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My present invention relates to high frequency 
anteninia systems, and particularly to high fre 
quency antenna systems designed to provide Sub 
stantially circular radiation patterns. This ap 
plication is a continuation in part of my U. S. 
Eatent No. 2,05,123, grainted August 6, 1946. . 

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 hiorizontal 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 effective service, the radiat 
ing system should have a high degree of vertical 
directivity and the horizontal fieldstrength pat 
tern 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 electri 
cal characteristics. 
In general, simple two-terminal antemas, such 

as dipoles theretofore commonly used, have non 
tniform 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 simplified ; 
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 rny invention is to pro 
vide a new and improved antenna system which 
has only two connection terminals and which 
nevertheless provides a substantially circular ra. 
diation pattern and the radiation of which is con 
centrated substantially in the horizontal plane. 
The features of nity 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 harinier of operation; to 
gether with further objects and advantages 
thereof may best be uniderstood by reference to 
the following description taken in connection 
with the accompanying drawing in which Fig. 1 
is a perspective view of an antenna Systern en 
bodying the principles of my invention; Fig. 2 
shows vectorially the relationship of the current 
and voltage present on the antenna of Fig. 1; 
rigs. 3, 4 and 5 show modifications of the system 
disclosed in Fig. 1: Figs. 6 and 7 show different 
embodiments of my invention; Fig. 8 is a diagram 
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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 
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, provided proper 
adjustments have been made of the termination 
of the line and its coupling to a source of high 
frequency waves. , 
In Fig. 1 there is shown such a transmission 

line antenna or radiating transmission line. The 
antenna comprises a substantially closed circular 
loop to 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 ground 
ed mast to form therewith a short section of 
transmissionline. - 

The loop. 0 is suitably supported from the mast 
by means of a supporting member 2 of insulating 
material, Suitably connected at its respective ends 
to the loop and to the mast and of such length 
that the loop and mast are spaced apart approx 
imately a quarter of a wave length, or less. Thus 
there is provided a transmission line conductor 
and a grounded mast, the mast serving as a re 
flector for the loop. - 
There is illustrated in Figs. 1 and 2 means for 

energizing a system in which the length of the 
loop f is an integral number of full wavelengths. 
There is provided a transformer 13, having a pri 
mary 4 and a secondary 5, carried by the mast 
lf. Any suitable transmission line 6 may be 
utilized to effect the transfer of energy between 
the primary 4 and a suitable source of signal voltage which may comprise the high frequency 
radio apparatus or transmitter represented by 
the box fl. One end of the secondary 5 is 
suitably connected to the mast? and the other terminal of the secondary is connected to the 
mast through a variable condenser 8. Thus 
winding f5 and condenser 8 constitute a tuned 
circuit which enables proper termination of the 
transmission line 6. In installations where wide 
bánd operation is desired, this tined circuit and 
the antenna should have a low Q. In such a sys 
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tem, since the radiator operates as a transmission 
line rather than as a resonant dipole, no sharp 
resonance effects are present in the antenna, and 
the system exhibits relatively broad frequency 
band width characteristics. 
The ends of the loop 0 are connected to suit 

able points on the coil or winding 5 by means 
of suitable conductors 9 extending between the 
ends of the loop and the winding through a Suit 
able opening 9 in the mast. 
In Fig. 2 there is shown the vector currents 

flowing in the antenna, f of Fig. 1. The arrow 
heads on the circle 9 represent the directions of 
current flow within the loop and the arrows 
pointing inwardly from the circle O represent the 
voltage phase relationships at the indicated 
points. The loop C is energized from coil 5 by 
means of conductors 9 connected to desired taps 
on Winding 5. With this arrangement there ex 
ists 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 Sup 
plied from the feed line. It is apparent that cur 
rents are uniformly distributed around the loop 
and, at diametrically opposite points of the loop, i. 
are 180° out of phase and may be represented by 
vectors pointing in opposite directions. In effect, 
therefore, the currents are in phase at opposite 
points of the loop 10, in that these currents pro 
duce additive radiation fields along the axis of : 
the loop, as well as radiation in all horizontal di 
rections. 
In Fig. 3 there is depicted Schematically an ar 

