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Foreword

This book is a survey of the development of BBC engineering during the fifty years
since the British Broadcasting Company, the predecessor of the British Broadcasting
Corporation, was founded. It is about the application of technology to the develop-
ment of the BBC’s services. BBC engineers have played a significant part in this con-
tinuing effort, but are far from claiming all the credit for it. A host of scientists and
engineers in many countries, in the universities, in government establishments, and
in industry, have helped to create the technical resources from which broadcasting
derives its being and to which it has contributed its quota.

Many of the techniques used in broadcasting are common to other branches of
electronics and especially to other forms of radio-communication. Broadcasting
differs from them in one way that has had a profound effect upon its development:
the receiving part of a broadcasting system - a vitally important part — is not under
the control of the broadcasters, but is chosen and operated by members of the public.
This fact makes it impossible to design the system as a whole and necessitates co-
operation between a number of different interests to ensure that the various elements
in the system fit together.

Another result of this peculiarity is that the problem of obsolescence imposes a
severe constraint on development. No improvement can be made at the transmitting
end unless either it is planned and announced so far ahead that existing receivers are
worn out before the change occurs or it is carried out in such a way that it does not
result in any deterioration in reception on existing receivers. A change may be intro-
duced that will result in an improved service only to those listeners or viewers who
equip themselves to take advantage of it, provided that those who do not do so are
not penalised. Hence the frequency with which the word ‘compatible’ enters into
discussions about development plans. Colour television could not be introduced until
a system was evolved that would provide satisfactory reception in black-and-white
on monochrome receivers. Stereophony could not be introduced until a method was
developed that would enable listeners with ordinary VHF receivers to continue to
receive the programmes in monophony.

Another effect of this constraint is that any development or extension of broad-
casting services must be planned to last for a long time and errors may be impossible
to rectify. If a high-power television station is put in the wrong place, it will be ex-
tremely difficult to move it, not only on account of the cost to the broadcaster,
but also because many viewers will individually be put to the expense of altering their
aerials, or even replacing them, to receive the transmissions from a new direction.

This book does not attempt to record the names and achievements of all those who
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Foreword

have helped to create the broadcasting services and to keep them going. It concen-
trates rather on the efforts of the pioneers in the BBC and theirimmediate collabora-
tors, in the hope that their dedication to the cause — and many of them were dedicated
to an astonishing degree — will encourage their present and future successors.

In tracing the development of present-day techniques from the seeds sown at the
beginning of the century, we shall perhaps be able to show the kinds of approach to
engineering problems that have succeeded in the past and may, given the necessary
flexibility to meet changing needs, be successful in the future. We shall try to examine
not only the successes but the failures, and the reasons for them, by presenting a
record based largely on first-hand evidence from people who were directly concerned
in the march of events.

There is a particular reason for presenting this book to the public now, Its appear-
ance in 1972 coincides with the fiftieth anniversary of broadcasting in this country.
By a happy chance, the previous year, 1971, marked the centenary of the Institution
of Electrical Engineers, with which BBC engineering has been linked in many ways.
The Institution, formerly the Society of Telegraph Engineers, has done great service
to electrical and electronic engineering in this country. One of the names that it
honours is that of Michael Faraday, the father of electrical science, and the dis-
coverer, in 1831, of the laws of electromagnetic induction, the application of which
made broadcasting possible.

The fifty years with which we deal have seen the BBC expand from three small
radio stations, each with a crude studio, to a complex of nearly six hundred trans-
mitters providing two television programmes in colour, five radio programmes
for audiences in this country, and programmes in forty languages for listeners over-
seas. The audience in the United Kingdom has grown from some 35,000 households,
mostly equipped with crystal sets, to virtually the whole population, using highly
sophisticated receivers. The tide of invention and development shows no sign of
ebbing;television is advancing into the satellite age with rapid strides and, evenin the
long-established art of radio, new techniques are evolving at an increasing pace.

Engineers of today, who are able to call in aid a complex of computers, pulse tech-
niques, solid-state devices, integrated circuits, and elaborate testing equipment, may
think of the pioneers of the '20s as men living in an age not far removed from the
abacus. The greater honour to them that they achieved so much with so little, that
their vision was clear and their determination unfaltering.

