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ABSTRACT OF THE DISCLOSURE

The antenna comprises a shortened dipole radiating
element having a physical length equal to a small fraction
of a wavelength at the operating frequency and a pair of
spiral wound coils are connected to the outer ends of the
radiating element. A transmission line is coupled to the
radiating element and the antenna is resonated to the
operating frequency by adjustment of the spiral wound
coils. The coils are wound about the longitudinal axis of
the radiating element in the same direction so that the
magnetic fields produced by these coils tend to cancel and
radiation is concentrated in the shortened dipole radiating
element.

The present invention relates to antennas, and, more
particularly, to an antenna which is of very compact
dimensions in relation to the operating wavelength while
at the same time being highly efficient and economical
in manufacture.

In the field of antenna design, certain arrangements
heretofore proposed have attempted to provide antennas
for relatively low operating frequencies which are a small
fraction of the operating wavelength in the vertical di-
mension. For example, a so-called low profile antenna is
disclosed in Boyer Patent No. 3,151,328, issued Sept.
29, 1964, While arrangements such as disclosed in this
Boyer patent accomplish a reduction in vertical height of
the antenna, they nevertheless leave much to be desired
in the way of providing a compact antenna structure
which is of small dimensions in a horizontal plane as well
as having a vertical height which is a relatively small
number of electrical degrees of the operating wavelength.
Furthermore, arrangements such as disclosed in this
Boyer patent are necessarily associated with a conductive
ground plane which means that the vertical spacing of the
antenna cannot be adjusted to provide for optimum low
angle coverage. Also, in this Boyer patent wherein an
open ring type of antenna structure is provided, it is
necessary to drive the open ring near one end thereof
which severely limits the physical arrangement of both
the ring and the driving source therefor.

In certain other prior art arrangements a series reactor
has been employed to provide a positive reactance to com-
pensate for the shortened vertical radiating section. How-
ever, this coil has been placed in series with the trans-
mission line and the antenna or in the center of the
shortened dipole. Certain other arrangements have pro-
vided a large area conductive element connected to the
top portion of the shortened vertical radiator to aid in
increasing the magnitude of reactance presented by the
short vertical radiating element, but this is accomplished
in large part by increasing the current in the upper part
of the antenna and thus making it look more inductive.
Furthermore, such series coil or top hat capacity ar-
rangements have been of extremely low radiation effi-
ciency, and have presented very low magnitudes of input
impedance to the transmitting or receiving equipment as-
sociated therewith.
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It is, therefore, an object of the present invention to
provide a new and improved antenna of relatively com-
pact dimensions which obviates one or more of the dis-
advantages of the above-discussed prior art arrangements.

It is a further object of the present invention to pro-
vide a new and improved antenna which is of compact
dimensions in the horizontal plane and wherein the radi-
ating elements of the antenna have a physical length
which is many times shorter than the operating wave-
length of the antenna.

It is a still further object of the present invention to
provide a new and improved antenna wherein radiating
elements which are a small fraction of the operating wave-
length are employed and tuning means, in the form of
spirally-wound conductors, are connecied to the top and
bottom ends of the radiating elements to provide a bal-
anced antenna structure which is tuned to a wavelength
many times greater than the physical length of the radiat-
ing elements.

A further object of the present invention is to provide
a new and improved antenna of compact dimensions
wherein spirally-wound coils are positioned in planes per-
pendicular to the ends of a pair of radiating elements,
these spirally-wound elements being wound in the same
direction about the longitudinal axis of said radiating
elements to reduce radiation therefrom and to provide an
efficient antenna structure in which the operating wave-
length is many times longer than the physical length of
said radiating elements.

Briefly, in accordance with the invention, a pair of co-
linearly arranged radiating elements are provided which
have a total physical length many times less than the
operating wavelength to be received or transmitted. A
pair of tuning elements in the form of spirally-wound coils
are positioned in planes perpendicular to the axis of the
radiating elements and are connected at their inner ends
to the ends of these radiating elements. These tuning ele-
ments serve to tune the antenna structure to the operating
wavelength,

In accordance with a further feature of the invention,
the two spirally-wound coils may be wound in the same
direction about the longitudinal axis of said radiating
elements so as to minimize radiation therefrom and to
concentrate radiation of the antenna structure in the radi-
ating elements themselves.

