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(54) Antenna system with warning light

(57) The present invention relates to an antenna sys-
tem, in particular for an antenna system having an induc-
tive element. There is provided an antenna system hav-
ing: a mast for radiating radiation; an electrical circuit
having at least one inductive element for coupling the
mast to a feeder cable, which inductive element gener-
ates, in use, a radio frequency voltage; at least one elec-
trical device mounted on the mast; and, supply lines for

forming an electrical connection to the or each electrical
device, wherein the supply lines are inductively coupled
to the or at least one inductive element such that the radio
frequency voltage is applied to the supply lines. Because
the radio frequency voltage is applied to the supply lines,
the supply lines are at the same potential as the mast,
thereby reducing the need for an isolating to isolate the
supply lines.
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Description

�[0001] The present invention relates to an antenna
system, in particular for an antenna system having an
inductive element.
�[0002] Antenna systems operating in the radio fre-
quency range (for example, 1 kHz to about 10 MHz are
often electrically ’short’; that is, they have a radiating mast
that is only a small fraction of the wavelength of the trans-
mitted signal. As a result, an electrical circuit, known as
a matching network, is used to couple the mast to the
feed cable supplying electrical power to the aerial. This
electrical circuit will normally have inductance, for exam-
ple due to a transformer or other inductive element,
which, in combination with the high currents passing
through the electrical circuit, results in high radio frequen-
cy voltages being applied to the mast. This voltage can
be of the order of 60kV.
�[0003] Commonly, a mast will have electrical devices
such as aircraft warning lights mounted thereon, which
devices are normally powered by the electrical mains.
However, the supply lines needed to carry power to the
electrical devices will normally extend along the mast,
and as a result of the close proximity of the supply lines
to the mast, undesirable radio frequency voltages or cur-
rents can arise in the supply lines. It is known to use an
isolating transformer to isolate the radio frequency volt-
ages or currents. However, such transformers can be
costly.
�[0004] According to the present invention, there is pro-
vided an antenna system having: a mast for radiating
radiation; an electrical circuit having at least one inductive
element for coupling the mast to a feeder cable, which
inductive element generates, in use, a radio frequency
voltage; at least one electrical device mounted on the
mast; and, supply lines for forming an electrical connec-
tion to the or each electrical device, wherein the supply
lines are inductively coupled to at least one inductive el-
ement such that the radio frequency voltage is applied
to the supply lines.
�[0005] Because the radio frequency voltage is applied
to the supply lines, the supply lines will be at substantially
the same potential as the mast, thereby reducing the
need for an isolating transformer to isolate the supply
lines.
�[0006] Preferably, the electrical circuit includes a
transformer having a primary coil with a plurality of wind-
ings arranged in use to induce a voltage on a secondary
coil, the supply lines being inductively coupled to the pri-
mary coil. The supply lines will preferably each have a
coiled portion with a respective plurality of winding ar-
ranged such that substantially the same voltage is in-
duced in the coiled portion as is induced in the secondary
coil.
�[0007] In a preferred embodiment, this is achieved by
arranging the windings of the secondary coil and those
of the coiled portions so that they follow the same path.
However, the windings of the coiled portions may follow

different paths, provided that the magnetic flux coupled
to the coiled portions is matched to that coupled to the
secondary coil. Preferably, the coiled portions will each
have substantially the same number of self-�crossing
loops or turns as the secondary coil.
�[0008] The electrical circuit will preferably have at least
one additional inductive element, such as an inductor,
along which, in use, a potential builds up, and which po-
tential is applied to the mast. In a preferred embodiment,
the coiled portions of the supply lines will each follow the
path of the or each inductor winding, so that the same or
similar potential is build up along the supply lines.
�[0009] At least one of the electrical devices mounted
on the mast may be a light-�emitting device, such as an
aircraft warning light. However, in additional or alterna-
tively, communication devices such as third party radio
or microwave transmission systems may be installed on
the mast. Such communication devices may require sup-
ply lines to supply mains power as well as supply lines
to supply signals at frequencies above those of the mains
frequencies.
�[0010] In a preferred embodiment, the mast is formed
from an electrically conducting material such that it is
able to radiate along its length, the mast being supported
on a base, preferably an insulated base to insulate the
mast from ground. Normally, the base will be short com-
pared to the height of the mast. However, the base may
be of substantial height, and may for example be formed
by a building structure.
�[0011] The invention will now be described by way of
example with reference to the following drawings in
which:�

Figure 1 shows a prior art antenna system; and,
Figure 2 shows an antenna system according to the
present invention.

