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The present invention relates to antennas and more
particularly to antenna structures particularly adapted for
use in the ultra-high-frequency range.

In some ultra-high-frequency and very-high-frequency
antenna transmitting systems, such as, for example, those
employed for television transmissions, an omni-direc-
tional horizontal radiation pattern and a high-gain ver-
tical radiation pattern are required to provide uniform
broadcasting in all directions of azimuth and over a de-
sired field of coverage. It is often the requirement, more-
over, that the polarization of the radiated energy be hori-
zontal. Many antennas have been designed for produc-
ing such patterns. Some of these antennas are in the
form of helical arrays; others, in the form of circular
loops; still others employ antennas of various other con-
figurations such as “bat wings” and the like; and an-
tennas have also been proposed embodying a plurality
of angularly disposed wave guides or horns, including bi-
conical horns. Antennas of this character, however, are
quite costly to manufacture, requiring specially designed
components. Present-day commercial antennas of this
type, moreover, utilize large numbers of cumbersome
and expensive insulators which are subject to periodic
deterioration under the influence of atmospheric condi-
tions, and they require, also, phase- and impedance-
correcting networks and other devices associated with
the feed transmission lines that add cost and complexity
to the equipment. Not only is it desirable to reduce the
cost of manufacture of such antennas, therefore, but it is
quite advantageous to eliminate the necessity for the use
of insulators and such phase- and impedance-correcting
devices.

An object of the present invention is to provide a new
and improved antenna that is adapted to produce a hori-
zontally polarized omni-directional radiation pattern in
the horizontal plane and a high-gain radiation pattern
in the vertical plane, and that obviates the necessity for
insulators and for special phase- and impedance-correct-
ing devices.

A further object of the invention is to provide such an
antenna that is particularly adapted for use in the ultra-
high-frequency range.

Still another object of the invention is to utilize as an
antenna, standard constructional members that are cur-
rently in mass production for other purposes than making
antennas, thereby further to reduce the cost of manu-
facture of the antenna.

Other and further objects will be explained hereinafter
and will be more particularly pointed out in the appended
claims.

In summary, the invention relates to an antenna system
for transmitting radio-frequency energy of a predeter-
mined wavelength comprising a plurality of, preferably
five, substantially paralle! transmission-line conductors
four of which preferably comprise right-angular beams
the vertices of which are symmetrically disposed with re-
spect to the fifth transmission-line conductor with sub-
stantially equal spacing between the parallel sides of the
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adjacent angular beam transmission-line conductors.
Means is provided, preferably in the form of a coaxial
line, for energizing the fifth transmission-line conductor
from the inmer coaxial-line conductor and the angular
beam transmission-line conductors in anti-phase there-
with from the outer coaxial-line conductor. Several
branch-conductor groups each comprising four appro-
priately dimensioned branch conductors are disposed in
substantially parallel planes normal to the transmission-
line conductors and spaced. therealong at intervals corre-
sponding substantially to the said predetermined wave-
length. The four branch conductors of each group are
connected at one of their ends to the fifth transmission-
line conductor and at their other emnds to the respective
four angular beam transmission-line conductors to radiate
horizontally polarized waves omni-directionally.  Pre-
ferred constructional details and dimensions will be here-
inafter pointed out.

‘The invention will now be described in connection with
the accompanying drawings Fig. 1 of which is a perspec-
tive view of a preferred form of the invention, partly cut
away to illustrate structural details; Figs. 2 and 3 are
sectional views taken up the respective lines 2—2 and
3—3 of Fig. 1, looking in the direction of the arrows;
Fig. 4 is a view similar to Fig. 1 of a modification; Figs.
5 and 6 are sectional views taken up the respective lines
5-—5 and 6—6 of Fig. 4, looking in the direction of the
arrows; Figs. 7 to 10 are perspective views of various
weather-protecting mechanisms particularly adapted for
operation with the antenna system of Fig. 1; and Fig. 11
is a perspective of a complete antenna installation.

Among the commerciaily available self-supporting
structures mass-produced for other fields of endeavor,
such as building construction, are right-angular beams,
as of steel. In accordance with the present invention,
four such angular beams are utilized as an antenna struc-
ture. In Figs. 1, 2, 3 and 10, vertically arranged angular
beams are shown at 2, 4, 6 and 8 with their corner edges
or vertices symmetrically disposed with respect to a
preferably substantially parallel centrally disposed trans-
mission-line conductor 18 of less transverse surface
dimensions and with substantially equal spacing S between
the parallel sides of the adjacent angular beams. The
angular beams are connected together at the top and bot-
tom of the antenna by end plates 1, with the aid of bolts 3.
The top end plate 1 may be utilized to mount a platform
57 which may be welded or otherwise secured thereto
for supporting a beacon light 11. The bottom end plate
1 is provided with an aperture 5 for receiving the centrally
disposed transmission-line conductor 18, and is carried by
a mounting 7 that may be secured to the top of a con-
ventional antenna tower 9. The bottom end plate 1, the
mounting 7 and the top of the tower 9 may all be welded
together or joined by any other desired means. As will
hereinafter appear, the structural properties of the angu-
lar beams and the associated energizing conductors are
such that no braging or other auxiliary supporting devices
are required.

The angular beams 2, 4, 6 and 8 are all connected
to the outer conductor 12 of a coaxial-feed transmission
line to serve as equipotential transmission-line conduc-
tors energized thereby. The inner transmission-line con-
ductor 10 is energized in anti-phase therewith through
its connection with the inner conductor 14 of the co-
axial-feed transmission line that, in turn, connects with,
for example, a television transmitter 16 located, per-
haps, at the base of the tower 8. The antenna structure
may be grounded through the tower 9. .

