addi 
tion of a driven substantially circular director 22 
coaxially disposed and outwardly spaced approxi 
mately a quarter of a wave length with respect to 
the loop 20, and mast 2| by which additional ver 
tical directivity is achieved. With this arrange 
ment a suitable phase delay line or matching 
section, indicated by the numeral 23, is required. 

Still more vertical directivity can be obtained 
by using stacked elements with half wave vertical 
spacing and excited in-phase. 

In Fig. 6, there is illustrated a modi?cation of 
the arrangement shown in Fig. l. The mast H 
has disposed about it a helically wound radiator 
21!, the turns being uniformly spaced from the 
mast. 

In Figs. 7 and 9 there is shown a different form 
of my antenna system which provides substan 
tially uniform current therein and, consequently, 
a substantially circular radiation pattern. It is 
well known that a linear antenna which is actu 
ally one-half wave long at the operating fre 
quency has a current distribution which is essen 
tially sinusoidal, the current being maximum at 
its mid-point and zero at its ends. If the an 
tenna is less than one-half wave long and capac 
ity is added between the ends of the antenna loop 
in an amount such that the eifective electrical 
length of the entire system is equal to one-half 
wave, the current at the free ends of the antenna 
is not zero, but has some ?nite value and the cur 
rent distribution is more nearly uniform. 

Accordingly, in Fig. 7, the loop or radiator 30 
disposed in a substantially closed, peripherally 
incomplete loop constitutes a coiled up dipole 
and preferably has either a length of substan 
tially less than one-half wave or a nearly uni 
form current obtained as discussed in conjunc 
tion with the description of Fig. 2. The electrical 
length may be much greater than the actual 
length because of the stray and, where desired, 
added capacity 3| between the ends of the loop. 
If the actual length is so much less than one 
half wave that resonance is not reached even 
when the stray capacity is considered, the free 
ends of the loop may terminate in elements form— 
ing a condenser 3! of substantial capacity. 
In order to provide the desired capacity be 

tween the ends of the loop, blocks or plates 32! 
may be secured, as by welding, to the ends of the 
pipe and U-shaped plates 33 ?tted over the op 
posing faces of the blocks. In order to provide 
an adjustable condenser, one or both of the plates 
33 may be provided with slots (not shown) or 
other suitable openings registering with screws 
threaded into the blocks 32. Of course, any 
other desired means may be employed for vary— 
ing or adjusting the eifective capacity. 
A small loop does not radiate to any substan 

tial degree in a vertical direction, provided the 
current is substantially uniform and in phase 
around the loop. This is represented in Fig. 8, 
in which the numeral 34 indicates the vertical 
directivity pattern of the loop 38. 
In order to obtain a greater degree of vertical 

directivity with this type of antenna, there may 
be provided a substantially circular director 35 
spaced outwardly from the loop 30 and compris 
ing a plurality of elements 36 having capacitors 
31 between adjacent ends. The director is sub 
stantially concentrically arranged with the loop 
30 and disposed in substantially the same plane. 
The director is spaced apart from the loop a dis-v 
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tance of the order of T16 to 1A4 of a wavelength, 
preferably approximately 1A, ‘wave. This is for 
the reason that the antenna system may tune 
too sharply if the spacing is too little and little 
gain in directivity is obtained if the distance is 
too great. 
The length of the director elements 36 should 

be somewhat less'than 1/2 wavelength so as to 
maintain relatively uniform current distribution 
and to permit correct tuning. Accordingly, the 
spacing from the loop and the length of the 
director elements are inter-related. 
Any suitable form of transmission line 33 may 

be utilized to effect transfer of energy between 
the high frequency radio apparatus or transmit 
ter, represented by the box 39, and the loop. 
The above described system has a vertical di 

rectivity pattern as represented by the lobes 40 
in Fig. 8. 
In order to obtain still more vertical directivity, 

a plurality of assemblies may be employed, spaced 
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apart vertically approximately 1/2 wavelength. ’ 
Two such assemblies are shown schematically 
in Fig. 9. The assemblies are interconnected in 
the same phase by a suitable impedance match 
ing line 4|. A suitable transmission line 42 may 
be used to transfer energy between transmitter 
39 and is connected to the line 4! at a point mid 
way between the assemblies. The directivity pat 
tern for the system of Fig. 9 is represented by the 
lobes 43 in Fig. 8. 
In order to support the assemblies in operative 

position, there may be provided a mast H as in 
Fig. 7. The loops 30 may be secured to the mast 
by means of member 45 of insulative material 
and the director elements 36 may be supported 
from the loop 30 by similar supports 45 which are 
preferably connected to the elements 36 at points 
of minimum voltage. 
While I have shown and described a particular 

embodiment of my invention, it will be obvious 
to those skilled in the art that changes and modi 
?cations may be made without departing from 
my invention in its broader aspects, and I, there 
fore, aim in the appended claims to cover all such 
changes and modi?cations as fall within the true 
spirit and scope of my invention. 
What I claim as new and desire to secure by 

