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Proceedings of the Institute of Radio Engineers
Volume 17, Number 12 December, 1929

TYPICAL WIRELESS APPARATUS USED ON
BRITISH AND EUROPEAN AIRWAYS*

BY

EDWARD H. FURNIVAL

(Marconi's Wireless Telegraph Company, Limited, Marconi House, London, England)

Summary-The information given in this paper is based in the main on the
system in operation on British airways. European airways follow to a greater or
less degree the general principles underlying the system described.

SERVICE REQUIREMENTS

HE apparatus is designed to comply with the following service
requirements :-

(a) Two-way communication is required, i.e., from ground to
air and from air to ground.

(b) Reliable working is required normally up to distances
of 100 to 150 miles, with the possibility of longer ranges being
attainable up to a maximum of 250 miles when working with a
main airport station.

(c) Radiotelephony is required for European airways. CW
with the possibility of telephony, is employed on the

Empire air routes, and also on certain European routes.
(d) Ground station receiving apparatus must be capable of

giving directive reception so that bearings can be taken on trans-
mission from aircraft, and by coordinated operation by a group
of such stations, positions can be worked out by triangulation
and passed to aircraft requiring information. Alternatively, a
single bearing can be passed from one ground station alone.

(e) The wavelength on which communication is carried out
between aircraft and ground stations is f,' 0 0 meters.

(f) A separate hand -speed simplex telegraph service on a
different wavelength is provided for inter -aerodrome traffic.

(g) A telegraphic broadcasting service is provided on another
wavelength for the dissemination of meteorological information.

EXPLANATION OF SERVICE REQUIREMENTS

(a) Communication from aircraft to the ground stations is
needed for the following main purposes:-

For distress calls. (This service is of primary importance to commercial
aircraft flying to and from the Continent, owing to the channel crossing.)

* Dewey decimal classification: 8520. Original manuscript received by the
Institute, October 31, 1929.
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2124 Furnival: Apparatus Used on British and European Airways

For reporting positions and progress.

For the acknowledgment of messages received from the ground stations
For position finding by the ground station direction -finders.

For reporting weather conditions of the upper atmosphere.
For announcing changes of course or destination.
For service messages, etc.

Communication from ground stations to aircraft is required for
the following purposes: -

For passing weather reports.

For passing bearings and positions.

For giving information as to the proximity of other machines.

For acknowledging messages received from aircraft.
For passing service instructions, etc.

(b) As regards working range, this in the main is governed
by the length of the stage or trip from one terminal to another.
This distance may be of the order of 200 to 300 miles. Although
intermediate aerodrome stations are available it is generally
considered desirable to provide apparatus which will enable
contact to be maintained by the aircraft with one or other of the
main terminal stations, hence a reliable telephonic range of 100
to 150 miles is needed, telegraph ranges being proportionately
greater.

(c) The most suitable type of transmission to employ has been
the subject of much careful investigation. The reason for teleph-
ony is twofold. In the main it is to enable adequate communica-
tion to be carried out by flying personnel (either pilot or flying
mechanic) without the intervention of the professional wireless
operator. By this means encroachment on "pay load" is avoided,
excepting by the carriage of the apparatus itself.

Incidentally it happens, however, that wireless telephony
is particularly suitable in some respects for aerial communica-
tions. Given good intelligibility (by no means an easy attainment
under 'flight conditions, but nevertheless one which can be ob-
tained with well developed technique) communication is quick,
and the pilot is enabled to maintain direct contact with the re-
sponsible official on the ground.

In the big machines and flying boats employed on the Empire
air routes an operator is carried. Longer ranges are often needed,
and it becomes advantageous to use CW telegraphy, with teleph-
ony as a stand-by, if required.
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(d) It is a well-known fact that the directive properties of
wireless can be used as a valuable aid to navigation. There are
several ways which are capable of employment, but the one most
generally used in Europe is by directive reception on the ground,
and a network of such stations has grown up to serve the needs
of commercial aviation.