The role of engineering in relation to programme production has changed over
the years. Before 1922 broadcast programmes were little more than a means of
exploiting the new wonder of ‘wireless’, and engineers helped to present them. During
the early years of the Company, broadcasting gradually secured acceptance as a
normal part of life. Its status was enhanced by the vital importance that broadcast
news acquired during the Second World War. The change in the scope of broad-
casting necessitated increasing specialisation and professionalism among its staff.
Programme planning, production and presentation have become highly professional
tasksin their ownright, but engineers still have a voice in major discussions on policy,
because so many policy decisions depend on technical factors. Engineering develop-
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Foreword

ments must be rated strictly according to their value in providing improved services
or in reducing costs. The ‘cost-effectiveness’ of each decibel of signal-to-noise ratio
must be compared with that of an extra hour of Top of the Pops or an extra instalment
of Civilisation. An iron discipline indeed!

The Engineering Division, though not in the spotlight of public interest to which
the programme producers are accustomed, forms a not inconsiderable part of the
BBC staff, its numbers having grown from 37 in December 1923 to 7760 (out of a
total staff of nearly 22,500) in 1969. (Since then a number of engineering staff have
been transferred to the ‘output’ directorates, though still responsible to the Director
of Engineering for their professional standards.)

The history of broadcasting in the United Kingdom falls naturally into six periods,
namely:

1 The experimental era preceding the formation of the British Broadcasting Com-
pany in 1922.

2 The lifetime of the British Broadcasting Company: 1922-6.

3 The formative period of the British Broadcasting Corporation, from its founda-
tion in 1927 until the outbreak of war.

4 The war years: 1939—45.

5 The period of post-war reconstruction: 1946-55.

6 The years of expansion, from 1956 onwards.

This book is divided roughly into these six periods, but it will not confine itself too
rigidly to them where a particular line of development extends from one period into
the next.

Most of the material for this history has been assembled by three retired BBC
engineers: J. H. Holmes, who joined the BBC Lines Department in 1935 and retired
as Head of that Department in 1962, W. E. C. Varley, who joined in 1933 and retired
as Chief Engineer, Transmitters, in 1968, and P. E. F. A. West, formerly Head of
Engineering in the South and West Region. The author cannot sufficiently acknow-
ledge the devoted labours of these men who have carried out an enormous amount of
research and have also interviewed more than seventy retired and present BBC
engineers to obtain first-hand information about the developments in which they
were personally engaged.

Thanks are due to Sir Harold Bishop, who kindly undertook to read through the
text and has made valuable comments on it. Also to D. E. Todd for much useful
information. Finally to Miss Eileen Tasker, who has tirelessly typed the manuscript,
deciphered the author’s crabbed writings and hesitant tape recordings, and generally
organised order out of chaos.

A great deal of the information about the background in which engineering de-
velopments took place has been derived from Professor Asa Briggs’s monumental
work, The History of Broadcasting in the United Kingdom, of which the first three
volumes had appeared at the time of writing. Acknowledgments are also due to the
authors of the many other published works mentioned in the references.

It would be tedious to record here the names of all those who have contributed
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information and personal reminiscences ; thanks are due to all of them. It is, however,
permissible to single out four retired Heads of the BBC’s Engineering Division. The
first was Captain P. P. Eckersley, Chief Engineer from 1923 to 1929, who died in 1963
leaving on record a considerable amount of information in writing and in the form
of sound recordings of lectures delivered in the breezy style that is associated with
his name. Next, Sir Noel Ashbridge, appointed Chief Engineer in 1929 and later
Director of Technical Services until his retirement in 1952; Sir Harold Bishop,
appointed Director of Technical Services and later Director of Engineering until he
retired in 1963 ; and Sir Francis McLean, Director of Engineering from 1963 to 1968 ;
all of them consented to be interviewed at length and have allowed many of their
papers to be studied. These four distinguished men, and their present successor Mr
James Redmond, have left the imprint of their personal styles and of their pro-
fessional interests on the ethos of the Engineering Division and have borne the
responsibility for steering the ship through uncharted and sometimes dangerous
waters and for keeping the crew in a state of readiness to meet the challenges recorded
in these pages.

We have now reached a milestone, and the function of a milestone is to indicate a
quantum of progress and not to provide a permanent resting place. So we cannot
avoid speculating on the future. Men of vision are more than ever needed to choose
the right road before the relentless machine - with its automatic steering, integrated
power supply, constant acceleration, and no reverse gear — chooses it for us.