Along the transmission-line conductors 2, 4, 6, 8 and
16, several branch-conductor groups are provided each
comprising four branch conductors 18, 24, 32 and 34,



2,778,014

disposed in substantially parallel planes preferably sub-
stantially normal to the transmission-line conductors and
spaced therealong at inmtervals corresponding substan-
tially to the predetermined wavelength with which the
antenna is to operate. )

The branch conductors 18, 24, 32 and 34 are con-
nected at one of their ends to the centrally disposed
transmission-line conductor 1@, as at 13, and at their
other ends to the respective angular beam transmission-
line conductors 4, 6, 8 and 2 by preferably horizontally
disposed connecting elements 22, as at points 28. Each
branch conductor, such as, for example, the branch con-
ductor 18, becomes one element of a further three-
element branch transmission line the other two elements
of which comprise the side of the angular beam conduc-
tor to which it is connected, such as the left-hand side
of the angular beam conductor 4, and the parallel side of
the adjacent angular beam conductor, such as the right-
hand side of the angular beam conductor €. Current
then flows outward along the branch conductor 18 and
back in the opposite direction along the left-hand side
of the angular beam conductor 4, but in the same direc-
tion along the right-hand side of the angular beam con-
ductor 6 as along the conductor 18. The appropriate
impedance adjustment for this unbalanced three-con-
ductor feed may be effected by adjusting the position
of the point 26 along the left-hand side of the angular
beam conductor 4. For the purposes hereindescribed,
it has been found advantageous to locate the point 20
right near the edge of the angular beam conductor, as
shown. If desired, a stub, not shown, may be used at the
top of the array for assisting in matching the complete
array. The location of the points 2¢ along one of the
side edges of each angular beam may also be adjusted
to effect desired phase relationships. The spacing S be-
tween the parallel sides of adjacent beams and the
spacing of the vertices of the beams from the inner con-
ductor 10 may also be varied to effect desired impedance
and phase relationships without the necessity for utilizing
special lines, networks or other devices.

While the length of the branch conductors 18, 24, 32
and 34 can be made small, consistent with preventing the
short-circuiting of the energy that is passed upward along
the five-conductor transmission lines 2, 4, 6, 8, 18, and
outward to the edges of the angular beam conductors
2, 4, 6, and 8, it can not be made too large without
producing sharp lobes in the radiation pattern of the
antenna that destroy the circularity of the desired omni-
directional radiation pattern. The overall width or diam-
eter of the antenna array, on the other hand, must be
large enough to suppoit the necessary structure. If the
degree of circularity or omni-directionality of the hori-
zontal field pattern produced by the antenna, defined in
terms of the maximum-to-minimum field intensity ratio
in the pattern, is to be maintained under =2 decibels,
the length of the branch conductors 18, 24, 32 and 34
should be substantially equal to or less than about the
half-wave-length of the radio energy. The spacing §
between the paralle! side surfaces of the adjacent beam
conductors 2, 4, 6 and 8, furthermore, is preferably ad-
justed to a value considerably less than the length of
the branch conductors in order to maintain the omni-
directional radiation pattern characteristic. An antenna
particularly suited for the ultra-high-frequency range
of from about 500 to about 890 megacycles per second,
for example, having branch conductors 18, 24, 32, 34
of length about four and one-half inches, angular beams
of width on each side about four inches and a spacing S
between the parallel sides of adjacent angular beams of
about one inch, has been found to produce a degree of
circularity in the omni-directional horizontal pattern
under the said -2 decibels. For antennas designed for
operation with different predetermined wavelengths in
the said 500 to 890 megacycle range, the length of the
branch conductors may vary from about three and one-
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half to about five and one-half inches; the width of the
side of the angular beam conductors, from about three
to about five inches; and the spacing S, from about one-
half inch to about two inches.

The theory of operation of such an antenna may be
explained as follows. The radiation is transmitted from
the co-planar rectangular radio wave-guiding or wave-
transmission loops or frames sub-dividing each opening
between adjacent transmission-line conductors 2, 4, 6,
8, and formed by the outer edgeés of the transmission-
line conductors 2, 4, 6, 8 and the spacers 1, 21, etc.
One such frame or loop, for example, is formed by the
members 2—21—4—1, provided with long sides 2, 4
about a wavelength in length, shorter sides I, 21 less
than 2 half-wavelength in length, and an effective
depth or thickness of negligible dimensions since cnly
essentially the outer edges are effective for radiation,
as is perhaps more evident from Fig. 4. The feed sys-
tem embodying the branch-conductor exciters 18, 24,
32, 34, moreover, is disposed with the end portions 22
lying substantially in the plane of the frames or loops,
as shown, and oriented substantially parallel to the
shorter sides I, 21, thus insuring the emission from the
openings between the adjacent transmission-line conduc-
tors 2, 4, 6, 8 of radio-frequency energy of polarization
substantially perpendicular to the plane of the longer
sides of the frame or loop, i. e. horizontal polarization
in the disclosed system.

It has been found, furthermore, that the circularity
of the omni-directional pattern may be improved by pro-
viding an auxiliary current path between the divergent
edges of the sides of the angular beam transmission-line
conductors. While this path may take the form of dipole
extensions or elemeats of other configuration, it is pref-
erable for the purposes of the preseant invention to utilize
substantially circular band sections 40 connected between
the divergent edges of the sides of the beams as with
the aid of screws or other securing means. It so happens
that in the 500 to 890 megacycle region, before men-
tioned, the position of the bands 49 for providing an im-
proved circularity to the horizontal radiaticn pattern is
also consistent with providing ladder steps with the aid of
which one may climb the antenna structure. While the
bands 48 produce some circularity improvement when dis-
posed at several positions along the angular beams, it has
been found preferable to place the bands substantially in
the planes of the branch conducters. The bands 4§ then
also appear to minimize cross-polarization efiects since
any vertically polarized radiation components that may be
set up are interrupted by the horizontal path for cusrrent
provided by the bands across the angular beams at ap-
proximately wavelength iutervals along the array. If the
bands are located elsewhere than at the particular regions
illustrated in Fig. 1, such as below or above the plane of
the branch conductors, it is preferable to utilize pairs of
bands in connecting with sach wavelength section of the
antenna in order to maintain symmetry.