It is usual to carry out normal communications on the direc-
tion -finding receiver, which can be immediately employed as a
directional instrument when a call for a bearing or a position is
received.

This system has the advantage that no extra weight or com-
plication is involved so far as the aircraft is concerned, but where
machines have to fly long distances, off the track of organized
routes, then it becomes a case for carrying the direction -finding
receiver on the plane, and special instruments have been developed
for this purpose.

It is therefore normal to equip the modern airport with a
direction -finding receiver of high grade. As is the case at the
London Terminal Aerodrome, this may be situated actually in
the control tower, the corresponding transmitting equipment
being located outside the boundary of the aerodrome, remotely
controlled from the control tower receiving station.

(e) For inter -aerodrome traffic separate transmitting and
receiving equipment is installed to form an entirely independent
channel of communication.

Messages concerning the arrival and departure of machines,
service instructions, etc., are handled in this way.

(f) For the dissemination of meteorological information a
separate wavelength is used, and the more important centers
employ a separate station which sends out reports at stated in-
tervals in the form of telegraphic broadcast messages in code.
At present the following wavelengths are used:-

(a) For working between aircraft and ground stations 900
meters (this wave may be supplemented by others within the
band 850 to 950 in the future, owing to traffic congestion).

(b) For inter -aerodrome working, 1400 meters. (214 kc per
sec.)

(c) For meteorological services, 1260 meters. (238 kc per sec.)
(d) For emergency working between aircraft and ships and

coast stations, 600 meters.
As it is possible that there will be a considerable revision in the

allotment of wavelengths in the future, it was thought necessary to
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cope with this probable development by providing fairly generous
wave ranges in all standard apparatus.

TECHNICAL DESCRIPTION OF APPARATUS-AIRCRAFT EQUIPMENT

A typical aircraft set which is commonly employed is the Marconi
type AD6. This set is suitable for the transmission and reception of
continuous wave, interrupted continuous wave, and telephone mes-
sages with aerodrome ground stations up to distances of 100 to 300
miles. Where space and personnel permit, the apparatus can be in-
stalled in such a position that the operator or observer has access to
and full control over all adjustments, and can therefore take full
advantage of the wave range and flexibility of the installation. In
such cases, the dual control equipment is particularly useful, as it
enables the pilot and the observer to communicate with one another
without using the wireless.

6 Di, WC

MI6 DXNIG ILL

Fig. 1

(1) High -frequency amplifying valve. (6) "Send -receive" switch.
(2) High -frequency amplifying valve. (7) Microphone transformer.
(3) High -frequency amplifying valve. (8) Sub -modulating valve.
(4) Detector valve. (9) Modulating valve.
(5) Low -frequency amplif ing valve. (10) Oscillating valves.

11) Side tone transformer.

Where space is restricted and where no observer or operator is
carried, the set can be mounted in any convenient part of the machine,
the remote control unit enabling the pilot to operate the set himself.

The wave range obtainable depends to a certain extent on the
electrical capacity of the machine to which the set is fitted, which,
in turn, depends largely on the size of the aircraft. When installed on
a machine having an electrical capacity of about 0.0003 if, the trans-
mitter is adjustable to any wavelength between the limits 300 meters
to 1,500 meters. The receiver is adjustable to any wavelength between
200 meters to 1,800 meters.
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Owing to the extremely efficient radiator which is formed by a
weighted wire suspended in space from the machine, this system has

found universal application. Its advantages are twofold:- First, it
enables the maximum range to be obtained from the minimum of power
and weight, and secondly, such an aerial forms an extremely good
"pickup" for the receiver, and this helps materially to maintain a
favorable signal strength to ignition noise ratio, thereby tending to
avoid ignition interference problems. Its disadvantage is the attend-
ant risk of losing the aerial, especially during low flying under bad
weather conditions, or by inadvertent loss when letting it out.