The Engineering Division of the BBC has created a great and intricate edifice
during fifty years of effort ; the author alone is responsible for the inadequacy of this
presentation of its achievement.
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CHAPTER 1

The Beginning of Broadcasting

1 WHAT IS BROADCASTING?

Broadcasting had been in existence, or at least in embryo, for some years before the
British Broadcasting Company was formed in 1922. It is difficult to assign a date to
its beginning and it is impossible to do so without first deciding what broadcasting is.
It is an indication of the power that broadcasting had, from the start, to catch the
popular imagination that it was able to secure for itself almost a monopoly in the use
of a word that had a quite different application in established usage.

The following portmanteau definition of a broadcasting service can be derived
by combining several of the internationally accepted definitions given in the Radio
Regulations 1968:1

A service using electromagnetic waves of frequencies lower than 3000 GHz, propa-
gated in space without artificial guide, for transmitting sound, television or other
types of transmission intended for direct reception by the general public.

The object of mentioning the frequency limit of 3000 GHz in this definition is to
include all frequencies (see table, p. 2) that could conceivably be used for radio com-
munication, but to exclude light and X-rays. (The frequencies of light waves are in
the region of 500,000 GHz, and those of X-rays much higher still.)

The definition gives a fair picture of the mechanism of broadcasting, though only
in terms of transmission and reception and without giving more than a hint of its
purpose. Broadcasting is, in fact, a means of publication, and the BBC has always
regarded itself as a source of entertainment, information and enlightenment available
to all. Since the definition applies to a broadcasting service and not to a broadcasting
system, it omits any clue to the complex operations that precede radio transmission —
the planning and production of the programmes, the operation of the equipment that
converts sound and scene into signals capable of being transmitted by radio, and the
running of all the ancillary services that constitute a broadcasting system.

The technical means of originating the programmes are at least as important as the
means of transmitting and receiving them; they are also more diverse and in some
ways more complicated. They will figure prominently in these pages. Electromagnetic
waves are all very well, but they must be kept in their place. It is the entertainment,
information and enlightenment that matter. In other words, the function of broad-
casting is a social one.

Taking this aspect into consideration, a fairly adequate definition of ‘broadcasting’
could be derived from the definition of a broadcasting service quoted above, by sub-
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The Beginning of Broadcasting

TABLE OF FREQUENCY BANDS

Band Frequency Designation Corresponding

Number Range Metric Subdivision
4 3to 30kHz Very low frequencies (VLF) Mpyriametric waves
5 30to 300 kHz Low frequencies (LF) Kilometric waves
6 300 to 3000 kHz Medium frequencies (MF) Hectometric waves
7 3to 30 MHz High frequencies (HF) Decametric waves
8 30to 300 MHz Very high frequencies (VHF) Metric waves
9 300 to 3000 MHz  Ultra high frequencies (UHF)  Decimetric waves

10 3to 30GHz  Super high frequencies (SHF) Centimetric waves

11 30to 300 GHz  Extra high frequencies (EHF) Millimetric waves

12 300 to 3000 GHz — Decimillimetric waves

or 3THz
Note 1 Note 2

Hz = hertz (cycle per second, c/s)
k = kilo (10°)

M = mega (10%)

G = giga (10°

T = tera (10'?)

The frequency in kilohertz multiplied by the
wavelength in metres is always equal to
300,000 (the velocity of electromagnetic
waves in km/s).

Note 3
Low frequencies correspond to ‘long waves’, medium frequencies to ‘medium waves’ and
high frequencies to ‘short waves’.

Note ¢
The band numbers mentioned in the table are not to be confused with the numbers of the
broadcasting bands, which, in the United Kingdom, are:

Band I (VHF) 41 to 68 MHz Television
Band II (VHF) 87-5to 100 MHz FM Sound Broadcasting
Band IIT1 (VHF) 174 to216 MHz Television
Band IV (UHF) 470 to 582 MH:z Television
Band V(UHF) 614 to854 MHz Television

stituting the words ‘a means of publication’ for ‘a service’ at the beginning. It should
be noted that the phrase ‘other types of transmission’ is all-embracing; it could be
taken to include not only special signals (such as time signals) that are commonly
regarded as appropriate to broadcasting, but also messages in the Morse code and
even telecommand signals, which are not.

However, there are still two major difficulties in adopting this definition. First,
what is meant by the ‘general public’ ? Broadcasts are often, quite legitimately, in-
tended for particular sections of the public, such as farmers or motorists. The broad-
casting service as a whole is nevertheless intended for anybody who is in possession
of an appropriate receiver and is within reach of the broadcast transmissions.

