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MARCONI AERODROME APPROACH
BEACON EQUIPMENT, TYPE WBD.4
The Medium Wave Beacon Equipment, Type WBD.4, described in the following

article, is designed for the purposes of guiding aircraft along the correct approach path
to an aerodrome when visibility is bad and of assisting its landing thereon by marker
beacons which locate points on the approach path at known distances from the runway.

The complete control of the Main and Marker Beacons may be effected from a
remote position, such as the wireless room in the Control Tower. An important feature
is the facility with which the directive signals can be stopped and the Main Beacon used
as a normal omni-directional transmitter on telegraphy or telephony from this control
point when required.

This feature permits an approach beacon service and the normal low power com-
munication with aircraft inside the bad weather " Controlled Zone " to be carried out
on the same wavelength and with the same apparatus. The aircraft does not require
to carry other than its normal medium wave apparatus on board and yet is not out of
touch with the Controlling Station when listening on the Beacon wavelength.

The chief administrative objections to the use of medium wave approach beacons
may thus be largely discounted.

THE Type WBD.q. Aerodrome Approach Beacon Equipment comprises a
directive beacon transmitter (referred to as the Main Beacon) and two Marker
Beacons.

The Main Beacon with an aerial system limited to 20 feet maximum height,
has a range to aircraft of up to about 25 miles and by its means the correct course
to be flown in foggy weather when approaching the aerodrome can be picked up and
followed by the aircraft when permission to enter the Controlled Zone has been
received from the ground. This transmitter is placed beyond the boundary of the
aerodrome at the far end of the main runway.

The first or Distant Marker Beacon is situated on the approach line some three
miles from the Aerodrome and passage over the Marker is indicated to the pilot by a
distinctive signal lasting some ten or fifteen seconds according to the height and
speed of the machine as it proceeds along the course.

The second or Boundary Marker is located at or just outside the aerodrome
boundary, also on the line of approach and here a further distinctive signal warns
the pilot of his position as he passes overhead.

On reaching the first marker the height of the machine is adjusted so that its
normal gliding angle will bring it near enough to the ground to commence a landing
when the second marker at the aerodrome boundary is reached.

The method by which the line of approach is marked out in space by the Main
Beacon is the well-known " equi-signal " system, in which the radiated signal from
the transmitter is directed alternately over the areas to the right and then to the
left of the path to be followed.
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Marconi Aerodrome Approach Beacon Equipment, Type WBD.q..

The field patterns of these alternating radiations are so arranged that at any
point along the approach line the field strengths of both are equal. A receiver
anywhere along this line therefore picks up the two signals at equal strength. If
the receiver is taken to one side of this line it enters a region in which one of the
alternate radiations increases and the other decreases in field strength and the
received signals are no longer of equal intensity.

The time periods during which the radiation is directed to one side of the ap-
proach line correspond to Morse dashes. The interval between these dashes is
equal to a Morse dot and during the whole of each interval the radiation is directed
to the other side of the line. It will thus be seen that at any point on either side of
the line either dashes or dots will be predominant in the received signal, according
to which side the receiver is situated. Along the actual approach line itself the dots
and dashes are of equal strength and form a continuous unbroken signal.

The principle is made clearB
A by reference to Fig. I, which

t 1 shows the field strength pattern
4i of the radiation during the¡, /1 " dash " period in solid line

1 1 and during the " dot " period
r in dotted line.i

1í /¡ _11» M. _ The orientation of these;' field patterns is arranged so
that the line of equal signal
strength AO lies along the
correct approach path to the
aerodrome. The point O re-
presents the position of the

i transmitter at the end of the
runway.

i

o As a certain degree of
difference between the strengths
of the two signals must exist
before it can be detected by
the discrimination of the re-
ceiver and human ear com-

- -' biped, it follows that in
actual practice the equi-signal
path is not a line having

no width but appears as a zone C.O.B. inside which the signals are of apparently
equal strength. A little beyond this zone to either side the dots or dashes pre-
dominate, the difference in strength between them increasing very rapidly as the
angular displacement of the receiver from the line AO increases.