rangement, 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 6 are connected 
directly to the ends of the loop 20, a suitable con 
denser 20' being used properly to terminate the . 
line in conjunction with a short length of line 
joining the antenna, 20 and the transmission line 
6. The vector voltage and current relationships 
are shown by means of arrows. The phase of the 
loop current and voltage changes uniformly and . 
progressively throughout the length of the trans 
mission line antenna and the vectors make a half 
revolution in approximately one half wave length 
of line. The amplitude does not change appre 
ciably, however, and, as long as the spacing be 
tween the loop and mast 2 is not great enough 
to introduce substantial radiation resistance and, 
hence, attenuation, a uniform substantially cir 
cular radiation pattern results. 
In Fig. 4 I have shown a modification of the 

antenna, structure of Fig. 1, in which a pair of 
substantially circular loop elements 0, f O’ each 
have an electrical length equal to an integral 
number of full wave lengths at the operating 
frequency of the antenna and, Spaced from the 
conductive mast by a distance equal approxi 
mately to a quarter Wave length or less, are 
spaced apart vertically by a distance A/2 equal to 
a half Wave length. Positioned below the lower 
element O' by a distance A/4 equal to a quarter 
Wave length is a conductive reflector plate f f'. 
The ends of loop 0 are connected to a source of 
signal f by means of conductors 9, 6 and the 
ends of loop 10' are connected to the source by 
means of conductors 9', 6. The length of con 
nection from the source to loop O is made half 
a wave length longer than the connection to loop 
f0' so that these coaxial loops carry currents 
which are opposite in phase. Since the currents 
in the loops are 180° out of phase, the horizontal 
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radiation of the loops is substantially completely 
cancelled, while their vertical radiations are ad 
ditive to give a concentrated highly directive 
beam of radiation. By means of the reflector f', 
this vertical radiation is confined to a single di 
rection, namely, upwardly along the axis of the 
loops. Normal to the plane of the loop, there 
fore, is a concentrated beam of radiation. 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 para 
bolic reflector, or for use for diathermy and ther 
apeutic Work. Any larger even number of loops 
spaced apart axially by a distance equal to a half 
Wave length with adjacent loops energized in op 
posite 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 a frac 
tion of a Wave length from the loop 20 which in 
turn is spaced approximately a quarter of a wave 
length with respect to mast 2 f by which addi 
tional vertical directivity is achieved. With this 
arrangement 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 verti 
cal spacing and excited in-phase. 
In Fig. 6 there is shown a modification of my 

antenna system which provides substantially uni 
for n current therein and, consequently, a sub 
stantially circular radiation pattern. It is well 
known that a linear antenna, which is actually 
one-half wave long at the operating frequency 
has a current distribution which is essentially 
sinusoidal, the current being maximum at its 
mid-point and Zero at its ends. If the antenna is 
less than one-half wave long and capacity is 
added between the ends of the antenna, loop in an 
amount such that the effective 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 finite value and the cur 
rent distribution is more nearly uniform. 

Accordingly, in Fig. 6, 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 substantially 
less than one-half wave or a nearly uniform cur 
rent obtained as discussed in conjunction with 
the description of Fig. 2. The electrical length 
may be much greater than the actual length be 
cause of the stray and, where desired, added ca 
pacity 3 between the ends of the loop. If the 
actual length is much less than one-half wave 
even when the stray capacity is considered, the 
free ends of the loop may be terminated in ele 
ments forming a condenser 3 of substantial ca 
pacity to provide a transmission line radiator of 
desired length. 
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 fitted 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 varying or 
adjusting the effective capacity. 
A Small loop does not radiate to any substantial 
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degreeia a vertical direction, prevised the cur 
rent is substantially uniform aad in phase asquad 
the loop. This is represented ia. Fig. 8, a Waigh 
the numeral 34 indicates the vertical directivity 
pattern of the 1999. 