In accordance with a further feature, the antenna
array, which is balanced with respect to the midpoint of
the radiating elements, may be positioned vertically at
an optimum height, such as a distance equal to 3 of the
operating wavelength, to provide an optimum low angle
propogation pattern for the antenna with resultant maxi-
mum distance for reception or transmission. A further
feature of the invention consists in providing adjustable
tapping points for the connection of the ends of the radiat-
ing elements to the spirally-wound tuning coils, With this
arrangement, the antenna may be readily tuned to any
desired operating wavelength within a given frequency
band. Furthermore, the point of connection to the spiral-
ly-wound coils can be so arranged that the antenna will
be tuned to receive signals efficiently at two relatively
widely spaced operating frequencies.

The invention, both as to its organization and method
of operation, together with further objects and advantages
thereof, will best be understood by reference to the fol-
lowing specification taken in connection with the ac-
companying drawings, in which:
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FIG. 1 is a top plan view of an antenna embodying the
features of the present invention;

FIG. 2 is a side elevational view of the antenna of
FIG. 1;

FIG. 3 is a sectional view through one of the coil sup-
port members of the antenna prior to insertion of the coil
therein;

FIG. 4 is a sectional view illusirating an alternative
embodiment of the inveinion wherein a co-axial feed ele-
ment is employed to drive the antenna proper;

FIG. 5 is a plan view of an alternative embodiment of
the invention, designed for operation at very low fre-
quencies; and

FIG. 6 is a sectional view taken along the line 6—6
of FIG. 5.

Referring now to the drawings, and more particularly
to FIGS. 1, 2 and 3 thereof, the antenna of the present
invention is therein illustrated as comprising a pair of
vertically exlending radiating elements 16 and 12 which
are jointed together at the adjacent ends thereof by means
of a joint 14 of insulating material. Preferably, the ele-
ments 18 and 12 are in the form of one-inch metal tub-
ing and the joint 14 may be provided with shoulders 15
and 16 extending into the tubing elements 10 and 12 to
provide a rigid main structure.

In accordance wilh an important feature of the inven-
tion, the radiating elements 16 and 12 have a total length
which is many times less than the operating wavelength
to which the antenna system is tuned to transmif or re-
ceive signals. For example, the elements 10 and 12 may
have a length of four feet in an antenna arrangement
sujtable for receiving signals in the forty meter amateur
radio band.

In order to tune the radiating elements 1@ and 12 to

the desired operating wavelength, there is provided in 3

accordance with a further aspect of the invention a pair
of tuning assemblies indicated generally at 18 and 20
which are positioned generally in a plane perpendicular
1o the axis of the elements 10 and 12 at the upper and
lower ends thereof. More particularly the tuning assembly
18 comprises a rectangular support member 22 of suit-
able insulating material, which is secured to the upper
end of the element 10 by any suitable means and is pro-
vided with four radially-extending spokes 24, each of
which is provided with an end portion 25 of reduced cross
section, On the reduced end section 25 of each of the
spokes 24, a spiral coil support member 28 is secured.
Preferably, the support members 28 are of the form
shown in FIG. 3 and comprise a hollow tubular construc-
tion with a vertically-extending flange or rib 30 along
one edge thereof. The support members 28 may con-
veniently be formed with an internal diameter such that
they may be press fitted onto the portions 25 of ths
spokes 24 to provide a rigid structure, there being pro-
vided suitable means in the form of a key way, or the
like, to prevent rotation of the support members 28 with
respect to the spokes 24 and to insure that the rib portion
30 is positioned vertically in the manner shown in FIG.
2 of the drawings.

Each of the support members 28 is provided with a
plurality of spaced notches 32 in the rib portion 30
thereof, the notches 32 being spaced along the length
of the members 28 so that a conductor 34 in the form of
a spiral may have adjacent convolutions thereof snapped
into place within the notches 32, In this connection, it
will be noted that the spokes 24 are of unequal length
so that the members 28 may all be of identical construc-
tion and when assembled on the spokes 24 they will pro-
vide the proper support for the conductor 34 in the de-
sired spiral form.

Both the inner end 34a of the conductor 34 and the
outer end 34b thereof are preferably terminated adjacent
one of the support members 28, and electrical connection
to the conductor 34 near the innermost turn thereof is
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provided by means of a flexible conductor 36, one end of 75
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which is connected to the upper end of the radiating ele-
ment 16, by any suitable means, such as a clamp, screw,
or the like, and the other end of which is arranged to be
adjustably connected to the innermost turn of the con-
ductor 34 by means of a pinch-clip connector 38.

