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It only remains to indicate the lines on which the
most recent apparatus with which the author is concerned is developing.
The International Convention having laid, this down
as the maximum allowable, the transmitter will deal
with an input of ioo watts, and choke control will be
retained. All types of transmission will be provided
for. The receiver will have three high-frequency
magnifications and! one low, making with the detector
five valves, and the combined transmitter and receiver
will be worked irom one remote control. Batteries
will have to be retained at present for filament lighting,
but tbey can be small ones floating across the generator ;
and there seems good reason to hope that in the near
future a perfectly silenced and regulated generator
will permit of the abolition of the battery, all current,
even for the receiver, being supplied direct from the
dynamo.
Ground stations will be equipped for direction-finding
with a transmitting mast one or two hundred yards
away controlled from the receiving building, and matters

will probably be so arranged that the ordinary P.O.
land lines can be plugged direct on to the wireless, so that
a man may talk direct from his otffi.ce to a machine in
the air.
Unfortunately, switching-over will still be necessary
until such time as the ideas which will shortly be set
forth in a paper by Captain Eckersley come to
fruition.
In conclusion the author wishes to express his thanks
to the Air Ministry for permission to use the information
given in this paper, and he would like to pay tribute
to the memory of the late Captain Cecil Marks, to
whose enthusiasm and encouragement was due almost
the very birth of aircraft telephony, and whose death in
action was a real loss. Moreover, no paper on this
subject would be complete without mentioning the
names of Captain McDougald and Captain Furnival,
the author's earliest assistants and co-workers, or
that of Major Robert Orme, who was for so long the
loved and able Commanding Officer of the R.F.C.
experimental wireless.

DISCUSSION.

Captain J. M. Furnival : An interesting point
in connection with the development of the pilot-operated
set is that of the substitution of high-frequency magnification for the reaction and low-frequency circuit employed
in the Mark III tuner. This is surely a big step in advance
not merely from the point of view of a gain in sensitiveness, but rather of increase in reliability. To depend
on reaction for ranges, the greatest care and experience
is necessary, especially where test flights are few and
far between. It is rather a problem to arrange an
efficient ground test which will indicate truly that the
set will come up to oscillation point in the way it should
in the air. I think this was one of the main troubles
of the maintenance officers, and one which will quite
disappear with the introduction of high-frequency
magnification. Under the subject of speech control,
the author mentions that in certain conditions it is
an advantage to employ an additional control valve
on wireless-telephone transmitting sets. Such a system
was successfully applied, I think, by Captain Murphy
to an R.A.F. n transmitter at Marquise. In this case
a small 20-watt service valve was successfully employed,
thereby considerably increasing the efficiency of the
station. There is a point in connection with the design
of the air microphone which is perhaps worth mentioning.
Not only is it necessary to choose a diaphragm of suitable
thickness, but the actual material of which it is made
is important. Various substances were tried, namely,
carbon, steel, ebonite, celluloid, aluminium, and mica.
Mica is the best, probably being a • substance the
natural period of which is least affected by engine noise.
Aluminium also gives good results. It is interesting to note
that the diaphragm of a gramophone is made of mica, and
in this case also there is a certain amount of extraneous
noise, due to the needle rubbing over the record, which
it is necessary to suppress as far as possible. I should
also like to mention the work of the wireless telephone
officers, both wireless and flying, of the Royal Air Force

who by their enthusiasm and combined efforts broke
down the barriers of natural prejudice and laid the
foundation of an organized wireless telephone service,
which it is obvious will play a large part in aircraft
communications of the future. The time has come when
telephone fittings and wiring can be conveniently incorporated in the actual design and manufacture of aeroplanes. In war time the work had to be done after the
machine was in service. This necessity led to the formation in France of what might be termed a " Telephone
Service Section " whose duty it was to equip squadrons
and supply them with serviceable apparatus and trained
personnel. After the Armistice this Section equipped
the Folkestone-Cologne mail route, both ground stations
and machines. Machines were flown over to the depot,
and within two or three days were fitted, tested, pilots
trained, and helmets fitted for head receivers. One
test flight was made in which the pilot operated his
olMh set, and if passed as proficient, he returned to his
squadron. A careful check of the working of the communications was made by arranging for an inspecting
officer to fly periodically up and down the route and
keep a careful check on the working of the stations.