in order to obtain a greater degree of vestigal 
directivity with this type of anterna, her a be provided a substantially circular directes is 
spaced outwardly from the loop 39 and cong's 
ing a plurality of elements 3G having eapacit,9's 
3 between adjacent ends. The director is Sub stantially concentrically arranged With the loop 
38 and disposed in substantially the Saale plane. 
The director is spaced apart, from the loop a dis 
tance of the order of is to % of a Wavelength, preferably approximately 4 wave. This is for 
the reason that the antenna System may the 
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 % 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 direc 
tor elements are inter-related. 
Any suitable form of transmission line 38 may 

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

in Fig. 8. -- 
In Fig. 7 there is shown another modification. 

of my antenna having transmission line charact 
teristics and the radiation of which is concea 
trated substantially in the horizontal plane, there 
being very little radiation in the direction tigalas 
verse to the planes of the radiators. The antenna, 
there shown comprises the loops 8, Which Sult. 
round the mast it. The loops i.e., 4 are relatively. 
closely spaced with respect to each other and the 
loop 9 is spaced from the mast by a distance. 
of the order of .25 to.3 wavelength at the operat 
ing frequency of the system. The loops to and 
47 may be supported from the mast 4 kby insul 
lated supports. 45, 46 to form a section of trans 
mission line. Surrounding the nast. . . . At the 
line with mast . . Preferably, the dia. 
the naast. . . and the spaciag to the ce -Avva 
transmission line elemeiats. , 4 is such tkiät, tag. 
length of the composite line, i.e., 47 is an integral 
number of half wavelengths, the inlinker, b2: 
cause of the physical dimensions of the System, 
being two full waveleragths or noire. 
The high-frequency waves from the transaitter 

| are supplied over the leads, 16 to a resenant 
circuit which Inay comprise the stub transmis 
sion line formed of the parallel conductors. 48, 9. 
These conductors are short-circuited and con 
nected to nast at one end at the point 49' and 
are open-circuited at the other end. The leads 
a 6 from the transmitter are connected to the 
points 52 and the ends 5 of the loops 9,44 age 
connected by means of leads 52 to symmetrically 
spaced points 53 on the conductors 48 and 49, 
the points 53 being displaced from the points 52. 
Similarly, the ends 5A of the loops Fe, 47 inay be 
connected by conductors 55 to symmetrically 
spaced points 55 on the conductors 48, 9. 
The points 5E, 53, 5 S are so. located on the 

transmission line conductors 48, 9... that inped 
ance matching between the component parts of 
the system is obtained at each of these points. 
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impressed across the conductive loops 8, , the 
peints. 53 may be logated between the Qpen end 
9 the conductors 48, 49 and the points 59, instead 
of the location shown in Fig.1. Usually, however, 
the points 56 are 19cated between the points, 53 
and the short-circuited end of the conductors 
48, 49, the distance between the points: 53, 5S 
being determined by the Voltage drop in the 
loops iO, & argund the mast it. Similarly, dest 
pending upon the length of the elements fo, 4, it 
ay be raecessary to transpose the colaductors: 55 

so that the conductors 52, 55 connected to condue 
tor. 48, for example, are coainected respectivelyte 
the point it on the laop 8 and the point 54 on loop 
47. Such transposition naay be required for 
matching the phase of currents at the ends of 
the loops to. 4 i with currents in the coaductors 
68,349. In all cases, of couise, the locationals of 
the taps on the transmission line conductors:48, 
49 is such that the desired termination inaped 
ance and voltage of the connected elements is 
obtaired. 
in the operation of the antenna of Fig. 7, the 

loops 0, it jointly form a section of transmission 
line with respect to the grouaded. Anast. ... his 
section is terminated for reflectionlesstralasiais 
sion of energy. At the same time, the closely 
spaced loops : 3, 43 form a section of transnission 
kine in which currents flaw in opposite directions. 
In a vertical direction, that is, a direction parale 
with the axis of the mast, f, the electromagnetic 
fields produced by these curreats are neutralized 
and cancelled so that there is no radiation along 
the axis of the nast i. However, in a hei 
Zontal direction, the fields of the currents in the 
two loops. 3, 4 are additive so that the antenna 
system produces radiation which is concentrated: 
substantially, in a horizoatial plane. Fhe conduc 
tive nast reflects energy, radiated inwardly 
from the loops, the distance between the loops 
i (, 4 and nast. being such that this energy 
reflected from mast: if reinforces energy radiated OutWardly fron the loops. 