�[0012] Figure 1 shows a prior art antenna system 10
in which signals (of about 1 or 2 kV) from a coaxial (feed-
er) cable 12, are fed to a radiating mast 14 (mast radiator),
where the electrical energy from the coaxial cable is ra-
diated away. Such an antenna system will typically radi-
ate at a power of 5 - 50kW. Typical transmission frequen-
cies are in the LF-�MF range (about 16 kHz to 2 MHz) and
the mast is electrically "short" ; that is, the mast is a small
fraction of the wavelength of the transmitted radio wave.
For example, the radio wave may be several kilometres
in wavelength, whereas a mast will normally have a ra-
diation length (that is, a height) of around 200m (or typ-
ically between 100m and 300m). In order to take into
account this short mast length and match the impedance
of the coaxial cable to the mast, an antenna matching
network or other matching circuit 16 is provided between
the coaxial cable 12 and the mast 14. The matching circuit
16 has a variable transformer 18 having a primary coil
20 and a secondary coil 22 the primary coil 20 being
connected to the coaxial cable 12 (in parallel with a ca-
pacitor 24), whilst the secondary coil 22 is connected to
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a tuning inductor 26 having a variable inductance. The
coils of the transformer and the inductor are normally
formed from a Litz wire having a plurality of individually
insulated strands (which may be woven together), so as
to allow a more uniform current distribution through the
wire.
�[0013] Both the primary and secondary coils 20, 22 of
the transformer 18 are connected to a ground connection
28 (to which the sleeve of the coaxial cable is also con-
nected), dark circles indicating a connection in figure 1.
Thus, current from the coaxial cable 12 passes through
the primary coil, and generates an EMF or voltage across
the secondary coil. Because the mast 14 is connected
to the secondary coil (at an end thereof that is remote
from the grounded end) the mast develops a potential in
dependence on the signal from the coaxial cable 12. Be-
cause of the capacitance of the mast, due in part to elec-
trically conducting guy lines 30 extending from the mast
and towards the ground, an oscillating current of flows
along the mast in response to the oscillating signal from
the coaxial cable, causing radiation to be emitted by the
mast.
�[0014] Often, electrical devices such as lighting devic-
es 32 are secured to an upper portion of the mast with
electrically insulating securing means 34. The lighting
devices 32 normally operate at mains voltages (about
110-240V at less than 100 Hz, normally 50Hz) and are
fed by electrical supply lines 36. The supply lines are
insulated and are secured to the mast such that the sup-
ply lines extend in a generally vertical direction along the
mast. Because the supply lines 36 are arranged in close
proximity to the mast, there will be some capacitive cou-
pling between the mast and the supply lines. Because of
the high currents (several hundred Amps) passing
through the transformer 18 and the tuning inductor 26,
the potential of the mast itself will typically be elevated
to several tens of kV, for example 60 kV (oscillating at
the signal frequency of 16 kHz to 2 MHz). The capacitive
coupling between the mast and the supply lines therefore
generates a significant common mode current in the sup-
ply lines. This common mode current is often isolated
using an isolating transformer 40, having a core material
42 that is arranged to couple frequencies in the region
of the mains frequencies (50Hz) but not the signal fre-
quencies (at least several kHz).
�[0015] Figure 2 shows an antenna system according
to the present invention (components in figure 2 that are
similar to those in figure 1 have the same numerals). As
in the prior art, a matching circuit 16 is provided between
the coaxial cable 12 and the mast 14. However, here,
the supply lines 36 follow the path of the secondary coil
22 and that of the tuning inductor 26. As a result of the
inductive coupling to the supply lines, the supply lines
are at substantially the same potential as the mast (ex-
cept for the mains voltage applied across the supply lines)
and the risk of a significant current at radio frequencies
being coupled to the mains supply network is reduced.
�[0016] In more detail, the coaxial cable has a sheath