Captain H. J. Round : The author and I have
worked together a good deal during the last 10 years on
various wireless subjects, and we have usually been
in agreement; but during the early stages of the war
I have very distinct memories of many attempts on
my part to divert his work because of certain difficulties
and many objections I saw to wireless telephony in
the air. In the main he was correct, but in one or two
particular cases I still think I am right. One case I
can call to mind was the question of flight control. This
was, I believe, worked out very completely but never
actually put into war practice. All the author's wireless
telephony was done with small power, in fact large
power was not possible at the time. Owing to this use
of small power, the immediate answer of the enemy to
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our flight control would have been to fit their fighting
flights with £ kw. quenched-spark jamming outfits.
Our own flights, trained to manoeuvre with wireless
telephony, and not so well trained to visual control,
would have been at once at a disadvantage and I could
see no immediate technical answer to their jamming.
The large organization worked out for flight control
would have thus been rendered useless until a much
more powerful set was evolved. Anyhow I think this
particular case points every time to the use of more power
whenever wireless is used in active areas, and where
interception can do little harm. Peace sets are being
more generously designed, and, from the standpoint
that our peace sets should be as adaptable for war as
possible, this is a very good point. I should like to
challenge the author on his statement at the bottom
of page 380, col. 1. Although both the grid and choke
controls are actually very complex in action and it is
difficult to say how much of any one action is coming
in, grid control in the main is a method of choke control
where the same valve is used both for voice magnification and for oscillation purposes. The grid control
is very considerably improved by inserting an anode
choke, and when .this is used the power considerations
are the same, and generally the aerial ammeter does
not move when one is speaking. I think that, except for
small sets, the days of both anode and grid control are
over. In some recent work, I have gone back to the
circuit of Fig. 1, one of the best methods for controlling
large power with the minimum voice distortion, of course
with the microphone replaced by instruments which
will handle more current.
[Communicated) : I should like to add a short historical sketch of some of the valve transmission work
we did from 1913 onwards. Although the work was
for the most part on telegraphy and not telephony,
the apparatus involved was practically the same. In
1913-1914 we were developing a valve system of sending
and receiving both telephony and continuous waves.
Such a system was evolved and practical apparatus
exhibited early in 1914, various patents being taken out.
This work was of course developed on the lines indicated
by the work of De Forest, Lieben, Reiss, Meissner, and
Franklin. During this period we evolved, amongst
many other things, the anode and grid control methods,
and also the plain aerial method of using valve transmitters. Unfortunately, lack of vision—perhaps the
thought that they were rather obvious things-—prevented
the grid and anode controls being patented, but I well
remember that the grid control was produced as a
natural evolution of the anode control because it used
only one valve, and that was a very good point in the
days when each valve required watching. Both methods
were actually tested at Marconi House and elsewhere,
and good results were obtained. The high-frequency
control was also evolved, similar to the method mentioned by Mr. Turner, and this was patented. At that
time, currents in the aerial so seldom exceeded 1 ampere that microphonic control was always found to give
the best quality of speech and was more usually used.
When the war started, other more important work
stopped development for a time, and Major' Prince
carried on the development of our set to make it suit-
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able for the air. During 1915 the development of the
self heterodyne and the use of plain aerial circuits in
reception suggested to me the revival of the plain
aerial circuit which I used in 1914 for continuous-wave
transmission. Urged on by the late Lieutenant Hyde
Thomson, to whose brilliant imagination I should like
to pay great tribute, we made up the first continuouswave plain aerial transmitters for aeroplanes, airships,
and ground stations, and, I believe, made the discovery
of the extraordinary range possible with short continuous
waves using self-heterodyne receivers. I will quote
three cases of this. Late in 1915, Lieutenant Tomlinson,
with a 20-watt continuous-wave plain aerial transmitter
constructed in my laboratory, went up at Wormwood
Scrubbs in a small S.S. airship, and his signals were
easily received with one valve 400 miles away at Aberdeen,
the wave-length being 1,200 metres. Major Binyon,
flying from Eastchurch to Eastbourne in an aeroplane
with the same set, was read in London with very loud
signals, and the operator listening at Eastchurch reported
hardly any change in strength during the complete
flight of the plane. Thirdly, a similar set erected at
Folkestone, with a 70 ft. aerial wire completely inside a
two-story house, was read easily at Marconi House, about
60 miles away, on one valve, and was also simultaneously
read at Calais. One of these sets was, I believe, actually
the first continuous-wave set used in the British Army.