in order to obtain still more vertical direc 
tivity in an antenna of the type shown in Fig. 
6, a plurality of assemblies may be employed, 
Spaced apart vertically approximately. A wave 
length. Two such assemblies are shown sche 
matically in Fig. 9. The assemblies are inter 
connected in the same phase by a suitable im 
pedance matching line 4. ... A suitable transmis 
sion line 42 may be used to transfer energy be 
tween transmitter 39 and is connected to the 
line 4 at a point midway between the assem 
blies. The directivity pattern for the system of 
Fig. 9 is represented by the lobes 43 in Fig. 8. 
In order to support the assemblies in opera 

tive position, there may be provided a mast if 
as in Eig. 6. The loops 30 may be secured to the 
mast by means of members 45 of insulative ma-. 
terial and the parasitic director elements 36 may 
be supported from the loop 38 by similar sup 
ports 46 which are preferably connected to the 
elements 36 at points of minimum voltage. 
A plurality of assemblies of the driven director 

type illustrated in Fig. 7 may likewise be em 
ployed to form a composite antenna structure. 
for radiating greater amounts of power. Such 
assemblies individually have a very small 
amount of radiation along the axis of a sup 
porting mast. They should be spaced apart ver 
tically on the mast, therefore, by Such distances 
that their fields in...a horizontal direction are 
additive, - 

  



2,479,387 
7 

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 
modifications may be made without departing 
from my invention in its broader aspects, and I, 
therefore, aim in the appended claims to cover 
all Such changes and modifications 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 compris 

ing a substantially closed loop, a second loop 
spaced outwardly from said first loop to form a 
Section of transmission line therewith terminated 
for reflectionless transmission of energy there 
Over, the ends of Said first loop terminating in 
means providing substantial capacity therebe 
tween, and a transmission line connected to Said 
first loop on each side of said capacity, said first 
loop being sufficiently less than one-half wave 
length in circumference to provide Substantially 
uniform current therein. 

2. A high frequency antenna System compris 
ing a substantially closed loop, the ends of Said 
loop being closely spaced and terminating in 
means providing Substantial capacity therebe 
tWeen, a transmission line connected to said loop 
on each side of said capacity, said loop being 
Substantially less than One-half Wave length in 
circumference, and directive means for said sys- ( 
tem comprising a plurality of separated conduc 
tors uniformly Spaced OutWardly from Said loop a 
distance substantially equal to one-quarter of a 
Wave length and lying substantially in the same 
plane therewith. 

3. A high frequency antenna System compris 
ing a Substantially closed loop, the ends of said 
loop being closely Spaced and terminating in 
means providing Substantial capacity therebe 
tween, a transmission line connected to said loop 
on each side of said capacity, said loop being 
substantially less than one-half wave length in 
circumference, and directive means for said sys 
tem comprising a plurality of Separated conduc 
tors uniformly Spaced outwardly from said loop 4 
a distance Substantially equal to one-quarter of 
a wave length - and lying substantially in the 
same plane therewith, said conductors terminat 
ing in means providing substantial capacity be 
tween the ends thereof. - 

4. A high frequency antenna System compris 
ing a pair of Substantially concentric, substan 
tially co-planar loops, Said loops forming a section 
of transmission line terminated for substantially 
reflectionless transmission of energy thereover, 
both of Said loops being peripherally incomplete, 
and means connected to both of Said loops at the 
free ends thereof for supplying high frequency 
energy thereto, whereby Said inner loop acts as 
a radiator and the outer of said loops acts as a 
director. 