The cardioid field pattern is obtained by combining the radiation of a " frame "
or closed loop aerial with that of an open aerial, the currents in the two aerials being
go degrees out of phase. The reversal of the cardioid, which constitutes the change
from one signal zone to the other, is effected by reversing the phase of the frame aerial

FIG. I.
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Marconi Aerodrome Approach Beacon Equipment, Type WBD.4.

current so that it becomes go degrees out of phase with the open aerial current in
the opposite sense. The method of reversal of phase will be described later when
dealing with the actual transmitting apparatus.

Suppose the dot and dash zones to be arranged on the respective sides of the
approach path as shown in Fig. i. A pilot entering the region served by the beacon
will, if not on the approach path, pick up the beacon signal with either dashes or
dots predominating.

FIG. 2.

The pilot knows that when he is flying
along the correct line to the aerodrome the
zone to his right is indicated by dashes and
that to his left by dots. Therefore should
dots predominate he will change course a
few degrees to his right, that is, towards
the weaker signal. He will maintain this
course (increasing the angle of change slightly
if the signals do not soon begin to approach
equality) until the dots and dashes merge
into one unbroken note. He then sets his
course by compass along the equi-signal path
of which the orientation is of course known.

If, due to drift or other causes, he
diverges from the course, he is immediately
warned of the fact and advised as to which
side he has drifted by the dots or dashes
commencing to predominate. The equi-
signal zone rapidly grows narrower as the
aerodrome is approached, its angular width
being approximately three degrees under
average receiving conditions in an aircraft.
Under good reception conditions it will be
of less apparent angular width.

When passing the Marker Beacons an audio frequency note is heard super-
imposed upon the directive beacon signal. The pitch of the note is rising and falling
and this occurs at widely different speed in the case of the Distant Marker compared
with that of the Boundary Marker note. The two are thus easily distinguished.

By the employment in the aircraft of a sensitive altimeter, corrected for the
ground level of the objective aerodrome and for barometric pressure, these two
Markers may be used to give invaluable assistance in landing the machine safely
when vertical visibility is so low that the normal visual method of adjusting the
glide to make a landing cannot be used.

Main Beacon Transmitter, Type WBD.4a.
The Main Beacon apparatus is illustrated in Fig. 2. This transmitter is really

a combination of two separate amplifiers driven by a common crystal controlled
master oscillator. The assembly is completely self-contained as illustrated, power
being derived through a special multi -unit rectifier system arranged for connection
to the normal alternating current power supply mains. Complete control of all
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Marconi Aerodrome Approach Beacon Equipment, Type WBD.4.

operations for local testing is carried out from the small unit shown in the illustration.
Full remote control and monitoring is available. These features are described
in detail later.

A rear view of the transmitter with covers removed is shown in Fig. 3.
At the left side of frame are seen the rectifiers for the frame aerial amplifier

channel. A similar bank of units is in the corresponding right-hand compartment
and provides the supplies for the open aerial amplifier.

At the back on the left, starting from
the bottom are :-(A) H.T. Smoothing Unit
(frame amplifier), (B) Crystal controlled com-
mon drive, (c) Phase reversing signaller
unit, (D) Frame amplifier channel, (E) Frame
aerial tuning circuits.

The units in the right-hand compart-
ment, also starting from the bottom are :-
(A) Smoothing unit for open aerial amplifier
supplies, (B) Control panel, (c) Phasing unit
with first stages of both amplifiers, (D)
Modulator, (E) Open aerial output stage,
(F) Phase checking panel.

When desired the transmitter can be
employed for omni-directional transmission
of telegraphy or telephony. For this pur-
pose the open aerial amplifier alone is used,
the necessary circuit changes being effected
through relays controlled from the remote
or local control units. A switch on the
transmitter changes over to remote or local
control as required.

The crystal drive consists of a two -stage arrangement using MPT.42 valves.
The crystal (which is ground for half transmitter frequency) is connected to the
first valve, and the second valve acts as a frequency doubler. A condenser is pro-
vided, for adjustment of the doubler anode circuit.

The phasing circuit consists of an inductive and a capacitative branch, each
including a potentiometer. The potentiometer tappings are taken to the grids of the
first stage valves of the frame and open aerial transmitters respectively, all of which
are also located on the phasing panel.

In the case of the open aerial channel an MPT.42 valve drives two A.C.S.3
valves in push-pull. These are coupled to the aerial circuit through a screened
H.F. transformer.