These results can be repeated at any time as everyone
knows now, but I believe they were new then. In all
cases the practical details of the development were
carried out by others.
Professor R. Whiddington : The apparent broadening of the wave during telephony is really fundamental
and unavoidable. A slightly damped (telephone)
receiving circuit, therefore, while responding to the
radiation as a whole, will always select that particular
frequency for which it is actually atuned. This
phenomenon, while always present in some degree,
is particularly marked when the radiation is weak,
and in consequence the receiving circuit is worked
very near the limit of reaction. In such a case as
this, loud speech may be obtained, but distorted to
such an extent perhaps as to be unintelligible. An
interesting experiment, and one easy to carry out,
affording a practical demonstration of these multiple
waves, is to analyse by an ordinary wave-meter the
radiation from a valve oscillating-circuit using an
alternator as the source of power. The carrier wave
is then modulated according to the frequency of the
alternator and the wave-meter detects at least two
frequencies on either side of that corresponding to
the radiating circuit, the frequency difference depending
on the period of the alternator. Mr. Turner has referred
to the possibilities of the " dead aerial " system in
wireless telephony, the system in which the carrier
wave only comes into action when the voice affects
the microphone. During the war I carried out experiments resulting, I believe, in the first successful two-way
telephony along these lines.
Captain P. P. Eckersley : It should, I think, be
realized by those who have read this paper that the
achievement of bringing the aircraft telephone to its
present state of perfection has been a problem of pro-
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paganda as well as a technical one. Whereas early in
1915 the average pilot looked upon all wireless on machines
as " another gadget," in 1919 certain pilots on the postal
routes refused to fly without a wireless telephone. On
the technical side the introduction of remote control,
the simplicity of the adjustments, and the lightness
of the apparatus have all helped to convince the nontechnical users of the possibilities of the apparatus,
and for war purposes it is difficult to see how the sets
could have been bettered. On pages 377 and 378
the author records how spoken messages at St. Omer
were heard 100 miles away, the transmitting aerial
current being only 0*25 ampere. The wave-length
used was 300 metres, and this largely explains how such
a remarkable range was obtained. The standard
R.A.F. set used 450 metres and an aerial current of
0-4 ampere, and.in the Cologne postal route gave remarkable ranges. It seems therefore, from a study
of these results, that short wave-lengths are very desirable for aeroplane telephony. The International Air
Convention has, however, legislated that the aircraft
wave shall be 900 metres, a rather retrograde step when
it is realized that the resistance of an aeroplane aerial
is high in any case. Even though we are allowed five
times the power of the author's set, this is therefore not
being utilized to anything like its best efficiency, since
the radiation resistance is cut down many times and
introduces further problems in winding high-inductance
aerial coils which necessarily militate against efficiency.
Jamming is of course a factor to be very seriously
considered, but if free aether could be sought among
the lower wave-lengths the designers of modern aircraft
gear would be less hampered and could for the same
ranges construct lighter apparatus. On pages 378
and 379 the author refers to methods of modulation and
discusses them in relation to the receiver. I think the
designers were very happy in their choice of the choke
control, as it gives an ideal and stable method of control.
What perhaps is not sufficiently emphasized in the paper
is the fact that choke control uses the power available
in the carrier wave to a maximum. That is to say, it
controls the intensity of the antenna current not only
below the line of constant output but above it. Any
control which merely reduces output must on the face
of it be less efficient than one that both increases and
decreases it. Neglecting therefore the power absorbed
in the control valve, the wave-length change and the
bad regulation of the choke transformer, one would
expect the current change apprehended by the detector
to be twice as great with choke control as with, say,
grid control. Mr. Turner has referred to choke control,
and has said that the method is wasteful of power.
I do not think that is truly so, because, when it absorbs
power, that power is stored up in the choke and is
released afterwards, being analogous to a vibrating
pendulum. I think the circuit that Mr. Turner described
is a very old one and very well known. Captain Round
used it with considerable success, and in America I
believe it is very largely used. Professor Whiddington
referred to the quiescent aerial system. I think one of
the troubles about this system at present is that it gives
very poor speech. I do not think much has been gained,
even if the quiescent aerial system is successful, the

problems of receiver protection still remaining. Speech
quality with the choke control was, I think, very good,
but it becomes increasingly apparent that the characteristics of the receiver influence speech quality nearly
as much as the circuits of the transmitter. This is
brought out on page 379, where the author points out
that by pushing reaction to its limits freak results are
obtained. Reaction on the receiver, although tending
to raise the intensity, certainly distorts speech at times.