5. A high frequency antenna. System compris 
ing a vertical cylindrical conductive member, a 
pair of substantially concentric, substantially co 
planar loops encircling said member, both of said 
loops being peripherally incomplete, the outer of 
said loops being closely spaced with respect to the 
inner of said loops and the inner of said loops 
being Spaced from Said member by a distance 
Substantially equal to one-quarter of a wave, and 
means connected to said loops at the free ends 
thereof for supplying high frequency energy 
thereto, whereby said inner loop acts as a radia 
tor and the Outer of Said loops acts as a director. 

6. A high frequency antenna comprising a con 
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8 
ductive mast, a pair of Substantially concentric, 
Substantially co-planar conductive loops sur 
rounding Said mast, Said loops being peripherally 
incomplete, the inner of said loops and Said mast 
forming a section of transmission line termi 
nated for reflectionless transmission of energy 
thereover, and means Supplying high frequency 
currents to both of said loops, the currents in 
Said loops having a difference in phase deter 
mined by the spacing between said loops. 

7. A high frequency antenna, System comprising 
a plurality of Vertically spaced assemblies, each 
of Said assemblies comprising a metallic loop-like 
member, having a pair of ends spaced apart by a 
Srinall distance, conductive means coupled to said 
respective metallic members and concentric and 
Co-planar thereWith, a source of high frequency 
Signals, and means supplying high frequency cur 
rents from Said source to the respective ends of 
Said members, said members being spaced apart 
Vertically by an electrical distance and the phase 
of the currents supplied to adjacent of said mem 
bers being Such the fields of said assemblies are 
additive in the same direction. 

8. A high frequency antenna system compris 
ing a vertical cylindrical electrically conductive 
member, a metallic loop-like member substantial 
ly encircling and coaxially disposed with respect 
to Said vertical member to form therewith a sec 
tion of transmission line terminated for refiec 
tionless transmission of energy thereover, said 
metallic member having a pair of ends spaced 
apart by a Small distance, a source of high fre 
quency Signals, means supplying signals from said 
Source to said ends, and conductive means coul 
pled to Said metallic member and concentric and 
co-planar therewith for increasing the directivity 
of Said system. 

9. A high frequency antenna system compris 
ing a cylindrical electrically conductive member, 
a pair of concentric co-planar conductive loops 
Coaxially Surrounding said member, said loops 
and Said member forming a section of transmis 
Sion line terminated for reflectionless transmis 
Sion of energy thereover, the outer of said loops 
being Spaced from the inner of said loops and the 
inner of Said loops being spaced from said mem 
ber by an electrical distance substantially equal 
to One-quarter of the wave length at which said 
antenna, operates, and means connected to said 
inner loop for supplying high frequency energy 
thereto, whereby the inner of said loops acts as 
a radiator and the outer of said loops acts as 
a director. 

10. A high frequency antenna, system compris 
ing a vertical electrically conductive member, a 
pair of Substantially concentric, substantially co 
planar conductive loops coaxially surrounding 
Said member, said loops and said member form 
ing a Section of transmission line terminated for 
reflectionless transmission of energy thereover, 
both of said loops being peripherally incomplete 
and having a pair of Spaced ends, a resonant cir 
cuit, and means connecting said ends to spaced 
points in Said circuit. 

11. A high frequency antenna system compris 
ing a pair of Substantially concentric, substan 
tially co-planar conductive loops coaxially spaced 
from an electrically conductive member, each of 
said loops being peripherally incomplete and hav 
ing a pair of Spaced ends, a resonant circuit, and 
means connecting corresponding ends of said 
loops to Symmetrically spaced points of said cir 
cuit, Said loops forming a section of transmission 
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line terminated for reflectionless transmission of 
energy thereover. 

12. A high frequency antenna system compris 
ing an electrically conductive member, a pair of 
concentric co-planar conductive loops coaxially 
surrounding said member, each of said loops be 
ing peripherally incomplete and having a pair of 
spaced ends, a section of transmission line, means 
supplying high frequency waves to a first point on 
said line, means connecting corresponding ends 
of said loops to symmetrically spaced points on 
said line, the points of connection of said energy 
to said line and of said ends to said line being so 
spaced that high frequency waves are transmitted 
from said first means to said loops substantially 
Without reflection. 

GEORGE W. FYER. 
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