As an illustration of the effectiveness of the bands, when
the before-described antenna was operated at a frequency
of about 800 megacycles about the bands, the degree of
circularity of the horizontal field patiern was measured
to be about 312 decibels. With the bands added, as shown
in Fig. 1, the circularity ratioc improved fo abont 1.9
decibels.

An array of this character, about tea tc {wenty wave-
lengths iong, will preduce sufficient directivity and gain
in the vertical plane for the television purposes before
mentioned. A ten-wavelength array, for cxample, will
produce a half-power vertical principle lobe angle of about
4.8 degrees.

Not only does the use of the angular beams and the
associated transmission-line system completely obviate the
necessity for bracing or other auxiliary supports, as be-
fore pointed out, but the necessity for insulators has also
become obviated. Except for providing additional struc-
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tiral rigidity, moreover, the spacer elements 21, shown in

Figs. 1 and 11, disposed at each wavelength interval along:

the array, need not be employed insofar as electrical per-
formance is concerned. Bolts or other securing means, if
any, may, indeed, be substituted therefor.

This type of antenna may, of course, be utilized for
other purposes than providing the best possible omni-di-
rectional pattern, in which event symmetry may not be
required and less than or more than four angular beams
may be utilized. The branch conductors 18, 24, etc. may
then extend in other directions than at right angles to the
axis of the conductor 16. Though the antenna structure
of the present invention has been discussed in connection
with its application to ultra-high-frequency transmissions,
such as in the television field, furthermore, it will be under-
stood that the antenna may, if desired, be adapted for
use, also, as a receiving structure in which event the trans-
mitter 16 will be replaced by a receiver. The antenna
may, also, by appropriate scaling of its dimensicns, be
applied to frequencies in the very-high-frequency range
as well as to frequencies above the ultra-high-frequency
range. It is not essential, moreover, though it is most
convenient, to utilize the coaxial type of transmission-
line feed, for other types of feed lines may be employed.

While the before-described arrangement of the pre-
ferred embodiment of Fig. 1 is particularly adapted for
television purposes, furthermore, angular beam structures
may be used having an angle less than or greater than
ninety degrees and having sides that flare outward or
converge inward with respect to the sides of the adjacent
angular beams. A section of cylindrical or other curved
tubing may be utilized as the structural element instead of
the angular beam cof rectangular configuration. Still other
common structural elements adapted to embody the tech-
niques of the present invention may be employed, such
as steel rods, selid or hollow, again providing low material
cost and obviating the necessity for insulators, supports
and phase- or impedance-compensating devices and the
like.

Referring to Fig. 4, for example, five transmission-line
rod conductors are shown connected to an end plate 1,

as by welding, that may, in turn, be secured to a mounting

7 upor the tower 9 as discussed in connection with the
antenna of Figs. 1 and 10. Four of the rod conductors
102, 104, 166 and 198, corresponding, respectively, to
the angunlar beam conductors 2, 4, 6 and 8 of Fig. 1,
are symmetrically disposed about the fifth rod conductor
10. The transmission-line rod conductors 102, 104, 106
and 108 are connected to the outer conductor 12 of the
coaxial transmission line that is fed from, for example,
the television ultra-high-frequency transmitter 16. The
inner conductor 14 of the coaxial line connects with the
centrally disposed transmission-line rod conductor 1i6.
Associated with each transmission-line rod conductor 192,
194, 186 and 108 are a pair of further rod conductors
202—362, 204—304, 206-—386, 208—308, connected by
the end plates 1 and intermediate spacer plates 21 along
axes corresponding to the divergent edges of the cor-
responding angular beam conductors of Fig. 1. Branch
conductors £8, 22, 32 and 34, corresponding identically
with the branch conductors of Fig. 1, similarly connect
with the transmission-line conductor 1@ at one of their
ends and to the respective rod conductors 204, 206, 208
and 202 at their other ends at points 20. Circularity
and cross-pelarization improvement may be achieved by
the bands 40 in the same manner discussed in connec-
tion with the antenna system of Fig. 1. The modifications
previously and hereinafter suggested for the structure of
Fig. 1 may also be applied to the antenna of Fig. 4.

If it is desired to provide a means for de-icing the an-
tenna array of the present invention, this may be effected
by utilizing a housing 58, Fig. 7, as of Plexiglas or
similar radio-wave transparent material. Strips 52, Fig.
8, of the same material may be secured, as by screws or
other means, tc the edges of the angular beam transmis-
sion-line conductors to close off the space between the
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parallel sides of the adjacent angular beam transmission-
line conductors to the effects of the atmosphere. By
providing flexibility to the strips 52, as in Fig. 9, through
the use of, for example, rubber or a suitably plasticized
synthetic plastic, to permit the strips to contract and ex-
pand, the same end may be achieved. If desired, hot air
may be continuously circulated within the system since
it is of hollow construction, or a blast of air may be periodi-
cally passed from a compression chamber 56 into flexible
tubes 54, Fig. 10, as of rubber or like substance, covering
the edges of the adjacent angular beam conductors, periodi-
cally to throw off accumulated ice.

Further modifications will occur to those skilled in
the art and all such are considered to fall within the spirit
and scope of the invention as defined in the appended
claims.

What is claimed is:

1. An antenna system for transmitting radio-frequency
energy of a predetermined wavelength comprising a plural-
ity in excess of two of substantially parallel transmission-
line conductors of length at least equal to the said prede-
termined wavelength, one of the transmission-line con-
ductors being symmetrically disposed with respect to the
other transmission-line conductors, means for energizing
the said one transmission-line conductor with radio-
frequency energy of the said predetermined wavelength
and the said other transmission-line conductors in anti-
phase therewith, and a plurality of branch conductors
equal in number to one less than the plurality of transmis-
sion-line conductors completely disposed within the space
between the transmission-line conductors connected at
one of their ends to said one transmission-line conductor
and at their other ends to the respective other transmis-
sion-line conductors and each of length not greater than
substantially one-half the said predetermined wavelength.