The other difficulty lies in the phrase ‘intended for direct reception’. A broadcast-
ing station does not forfeit that title merely because some members of its audience
receive its programmes indirectly. They may, for instance, receive them via a com-
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What is Broadcasting ?

munity aerial, from which the programmes are distributed to a number of sub-
scribers in a block of flats, or through a distribution system that picks up the pro-
grammes from broadcasting stations and distributes them by wire, possibly over a
large area, to individual homes. Subscribers to such systems are members of the
audience for broadcasting and responsible, as such, for paying any licence fees that
may be levied upon users of ordinary radio or television receivers.

The definition in the Radio Regulations implies that the organisation responsible
for a broadcasting service is the one that operates the transmitters. This can be mis-
leading. In the United Kingdom, the broadcasting authorities are responsible both
for originating the programmes and for operating the transmitters. In some countries
these two functions are carried out by different organisations, but it is universally
accepted that the broadcasting authority is the one responsible for originating the
programmes, whether or not it is also responsible for transmitting them. Thus, the
definitions given in the Radio Regulations, though reasonably adequate for distin-
guishing between a broadcasting service and other services using electromagnetic
waves, is far from embracing the whole business of broadcasting. In the words of
the statutes of the European Broadcasting Union: ‘An organisation shall be deemed
to operate a broadcasting service if it produces and has the general responsibility for
the programmes broadcast by one or more transmitters permanently at its disposal.’

The implications of this concept are far-reaching. The use of satellites for trans-
mitting programmes directly to the general public may be developed during the
1980s. The responsibility for originating the programmes must still lie with the
broadcasting organisations, though a different authority may own and operate the
satellites carrying the broadcasting transmitters. Other likely developments in the
near future include various systems of distributing television programmesin recorded
form to be played back in viewers’ homes; several such systems are already coming
into use. In sound broadcasting, distribution of gramophone records and magnetic
tapes has long been commonplace. The paraphernalia required for producing re-
cordings for distribution to the publicis much the same asthat required for producing
programmes for broadcasting. The line of demarcation between broadcasting and
other means of publication may thus become less clear-cut, but broadcasting must
at least include the task of producing programmes that are primarily intended for
direct reception by the general public by means of electromagnetic waves.

It would be rash, even if it were possible, to combine all these considerationsinto a
single definition that would be universally valid and legally admissible, but perhaps
enough has been said to constitute a rough guide to what is meant by ‘broadcasting’
for the purpose of inquiring into its origin and studying its progress.

The first attempts at broadcasting were naturally in the nature of experiments.
This word has two dictionary meanings:?

1 ‘A procedure tried on the chance of success’ (i.e. something that is always going
wrong).
2 ‘A proceduretried as a test’ (i.e. something done to check that all is well).

To these two meanings, the BBC has added a third. ‘This is an experimental
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The Beginning of Broadcasting

transmission’ means ‘we hope it will work, but please don’t grumble if it doesn’t.’

The earliest broadcasts were, discounting Morse transmissions and time signals,
in the form of telephony. They constituted what was popularly known as ‘the wire-
less’ and this term was in common use for many years. It has recently, following
American usage, been displaced by ‘the radio’. Because people are accustomed to say
‘Let’s turn on the radio’, the BBC has officially adopted the term ‘radio’ as synony-
mous with ‘sound broadcasting’. We cannot follow this practice (except, perhaps-
here and there as a sop to Cerberus), because it will often be necessary to use the term
‘radio’ in its proper sense implying the use of ‘electromagnetic waves of frequencies
lower than 3000 GHz, propagated in space without artificial guide’. Some of these
waves will be carrying sound broadcasting and some television broadcasting.

The term ‘signal’ also has a special significance. It refers to variations in some
physical property that conveys information, for example, the position of a railway
signal, the colour of a traffic light, the presence, absence, frequency or phase of an
electric current as in telegraphy, the amplitude of a current as in telephony, or the
amplitude, frequency or phase of a radio wave as in broadcasting. The signal may be
a simple analogue of the original stimulus as in sound broadcasting, or it may result
from a process of coding as in colour television. In recent years, methods have been
developed for coding both sound and television signals in digital form, though so far
digital signals have been confined within the broadcasting network and have not been
broadcast.