This may be due to the narrow resonance curves excluding essential frequencies in the received waves, or
again may be produced in the detector valve by intensifying, the carrier wave so that " wipe out " is produced.
The consequent distortion may be rectified by mistuning, but this quality of the largely reactioned
receiver is not a good one as it makes two adjustments
mutually interdependent, a bad quality for pilotoperated sets. Thus the line of development is indicated
in the author's concluding remarks, where he points
out that the latest types of receiver employ high-frequency
magnification which makes intense reaction less necessary
for a given range and so gives two independent adjustments, signal intensity and tuning, both of which should
not greatly interfere with quality. Those who have
had much experience with telephony have perhaps
been sometimes worried by " breaking " of speech, as
the author points out on page 378 in connection with
one experimental circuit. Such breaking can sometimes occur even with choke control, although it is
less susceptible to this trouble. This is, I think, bound
up with the oscillating circuits and particularly the
position of the mean grid volts line on the oscillating
valve. There are broadly two possible states of oscillation bound up with the mean grid volts, one the trigger
condition where the oscillation dies suddenly when
the reaction is reduced, and the other condition where
a lingering death occurs. In the sudden death or
trigger condition, it is possible if the reaction is on the
weak side to get broken speech. In the other condition
I have never noticed this tendency, and even the substitution of a coarsely adjusted buzzer for the microphone will not stop the system oscillating. Where it is
not possible then to over-control and get breaking speech,
it is advantageous sometimes to introduce a second
magnifying valve. This has a particular application
where weak land-line speech has to be relayed on to a
wireless system, but pays even where a voice is speaking
directly into the telephone. The author has skimmed
over the thin ice of magneto noise, and those who have
done much air work sometimes wish they could dismiss
the subject as lightly. The problem is very acute,
first from its very nature and, secondly, because it is
next to impossible to experiment in the air. It is
useless to do much on the ground, and once in the air
arrayed in a heavy flying coat, a tangle of wires round
one's feet, a few suspended swaying boxes dotted about
round an already cramped cockpit, and a pilot who
wants to go home, coherent thought becomes almost
impossible. Results, so far, have been obtained by
avoiding machines that were notoriously noisy, but
much remains to be done. Shielding can in many
cases be carried out ad nauseam without any diminution
of the noise, whereas some small, apparently foolish,
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change in the connections produces the longed-for
peace.
Mr. L. B. Turner : The author has devoted some
attention to the system of choke control embodied in
the very elegant telephone transmitter of his design,
and he seems to suggest there is some degree of mystery
as to how it functions. Referring to Fig. 3, when the
voice raises the grid potential of C, the anode tries,
as it were, to suck in extra current; but as choke L
keeps the high-tension battery current more or less
constant, the top end of L falls in potential, and C is
supplied only at the expense of P. There is thus no
optimum value for the inductance of L ; the larger it
is the better, but when once its impedance is very large
compared with the mean anode resistance of P, nothing
is to be gained by making it larger. The author reports
that at 750 periods per second an inductance of 5 henries
was nearly as good as any higher value. The reactance
of this inductance at this frequency is 2 n x 750 x 5
=24,000 ohms. This, being already large compared
with (say) 5,000 ohms as the anode resistance of the
oscillating valve, is nearly as good as an indefinitely
\y
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FIG. A.—Wireless telephone transmitter.
great inductance. As the author points out, the choke
control has many virtues ; but I think he gives a wrong
impression when he says (see page 380, column 1)
that " although the control valve does not appear at
first sight to contribute to the output, it actually does
so." The control valve varies its mean consumption
with alternate gulps and vomits of electricity according
to the microphone stimulus on its grid ; but the mean
power of the high-frequency oscillation is not affected
by it. On the other hand, the control valve consumes
a steady mean power, which is sheer waste from the
point of view of efficiency as the ratio between output
and input powers. In small aircraft transmitters, this
is not of much significance ; but with these circuits,
as the antenna power is increased, so, pari passu, must
the power wasted in the control valve be increased.
With the primary object of avoiding this waste, Captain
R. H. Wagner and myself devised the type of telephone
transmitter shown in principle in Fig. A herewith.