2. An antenna system for transmitting radio-frequency
energy of a predetermined wavelength comprising a plu-
rality in excess of two of substantially parallel transmis-
sion-line conductors of length at least equal to the said
predetermined wavelength, one of the transmission-line
conductors being symmetrically disposed with. respect to
the other transmission-line conductors, means for energiz-
ing the said one transmission-line conductor with radio-
frequency energy of the said predetermined wavelength

-and the said other transmissicn-line conductors in anti-

phase therewith, and a plurality of branch conductors
equal in number to one less than the plurality of trans-
mission-line conductors completely disposed within the
space between the transmission-line conductors in a
plane substantially normal thereto connected ai one of
their ends to the said one transmission-line conductor and
at their other ends to the respective other transmission-line
conductors and each of length not greater than substan-
tially one-half the said predetermined wavelength.

3. An antenna system for transmitting radio-frequency
energy of a predetermined wavelength comprising a plu-
rality in excess of two of substantially paralle! transmis-
sion-line conductors of length equal to several times the
sald predetermined wavelength, one of the transmission-
line conductors being symmetrically disposed with respect
to the other transmission-line conductors, means for ener-
gizing the said one transmission-line conductor with radio-
frequency energy of the said predetermined wavelength
and the said other transmission-line conductors in anti-
phase therewith, and several branch-conductor groups
each comprising a plurality of branch conductors equal
in number to one less than the plurality of transmission-
line conductors, the branch-conductor groups being com-
pletely disposed within the space between the transmission-
line conductors in substantially parallel planes substan-
tially normal to the transmission-line' conductors spaced
therealong at intervals corresponding substantially to the
said predetermined wavelength, the plurality of branch
conductors of each group being connected at one of their
ends to the said one transmission-line conductor and at
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their other ends to the respective other transmission-line
conductors and each of length not greater than substan-
tially one-half the said predetermined wavelength.

4. An antenna system for transmitting radio-frequency
energy of a predetermined wavelength comprising a plu-
rality of substantiaily parallel transmission-line conductors
of length at least equal to the said predetermined wave-
length, all but one of the transmission-line conductors
comprising angular beams symmetrically disposed with
respect to the said one transmission-line conductor, means
for energizing the said one transmission-line conducter
with radio-frequency energy of the said predetermined
wavelength and the apgular beam transmission-line con-
ductors in anti-phase therewith, and 2 plurality of branch
conductors equal in number to the number of angular
beam transmission-line conductors completely disposed
within the space between the transmission-iine conductors
connected at one of their ends to the said one transmission-
line conductor and at their other ends o the respective
angular beam transmission-line conductors and each of
length not greater than substantially one-half the said
predetermined wavelength.

5. An antenna system for transmitting radio-frequency
energy of a predetermined wavelength comprising a plural-
ity in excess of two of substantially parallel transmission-
line rod conductors of length at least equal to the said pre-
determined wavelength, one of the transmission-line rod
conductors bsing symmetrically disposed with respect
to the cther transmission-line rod conductors, means for
energizing the said one transmission-line rod conductor
with radio-frequency energy of the said predetermined
wavelength and the said other transmission-line rod con-
ductors in anti-phase therewith, and a plurality of branch
conductors equal in number to one less than the plurality
of transmission-line rod conductors completely disposed
within the space between the transmission-line rod .con-
ductors connected at one of their ends to the said one
transmission-line rod conductor and at their other ends
to the respective other transmission-line rod counductors
and each of length not greater than substantially one-half
the said predetermined wavelength.

6. An antenna system for transmitting radio-frequency
energy of a predetermined wavelength comprising a
plurality of substantially parallel transmission-line con-
ductors of length at least equal to the said predetermined
wavelength, all but one of the transmission-line conduc-
tors comprising angular beams symmetrically disposed
with respect to the said one transmissicn-line conductor,
means for energizing the said one transmission-line con-
ductor with radio-frequency energy of the said prede-
termined wavelength and the angular beam transmission-
line conductors in anti-phase therewith, and a plarality of
branch conductors equal in number to the number of
angular beam transmission-line conductors completely
disposed within the space between the transmission-line
conductors in a plane substantially normal thereto con-
nected at one of their ends to the said one transmission-
line conductor and at their other ends to the respective
angular beam transmission-line conductors and each of
length not greater than substantially one-half the said pre-
determined wave-length.

7. An antenna system for transmitting radio-frequency
energy of a predetermined wavelength comprising a
plurality of substantiaily paraliel transmission-line con-
ductors of length at leasi equal 4o several times the said
predetermined wavelength, all but one -of the transmis-
ston-line conductors comprising angular beams sym-
metrically disposed with respect to the said one trans-
mission-line conductor, means for energizing the said one
transmission-line conductor with radio-frequancy energy
of the said predetermined wavelength and the angular
beam transmission-line conductors in anti-phase there-
with, and several branch-conductor groups each compris-
ing a plurality of branch conductors equal in number to
the number of angular beam transmission-line conductors,
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the branch-conductor groups being completely disposed
within the space between the transmission-line conduc-
tors in substantially parallel planes substantially normal
to the transmission-line conductors spaced therealong at
intervals corresponding substantially to the said prede-
termined wavelength, the plurality of branch conductors
of each group being connected at one of their ends to
the said one-transmission-line conductor and at their other
ends to the respective angular beam transmission-line con-
dactors and each of length not greater than substantially
one-half the predetermined wavelength.