In the frame aerial amplifier two MPT.42's are employed, operating in the
same manner, but the screens of these valves are controlled by the phase controller,
the arrangements being such that whilst one screen is at operating potential the
other is below earth potential. These valves energise opposite ends of the same

FIG. 3.
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Marconi Aerodrome Approach Beacon Equipment, Type WBD.4.

anode circuit, so that by bringing one screen potential up and the other down a
reversal of phase of current in the frame amplifier is produced. The common anode
circuit drives two A.C.S.3's in push-pull exactly as in the case of the open aerial
channel.

A screened, secondary tuned H.F. transformer couples the A.C.S.3 anode
circuit to the grids of the two D.E.S.i output valves and these are coupled in a
similar manner to the frame aerial through a second screened transformer.

The phase controller incorporates two gas relays (Type G.T.i) and two neon
lamps and operates in the following manner. Each gas relay has a separate resis-
tance in its anode circuit, the cathodes being inter -connected and a common H.T.
supply being in use. The potential of either G.T.i anode, therefore, falls if the valve
is conducting, owing to the voltage drop in the anode resistance.

Each G.T.i has its grid potentiometer fed from the other G.T.i anode, the
valves being then " interlocked " so that when one is conducting the other is not.
Each G.T.i anode feeds a time circuit consisting of a series resistance and condenser
with a neon lamp across the latter. The time constants of the two circuits are
different (corresponding respectively to a " dot " and a " dash " in Morse). When
either valve is not conducting its anode potential rises causing its time circuit con-
denser to start charging : when the condenser potential reaches 180/200 volts the
neon lamp discharges and the lamp circuit is so connected that this applies a large
instantaneous positive potential to the grid of the valve which has not been con-
ducting. This causes conduction in this latter valve to start which, through the
interlock, stops conduction in the other valve-in effect, the gas relay " switch "
is changed over. When the second valve time circuit has operated, the " switch "
is changed back and so on.

The anodes of the gas relays are connected by external leads to the screens of
the frame phasing valves (MPT.42's).

To assist the change over a condenser is connected between anodes. This is,
of course, charged by the difference of potential between anodes, and when valve
No. i is conductive, this side of the condenser has the lower potential. When
the time circuit of valve No. 2 operates, the positive side of the condenser is
taken with the anode of No. 2 to a potential near " earth " and the other side
of the condenser (which is at lower potential) is instantaneously depressed below
" earth " by virtue of the condenser charge. As the negative side of the condenser
is connected to valve No. i, the anode potential of this valve is also brought
below " earth " and conduction stops.

The troubles which might otherwise arise, owing to the neons not completely
discharging the respective time circuit condensers, are overcome by the use of two
three -electrode valves (Type M.H.4). Each triode has its anode connected to the
positive side of one timing condenser and its cathode to the other side. Its grid is
connected to the interlock potentiometer tapping feeding the gas relay valve with
which the particular timing condenser is associated. The result is that whilst the
grid of gas relay No. i is negative and its timing condenser charging, triode No. 1
(across this condenser) has its grid biased past cut off and does not interfere with
the charging. When neon No. i discharges and gas relay No. i commences to

( 19 )



Marconi Aerodrome Approach Beacon Equipment, Type WBD.4.

conduct, however, triode No. Z also conducts and completes the work of discharging
timing condenser No. z already commenced by the neon lamp.

Since " keying " is effected by phase reversal only, there is a complete absence
of the " key clicks " associated with other methods of beacon keying which tend to
destroy the definite continuity of the note received along the equi-signal zone.

The signaller will operate with the triodes removed but is then faster in opera-
tion and more dependent upon equality of neons.

- I +
N 1 N Z ®I-----

FIG. 4.

®I

Ss- -----10.-

Means of checking the phase relationship of the currents in the open and frame
aerials are provided. For this purpose each aerial circuit is coupled through small
condensers to a common potentiometer from which a tapping is taken to the grid of
an anode bend rectifier valve. The feed current to this valve is indicated by instru-
ments on the transmitter and at the remote control point respectively. When the
currents in the frame and open aerials differ by precisely 90 degrees, the reversal
of the phase of the frame aerial current makes no difference to the potential on the
grid of the valve, whatever the relative amplitudes, so long as the latter remain
constant. Any divergence from 90 degrees phase relationship results in fluctuations
of potential on the grid causing feed current variations which are revealed by the
check meters referred to above. Íncorrect phasing would, of course, produce field
patterns of other than cardioid shape and destroy the formation of the correct equi-
signal zone.