The modern tendency is to fit a supplementary fixed aerial on
the larger aircraft, for low flying, especially in the vicinity of the aero-
drome. The risk of loss due to operational causes is practically elimi-
nated by the specially designed aerial winch which automatically
controls the speed of release of the aerial.

The components of both transmitter and receiver are mounted
in one box fitted externally with strong lugs, to which the rubber
shock absorber suspensions can be conveniently attached. In spite
of the extreme compactness of the apparatus, all components are
readily accessible and can be removed by any qualified mechanic for
examination or repair. A simplified diagram of connections is shown
in Fig. 1.

The transmitting system comprises:-
(1) An aerial tuning inductance with tappings for varying

the wavelength in steps and a variometer for obtaining inter-
mediate values of wavelengths.

(2) Two oscillation valves for energizing the aerial circuit
coupled to the aerial by means of a grid variable reaction coil

and an anode tap connection on the aerial tuning inductance.
A useful provision is the side tone circuit which enables the opera-
tor to overhear his own speech and to check whether the speech
is being correctly transmitted.

(3) A modulating system consisting of a control valve and a
sub -control valve connected in cascade across the generator and

speech choke.

The receiving system comprises:-
(4) A tuner for high -frequency selection.
(5) A five -valve amplifier. One valve is used for reaction,

two for high -frequency amplification, using "resistance -capacity"
intervalve couplings, one for rectification and one for low-fre-

quency amplification.
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Fig. 2-Simplified diagram of connections of type R.G.14 receiver.
1. Directional selector. 6. Tuned high -frequency grid circuits.
2. Tuned search coil circuit. 7. Rectifying valve.
3. Intermediate tuning circuit. 8. Local oscillation generator. '
4. Open aerial coupling valve. 9. Low -frequency amplifiers.
5. High -frequency amplifiers.

TO RELAY LIMY a
mamovuanNG Krim

Fig. 3-Simplified diagram of connections of 4 -kw
telephone transmitter.

1. Aerial tuning inductance.
2. Closed circuit inductance.
3. Closed circuit condenser.
4. Power amplifier valve.
5. Modulating valves.
6. Sub -modulating valve.

type T.A.1 telegraph -

7. Rectifying valves.
8. Independent drive valve.
9. Drive closed circuit.

10. Power transformer.
11. Smoothing system.
12. Signalling relay.

13. Interrupter disk.
Switches A, B, C, D, and E change the circuits to CW-ICW or telephony and are

controlled by a single two-way lever.
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The anode circuits of receiving valves are supplied with current
from the generator. With the "send -receive" switch on the receive
side the high-tension voltage of the generator is reduced to about 100
volts by the insertion of a high resistance in the high -voltage field of.
the generator.

The remote control unit is purely a mechanical device with four
levers which operate, through Bowden cables, the following adjust-
ments:-

(1) Change -over "send -receive" switch.
(2) Aerial tuning condenser.
(3) The receiver valve filament resistance.
(4) The receiver reaction coupling.

The unit is designed in a convenient form for mounting within
easy reach of the pilot, and can readily be detached from the respec-
tive handles if and when required.

For the power supply a wind -driven generator is employed, operated
by an automatic constant speed propeller. The generator used with
the AD6 has a total output of about 180 watts, made up as follows: -

100 milliamperes at 1350 volts.
6 amperes at 7.5 volts.

The low -voltage output is sometimes increased and arranged to feed
the lighting circuits of the aircraft through a suitable switchboard.

A small thin plate accumulator battery is connected so as to float
across the low -voltage output. This arrangement is found very con-
venient for smoothing the ripple from the machine, and also for routine
testing on the ground.

One or two other features are worth mentioning, namely:-
The microphone is of special construction, being highly damped to

cause it to be relatively insensible to extraneous noise. The acoustic
properties of the telephones are selected with care to ensure a quality
of speech reproduction which can be readily understood above the
surrounding noise. It is possible to shut out a considerable amount of
noise by carefully designing the flying helmet, and it has been found
desirable to issue a special helmet to ensure the most favorable re-
sults for reception, especially on noisy machines.