8. An antenna systern for transmissing radio-frequency
energy of a predetermined wavelength comprising a
plurality of substantially parallel iransmission-line con-
guctors of length at least equal to several times the said
predetermined wavelength, all but one of the transmission-
line conductors comprising angular beams symmetrically
disposed with respect to the said one transmission-line
conductor, means for energizing the said one transmis-
sion-line conductor with radio-frequency energy of the
said predetermined wavelength and the angular beam
transmission-line conductors in aati-phase therewith, sev-
eral branch-conductor groups each comprising a plurality
of branch conductors equal in number to the number of
angular beam transmission-line conductors, the branch-
condiictor groups being disposed in substantially parallel
planes substantially normal to the transmission-line con-
ductors spaced therealong at intervals corresponding sub-
stantially to the said predetermined wavelength, the
plurality of branch conductors of each group being con-
nected at one of their ends to the said one transmission-
line conductor and at their other ends to the respective
angular beam transmission-line conductors and each of
length not greater than substantially one-half the prede-
termined wavelength, and means for providing auxiliary
radio-frequency current paths between the edges of each
angular beam transmissien-line conductor at spaced
points therealong.

9. An antenna system for transmitting radio-frequency
energy of a predetermined wavelength comprising a
plurality of substantially parallel transmission-line con-
ductors of length at least equal to several times the said
predetermined wavelength, all but one of the transmission-
line conductors comprising angular beams symmetrically
disposed with respect to the said one transmission-line
conductor, means for energizing the said one transmis-
sion-line conductor with radio-frequency energy of the
said predetermined wavelength and the angular beam
transmission-line conductors in anti-phase therewith, sev-
eral branch-conductor groups each comprising a plurality
of branch conductors equal in number to the nuraber of
angular beam transmission-line conductors, the branch-
conductor groups being disposed in substantially parallel
planes substantially normal to the transmission-line con-
ductors spaced therealong at intervals corresponding sub-
stantially to the said predetermined wavelength, the
plurality of branch conductors of each group being con-
nected at one of their ends to the said one transmission-
line conductor and at their other ends to the respective
angular beam ftransmission-line conductors and each of
length not greater than substantially one-half the prede-
termined wavelength, and means disposed substantially in
the said planes of the branch-conductor groups for pro-
viding auxiliary radio-frequency current paths between
the edges of each angular beam transmission-line con-
ductor.

10. An antenna system for transmitting radio-frequency
energy of a predetermined wavelength comprising a
plurality of substantially parallel transmission-line con-
ductors of length at least equal to several times the said
predetermined wavelength, all but one of the fransmis-
sion-line conductors comprising angular beams symmetri-
cally disposed with respect to the said one transmission-
line conductor, means for energizing the said one trans-
mission-line conductor with radio-frequency energy of the
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said predetermined wavelength and the angular beam
transmission-line conductors in - anti-phase therewith,
several branch-conductor groups each comprising a
plurality of branch conductors equal in number to the
number of angular beam transmission-line conductors,
the branch-conductor groups being disposed in substan-
tially parallel planes substantially normal to the trans-
mission-line conductors spaced therealong at intervals
corresponding substantially to the said predetermined
wavelength, the plurality of branch conductors of each
group being connected at one of their ends to the said one
transmission-line conductor and at their other ends to
the respective angular beam transmission-line conductors
and each of length not greater than substantially one-half
the predetermined wavelength, and substantially circular
band sections disposed substantially in the said planes cf
the branch-conductor groups conmecting the edges of
each angular beam transmission-line conductor to pro-
vide auxiliary radio-frequency current paths.

11. An antenna system for transmitting radio-frequency
energy of a predetermined wavelength comprising five
substantially parallel -transmission-line conductors of
length at least equal to the said predetermined wavelength,
four of the transmission-line conductors comprising sub-
stantially right-angular beams the vertices of which are
symmetrically disposed with respect to the fifth trans-
mission-line conductor with substantially equal spacing
between the parallel sides of the adjacent angular beam
transmission-line conductors, means for energizing the
fifth transmission-line conductor with radio-frequency
energy of the said predetermined wavelength and the
angular beam transmission-line conductors in anti-phase
therewith, and four branch conductors connected at one
of their ends to the fifth transmission-line conductor and
at their other ends to the respective four angular beam
transmission-line conductors and completely disposed
within the space between the transmission-line conductors.

12. An antenna system for transmiiting radio-frequency
energy of a predetermined wavelength comprising five
substantially parallel transmission-line conductors of
length at least equal to the said predetermined wavelength,
four of the transmission-line conductors comprising sub-
stantially right-angular beams the vertices of which ‘are
symmetrically disposed with respect to the fifth transmis-
sion-line conductor with substantially equal spacing be-
tween the parallel sides of the adjacent angular beam
transmission-line conductors, means for energizing ‘the
fifth transmission-line conductor with radio-frequency
energy of the said predetermined wavelength and the
angular beam transmission-line conductors in anti-phase
therewith, and four branch conductors completely dis-
posed within the space between the transmission-line con-
ductors in a plane substantially normal to the transmis-
sion-line conductors connected at one of their ends to the
fifth transmission-line conductor extending between the
said parallel sides of the adjacent angular beam trans-
mission-line conductors and connected at their other
ends to the respective four angular beam transmission-
line conductors at points near one of the edges thereof.

13. An antenna system for transmitting radio-frequency
energy of a predetermined wavelength comprising five

substantially parallel transmission-line conductors of

length at least equal o the said predetermined wave-
length, four of the transmissison-line conductors compris-
ing substantially right-angular beams the vertices of which
are symmetrically disposed with respect to the fifth trans-
mission-line conductor with substantially equal spacing
between the parallel sides of the adjacent angular beam
transmission-line conductors, means for energizing the
fifth transmission-line conductor with - radio-frequency
energy of the said predetermined wavelength and the
angular beam transmission-line conductors in anti-phase
therewith, four branch conductors connected at one of
their ends to the fiffh transmission-line conductor and
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at their other ends to the respectivé four angular beari :
transmission-line conductors, and means for providing
auxiliary radio-frequency current paths between the edges
of each angular beam transmission-line conductor.