Letters Patent of the United States is: 
1. A high frequency antenna system having a 

substantially circular radiation pattern, said sys 
tem comprising a substantially closed loop co~ 
axially spaced‘ from an electrically conductive 
member and forming therewith a transmission 
line terminated for re?ectionless transmission of 
energy thereover, a source of high frequency sig 
nals, a tuned circuit connected between said 
source and said conductive member, and means 
connecting the ends of said loop to spaced points 
on said circuit. 

2. A high frequency antenna system having a 
substantially circular radiation pattern, said sys 
tem comprising a substantially closed loop co 
axially disposed with respect to an electrically 
conductive member to form therewith a section 
of transmission line terminated for reflectionless 
transmission of energy thereover, a source of 
high frequency signal, means connecting said 
member to said source through a tuned circuit, 
and means connecting the ends of said loop to 
spaced points on said tuned circuit to supply to 
said loop energy to be radiated therefrom. 

3. A high frequency antenna system having a 
broad frequency band width and a substantially 
circular radiation pattern, said system compris 
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6 
ing a substantially closed loop coaxially disposed 
with respect to an electrically conductive mem 
ber and forming therewith a section of a trans 
mission line, a source of signal voltage, means 
for impressing a portion of said voltage across 
said loop, and means for connecting said member 
to said source, said last means includingr means 
terminating said line to provide substantially re~ 
?ectionless transmission of energy thereover. 

‘l. A high frequency antenna system having a 
broad frequency band width and a substantially 
circular radiation pattern, said system compris 
ing a substantially closed loop coaxially disposed 
with respect to an electrically conductive mem 
ber, means for energizing said loop, said means 
comprising a source of signal voltage and a tuned 
circuit, means for impressing a portion of the 
voltage existing across said tuned circuit across 
said loop, and means for connecting said member 
to said tuned circuit. 

5. A high frequency antenna system having a 
broad frequency band width and a substantially 
circular radiation pattern, said system compris 
ing an electrically conductive member and a 
helically wound coaxially disposed electrically 
conductive member around the ?rst mentioned 
member and uniformly spaced therefrom to form 
therewith a section of transmission line, a source 
of high frequency signals connected to said ?rst 
member through a tuned circuit, and means con 
necting the ends of said helical member to spaced 
points on said circuit. 

6. A high frequency antenna system compris 
ing a pair of substantially closed loops coaxially 
spaced from an electrically conductive member 
and forming therewith a plurality of sections of 
transmission line, said loops being spaced apart 
axially by a distance equal to a half-wave length 
at the operating frequency of said system, a 
source of high frequency signals, and means con 
necting the ends of said loops to said source for 
energizing said loops in opposite phase to produce 
a radiation beam concentrated along the axis of 
said loops. 

7. A high frequency antenna system compris 
ing a pair of substantially closed loops coaxially 
spaced from an electrically conductive member 
and forming therewith a plurality of sections of 
transmission line, said loops being spaced apart 
axially by a distance equal to a half-wave length 
at the operating frequency of said system, a re~ 
fleeting element coaxial with said member and 
spaced axially from the lower of said loops by a 
distance equal to a quarter wave length at said 
frequency, a source of high frequency signals, 
and means connecting the ends of said loops to 
said source for energizing said loops in opposite 
phase to produce a radiation beain concentrated 
along the axis of said loops. 

8. A high frequency antenna system having a 
substantially circular radiation pattern in a ?rst 
plane and directivity in planes transverse thereto 
comprising, a cylindrical electrically conductive 
member, a metallic loop-like member substan 
tially encircling and coaxially disposed with re 
spect to said cylindrical member to form there— 
with a section of transmission line terminated 
for re?ectionless transmission of energy there 
over, said metallic member having a pair of ends 
spaced apart by a small angle with respect to a 
radius of said cylindrical member, a source of 
high frequency signals, and means supplying sig 
nals from said source to said ends. 

GEORGE W. FYLER. 