For working telephony the modulator consists of a single L.F. stage (P.X.4
valve) with a resistance in the anode circuit, the positive of the H.T. supply being
earthed.

The junction of the resistance and the valve anode has, therefore, a potential
below earth corresponding to the drop in the anode resistance determined by the
instantaneous grid bias. The grid is fed by means of a microphone transformer,
the primary of which is connected to the microphone circuit which is energised from
a copper oxide rectifier.

The anode of the modulator is connected to the grid circuit of the magnifier
valves of the open aerial channel so that the bias on the latter is controlled by the
modulation.

For telegraph keying a relay is arranged to earth the screening grids of the same
valves when the key is open.

Owing to the large number of different potentials relative to earth required by
various parts of the transmitter a special rectifier system is provided.
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Each unit incorporates one transformer with a centre tapped secondary and
two rectifying units. "1 he units are interconnected as shown in Fig. 4, the current
path. ran v ,itive and negative half cycles being as shown by the dotted and chain -
dotted line, respectively. One secondary centre tap, several stages from one end,
is cartin d. Connections to higher c,r lower stages give voltages positive or negative
G ít h re -.pert to earth. Voltage steps of approximately one hundred volts are used.
Separate smoothing must, of course, l)e used on each output, but better regulation
and -mailer losses are obtained than would be possible if a smaller number of supply
voltages in combination with 1-1.T. breakdown resistances were used.

A steel frame is provided with runners into which the units slide so that it is an
¿a v matter to add extra units or provide isolated supplies if required.

FIG. 5.

Marker Beacons, Types WBD.4b and WBD.4c.
The Marker Beacons are small mains operated self -oscillating transmitters of

which the components are mounted in weathertight metal cases arranged for mounting
on one of the Marker Aerial supporting poles.

Their construction is illustrated in Fig. 5. The aerials employed in each case
consist of a long single wire T aerial supported on poles a few feet only in height and
are placed athwart the line of flight.

The frequency of the radiated energy is automatically varied by means of a
small motor -driven variable condenser connected across the flywheel circuit, which,
in conjunction with a fixed condenser in series with it, causes the frequency to
increase and decrease at a rate depending on the speed at which it is rotated by the
motor.

The mean frequency of the marker is adjusted to that of the Main Beacon and
varies through plus and minus 2 kcs., so that the beat note set up between the two
transmissions is heard by the pilot as he passes through the restricted area over
which the marker radiates as a " wobbling " note whose pitch rises and falls at a
constant rate.

The rate of this " wobble " usually employed for the Distant Marker is of the
order of t} periods per second, distinguishing it from the Boundary Marker, of which
the rate is approximately 5 periods per second.
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The aerial current required to produce the necessary range of this interference
field is very small, a fraction of an ampere in the low aerial provided being sufficientfor the purpose.

Power can be taken from any suitable source near to each Marker site and neednot necessarily be derived from the same supply that is used in the Control Tower.
Remote Control and Monitoring.

All three transmitters are capable of being switched on from the Control Tower,which is not necessarily close to either Main Beacon or Boundary Marker. Monitoringindications are available in the Control Tower to show that each transmitter is func-tioning correctly.

A special Control Unit for these purposes is provided with its own self-contained
rectifier for operating line relays on the three transmitters. In the case of the
Marker Beacons the relays merely have to switch on and off their respective trans-mitters but the Main Beacon relays also change over the transmitter connectionsfor telegraphy and telephony.

Each of the three transmitters has a check circuit consisting of a few turns
coupled to the aerial circuit and a copper oxide rectifier for transmitting D.C. (rec-
tified H.F.) back to the Control Tower, where it energises a relay closing a localcircuit. This circuit may he used to light conveniently placed lamps in the Control
Tower from the local supply.

In the case of the Main Beacon a further indication of correctness of relative
phase of frame and open aerial currents is given. The supply to the transmitter
meter giving the corresponding indication is fed back over special lines to a secondinstrpment at the Control Point. The microphone and Morse key for telephonyand telegraphy communication respectively are connected to the remote control
unit and brought into circuit automatically as required by the operation of the
corresponding control switches.
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