" 14. An antenna system for transmitting radio-frequency
energy of a predetermined wavelength comprising five
substantially parallel transmission-line conductors of
length at least equal to the said predetermined wave-
length, four of the transmission-line conductors compris-
ing substantially right-angular beams - the vertices - of
which are symmetrically disposed with respect to the fifth
transmission-line conductor with substantially equal spac-
ing between the parallel sides of the adjacent angular
beam transmission-line conductors, means for energizing
the fifth transmission-line conductor with radio-frequency
energy of the said predetermined wavelength and the:
angular. beam transmission-line conductors in anti-phase '
therewith, four branch conductors disposed in a plane
substantially normal to the transmission-line conductors
connected at one of their ends to the fifth transmission-
line conductor extending between the said parallel sides
of the adjacent angular beam transmission-line conductors
and connected at their other ends to the respective four
angular beam transmission-line conductors at points near
one of the edges thereof, and substantially circular band
sections disposed substantially in the said plane connect-
ing the edges of each angular beam transmission-line con-
ductor to provide auxiliary radio-frequency current paths.

15. An antenna system for transmitting radio-frequency
energy of a predetermined wavelength comprising five
substantially parallel transmission-line conductors of
length at least equal to several times a predetermined
radio-frequency wavelength, four of the transmission-line
conductors comprising substantially right-angular beams
the. vertices of which are symmetrically disposed with.
respect to the fifth transmission-line conductor with sub-
stantially equal spacing between the parallel sides of the
adjacent angular beam transmission-line conductors,
means for energizing the fifth transmission-line conductor
with radio-frequency energy of the said predetermined
wavelength and the angular beam transmisssion-line con-
ductors in anti-phase therewith, and several branch-
conductor groups each comprising four branch con--
ductors, the branch-conductor groups being completely
disposed within the space between the transmission-line
conductors in substantially parallel planes substantially
normal to the transmission-line conductors spaced there-
along at intervals corresponding substantially to the said
predetermined wavelength, the four branch conductors of
each group being connected at one of their ends. to the.
fifth transmission-line conductor and at their other ends
to the respective four angular beam transmission-line
conductors and each of length not greater than sub-
stantially one-half the predetermined wavelength.

16. An antenna system for transmitting radio-fre-
quency energy of a predetermined wavelength comprising
five substantially parallel transmission-line conductors of
length at least equal to several times a predetermined
radio-frequency wavelength, four of the transmission-line
conductors comprising substantially right-angular beams:
the vertices of which are symmetrically disposed with re-
spect to the fifth transmission-line conductor with sub-
stantially equal spacing between the parallel sides of .the
adjacent angular beam {ransmission-line conductors,
means for energizing the fifth transmission-line conductor
with radio-frequiency energy of the said predetermined
wavelength and the angular beam transmission-line con-
ductors in anti-phase therewith, several branch conductor
groups each comprising four branch conductors, the
branch-conductor groups being disposed in substantially
parallel planes substantially normal to the transmission-
line conductors spaced therealong at intervals corre-
sponding substantially to the said predetermined wave-
length, the four, branch conductors of each group being
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connected at one of their ends to the fifth transmission-
line conductor and at their other ends to the respective

four angular beam transmission-line conductors and each

of length not greater than substantially one-half the
predetermined wavelength, and substantially circular
band sections disposed substantially in the said planes. of
the branch-conductor groups connecting the edges of
each angular beam transmission-line conductor to provide
auxiliary radio-frequency current paths. ‘

17. An antenna system for transmitting radio-fre-
quency energy of a predetermined wavelength comprising
five substantially parallel transmiission-line conductors
of length at least equal to heveral times a predetermined
radio-frequency wavelength, four of the transmission-line
conductors comprising substantially right-angular beams
the vertices of which are symmetricalty disposed with re-
spect to the fifth trassmission-line conductor with sub-
stantially equal spacing between the parallel sides of the
adjacent angular beam transmission-line conductors,
means for energizing the fifth fransmission-line conductor
with radio-frequency energy of the said predetermined
wavelength and the angular beam transmission-line con-
ductors in anti-phase therewith, several branch-conductor
groups each comprising four branch ' conductors, the
branch-conductor groups being disposed in substantially
parallel planes substantially normal to the transmission-
line conducters spaced therealong at intervals correspond-
ing substantially to the said predetermined wavelength,
the four branch conductors of each group being con-
nected at one of their ends to the fifth transmission-line
conductor and at their other erds to the respective four
angular beam transmission-line conductors and each of
length pot greater than substantially one-half the pre-
determined wavelength, substantially circular band sec-
tions disposed substantially in the said planes of the
branch-conductor groups connecting the edges of each
\angular beam transmission-line conductor to provide
auxiliary radio-frequency current paths, and means for
preventing the formation of ice in the spaces between the
said paralle] edges of the adajcent angular beam trans-
mission-line conductors.

18. An antenna system for transmitting radio-fre-
quency energy of a predetermined wavelength comprising
five substantially parallel transmission-line conductors of
length at least equal to several times a predetermined
radio-frequency wavelength, four of the transmission-line
conductors comprising substantially right-angular beams

~ the vertices of which are symmetrically disposed with re-
spect to the fifth transmission-line conductor with sub-
stantially equal spacing between the parallel sides of the
adjacent angular beam transmission-line conductors,
means for energizing the fifth transmission-line conductor
with radio-frequency energy of the said predetermined
wavelength and the angular beam transmission-line con-

ductors in anti-phase therewith, several branch-conductor ;

groups ecach comprising four branch conductors, the
branch-conductor groups being disposed in substantially
parallel planes substantially normal to the transmission-
line conductors spaced therealong at intervals corre-
sponding substantially to the said predetermined wave-
length, the four branch conductors of each group being
connected at one of their ends to the fifth transmission-
line conductor and at their other ends to the respective
four angular beam transmission-line conductors and each

of length not greater than substantially one-half the |

predetermined wavelength, substantially circular band
sections disposed substantially in the said planes of the
branch-conductor groups connecting the edges of each
angular beam transmission-line conductor to provide
auxiliary radiofrequency current paths, and means dis-
posed at each end of the zinienna for connecting together
the corresponding ends of the four angular beam trans-
mission-line conductors in order to provide for mounting
the antenna at one end and for supporting a beacon light
at the other end, the connecting means at the said one
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12
end being provided with an aperture for receiving the fifth
transmission-line conductor.