The distinction between the ‘signal’ and the ‘programme’ that it represents may be
an academic one to engineers, who frequently use the word ‘programme’ when re-
ferring to the signal. To our legal colleagues the difference is an essentially practical
one. For the rights belonging to those who contribute to the creation of the pro-
gramme, including the broadcasting organisation itself, must attach to the signal
throughout all the vicissitudes through which it may pass on its way from the studio
to the sitting-room — through wires, processes of recording and reproduction, distri-
bution networks, satellites, transmitters and receivers.

2 EARLY STEPS

The engineering side of broadcasting thus comprises two elements: the origination
and processing of signals corresponding to the programme material, and the trans-
mission of those signals by radio for reception by the general public. Both these ele-
ments had to be combined before broadcasting became possible. Each of them has
a great deal in common with techniques other than broadcasting. The first with
telephony, closed-circuit television and sound distribution, and film production;
the second with point-to-point radiocommunication (telegraph, telephone, data
transmission) and with many other radio services that send messages to all the mem-
bers of a designated class of recipients wherever they may be within the service areas
of the transmitting stations (ships, police cars, taxis, ambulances).

Itis only when these two elements are combined that broadcasting emerges. Of the
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two, the origination and processing of signals is the more complex and nowadays
demands the greater part of the operational effort. We should therefore resist the
impulse to trace the origin of broadcasting to Leyden jars and spark coils and con-
sider first the development of means for producing signals.

The earliest efforts in this direction were confined to making a distinction between
‘ON’ and ‘OFF’. Usually ‘ON’ meant ‘DANGER!’ or at least ‘ATTENTION!, and
‘OFF’ meant ‘RELAX! The message could be conveyed by means of beacon fires,
balloons, maroons, or anything else that could be seen or heard over a wide area.
Such signals had been important from primitive times, through Homer’s beacon
fires to Drake’s drum and Byron’s ‘tocsin of the soul — the dinner bell’. The ON/OFF
principle was extended to convey more elaborate messages by using a form of coding
ranging from smoke signals, drum beats and trumpet calls, to the Morse code and
autotelegraphy.

The two great steps forward that made broadcasting possible were the production
of an electrical analogue of a sound wave (the basis of the telephone) and the inven-
tion of the three-electrode valve (the key to amplification and oscillation). Both these
discoveries were the culmination of a long series of inventive acts in the domains of
electromagnetism and electronics respectively. The first can be traced through the
work of the great unitary eponyms, Gilbert, Ohm, Ampére, Volta, Oersted, Henry,
and Faraday, to the practical realisation of the telephone by Alexander Graham
Bell, a Scottish immigrant to the USA in 1876. (Elisha Gray filed a notice making
his own claim to the first telephone later on the same day as Bell filed his patent
application.)?

In Graham Bell’s original telephone, the ‘transmitter’ and ‘receiver’ were almost
identical, both depending on electromagnetic induction. The transmitter had a
diaphragm vibrating in sympathy with the sound waves and mechanically connected
to a reed placed over one pole of an electromagnet. The currents induced in the coil
were conducted to a similar coil in the receiver, where the resulting variations in
magnetisation vibrated another reed connected to a diaphragm, the movements of
which produced sound waves in the surrounding air. In the more practical forms of
telephone developed shortly afterwards, notably by Edison in 1879, the transmitter,
instead of generating an oscillatory current, produced oscillatory variations in the
current provided by a battery by varying the resistance of carbon granules under
varying pressure from the diaphragm. The receiver was improved later by using an
iron diaphragm instead of a reed and a permanent magnet instead of an electro-
magnet. (The use of a magnet rather than an unmagnetised core increased the sensi-
tivity at the expense of linearity.) These principles were applied many years later to
microphones and loudspeakers for broadcasting and it was not until amplifiers be-
came readily available that other forms of transducer (moving-coil, electrostatic and
piezo-electric) could be generally adopted, so as to give greater fidelity, but with
lower electro-mechanical efficiency.

The second of the fundamental discoveries was Fleming’s diode of 1904, the
potentialities of which were greatly increased by the addition of a third electrode in
Lee de Forest’s ‘Audion’ in 1906.
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These inventions made it possible to transmit the sound of the human voice over
long distances in the form of electric currents propagated along wires. As long ago
as 1894 the possibilities of this form of communication were extended to the distri-
bution of entertainment by the Electrophone Company of London. Musical per-
formances, lectures, and church services were disseminated to subscribers in this
way.* Even before this, transmissions from theatres and concert halls had been
transmitted over telephone wires to an exhibition at the Crystal Palace. The Electro-
phone was not a great success, but it continued to operate for many years and the
remains of the equipment were still to be seen in telephone exchanges as late as 1926.

