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(Granted under the act of March 3, 1883, as
amended April 30, 1928; 370 O. G. 757)

My invention relates broadly to antenna sys-
tems and connections for electrically exciting
such systems.

One of the objects of my invention is to pro-

‘§ vide means for exciting a metallic radiator hav-
ing one end connected to a relatively large ca-
pacity area.

Another object of my invention is fo provide
means for exciting a metallic radiator such as a
steel tower having the lower end grounded.

Another object of my invention is to provide
means for overcoming the need for insulating
from earth tower structures used as radiators for
radio broadcast stations and the like.

A still further object of my invention is to pro-
vide a relatively simple coupling circuit for in-
terconnecting a radio transmitter with a ground-
ed tower structure for efficiently utilizing such
structure as a radiator.

Other and further objects of my invention will
be understood from the specification hereinafter
following by reference to the accompanying
drawings, in which:

Fig. 1 shows a conventional arrangement of
a vertical antenna structure insulated at the
base from earth and coupled to a transmission
line in a conventional manner.

Fig. 2 shows a polar plot of the relative power
radiated in the vertical plane for a vertical an-
tenna one-half wave length long, insulated at
the base from earth.

Fig. 3 shows an antenna structure and con-
nections therefor arranged in accordance with
the principles of my invention.

Fig. 4 shows a polar plot of the relative power
radiated in the vertical plane for a vertical an-
tenna approximately one-quarter wave length
long grounded at the base.

Pig. 5 shows a special embodiment of my in-
vention.

Fig. 6 shows a plot of certain electrical meas-
urements obtained by varying the frequency of
the excitation source which feeds the system
shown in Fig. 3.

Fig. 7 shows a plot of certain electrical meas-
urements obtained while varying the position of
the tap connection along the tower structure
shown in Fig. 3.

Many antenna structures, particularly those
employed for the transmission of entertainment
programs, comprise vertical steel structures ap-
proximately 0.4 to 0.6 wave length in length and
insulated at the base from earth. The principal
advantage of such an antenna is that a sub-
stantially uniform low angle radiation pattern
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is provided about the antenna. An antenna of
this type is shown in Fig. 1, where reference
character | indicates a steel tower or mast sup-
ported at the base by insulating member 2 which
effectively insulates the mast 1 from earth. The 5
word “mast” will be employed hereafter to in-
dicate a metallic mast, tower or other structure
employed as a radiator. The mast is the an-
tenna or radiating member and owing to the
method of operating same as a radiator, insulat- 10
ing member 2 must be constructed not only to
withstand the weight of the entire mast | and
the stresses introduced by weather but must pro-
vide adequate insulation for the high potentials
existent at the base with respect to earth 3.

A necessarily expensive form of construction
must be employed in such a support.

Moreover, for properly exciting such an an-
tenna structure at a high potential point such
as exists at the base, a tuning inductance 4 and
a building for protecting such inductance from
weather is usually also required.

In addition, such an arrangement as that
shown in Fig. 1 introduces complications to the
mast lighting facilities required as a safeguard
to aircraft transportation.

The remaining elements of Fig. 1 comprise
connection 5 from tuning inductance 4 to the
base of mast t through capacity 6 and con-
ductors 7T and T’ comprising the transmission
line for feeding the system with radio frequency
energy from a distant radio transmitter. Trans-
mission line T may be of the open type of con-
struction or may be of the concentric type,
in which event conductor T would consist of a
conducting tube surrounding conductor 1’. Such
lines are characterized by substantially uni-
formly distributed electrical constants and have
a readily calculated or measured surge im-
pedance.

Fig. 2 shows a plot in the vertical plane of the
radiation pattern of a one-half wave vertical
radiator having the lower end close to earth
but insulated therefrom. Curve 8 shows the
power radiated for any angle from the vertical
relative to the radiation existent at 90 degrees
from the vertical.

Fig. 3 shows an antenna structure arranged in
accordance with the principles of my invention.
Reference character 9 indicates a mast which is g
not insulated from earth. For entertainment
broadcast purposes I prefer to make mast 9 ap-
proximately one-quarter wave length long, al-
though for other purposes it may be made much

longer, preferably odd quarter wave lengths in g5
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length such as one-quarter, three-quarters, five-
quarters, etc. The transmission line in Fig. 3,
is similar in construction to that shown in Fig. 1.

Instead of connecting the transmission line
through a coupling system having lumped con-
stants such as the inductance coil 4 of Fig, 1,
I have found that a proper electrical match be-
tween the line and radiator 9 can be obtained
by connecting one branch i1 of the line to earth
12 or to the base of mast 9 and the other branch
10 to a selected point 13 along the tower. This
arrangement provides a very convenient cou-
pling system for matching the antenna to the
line.