12a connected to an earth rail and a core 12b connected
to a live rail 42 of the matching circuit 16. The primary
coil 20 is connected at a grounded end 44 to the ground
rail 40, and at a live end 46 to the live rail 42. Thus, the
primary coil is connected across the sheath and the core
of the cable feeding the transmission signal (which trans-
mission signals serves to power the mast such that it can
radiate). A capacitor 24 is provided between the live rail
42 and the ground rail 44, in parallel with the primary coil
20. The secondary coil 22 includes a main set of windings
22a and a plurality of sets of subsidiary winding 22b (the
electrical path formed by the main windings 22a and 26a
in figure 2 have the same function as the windings of the
secondary coil and inductor in figure 1). In the present
example, two sets of subsidiary windings 22b are provid-
ed, one for each of the supply lines 36.
�[0017] Likewise, the tuning inductor 26 has a main set
of windings 26a and a subsidiary set of windings 26b.
�[0018] The main set of windings of the secondary coil
is connected at a ground end 48 to the ground rail 40. At
a live end 50, the main set of windings 22a of the sec-
ondary coil is connected to the main set of windings 26a
of the tuning inductor, which in turn is connected to the
radiating mast 14.
�[0019] Likewise, the subsidiary sets of windings 22b
of the secondary coil 22 are respectively connected to
those of the tuning inductor 26. In turn, the subsidiary
sets are connected to lighting devices 32 (or other elec-
trical equipment mounted on the mast) via cables 37 ex-
tending along the mast. In this way, the subsidiary wind-
ings of the transformer 18 and those of the inductor 22
form part of a closed circuit (indicated by thin lines in
figure 2) for carrying electrical power from an electrical
supply, here a mains electrical supply 52, to the lighting
devices on the mast.
�[0020] In view of the inductance of the matching circuit
and for lightning protection, a spark gap device 53 is pro-
vided so that excessive voltage spikes can be discharged
to ground by arcing across a spark gap extending be-
tween spaced apart electrodes.
�[0021] The main sets of windings of the secondary coil
22 and of the inductor 26 form an electrical path (indicated
by a thick line in figure 2) between the ground rail 40 and
the mast, over which electrical path an oscillating voltage
is built up by induction, so as to cause suitable electric
currents to be delivered to the mast for transmission as
radio waves.
�[0022] The subsidiary windings in the secondary coil
are arranged to follow the same path as those of the
primary coil. This can be achieved by twisting or other-
wise meshing a trio of electrically conducting wires
around one another, one wire for each of the main and
subsidiary coils, and subsequently winding the trio so as
to form a tri- �filar coil. Alternatively, the trio need not be
twisted before being wound. The trio may be retained in
a sheath before being wound, so as to form a cable which
itself is wound such that the electrical path for feeding
the mast and the electrical paths for a supplying the light-
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ing devices are wound together at the secondary coil,
and likewise at the tuneable inductor.
�[0023] Clearly, a plurality of sets of supply lines may
be wound together so as to form a multifillar coil, that is,
a coil in which a plurality of electrical conductors follow
adjacent coiled paths, or parallel-�wound paths in which
the windings from different conductors are interleaved
(axially and/or radially). More than one set of supply lines
may be used to power a plurality of devices mounted on
the mast, which devices need different forms of power
or signals. For example, the devices may be radiating or
receiving devices installed for third party providers (that
is, an additional antenna). Furthermore, a set of supply
lines may include more than two conductors, as will be
the case when three phase power is supplied to the mast
devices.
�[0024] The secondary coil will be formed by winding
the trio around a cylindrical frame having an opening for
receiving the primary coil, such that the primary coil can
be at least partially inserted axially within the secondary
coil. The coupling between the primary and secondary
coils can be controlled in a known manner, for example
by using a stepper motor to adjust the extent to which
the primary coil is inserted within the secondary coil. Al-
though the extent to which the first coil is within the sec-
ondary coil will determine the extent of the coupling, be-
cause the electrical wires run forming the main and sub-
sidiary coils follow the same path, the coupling to each
will be the same or very similar. In the event that the
coupling to each wire is not the exactly the same, any
imbalances can be absorbed by a capacitor arrangement
60 between the power supply 52 and the secondary coil
22 of the transformer 18.
�[0025] The tuning inductor 26 is formed in a similar
fashion to the secondary coil, in that the main winding
26a and the subsidiary windings 26b are wound together
as a common winding, thereby coupling the tuning induc-
tor to the supply lines.
�[0026] In operation, a time-�varying current through the
primary coil of the transform 18 supplied by the coaxial
cable 12 induces a time- �varying Electro Motive Force
(EMF) along the secondary coil 22. A comparable or al-
most identical EMF is generated in each of the subsidiary
winding, since the Electro Magnetic coupling between
the primary coil and each of the main and subsidiary wind-
ings of the secondary coil will be almost the same. Like-
wise, the EMF induced in the main winding and subsidiary
windings of the tuning inductor 26 will be closely matched,
since both follow the same path.
�[0027] Thus, although there will be a radio frequency
induced voltage on the supply lines 36, it will be a com-
mon mode voltage (i.e. the same for each supply line),
and so the potential between the lines will remain at that
set by the power supply 52 (240V). Furthermore,� be-
cause the supply lines follow the path of the line feeding
the mast, the mast and the supply lines will be at sub-
stantially the same potential as one another. Importantly,
because the feed line supplying the mast is at ground