The development of telephone communication over long distances led to the build-
ing up of a body of knowledge on the fundamental problems of communication
through the study of the effects of noise and bandwidth, and the theory of transmis-
sion lines. These researches were later extended to embrace the fundamentals of
broadcasting technology.

By the time it became possible to transmit signals by radio, signals corresponding
to speech and music were already available—though still crude and distorted. At the
receiving end, the telephone receiver, later enlarged into a loudspeaker, provided the
means of reconstituting sounds corresponding roughly to those presented to the
microphone at the transmitting end.

The possibility of conveying messages over a distance without wires emerged from
a series of experiments starting with the discoveries of Hughes and Hertz. In 1879
Hughes produced electric sparks in his house at 40 Langham Street, London, near
where Broadcasting House now stands, and detected them at distances up to 450 m,
while walking up and down Great Portland Street, by means of a microphonic con-
tact and a telephone earpiece.® The pundits of that time refused to accept that the
effect was produced by ‘aerial electric waves’ and so Hughes’s discovery remained
unpublished until after Hertz had conclusively proved, in 1887, that electromagnetic
waves at frequencies below those of light could be detected at a distance. He used an
induction coil to produce sparks across a gap between two metal balls. At the
receiving end, a few metres away, sparks appeared across a gap introduced into a
metal loop. Hertz thus verified the existence of electromagnetic waves, of which
Clerk-Maxwell had postulated the existence by mathematical reasoning in 1862.
Hertz explained their properties and the differences between light and electricity in a
lecture at Heidelberg in September 1889.¢ He himself said that his discovery could
not be used for a practical purpose. At a meeting of the British Association in 1894
Sir Oliver Lodge demonstrated actual radiotelegraphy over a distance of §5 m, using
Hertz’s oscillator in conjunction with a receiver containing a Branly coherer. Be-
cause of his academic duties, Lodge failed to follow up this experiment and, like
Hertz, he apparently thought that there was no future for radiocommunication
because its range would be limited to a few hundred metres. (Fortunately, later
experimenters were not deterred by these gloomy prognostications.)

Thus, before the end of the nineteenth century, many of the elements necessary for
radiocommunication were available. Electromagnetic waves at what are now known
as radio frequencies could be produced and could be detected at a distance of a few
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metres. It was already appreciated that this involved a mode of propagation different
from the previously known electrical processes of conduction, electromagnetic induc-
tion and electrostatic induction. Means of producing both telegraphic and telephone
signals were available. A detector, the coherer, which could at least respond to tele-
graphic signals was known. Three major problems remained to be solved before
radiocommunication became of practical use:

1 Therange had to be greatly increased. The use of high aerials and subsequently of
amplifiers overcame this limitation.

2 Means had to be found to distinguish a wanted signal from all others that might
be present at the receiver. This problem was solved by the invention of tuning,
which provided a means of discriminating between signals carried by waves at
different frequencies and also helped to discriminate against atmospheric noise.

3 Methods of modulation had to be developed to enable electromagnetic waves to
carry signals more complex than telegraphic signals confined to the ON/OFF
principle.

The first major step in solving these problems was taken by Marconi, an Italian
whose mother was Irish; at the age of twenty he determined to put the earlier dis-
coveries to practical use. His idea of using elevated aerials followed earlier experi-
ments in the detection of thunderstorms by Mahlon Loomis in the USA in 1872,
by Popov in Russia, and by Marconi himself during the closing years of the nine-
teenth century. The use of an aerial in conjunction with an earth connection at both
the transmitter and the receiver greatly increased the range, and a rough approxima-
tion to tuning was achieved by making the transmitting and receiving aerials of
similar dimensions. In this way, and by refinements in apparatus, Marconi had
increased the range to 14 miles by 1894.

In the succeeding years Marconi used bigger and better aerials, with transmitters
of higher power, to such remarkable effect that within seven years the range had been
increased by three orders of magnitude. In 1901 he and the group of pioneers that he
had gathered round him (notably G. S. Kemp who had been deputed by Sir William
Preece, Engineer-in-Chief of the Post Office, to co-operate with Marconi) succeeded
in bridging the Atlantic using Morse transmissions on a frequency of about 300 kHz,
or perhaps somewhat lower.?