19. An antenna system for transmitting radio-fre-
quency energy in the band extending from substantially
500 megacycles to substantially 890 megacycles compris-
ing five substantially parallel transmission-line conductors
of length at least equal to substantially ten to twenty
wavelengths of the energy, four of the transmission-line
conductors comprising substantially right-angular beams
substantially three to five inches on a side, the vertices of
which are symmetrically disposed with respect to the fifth
transmission-line conductor with substantially equal
spacing between the parallel sides of adjacent angular
beam transmission-line conductors of from substantially
cne-half inch to substantially two inches, means for ener-
gizing the fifth transmission-line conductor with the radio-
frequency energy and the angular beam transmission-line
conductors in anti-phase therewith, and from substantially
ten to twenty branch-conductor groups each comprising
four branch conductors; the branch-conductor groups
being disposed in substantially parallel planes substan-
tially normal to the transmission-line conductors spaced
therealong at intervals of substantially the said wave-
length, the four branch conductors of each group being
connected at one of their ends to the fifth transmission-
line conductor and at their other ends to the respective
four angular beam transmission-line conductors and each
of lensth of from substantially three and one-half to
substantially five and one-half inches.

20. An antenna system for transmitting or receiving
radio-frequency energy of a predetermined wavelength
comprising a plurality of transmission-line conductors
of length substantially equal to or greater than the pre-
determined wavelength parallel and substantially sym-
metrically disposed with respect to a centrally disposed
transmission-line conductor, means whereby the centrally
disposed transmission-line conductor may be energized
with radio-frequency energy of the predetermined wave-
length and the plurality of transmission-line conductors in
anti-phase therewith, and a plurality of branch conductors
equal in number to the plurality of transmission-line con-
ductors completely disposed within the space between the
transmission-line conductors respectively connected to the
centrally disposed conductors and the respective plurality
of transmission-line conductors and each of length not
greater than substantially one-half the predetermined
wavelength. :

21. An antenna system for transmitting radio-frequency
energy of a predetermined wavelength comprising a
plurality of substantially parallel angular beam trans-
mission-line conductors of length at least equal to the
said predetermined wavelength positioned to define a
space therebetween, further transmission-line conductor
means disposed within the said space, means for energiz-
ing the said further transmission-line conductor means
with radio-frequency energy of the said predetermined
wavelength and the angular beam transmission-line con-
ductors in anti-phase therewith, and a plurality of branch
conductors completely disposed within the said space, one
for connecting each of the angular-beam transmission-
line conductors to the further transmission-line conductor
means.

22. An antenna system for transmitting radio-fre-
quency energy of a predetermined wavelength comprising
a plurality of substantially parallel transmission-line con-
ductor means of length at least equal to the said predeter-
mined wavelength, all but one of the transmission-line
conductor means comprising angular beams surrounding
the said one transmission-line conductor means, means
for energizing the said one transmission-line conductor
means with radio-frequency energy of the said predeter-
mined wavelength and the angular beam transmission-
line conductor means in anti-phase therewith, and a
plurality of branch conductors equal in number to the
number of angular beam transmission-line conductor
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means completely disposed within the space between the
transmission-line conductor means connected at one of
their ends to the said one transmission-line conductor
means and at their other ends to the respective angular
beam transmission-line conductor means and each of

" length not greater than substantially one-half the said
predetermined wavelength.

23. An antenna system for transmitting radio-fre-
quency energy of a predetermined wavelength compris-
ing a plurality in excess of two of substantially parallel
transmission-line conductors of length at least equal to
the said predetermined wavelength, one of the transmis-
sion-line conductors being symmetrically disposed with
respect to the other transmission-line conductors, the said
other trapsmission-line conductors being of substantially
circular cross section, means for energizing the said one
transmission-line conductor with radio-frequency energy
of the said predetermined wavelength and the said other
transmission-line conductors in anti-phase therewith, and
a plurality of branch conductors equal in number to one
less than the plurality of transmission-line conductors
completely disposed within the space between the trans-
mission-line conductors connected at one of their ends
to the said one transmission-line conductor and at their
other ends to the respective other transmission-line con-
ductors and each of length not greater than substantially
one-half the said predetermined wavelength.

24. An antenna system for transmitting radio-frequency
energy of a predetermined wavelength comprising a plu-
rality in excess of two of substantially parallel trans-
mission-line conductors of length at least equal to the
said predetermined wavelength, one of the transmission-
line conductors being symmetrically disposed with respect
to the other transmission-line conductors, the said other
transmission-line conductors being of substantially circu-
lar cross section, means for energizing the said one trans-
mission-line conductor with radio-frequency energy of
the said predetermined wavelength and the said other
transmission-line conductors in anti-phase therewith, and
a plurality of branch conductors equal in number to one
less than the plurality of transmission-line conductors
completely disposed within the space between the trans-
mission-line conductors in a plane substantially normal
thereto connected at one of their ends to the said one
transmission-line conductor and at their other ends to the
respective other transmission-line conductors and each of
length not greater than substantially one-half the said pre-
determined wavelength.