The lower tuning assembly 20 is constructed in a man-~
ner identical to the assembly 18 described in detail above.
Thus, the support 4 is secured to the boitom end of the
radiating element 12 and is provided wiith the spokes 42
to which are secured the support members 28 which in
turn support in the appropriate spaced relation the con-
volulions of a spiral wound conductor 46. Connection is
made from the bottom end of the radiating element 12 to
the innermost turn of the conductor 46 by means of the
flexible conductor 48.

The adjacent ends of the radiating elements 10 and 12
are connected to the conductors 5¢ and 52 of a suitabls
{ransmission line 54 and a matching impedance, which
may comprise either a capacitive element 56 or an in-
ductive element 58 connected to the adjacent ends of the
radiating elements 10 and 12. For example, the impedance
element 56 or 58 may be physically supported on the
screws 69 which secure the elements 10 and 12 to the in-
sulating member 14 and also provide a means of connec-
tion of the leads 50 and 52 to the radiating elements.

Considering now the operation of the above-described
anlenna structure of FIGS. 1 to 3, inclusive, it will be
understood that this antenna structure may be mounted
by any suitable support means. For example, the bottom
end of the radiating element 12, or in the alternative, the
bottom support member 46 may be secured to the upper
end of a supporting mast or pole, In the alternative, a
suitable supporling arrangement can be provided to con-
nect to the radiating elements 16, 12 in the vicinity of
the midpoint thereof, it being understood, of course, that
any support means will be provided with suitable dielec-
tric characteristics such as not to interfere with the op-
eration of the antenna proper.

The length of the spirally-wound coils 34 and 46 is
so chosen that they provide sufficient distributed capacity
and induciance that the antenna may be tuned to a wave-
length which is many times greater than the physical
length of the radiating elements i0, 12. This desired
resonant condition can be achieved either with or without
the center loading devices 56, or 58, However, in actual
practice, the tuning assemblies 18 and 20 are so con-
structed that the entire antenna is electrically equivalent
to a small capacitance or a small inductance, and the ap-
propriate type of loading device 56 or 58 is them pro-
vided to resonate the whole antenna so that it appears as
a resistive load for the transmission line 54.

In a particular embodiment, each of the coils 34 and
46 comprised a length of 34 feet of Y inch diameter
aluminum wire, the inner end 34a of each coil being
spaced from the radiating element by a distance of 5%
inches and adjacent convolutions of each coil being
spaced apart by a distance of 3 inches so that the total di-
ameter of each of the spirally-wound coils was 3%5 feet.
With such an arrangement, it was found that the antenna
could be tuned over the entire forty meter band by mov-
ing the connector 38 over an arc of approximately 120
degrees, i.e., the arc 60 shown in FIG. 1 of the drawings,
the extended length of each of the coils 34, 46 thus being
in the order of one quarter wavelength at the operating
frequency of forty meters. In this connection, it will be
understood that slight variations may exist between the
points of connections of the upper and lower spiral coils
to their respective radiating elements. However, these
points of connections are preferably in the same general
area of each spirally-wound coil to provide a completely
balanced structure.

It will be noted that the spirally-wound coils 34 and
46 both extend about the axis of the radiating elements
10 and 12 in the same direction. Accordingly, when
viewed from an intermediate point on the antenna, such
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as the connection of the transmission line 54 to the radiat-
ing elements 10 and 12, the spirally-wound coils 34 and
46 are wound so that they are bucking and hence the
magnetic fields produced by these coils are in opposite
sepses and tend to cancel one another, Such an arrange-
ment tends to reduce undesired radiation from the spiral
coils themselves and to concentrate radiation in the radiat-
ing elements 10, 12, Radiation from the elements 10, 12 is
further facilitated since these elements are at the high
current portion of an equivalent dipole structure,

While connection of the spiral coils 34 and 46 in the
above-described bucking relation is desirable where the
area of these coils is substantial, as shown in the embodi-
ment of FIGS, 1 to 3, inclusive, it will be understood that
this bucking relationship is not required if the diameter
of the spirally-wound coils is somewhat smaller., How-
ever, when the maximum diameter of the spirally-wound
coils is made considerably smaller, the adjacent turns of
each coil are closer together and tend to increase the
losses in the tuning assemblies 18 and 20 due to inter-
action between adjacent turns of each coil on the other
closely spaced turns of the spiral. In this connection, it is
noted that whereas the antenna in FIGS. 1, 2 and 3 is
shown with the radiating elements 10 and 12 extending
vertically, the antenna assembly may, if desired, be posi-
tioned with the elements 10, 12 horizontally, and the
spiral coils 34 and 46 positioned in vertical planes. When
so arranged, the antenna assembly has the customary
double lobe pattern of a conventional dipole and will still
have the advantages of extremely compact dimensions
for the antenna. It is pointed out, however, that the im-
portant advantage of reduction in vertical height is
achieved when the elements 10, 12 are mounted vertically
and when so arranged the antenna is particularly suitable
for those applications where a quarter wavelength ver-
tical antenna cannot be erected.