Marconi’s persistence quickly led to the use of wireless telegraphy for communica-
tion with ships at sea. This was an extremely important application, because there
was no other means of communicating over long distances with ships or, indeed,
with vehicles in motion. It is interesting to note that although communication with
ships usually demanded omnidirectional or at least wide-beam aerials, and therefore
tended to favour developments that would later find their place in broadcasting, the
military applications of radio that were soon to be developed demanded secrecy and
hence the use of narrow beams — the reverse of what would be needed for broad-
casting.

Marconi’s experiments in England were paralleled by others undertaken by Prof.
Adolf Slaby of Berlin, who had witnessed one of Marconi’s demonstrations in 1897,
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and by Count Arco. Slaby gave full credit to Marconi for his discovery (which had been
the subject of the first patent application for wireless telegraphy in June 1896), but
he introduced some ideas of his own — including a receiving aerial arrangement that
permitted the detector to be connected at an antinode of potential.® He soon suc-
ceeded in sending telegrams over a distance of 13 miles and in 1897 he already con-
sidered that ‘wireless communication was fit for ordinary use’, and would be especi-
ally important for military purposes.®

The experiments of Hertz must have produced waves at very high frequencies,
but the practical application of radiocommunication started with the use of frequen-
ciesin the region of hundreds of kilohertz. (The first wave-meter did not appear until
J. A. Fleming’s cymometer of 1905.) Knowledge of propagation was greatly stimu-
lated by the early experiments in transatlantic transmission. Their success appeared
to be contrary to scientific theory, which assumed that radio waves being similar in
essence to those of light would behave in a similar way and would travel in straight
lines. It was only much later that the refractive properties of the ionosphere, which
accounted for the possibility of transatlantic transmission, were discovered.

Sir Oliver Lodge drew attention to the importance of tuning and followed up his
early experiments with ‘syntonic jars’ by patenting a tuned circuit in 1897. The
practical application of this principle was made by Marconi in 1898 when he devised
a transformer tuned by a fixed capacitor to couple the oscillator to the aerial circuit;
a similar arrangement was used at the receiving end. More elaborate tuners using
coupled circuits were developed by C. S. Franklin in 1907.

The spark transmissions that were used in the early days of radiotelegraphy and
continued into the 1920s had the very serious defect that, being in the form of damped
oscillations, they covered a wide band of frequencies, so that reception was extremely
unselective, and much power was wasted. It was to overcome this defect that high-
frequency alternators were developed, to produce continuous waves, though only at
low radio-frequencies. Another approach resulted from the discovery by Duddell in
1900 that a carbon arc was capable of sustaining continuous oscillations, when
shunted by a tuned circuit, by virtue of the negative slope of its current/voltage
characteristic. The principle was applied to the production of rf oscillations by
Poulsen in 1902 and the idea was followed up by Marconi. The production of con-
tinuous oscillations enabled telegraph transmissions to be confined to a narrow band
and thus permitted a tuned receiver to accept any one of a number of transmissions
in the same part of the radio-frequency spectrum.

The production of continuous waves afforded another possibility, which consti-
tuted an essential step towards radiotelephony and hence towards broadcasting.
So long as radio transmissions were confined to telegraphy, there was no difficulty
in modulating the radio-frequency output of a transmitter to enable it to carry the
signal ; it was merely necessary to interrupt the oscillations to produce the required
signal. Telephone transmission required a more sophisticated approach for which
the production of continuous waves was essential. If a continuous oscillation at radio
frequency could be varied in amplitude in sympathy with an audio-frequency signal,
radiotelephony would be possible.
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In 1900 A. S. Popov of Russia communicated to an international congress in Paris
a description of a method of radiotelephony using damped waves in conjunction
with a coherer. He had operated from February to April of that year a radio link
between the islands of Kuutsalo, near Kotka, and Suusaaren (Hogland) on a wave-
length of 260 m.1? In the same year Prof. R, H. Fessenden, a Canadian working in
the USA, attempted radio transmission of speech by modulating a stream of sparks.
The results were poor, but in 1903 he did better with a modulated arc, transmitting
speech over a distance of about 20 km. In 1905 Ernst Ruhmer established two-way
telephony over a distance of 15 km using a modulated light beam; this does not come
within the definition of radio, but in 1906 the same experimenter demonstrated radio-
telephony over a distance of 30 m to an international conference on radiotelegraphy
in Berlin, using a microphone to modulate a continuous wave, produced by an arc,
with speech and music. In 1906 also, Fessenden achieved considerable success with a
high-frequency alternator with an output of o - § kW. He played gramophone records
to listening ships’ operators up to 80 km distant. In 1908 R.-B. Goldschmidt col-
laborated with Ruhmer and Maurice Philippson in a series of transmissions from
the Palais de Justice in Brussels using a modulated arc for telephony on a wavelength
of 1750 m. The transmissions were received in Liége at a distance of 110 km and
aroused considerable interest. (This information comes from an unpublished paper
by G. Gourski, Honorary Director-General of Technical Services, RTB/BRT.)