A radiator arranged according to the princi-
ples of my invention is simpler electrically and
far less expensive than the conventional ar-
rangement shown in Fig. 1 because (@) expen-
sive base insulation is made unnecessary, (b)
the system is more rugged in the absence of
base insulation, (¢) the mast may more easily be
made self-supporting, (d) the base of the mast
Is at ground potential and it is unnecessary to
prevent personnel from coming in contact with
same, (e) the need for a tuning coil, such as 4
in Fig. 1, is eliminated as well as the protective
building for same, (f) mast lighting conductors
may be run directly up the mast from the base,
and (g) the arrangement as a whole is very
efficient electrically.

Fig. 4 is a polar plot of the radiation pat-
tern of a one-quarter wave radiator for com-
parison with that of the half-wave antenna ra-
diation pattern shown in Fig. 2. The half-wave
radiator pattern is somewhat to be favored, al-
though the two are for all practical purposes
substantially identical.

It is well known that the length of resonant
antennas is, in general, a critical function of
operating frequency and I have found it de-
sirable in exciting mast structures to make the
main body of such structures slightly shorter
than the theoretically correct length and pro-
vide at the top a simple pipe extension {4 which
may be raised or lowered during the adjusting
stage. This considerably simplifies the final ad-
justment of such radiators.

I have found also that the principles of my
invention may be applied to masts less than a
quarter-wave length long which are insulated
at the base from earth. Such an application of
my invention is shown in Fig. 5, where {5 repre-
sents the mast structure insulated from earth 16
by base insulator 17. A loading inductance 18 is
connected across insulator IT for increasing the
electrical length of tower 15. Transmission line
19, 20 and tap connection 21 complete the ar-
rangement of Fig. 5. This same arrangement
may be applied to structures of other lengths.

It is obviously possible to apply the principles
of my invention to the excitation of the metal
framework of buildings and other structures. It
is apparent also that the principles of my inven-
tion may be applied to the use of grounded metal
structures for radio receiving purposes simply
by connecting the feed lines 10—i1 and 19—20
to the input of a radio receiver.

Fig. 6 is a plot of certain electrical data ob-
tained while exciting a grounded steel mast 88
feet in height and approximately 4 feet in diam-
eter when such mast was coupled to a radio
transmitter by the arrangement shown in Fig. 3.
The data of Fig. 6 were obtained by first ad-
justing tap connection 13 of Fig. 3 to what ap-
peared to be an optimum position and varying
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the excitation frequency, between 2300 and 3100
kilocycles per second. The curve marked “P. A.
plate mils” shows the variation in plate current
to the power amplifier stage. The curve marked
“P. A. tank current” shows the variation in radio
frequency tank current in the power amplifier
stage. The tank circuit was adjusted to res-
onance with each change in frequency. The
curve marked “Loop to node ratio” shows the
standing wave condition in the transmission line,
i. e., the ratio of loop current to node current.
When this ratio is unity, no standing waves ex-
ist in the line and the radiator is matched with
the line. This is equivalent to stating that the
impedance of the load viewed from the end of
the transmission line is equal to the surge im-
pedance of the transmission line. When this
condition exists the load is said to be non-re-
flective. It is apparent from Fig. 6 that this
condition closely exists at a frequency of ap-
proximately 2760 kilocycles per second. For this
frequency, the power amplifier plate current is a
maximum and the power amplifier tank current
is a minimum. If an impedance match does not
exist between line and load, the load is said to
be reflective and standing waves exist along the
line resulting in a loop to node current ratio
which is greater than unity. This condition is
shown in Fig. 6 on either side of 2760 kilocycles.
For example, at a frequency of 2700 kilocycles,
the loop current is approximately eight times as
great as the node current. The same condition
exists at 2825 kilocycles.

Fig. 7 is a plot of data taken while maintain-
ing the excitation frequency constant at 2760
kilocycles per second and varying the position
of tap connection 13 of Fig. 3. The abscissae of
Fig. 7 indicate the distance between tap con-
nection 13 and the base of the mast 8. It is
evident from Fig. 7 that for the particular mast
employed in obtaining the data of Figs. 6 and 7
that optimum coupling existed at 35 feet. On
either side of this optimum coupling, the loop to
node current ratio rises as a result of the mis-
match of load and line impedances.

The data of Figs. 6 and 7 and the simple ar-
rangement of circuit structure serve to show
the effectiveness of my invention. Obvicusly,
many modifications of my invention are possi-
ble without departing from the principles dis-
closed. A tuning unit such as that designated by
elements 4 and 6 of Fig. 1 may be employed
with the arrangement shown in Fig. 3 in order
to obtain a radiator to line match for some
other position of tap connection 3 than that
used in obtaining the data of Pigs. 6 and 7. I
desire it to be understood, therefore, that no
limitations upon my invention are intended
other than are imposed by the scope of the ap-
pended claims.