A further important feature of the invention is that
the antenna structure is balanced and hence requires no
separate ground plane or counterpoise. As a result, the
antenna may be mounted at the optimum height to ob-
tain maximum low angle coverage, For example, the an-
tenna may be mounted on a pole at a height of approxi-
mately 3 of the operating wavelength and will provide
optimized low angle coverage whereas such positioning

of a conventional quarter wavelength vertical antenna ,

would in many applications be impossible. It will of
course be understood that the antenna of the present in-
vention does not need to be mounted at a height of 3
of the operating wavelength to achieve efficient operation
since any reasonable spacing above the ground will pro-
vide for adequate reception or transmission.

In the event that two widely spaced frequency bands
are to be received, the antenna of the present invention
may be adapted to receive both bands in a highly effi-
cient manner, Thus, if both the 10 meter and 40 meter
amateur bands are to be received, the connection of the
spiral coils 34 and 46 to the ends of the radiating ele-
ments 10 and 12 can be modified so that the overall an-
tenna is tuned to resonance in both of these bands. To
accomplish this, the connectors 38 are connected to a
point on an intermediate one of the turns of each of the
spiral coils 34 and 46, the exact point being determined
by appropriate resonance tests so that the antenna is
tuned to resonance in both of these bands, A similar ad-
justment in the connection of the bottom end of the
radiating element 12 to the coil 46 would, of course, be
made. In this connection it will be understood that any
suitable arrangement can be employed to vary the length
of the spiral coils 34 and 46 to achieve tuning of the
antenna to the desired operating frequency, the illustrated
clip connector 38 being shown merely by way of ex-
ample.

In FIG. 4 of the drawings there is shown an alternative
embodiment of the invention wherein a co-axial transmis-
sion line is employed for connection to the antenna proper
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and may also be used as a physical support for the an-
tenna structure. According to this figure, the upper radiat-
ing element of the antenna is formed by the portion 64
of the center conductor of a co-axial, transmission line 66,
the portion 64 extending above the upper end 65 of the
co-axial line 66. The bottom radiating element 12 is
formed by an outer sleeve 68 which is electrically con-
nected to the sheath 67 of the cable 66 at the upper end
thereof by means of a metal end ring 70. The tuning as-
sembly 18 is connected to the upper end of the radiating
element 64 and the tuning assembly 20 is connected to the
bottom end of the sleeve 68.

In order to match the transmission line 66 to the an-
tenna structure, there is provided a tapered dielectric
member 72 which is of a thickness sufficient to fill the
space between the center conductor 64 and the sleeve 67
at the upper end of the cable 66 and tapers down to zero
thickness along the length of the co-axial cable 6. The
dielectric member 72 thus provides an impedance trans-
forming section which matches the characteristic imped-
ance of the co-axial line 66 to that of the antenna struc-
ture. In other respects the arrangement of FIG. 4 oper-
ates in exactly the same manner as described in detail
heretofore, it being understood that the physical length
of the section 64 and the sleeve 68 are again many times
smaller than the operating wavelength.

Referring now to FIGS. 5 and 6, there is disclosed
therein a further embodiment of the invention which is
particularly suitable for the transmission or reception of
extremely low frequencies. In this arrangement a plurality
of supporting poles 76 are arranged in a spiral fashion
(when viewed from above) about a center post 78. The
antenna comprises a central vertically extending conduc-
tive element 80, which is mounted on the center post 78
and a pair of conductors 82 and 84 which. are supported
by the posts 76 and extend in spiral fashion outwardly
from the center post 78. The conductor 82 is connected to
the upper end of the radiating element 8¢ at the center
post 78 and the conductor 84 is connected to the bottom
end of the radiating element 80 at the inner end of the
bottom spiral. With this arrangement, an antenna capable
of receiving extremely low frequencies may be constructed
in a simple and economical manner while providing a
relatively efficient structure for transmitting or receiving
at these frequencies. In the embodiment of FIGS. 5 and 6,
connection of a transmission line comprising the con-
ductors 86 and 88 is made to an appropriate point near the
outer end of each spiral by means of the intermediate
connecting portions 90 and 92, respectively. With this
arrangement the conductors 90, 92 provide a delta match-
ing arrangement whereby the impedance of the antenna
may be readily matched to the characteristic impedance
of the transmission line 86, 88. In this connection it will
be understood that the connection point of the transmis-
sion line 86, 88 to the outer ends of the spirally-wound
conductors 82 and 84 will be chosen so that the overall
antenna sfructure is resonated at the desired operating
frequencies. It is also pointed out that the antenna ar-
rangement of FIGS. 1 to 3, inclusive, may also be fed
from a point near the extremities of the spiral coils 34,
46, if desired, in which case the radiating element and a
suitable delta matching network would be employed to
match the transmission line to the chosen point on the
coils 34, 46, as will be readily understood by those skilled
in the art.