25. An antenna system for transmitting radio-frequency
energy of a predetermined wavelength comprising a plu-
rality in excess of two of substantially parallel transmis-
sion-line conductors of length equal to several times the
said predetermined wavelength, one of the transmission-
line conductors being symmetrically disposed with respect
to the other transmission-line conductors, the said other
transmission-line conductors being of substantially cir-
cular cross section, means for energizing the said one
transmission-line conductor with radio-frequency energy
of the said predetermined wavelength and the said other
transmission-line conductors in anti-phase therewith, and
several branch-conductor groups each comprising a plu-
rality of branch conductors equal in number to one less
than the plurality of transmission-line conductors, the
branch-conductor groups being completely disposed
within the space between the transmission-line conductors
in substantially parallel planes substantially normal to the
transmission-line conductors spaced therealong at inter-
vals corresponding substantially to the said predetermined
wavelength, the plurality of branch conductors of each
group being connected at one of their ends to the said
one transmission-line conductor and at their other ends
to the respective other transmission-line conductors and
each of length not greater than substantially one-balf the
said predetermined wavelength.
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26. An anfenna system for transmitting radio-fre-
quency energy of a predetermined wavelength comprising
a plurality in excess of two of substantially parallel lon-
gitudinally extending transmission-line conductors of
length at least equal to the said predetermined wave-
length, one of the transmission-line conductors being sym-
metrically disposed with respect to the other transmission
line conductors and each of the other transmission-line
conductors having a transverse surface dimension large
compared to that of the said one transmission-line con-
ductor in order to define between the said other trans-
mission-line conductors longitudinally extending open-
ings of transverse dimensions small with respect to the
said transverse surface dimension, means for energizing
the said one transmission-lineé conductor with radio-fre-
quency energy of the said predetermined wavelength and
the said other transmission-line conductors in anti-phase
therewith, and a plurality of branch conductors equal
in number to one less than the plurality of transmission-
line conductors disposed  within the said openings and
connected at one of their ends to the said one transmis-
sion-line. conductor and at their other ends to the respec-
tive other transmission-line conductors in order to pro-
vide radio-frequency excitation at the said openings.

27. An antenna system as claimed in ¢laim 26 and in
which the length of each branch conductor is not greater
than substantially one-half the said predetermined wave-
length. g

28. An antenna system as claimed in claim 26 and in
which each branch conductor comprises a first portion
extending from the said one transmission-line conductor
outward along one of the said openings and a second por-
tion extending at right angles to the first portion and ter-
minating upon one of the conductors of the said other
transmission-line conductors.

29. An antenna system for transmitting radio-fre-
quency energy of a predetermined wavelength comprising
a plurality of substantially parallel longitudinally ex-
tending transmission-line conductors of length at least
equal to the said predetermined wavelength, one of the
transmission-line conductors: being symmetrically dis-
posed with respect to the other transmission-line con-
ductors and each of the other transmission-line conduc-
tors having a transverse surface dimension large com-
pared to that of the said one transmission-line conductor
in order to define between the said other transmission-
line conductors a plurality of longitudinally extending
openings of transverse dimensions small with respect to
the said transverse surface dimension, means for ener-
gizing the said one transmission-line conductor with
radio-frequency energy of the said predetermined wave-
length and the said other transmission-line conductors
in anti-phase therewith, and a plurality of branch con-
ductors equal in number to the number of the said other
transmission-line conductors disposed in a plane substan-
tially normal thereto connected at one of their ends to
the said one transmission-line conductor and at their
other ends to the respective other transmission-line con-
ductors in order to provide radio-frequency excitation
at the said openings.

30." An antenna system for transmitting radio-frequen-
cy energy of a predetermined wavelength comprising five
substantially parallel longitudinally extending transmis-
sion-line conductors of length at least equal to several
times a predetermined radio-frequency wavelength, four
of the transmission-line conductors being symmetrically
disposed with respect to the fifth transmission-line con-
ductor and each of transverse surface dimension large
compared to that of the fifth transmission-line conductor
in order to define between adjacent conductors of the four
transmission-line conductors substantially equal longitu-
dinally extending openings of transverse dimensions
small with respect to the said transverse surface dimen-
sion, means for energizing the fifth transmission-line con-
ductor with radio-frequency energy of the said predeter-
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mined wavelength and the four transmission-line conduc-
tors in antiphase therewith, several branch conductor
groups each comprising four branch conductors, the
branch-conductor groups being disposed: in substantially
parallel planes substantially normal to the transmission-
jine conductors spaced therealong at intervals correspond-
ing substantially to the said predetermined wavelength,
the four branch conductors of each group being connect-
ed at one of their ends to the fifth transmission-line con-
ductor and at their other ends to the respective conduc-
tors of the four transmission-line conductors and each of
length not greater thanm approximately one-half the pre-
determined wavelength in order to provide radio-fre-
quency excitation at the said openings.

31. An antenna system as claimed in claim 30 and in
which each branch conductor comprises a first portion ex-
tending from the said fifth transmission-line conductor
outward along one of the said openings and a second por-
tion extending at right angles to the first portion and
terminating upon one of the four transmission-line con-
ductors.

32. Ap antenna system as claimed in claim 30 and in
which the said transverse dimension of each of the open-
ings is less than one-half the said predetermined wave-
length and connecting elements are provided connecting
the four transmission-line conductors together at points
substantially mid-way between successive branch-conduc-
tor groups in order to subdivide each of the said openings
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longitudinally into a plurality of co-planar radiating wave-
transmission-loop frames of longitudinal dimension cor-
responding substantially to the said predetermined wave-
length and of transverse dimension corresponding to less
than one-half of the said predetermined wavelength.

33. Ar antenna system as claimed in claim 32 and in
which each branch conductor comprises a first portion
extending from the said fifth transmission-line conductor
outward aleng one of the said openings and a second por-
tion extending at right angles to the first portion sub-

.stantially parallel to the connecting elements and termi-

nating upon one of the four transmission-line conductors

to excite the corresponding wave-transmission-loop
frame. :
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