The invention described herein may be manu-
factured and used by or for the Government of
the United States of America for governmental
purposes without the payment of any royalties
thereon or therefor.

What I claim as new and desire to secure by
Letters Patent of the United States is as follows:

1. An antenna system for high frequency wave
signaling comprising a self-supporting metallic
mast one extremity of which is connected to
earth through a connection of negligible imped-
ance at said high frequency, and means for elec-
trically exciting said mast, said means compris-
ing an electric transmission line possessing uni-
formly distributed electrical constants over a
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substantial portion of its length, said line having
a connection along said mast at such point that
the impedance of the mast as measured at the
end of the transmission line nearest the mast is
substantially equal to the surge impedance of
said transmission line.

2. An antenna system in accordance with
claim 1 wherein said transmission line comprises
a plurality of parallel conductors at least one of
which is connected to that extremity of the mast
which is connected to earth and one other con-
ductor of said transmission line is connected to
a point along said mast.

3. An antenna system in accordance with
claim 1 wherein said transmission line com-
prises a plurality of parallel conductors at least
one of which is connected to earth and one other
conductor of said transmission line is connected
to a point along said mast.

4. An antenna system for high frequency wave
signaling comprising a metallic mast the base
of which is connected to earth through a con-
nection of negligible impedance at said high fre-
quency, and means for electrically exciting said
mast, said means comprising an electric trans-
mission line having two parallel conductors, one
of which is connected to earth adjacent the base
of said mast, the second conductor being con-
nected to a coupling circuit for said line having
a connection along said mast at such point that
the impedance of said mast and coupling cir-
cuit as measured at the end of said transmis-
sion line nearest said coupling circuit is substan-
tially equal to the surge impedance of said trans-
mission line.

5. An antenns system comprising a continuous
metallic mast the base of which is imbedded in
earth and means for electrically exciting said
mast, said means comprising a two conductor
electric transmission line possessing uniformly
distribufed electrical constants over a substan-
tial portion of its length, one conductor of said
line being connected to a coupling circuit, said
coupling circuit having one connection to a point
along said mast, the second conductor of said
line having a circuit connected to earth adja-
cent said mast, said point along the mast being
50 chosen that the impedance of said mast and
coupling circuit as measured at the end of said
transmission line nearest said coupling circuit is
substantially equal to the surge impedance of
said transmission line.

6. An antenna system comprising a self-sup-
porting metallic mast, a circuit connection be-
tween the base of said mast and earth, means
for electrically exciting said mast, said means
comprising an electric transmission line com-
prising two substantially parallel conductors ter-
minated in a coupling circuit for said line, said
coupling circuit having one connection to a point
along said mast and a second connection to earth
adjacent to said mast.
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7. A high frequency antenna system compris-
ing a vertical self-supporting metallic mast, a
connection having negligible impedance at the
operating frequency of said system connecting
the lower extremity of said mast to earth, said
mast having a height corresponding substantial-
ly to any odd number of quarter wave lengths of
the high frequency wave employed therewith, a
high frequency transmission line comprising two
parallel conductors, one of which is connected
to earth and the second of which is connected to
a high frequency current path between said line
and a point along said mast such that the im-
pedance of said mast and current path as meas-
ured at the point of connection to said line and
at the operating frequency of said system, is
equal substantially to the surge impedance of
said line.

8. A high frequency antenna system compris-
ing a metallic mast, a connection of negligible
impedance at the operating frequency of said
system, connecting the base thereof to a large
capacity area, said mast having a length corre-
sponding approximately to any odd number of
quarter wave lengths of the operating wave
length employed therewith, a transmission line
comprising two parallel conductors one of which
is connected to said capacity area and the sec-
ond of which is connected to a circuit connection
between said line and a point along said mast
such that the high frequency impedance of said
system as viewed from that end of the line near-
est said mast is equal substantially to the surge
impedance of said line.

9. A high frequency antenna system compris-
ing a self-supporting metallic mast, means con-
necting the base thereof to a relatively large ca-
pacity area, a transmission line comprising two
parallel conductors, one of which is connected
through a high frequency current path to said
capacity area and the second of which is con-
nected through a high frequency current path to
a point along said mast such that the impedance
of said system as viewed from that end of the
line nearest said mast and measured at the op-
erating frequency of said system is equal sub-
stantially to the surge impedance of said line.

10. In a high frequency antenna system com-
prising a self-supporting metallic mast con-
nected at the base to a large capacity area, a
transmission line having at least two substan-
tially parallel conductors, one of said conductors
having an alternating current conductive path
to said base and a second of said conductors hav-
ing an alternating current conductive path to a
point along said mast, said point being so se-
lected that the high frequency impedance of
said conductive paths and mast measured at
the operating frequency of said system is equal
substantially to the surge impedance of said line.
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