Intercommunication between pilot and operator or mechanic is
arranged for by a separate attachment, while if telegraphy is required
a keying unit with selector switch can be plugged into the main set.

The weight of the complete equipment is approximately 100 lbs.
Where greater power is required, such as in the flying boats operat-

ing in the Mediterranean section of the London to Karachi air route,
the Marconi type AD8 installation is in use. The characteristics of
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this set are generally similar to the AD6, but the power input is in-
creased to about 400 watts.

IGNITION INTERFERENCE

Where necessary this source of trouble is removed by the screen-
ing of the ignition system. Metal braided wire is used for the ignition
leads associated with covers for the magnetos, and if necessary the
spark plugs. Switch wires are often offenders, and require similar
protection. Care has to be given to the application of this system, and
it is desirable to make it as far as possible weatherproof.

Fig. 4-Transmitting station at Croydon.

TESTING EQUIPMENT

In order to provide the simple routine procedure necessary for the
effective testing and adjustment of aircraft wireless apparatus, the
Marconi Company has developed a series of standard testing sets to
permit of a series of accurate and precise tests. Their application ena-
bles an expert technician to carry out ground tests expeditiously and
with the minimum of time and effort.

,-.......,.MINM-



Furnival: Apparatus Used on British and European Airways 2131

The principal item of this equipment which is in use at the terminal
aerodrome is an instrument comprising a combination of an artificial
aerial and a wavemeter. By the use of this device the equipment can
be tested either in situ or on the bench. Oscillation condition, wave-
length, and modulation characteristics of the transmitter can be readily
checked while the receiver can be tested for sensitivity and wave-
length with sufficient accuracy for practical purposes. For tests during
flight a set of meters suitably mounted in unit form can be plugged into
the set to test the power distribution to the filament, plate circuits,
etc.

For tests on the ground a portable petrol engine is employed to
provide power in place of the usual wind -driven generator.

Fig. 5-Control tower showing direction -finding aerial system, Croydon.

By a carefully arranged system of ground tests aided by this equip-
ment the maintenance engineers, assisted by reports from flying per-
sonnel and ground stations, are able to keep the equipment in an effi-
cient state although they seldom have the opportunity of handling the
apparatus in flight along the routes.

GROUND STATION EQUIPMENT

A typical modern ground station equipment. for a main terminal
aerodrome is the station recently established by the Air Ministry at
the London airport at Croydon. This comprises a group of four trans-
mitters working in conjunction with direction -finding receiving equip-
ment.
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In order to centralize and co-ordinate control, the direction -
finding receiver is situated at the top of the control tower on the aero-
drome. From here the operator, who works virtually side by side with
the traffic officer, controls the transmitting equipment placed some
21 miles from the boundary of the aerodrome.

Under the control of this operator the direction -finding receiver,
on which all messages are received, was specially developed by the
Marconi Company for this service, and is designed for the reception
of CW, ICW, and telephone signals. A local oscillation generator is
embodied in the receiver for the purpose of reception.

Fig. 6-RG14 installed in control tower at Croydon.

Three types of reception are provided for, namely, the "circle"
or all-round diagram, the double directional or "figure -of -eight" dia-
gram, and the uni-directional or "heart shape" diagram. A valve -
coupled phasing unit incorporated in the receiver enables the uni-
directional diagram to be made any desired shape, thus adding consid-
erably to the selective properties of the receiver.

The receiver is used with two triangular fixed loop aerials and a
single -wire open aerial, and radiogoniometers or directional selectors
have been designed whereby more than one receiver can operate upon
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a common aerial system, thereby saving considerable expense when
multi -way reception is required. The degree of accuracyobtainable with
either the single or multi -way equipment is exceedingly high. For
single -way reception the receiver is provided with a single direction -
finding unit, and for multi -way working each receiver is provided with
a double direction -finding unit, and a small artificial aerial unit.