While the tuning assemblies, such as the assemblies 18
and 20, described in detail heretofore in connection with
FIGS. 1 to 3, inclusive, have been illustrated as compris-
ing uniformly wound spirals, it will be understood that
various modifications from an exact spiral form may be
employed insofar as the principles of the present invention
are concerned. Thus, the conductors 34 and 46 may be
wound in the form of a polygon, rectangle, or may be of
irregularly shaped configuration, it being only necessary
that these elements provide the necessary distributed ca-
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pacity and inductance to tune the radiating elements 10
and 12 to the desired operating frequency. Furthermore,
while the radiating elements 34, 46 have been illustrated
as having all of the turns thereof in a common plane, it
will be understood that the spiral may lie along a conical,
parabolic or other curved surface insofar as the principles
of the present invention are concerned.

While there have been illustrated and described various
embodiments of the present invention, it will be apparent
that various changes and modifications thereof will occur
to those skilled in the art.

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

1. An antenna comprising a pair of co-linear radiating
elements, means for coupling to said radiating elements
at the adjacent ends thereof, and tuning means connected
to each of said aligned radiating elements at the outer
ends thereof and comprising a conductor wound in a gen-
erally spiral manner in a plane perpendicular to said
radiating elements, said tuning means being effective to
tune the antenna to a wavelength may times greater than
the length of said radiating elements and the extended
length of said spiral wound conductor being approximate-
ly equal to one quarter of said wavelength.

2. A self-resonant dipole antenna system comprising a
pair of co-linear radiating elements, means for coupling
to said radiating elements at the adjacent ends thereof,
and tuning means connected to each of said aligned radi-
ating elements at the outer ends thereof and comprising
a conductor wound in a generally spiral manner in a
plane perpendicular to said radiating elements, said tuning
means being effective to tune the antenna to a wavelength
many times greater than the length of said radiating ele-
ments, both said tuning means being wound in the same
direction about said radiating elements and being approx-
imately one quarter wavelength in extended length, there-
by to minimize direct radiation from said tuning means.

3. An antenna comprising a pair of co-linear radiating
elements, means for coupling to said radiating elements
at the adjacent ends thereof, and tuning means connected
to each of said aligned radiating elements at the outer
ends thereof, said tuning means each comprising con-
ductor means positioned in a plane perpendicular to said
radiating elements and arranged to provide sufficient dis-
tributed capacity and inductance that the antenna may be
tuned to a wavelength many times greater than the length
of said radiating elements, said tuning means comprising
multi-turn spirals having at least three turns and being
arranged about the ends of said radiating elements so that
the magnetic fields produced by said tuning means tend
to cancel, thereby to minimize direct radiation from said
tuning means.

4, An antenna, comprising a pair of elongated radiat-
ing elements, means positioning said elements in end-to-
end relation along a given axis, means for coupling to the
adjacent ends of said radiating elements, a pair of tuning
elements connected to the outer ends of said radiating ele-
ments, said tuning elements each comprising a conductor
having one end thereof connected to the outer end of said
radiating element and extending outwardly from said ra-
diating element in the genera] form of a spiral having at
least three turns, the distributed capacity and inductance
of said tuning elements being sufficient to tune the antenna
to a wavelength many times greater than the length of
said pair of radiating elements.

5. An antenna, comprising a pair of elongated radiat-
ing elements, means positioning said elements in end-to-
end relation along a given axis, means for coupling to the
adjacent ends of said radiating elements, a pair of tuning
elements connected to the outer ends of said radiating
elements, said tuning elemenis each comprising a con-
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ductor having one end thereof connected to the outer
end of said radiating element and extending outwardly
from said radiating element in the form of a spiral, the
distributed capacity and inductance of said tuning ele-
ments being sufficient to tune the antenna to a wavelength
many times greater than the length of said pair of radiat-
ing elements, each of said conductors having an extended
length of approximately one quarter of said wavelength,
and means for varying the effective Jength of said tuning
means, thereby to vary the wavelength to which the an-
tenna is tuned.