Here O is a feeble oscillator controlled in amplitude by
the microphone M, and A is a single or multi-valve
amplifier inserted between O and the antenna. Thus,
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however powerful the transmitter, the microphone has
to modulate only a feeble oscillation, the modulated
oscillation being subsequently amplified to any desired
extent. An incidental advantage of this arrangement
is that it reduces the difficulty of attaining both-way
telephony referred to in the paper. For both-way
telephony, the oscillator, or at any rate the antenna,
must oscillate only while the voice is agitating the
microphone ; and the feebler the oscillator, the more
easily is this accomplished without loss of articulation.
In conclusion, I wish to refer to another point respecting
modulation by the voice, not specifically mentioned in
the paper, although I think it was the author who first
brought it to my notice during one of those stimulating
friendly discussions in which at one period during the
war he and I and our colleagues used to indulge. When
there is a large unmodulated residuum in the transmitted
oscillation, the uncontrolled portion may yet be of some
service at the receiver in maintaining good rectifier
efficiency for very weak signals, as in the case of heterodyne reception. But this is a very uneconomical
way of obtaining the augmented detector efficiency,
since precisely the same result can be produced more
completely by an independent heterodyne at the
receiver, tuned dead-on so as to produce no beat-note.
This kind of zero-beat heterodyne reception is of great
value in telephony, and does not seem to have received
the attention it deserves.
Major T. Vincent Smith : The sight of that old piece
of apparatus calls back to my mind the early days at
St. Omer when the author and Captain McDougald
came over to show us what they had done in the way
of wireless telephony. We tried it in all manner of
ways, and so long as it was in capable hands it never
showed any signs of failure. I also remember very
forcibly Lord Kitchener's expression when he put the
telephones on, rather unwillingly at first, and began
repeating every word that Captain McDougald was
saying. He said afterwards that it was one of the
most interesting things he had seen on that visit of his
to France. I also remember the panic that ensued
at Headquarters when information was sent over from
Lowestoft that every word had been heard there. It
stopped our experiments for quite a long time, because
the Intelligence Staff thought that the enemy would
get valuable information from our messages. However,
when that restriction was withdrawn by Headquarters
there was obviously a lot of spade work to be done before
we could apply wireless telephony to anything like
practical use in the line, and I pay full tribute to the
author, Major Orme, and everybody associated with
them for the, way in which they met essential suggestions
regarding the simplification of the apparatus. The
design of aircraft wireless apparatus for war use is
profoundly modified by the personnel who have to use
it, and I am glad to see that the author acknowledges
those difficulties which I had to face, and which forced
me to insist on simplification of design, and this I am
bound to say he was always able to meet. The main
point about the apparatus was : what was it to be used
for ? It was most inadvisable to show an article like
a wireless telephone to the Higher Command, who
imagined that one had only to have a telephone without
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wires in order to solve all communication difficulties ;
whereas, of course, it was our duty to modify their
enthusiasm considerably, otherwise they were inclined
to ask us to do all sorts of impossible things. Although
at first sight it might appear to be a useful substitute
for the ordinary transmitting key, I am rather doubtful
whether, except in certain cases, it is desirable to do
away with Morse. I am convinced, it spite of what
Captain Round said, that there is one extremely important application of the wireless telephone, and that is
inter-machine telephony for the purpose of regulating
a formation flight. I think it is the most important
use to which the wireless telephone can be put. The
question of jamming, I agree, is very important, but, •
after all, we had to deal with that along the whole of
the Western Front. The Germans never succeeded in
jamming us to any serious extent. I think it is a sign
of inferiority to have to jam one's opponent, and we
were always proud of the fact that we did not need to
jam them.
Mr. H. M. Dowsett: I would ask the author whether
the first working set—as distinct from the skeleton
model made up at Brooklands on which speech was
first received—was not made up at the Marconi works
under the supervision of Captain McDougald. With
regard to the choke control, it is interesting to record
that early in 1914, in tests which were carried out by
Captain Round between Chelmsford and the author's
house at Danbury, a choke was used in the anode
circuit of the oscillating valve which had the same
function as the choke in the R.A.F. circuit, although it
behaved less efficiently, as the modulation control was
exercised through the grid circuit of the same valve
instead of by means of a separate valve acting on the
choke direct. I should like to know the author's
reason for advocating the filtering out of the lower
speech frequencies. Unless the valve, the method of
control, or the microphone unduly favour such frequencies and the suggestion is put forward as a means of
correcting this, it is not obvious why the distortion
which must result, and which must impart a squeaky
character to the speech, is likely to be an improvement.