The search coil of the radiogoniometer is tuned by a condenser,
and can be coupled direct or via a tuned intermediate circuit to the
special four -stage high -frequency amplifier. Each of the four high -
frequency amplifying stages and the intermediate circuit is tuned by
means of a condenser, and a gang control enables quick searching
over a band of about ten per cent on either side of any desired spot
wavelength to be obtained, at the same time keeping the overall
amplification constant.

The various units of the receiver comprising the high -frequency
tuning circuits, the high -frequency amplifier, the rectifiers, the local
oscillation generator, and the low -frequency amplifier are mounted
on the back of a vertical metal panel fixed to a rigid framework which
slides into a teak containing case. The units are mounted in screening
cases which can be easily removed when necessary. The various cir-
cuit adjustments and valves are mounted on the, front of the
panel.

With regard to the transmitting station, four separate and com-
plete transmitters of the Marconi type T.A.1 are provided, each hav-
ing a power input of 3 to 4 kw.

These sets are grouped together in one building, and are supplied
with power from a motor alternator of sufficient capacity to feed the
four units simultaneously. The motor alternator is duplicated, and a
petrol electric plant is provided in reserve in case of failure of power
from the supply mains.

Each transmitter has its own aerial system and each can be ad-
justed to operate on any wavelength between the limits of 800 and
2000 meters.

Provision is made in this type of set forsthe transmission of teleph-
ony and telegraphy ,either by CW or ICW, while an independent
drive is incorporated to ensure a sufficient degree of wave constancy.

Modulation is by the well-known choke control method, the main
control valves being arranged to act as absorber valves while keying.

The oscillation generator, modulating and rectifying system is
contained in a metal cabinet, together with the independent drive
apparatus, while external to this are mounted the astatically connec-
ted aerial tuning and closed circuit inductances and condensers.
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Four inverted L aerials of the four -wire cage type are grouped
around the building supported by 100 -ft. towers.

Power for each of the transmitters is supplied from the main alter-
nator at 350 volts at 300 cycles and this is stepped up by a transformer

Fig. 7-Type AD6H instrument box.

to from 5000 to 10,000 volts, rectified by two rectifying valves, and
smoothed by condensers and chokes.

Filament heating is arranged from the same source except for
the sub-modulatorS, which are heated from a separate d -c supply.
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A system of relays is provided to enable the plant (which is in
charge of a station attendant) to be under the complete control of the

Fig. 8-Type AD8 instrument box.

aerodrome operator, the two stations being connected by a suitable
multiwire underground cable for this purpose.

Two of these transmitters are allocated to aircraft services; another
is for the 1400 -meter inter -aerodrome traffic; while the fourth is a
stand-by set.
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This plant has a guaranteed telephonic range of 250 miles to a
standard aircraft set of the type A.D.6.

At intermediate airports similar telegraph -telephone and direction -
finding receiving equipment is provided, but less power is required and
the transmitting plant is simplified in various ways Generally only
one complete transmitter is installed.

CONCLUSION

It has only been possible within the scope of this paper briefly
to touch on the salient features of the apparatus described; further-
more, it has only been possible to mention one or two of the main
types of stations emplOyed. Constant expansion and improvement are
taking place and what is current today will no doubt soon be super-
seded.

New methods and improvements in direction-finding are constantly
being envisaged, while the employment of short-wave transmission,
either as an alternative or as an adjunct to the existing long-wave
system, has certain attractive possibilities.

The advent of the light plane movement also opens up rather a
new field and special apparatus suitable for the private owner (the
type AD.22) has therefore been developed and is now available for
the light plane private owner.

A new type of set suitable for air -route working has also recently
been developed (the AD.18). It is more powerful than the A.D.6,
incorporates an independent drive, and has improved modulating and
receiving circuits.

+->-<01..-