potential at the ground end 48 of the secondary coil, the
supply lines at the ground end of the secondary coil are
unlikely to have any substantial radio frequency potential
imposed thereon. Therefore, there is a reduced likelihood
that current will be drawn from the power supply 52 at
radio frequency rates.
�[0028] In practice, the paths followed by wires feeding
the mast and the path followed by the wires forming the
supply lines will not be exactly co-�incident. As a result,
there will be a small residual radio frequency voltage ap-
plied (e) between the supply lines themselves, and (b)
between the supply lines and the mast. Therefore, a fil-
tering circuit 56 may be necessary along the supply lines
to remove the radio frequency signals before it reaches
the lighting devices.
�[0029] The matching circuit can be viewed as having
a first path extending between the ground connection 48
and the mast (which is capacitively coupled to ground so
as to from a closed ac circuit), along which path a voltage
is developed at the secondary transformer coil and the
tuning inductor. The matching circuit has also a second
path extending though the primary transformer coil.
Clearly, the supply lines need only follow the path of the
inductive elements in the first path, since it is across the
inductive elements of the first path that the voltage ap-
plied to the mast is built up.
�[0030] It will be appreciated that the matching circuit
may take different forms to that shown in the figures. In
the case of the present matching circuit, as well as other
possible circuits for feeding power to the mast, the supply
lines will preferably follow the path of or be otherwise
embedded with inductive elements that build up a poten-
tial along a path extending between ground and the mast,
rather than being embedded with all of the inductive el-
ements that may be present in the circuit.
�[0031] Instead or in addition to lighting devices, a third
party antennas could be installed. Such an antenna
would be much smaller than the mast, and may be, for
example, a Yagi (directional) antenna operating in the
VHF or UHF frequency bands, either on receive, or trans-
mitting typically 1 - 50 Watts. The feeds to these antennas
could be multi-�filar wound using twisted pairs as de-
scribed above, or be connected to radio equipment
mounted close to them on the mast, whereby power and
base-�band feeds to the radio equipment could be multi-
filar as described above.

Claims

1. An antenna system having: a mast for radiating ra-
diation; an electrical circuit having at least one in-
ductive element for coupling the mast to a feeder
cable, which inductive element generates, in use, a
radio frequency voltage; at least one electrical device
mounted on the mast; and, supply lines for forming
an electrical connection to the or each electrical de-
vice, wherein the supply lines are inductively coupled
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to the or at least one inductive element such that the
radio frequency voltage is applied to the supply lines.

2. An antenna system as claimed in claim 1, wherein
the electrical circuit includes a transformer having a
primary coil arranged in use to induce a voltage on
a secondary coil, the supply lines being inductively
coupled to the primary coil.

3. An antenna system as claimed in claim 2, wherein
the secondary coil has a plurality of windings, and
the supply lines each have a respective coiled por-
tion arranged along a path that follows the path of
the windings.

4. An antenna system as claimed in any of the preced-
ing claims, wherein the electrical circuit has a plural-
ity of circuit coils, and the supply lines each have a
plurality of coiled portions, the coiled portions of each
supply line following the path of a respective one of
the circuit coils.

5. An antenna system as claimed in any of the preced-
ing claims, wherein at least one of the devices is a
radiating device.

6. An antenna system as claimed in claim 5, wherein
the or each radiating device is a light-�emitting device.

7. An antenna system as claimed in any of the preced-
ing claims, wherein the supply lines are arranged in
use to supply power from a mains power supply.

8. An antenna system as claimed in any of the preced-
ing claims, wherein the supply lines are arranged in
use to supply a oscillatory electrical current that os-
cillates at a frequency of less or equal to 100 Hz,
preferably 50 Hz.

9. An antenna system as claimed in any of the preced-
ing claims, wherein at least one of the devices is a
radiating device.

10. An antenna system as claimed in any of the preced-
ing claims, wherein the supply lines each have at
least one coil inductively coupled to the or each re-
spective inductive element of the electrical circuit.

11. Antenna system as claimed in any of the preceding
claims, wherein the electrical circuit is arranged to
match the impedance of the mast to the impedance
of the feeder cable.
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