6. An antenna, comprising a pair of elongated radiating
elements, means positioning said elements in end-to-end
relation along a given axis, means for coupling to the
adjacent ends of said radiating elements, a pair of tuning
elements connected to the outer ends of said radiating
elements, said tuning elements each comprising a con-
ductor having one end thereof connected to the outer end
of said radiating element and extending outwardly from
said radiating element in the form of a spiral having at
least three turns, the distributed capacity and inductance
of said tuning elements being sufficient to tune the antenna
to a wavelength many times greater than the length of
said pair of radiating elements, and means for varying
the point of connection of one of said radiating elements
to the adjacent tuning element, thereby to vary the wave-
length to which the antenna is tuned.

7. An antenna system, comprising a vertically extend-
ing radiating element, a pair of tuning elements connected
to the top and bottom ends of said radiating element, said
tuning elements each comprising a multi-turn spiral con-
ductor having at least three turns positioned substantially
in a horizontal plane and having the inner end thereof
connected to the adjacent end of said radiating element,
both of said spiral conductors being wound in the same
direction about the longitudinal axis of said radiating ele-
ment, a transmission line, and means for coupling said
transmission line to said spiral conductors at points on
said conductors which match said radiating element and
said tuning elements to said transmission line, said tuning
elements having sufficient distributed capacity and induc-
ance to tune the antenna system to an operating wave-
length which is many times greater than the length of
said radiating element.

8. An antenna, comprising a pair of conductive verti-
cally extending radiating elements arranged end-to-end
and insulated from one another, a pair of tuning elements
positioned in horizontal planes adjacent the top and bot-
tom ends of said pair of radiating elements, each of said
tuning elements comprising a multi-loop conductor having
one end thereof connected to the adjacent radiating ele-
ment, and having a plurality of loops successive ones of
which enclose successively larger horizontal areas, said
tuning elements having sufficient distributed capacity and
inductance to tune said antenna to an operating wave-
length which is many times greater than the length of said
pair of radiating element and having an extended length
in the order of one quarter wavelength of the operating
frequency, and means connected to said adjacent ends of
said radiating elements for matching said antenna to a
desired load circuit.

9. An antenna comprising a straight conductive radiat-
ing element having a physical length which is a small frac-
tion of a wavelength at the operating frequency, and tun-
ing means effective to tune the antenna to said operating
frequency, said tuning means comprising a first tuning
coil connected to one end of said radiating element and
extending in a generally spiral manner with respect to the
longitudinal axis of said radiating element, and a second
tuning coil connected to the other end of said radiating
element and extending in a generally spiral manner with
respect to the longitudinal axis of said radiating element,
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the extended length of each of said coils being in the References Cited
order of one quam'ar wavelength at said .opera!ing f.re- UNITED STATES PATENTS
quency and both said first and second tuning coils being
wound in the same direction around the longitudinal axis 1,755,530 4/1930 Andrews -........._ 343—867
of said radiating element so that the magnetic fields due g 1,765,438 ~ 6/1930 Meissner - ... 343—795
to said coils tend to cancel and undesired radiation from 2,359,620 10/1944 Carter . 343—795 X
said coils is minimized, 2,495,399 1/1950 Wheeler - __=____343—895 X

10. An antenna arrangement as set forth in claim 9, 3,151,328 9/1964 Boyer - 343—742
wherein said radiating element comprises a pair of co- OTHER REFERENCES

linear radiating members, a transmission line, and means j19  Thourel, L.: “The Antenna,” Chapman & Hall, 1960,
coupling said transmission line to the adjacent ends of said pp. 105-110.
co-linear members, said tuning coils being connected to
the outer ends of said co-linear radiating members. HERMAN KARL SAALBACH, Primary Examiner.
11. An antenna arrangement as set forth in claim 9, - W. H. PUNTER, Assistant Examiner.

wherein said tuning coils are in the form of flat spirals
each positioned in a plane perpendicular to the longi- US. CL X.R.
tudinal axis of said radiating element. 343—747, 802, 822, 863, 895

Huge horn antenna at the AT&T satellite ground station at Andover
Maine, USA. This antenna weighed 340 tons.

https://en.wikipedia.org/wiki/Andover Earth Station
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