It is well known that the higher harmonics are of great
importance, and a voice with a high pitch is much more
effective than one with a low, but does it follow that
high-pitch speech would be still more effective with
the lower frequencies removed ? The necessity of
heavily damping the diaphragm of the microphone in
order to render it less sensitive to noise is one of those
measures which it may be hoped will in time be rendered
unnecessary. The baffle mouthpiece so far has not
proved a success, but should it do so the more sensitive
ground microphone could be used in the air with
advantage. The selection of suitable materials for
the diaphragm, as pointed out by Captain Furnival,
may help considerably towards the solution of this
problem. There appears to be no technical reason
why the perfectly silent direct-current generator looked
forward to by the author, which can be used for the
high-tension supply of both the transmitting and the
receiving valves, should not materialize at the present
time. Generator noises are due partly to commutation
and partly to field distortion by the armature teeth.

By means of interpoles and properly designed brushes
and brush-gear the commutation can be rendered
sparkless; and by suitably slotting the poles so that
when one conductor of a coil is opposite a tooth, say in
a north pole, the other conductor of the same coil is
opposite a slot in a south pole, equal and opposite
harmonic electromotive forces will be generated in the
winding and will neutralize each other. The waveform of the terminal electromotive force will then
depend solely on the shape of the poles and the arrangement of the armature coils, both of which arc controllable, so that it should be quite possible to obtain an
unvarying direct-current voltage.
Flight-Lieutenant L. A. McDougald : This paper
gives a very comprehensive account of the development of aircraft wireless telephony during the
war. A very considerable part of our work consisted
in reducing the size and weight of apparatus, and of
increasing its efficiency and simplicity of operation.
The first experimental transmitter, of an earlier design
than that shown in Fig. 1, had six adjustments, many
of them critical. The final 20-watt set, as pointed out
in the paper, required no adjustment. The soft varves
in use in the early days were provided with a regulating
device in the form of a pip containing a crystal of asbestos
or other mineral. This, when heated, reduced the
vacuum in the valve. It was the custom to heat the
pip before a flight took place, but it often happened
that when in the air one found the valve had become
too hard to oscillate. In order to overcome the danger
of applying a naked light, a small electric heater was
devised which could be placed over the regulating
pip. It is worthy of note that during the demonstration flight for the late Lord Kitchener a snowstorm
was in progress. In consequence we could only fly at
a height of a few hundred feet, and the fact that our
speech was picked up by Lowestoft is therefore all the
more remarkable. The trailing aerial always lends
itself to variations of wave-length when the aeroplane
is manoeuvring, due to change of aerial shape. This
difficulty is overcome by the use of the so-called " fixed
aerial "—that is to say, an aerial rigidly fixed inside
the wings and fuselage of the machine, from which it
is thoroughly insulated. Dr. Whiddington has pointed
out elsewhere (Nature, vol. 104, p. 630) that this wavelength change is due in part to a variation of anode
voltage consequent on the changing speed of the winddriven direct-current generator during a manoeuvre.
With a modern, well-regulated, wind-driven generator,
I think the greater part of the change in wave-length
is due to the change in shape of the trailing aerial.
This is borne out by the fact that the effect was very
noticeable with the original telephone transmitter,
the source of anode voltage being a 600-volt dry battery.
Very promising results have been obtained on fixed
aerials for reception. Using the 20-watt transmitter
and the R.A.F. Type-X five-valve receiver-amplifier,
an " all-round " range of 3 miles and a " best position "
range of 7 miles have been obtained. These ranges
are not the limit for the reception of intelligible speech,
but were considered to be safe working ranges. By
" best position " is meant the best relative position
of the two aeroplanes. Magneto noise is generally
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more troublesome with a fixed aerial than with the
trailing aerial, but it can be successfully eliminated
by using high-tension cable covered with va flexible
metallic braiding for all the magneto circuits. The
metallic braid is " earthed " to the frame of the aeroplane at frequent intervals.
Mr. F. P. Swarm : The author and several speakers
have referred to the fact that on the occasion of the
wireless telephone demonstration at St. Omer in 1916,
the speech was heard at Lowestoft. I am quite sure
the author will not think that I am trying to detract
from the merits of his set if I suggest that a certain
amount of the credit should be given to Lowestoft.
This station was installed with the most sensitive receiving gear then known, and was doubtless responsible
for a generous portion of the range covered.
Major C. E. Prince (in reply) : As I mentioned in
reading the paper, I had not intended to get into such
deep waters as wireless telephony in the abstract, and
confined myself to the practical application of it
with which I was identified, simply because the whole
subject was too wide to cover. Many of the points
raised will, I hope, be touched on and extended in the
discussion on Captain Eckersley's paper on " Duplex
Wireless Telephony," and will, perhaps, be more germane
to that subject than to my paper.
Some of Mr. Turner's remarks have already been
answered for me by Captain Eckersley. On one point
he seems to have misunderstood me. If he will read
the paper carefully he will see that I never implied
that there was any critical value for the choke ; only
that a certain minimum value is necessary, after which
it becomes the equivalent of one indefinitely great.
So that we really seem in complete agreement. I
believe that he has fallen into an error in his treatment
of the contribution of the control valve to the output.
Or rather, while right about the action of this valve—
whose effect on the total output is virtually to make
the mean value remain equal to the normal unmodulated
output of the oscillator—he seems to have forgotten
that when one valve only is in operation the mean
output will be something considerably less than the
above steady output. All this quite apart from considerations of the maximum instantaneous excursions,
on which, after all, modulation depends. The amount
of steady anode current consumed in this valve when
not in operation is a local question depending on grid
mesh, and so on, and can be quite negligible. Taken
in conjunction with what Captain Eckersley has pointed
out, I think that this justifies the assertion that the
control valve does make its due contribution to the
telephonic or modulated output.
With reference to Professor Whiddington's remarks,
I owe him a debt of gratitude for first clearing my
ideas on this subject, some years ago. A radio frequency
modulated or supplied at another, say, sound frequency,
will give a group or family of waves of which the
resonance curve will appear as a central (" carrier ")
wave accompanied on each side by a series of diminishing
intensity, like the Crusader on the old memorial brasses
surrounded by his family. It is quite plain that this
is a mathematical necessity, and that consequently
during speech the radiation is in the form of a con-
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stantly changing broad band or " spectrum" of
waves, though it should be remembered that the
subsidiary waves, being weaker, tend to disappear,
and at great distances the " spectrum " narrows again
till practically only the principal wave remains. But
in alluding to the change of wave-length so far
inseparable from all known means of modulation,
I did not intend to refer to this phenomena, far less to
controvert it, but rather to the slight change of
frequency of the oscillator, that is of the carrier wave
or central point of this spectrum. In telephony, as
I visualize it, not only is this spectrum in itself compounded of the various spectra, each derived from a
definite audio-frequency, fundamental or harmonic, but
it is constantly changing with each speech sound ; and,
with its centre or " Crusader " wave, is also subject
to a general fluctuation round about its normal unmodulated frequency, so that it is really a very complex
matter indeed. In any case the principal difficulty
of all wireless telephony is the means of modulation,
and any contributions ought to be welcomed, because
we cannot know too much about it. As regards Dr.
Whiddington's reference to the dead or " quiescent
aerial " system, his independent re-discovery of this
corollary of choke-control filled us with great hopes,
and it was no small disappointment to find that it had
already been patented in America, and also to discover
certain inherent defects which militated against speechquality. This will no doubt come under consideration
in Captain Eckersley's paper on " Duplex Wireless Telephony." At the same time I cannot help but consider it
as the foundation of the probable future duplex system.
Major Vincent Smith has spoken about the simplification of the sets. It was due to him, very largely,
that we were forced, much against our will, to simplify
to the extreme. It is very largely because he made
us " dance in chains " that we succeeded in arriving
at this great simplicity, which meant all the difference
between success and failure. He has referred to what
may be called the mental or spiritual difficulties of the
introduction of telephony in aircraft. We knew them
too well, and only an unwavering faith in its possibilities
in the most definitely difficult and unpromising field
enabled us to see the victory of the spoken word. On
behalf of those who worked with me, I should like
to thank him for the kind things he has said about us.
I do not think that Captain Eckersley's or Captain
Furnival's interesting remarks call for any comment
by me.
Answering Captain Round, I am extremely glad that
he has raised the historical side, because I am conscious
that the text of my paper does not make clear, as it
should, that while the novelty lay in their unprecedented
application, the transmitting circuits employed in the
apparatus I described were all reproductions of, or
founded upon, those developed before the war by
himself and his assistants. Before the war they had
brought the small-power valve wireless telephone to
a remarkably high state of development, and in June,
1914, demonstrations employing various circuits had
been given between my house and the Marconi works,
to representatives of the Army, Navy, and Post Office,
so that in attacking the subject of aeroplane telephone
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working the circuits and system were already at hand,
and the problem was that of applying them to the
novel conditions. Thus the first aeroplane transmitting
set (Fig. i) employed bodily his coupled circuit arrangement and was a direct adaptation of the ground set
demonstrated by the Marconi Company in 1914. The
great advance made by Captain Round by the " plain
aerial " system of excitation for continuous waves was
what gave the impetus to the search for a satisfactory
method of applying voice modulations to such a circuit,
and when, in the course of my experimenting, the
problem was submitted to him, he came to the conclusion that a modification of one of his 1914 anode
control circuits would be the most suitable ; and, after
some confirmatory experiments at Marconi House,
gave me on 5th May, 1917, a sketch of the choke control
circuit described, which was embodied in the Mark II
transmitting set. It was afterwards found that the
same idea was set forth in an American patent specification of the General Electric Company of America,
and when the American Signal Corps brought over
some specimen apparatus in 1918 it was found to be
employing a system of modulation similar to that of
our service instrument. I may say that, apart from
the origination of the circuits, Captain Round's continual
advice and help were of the greatest possible assistance
also throughout the course of development. Turning
to his remarks about grid and anode control, this opens
up many interesting considerations of the exact relationship of his 1914 circuit (having the microphone
transformer in the grid circuit, and a choke in the anode
supply) with the later two-valve development. I agree
that it seems correct to consider the former as essentially
a choke control system, though with one valve only,
and it was, I believe, recognized by him as such at the
time. Where, however, no such choke is inserted,
i.e. there is plain grid control, I would be inclined to
think that there was an essential difference between the
two arrangements : (1) where the anode is kept at a
fixed potential by an unlimited source of current
supplied through a negligible impedance, while the
electrification of the grid was varied ; and (2) where
the latter was constant (except in so far as it was affected
through the reaction coupling) and the potential of
the anode varied. The actions must, howeVer, as

Captain Round suggests, be very complex. The title
" choke control " has now, however, passed into common
parlance as descriptive of the particular two-valve
arrangement shown in Fig. 3.
Mr. Dowsett will, I trust, find many of his remarks
answered by what I have just said. The first or Mark I
set was made from my designs as he describes. The
filtering out of lower speech frequencies was only
suggested by me as a possible correction to be applied
in cases where the latter might be unduly favoured.
Human thought (in English) is principally conveyed
through the consonants and higher harmonics, and
squeaky speech, though unlovely, is intelligible ; whereas
speech in which only the lower frequencies exist conveys
no meaning. When intelligibility is of the greatest
importance, it might be worth while to exaggerate the
frequencies on which it depends. It was merely a
suggestion. The making of a microphone to work
satisfactorily in extreme noise is, of course, one of the
greatest difficulties of aeroplane work, and so far as
our interminable experiments showed, all devices to
reduce the external noise are merely changes rung on
the theme of general insensitiveness. The best hope
for improvement lies in quieter machines ; and already
civil aircraft are proving better in this respect than the
fighting aeroplanes we had to equip. Mr. Dowsett is
right in pointing out that it is by no means impossible
at present to produce a generator quiet as regards
ripple, or " telephonically silent." But this is only
half the problem. There are generally high-frequency
disturbances (akin to magneto noise) set up, mainly by
sparking at the brushes, which are a still more serious difficulty where high-frequency magnification is employed.
However, there seems good hope of finally conquering
both difficulties, even with large magnification.
Mr. Swann has referred to the occasion on which
speech with c-2 ampere aerial current was picked up
at Lowestoft from St. Omer. This was undoubtedly
a magnificent achievement in reception, by a station
equipped by Captain Round with the most efficient
possible apparatus. My reference to it, however, was
not meant to involve any estimate of the merits of
either transmitter or receiver, but merely to point
the moral of the efficiency of radiation of the shorter
wave then in use.