In this country H. J. Round demonstrated radiotelephony in 1908, using a modu-
lated arc. In 1908, also, Slaby and Arco transmitted a Caruso record by radio in
Berlin and in 1910 Lee de Forest ‘broadcast’ the same famous voice — live this time —
to fifty amateurs in New York.!! Neither the alternator nor the arc was really satis-
factory for transmitting speech and music; moreover, it seems unlikely that the prin-
ciples of modulation and the production of sidebands had been established at that
time.

An interesting proposal for a public-address system was made by Father Lucas,
S.J., of the Scientific Society of Brussels in 1902. He suggested that a singing arc
could be modulated by means of a carbon microphone and that the arc lamps used
for street lighting could thus take the place of the town-crier. (Visitors to BBC
stations have sometimes been entertained by disembodied voices speaking from the
sky, when an accidental arc on an aerial feeder was modulated by the programme.)

Although, in the first decade of the century, wireless transmissions were mostly in
the form of telegraphy, it soon became apparent that the use of the medium would
have to be regulated. The Berlin Conference of 1906 made provisions to avoid
interference between stations and to safeguard distress calls, and also to ensure that
installations on ships and on shore would be compatible with each other. It was
evident that governments would have to take powers to enable them to control
wireless transmissions in their own countries and the first Wireless Telegraphy Act
had already been passed by the legislature in the United Kingdom in 1904.

Although Lee de Forest’s triode valve proved to be a sensitive detector, it was not
until 1912 that the inventor appreciated and exploited its possibilities as an amplifier.
It could also be used to produce continuous oscillations at radio frequency; this
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discovery was made by A. Meissner in Germany in 1913 and almost simultaneously
by Armstrong in the USA and by C. S. Franklin and H. J. Round in the United
Kingdom. It was soon found that the oscillations produced in this way could be
modulated at audio frequencies; one method of doing this was to apply the audio-
frequency input to a choke in the anode circuit of the valve, so as to vary the anode
voltage in sympathy with the modulation and thus to vary the amplitude of the radio-
frequency output similarly.

Another important advantage of the triode oscillator was that the frequency could
be kept reasonably constant, and later developments enabled a very high standard of
frequency stability and accuracy to be attained.

At the receiving end, the coherer, the magnetic detector and the electrolytic detec-
tor gave place to the crystal detector (based on a series of discoveries leading to the
carborundum detector, invented by General Dunwoodie of the US Army in 1906),
to the diode rectifier and then to the triode valve, which could be used simultaneously
as a rectifier and as an amplifier. The triode greatly increased the sensitivity and the
selectivity of receivers. The rectified output derived from the anode circuit could be
applied directly to a telephone headset after the radio-frequency components had
been filtered out.

Once the problem of producing continuous waves and of modulating them with a
telephone signal had been solved, a great deal of study was given to the process of
modulation and to the inverse process of detection. The way in which sidebands were
produced in the process of modulation and the way in which the original audio-
frequency signal could be recovered by rectification were soon established.

The stage was now set for the development of radiotelephony, which pointed the
way to broadcasting. In 1913 H. J. Round again demonstrated radiotelephony, this
time using valve circuits. By the outbreak of the First World War it was thus possible
to use valves in conjunction with continuously-tuned circuits in both the transmitter
and the receiver for telephone communication. Developments were accelerated by
the military demands of the war, particularly for ground-to-air communication with
military aircraft and for the control of armoured fighting vehicles from the air.
Among the engineers engaged on these developments were H. J. Round himself,
P. P. Eckersley and R. T. B. Wynn,'2 all of whom were at that time in the Marconi
Company and later became well known in the broadcasting field. N. Ashbridge was
in the Royal Engineers in France working on radiocommunications for the army ; he
later transferred to research work and then joined H. L. Kirke (also of the Royal
Engineers) in Marconi’s.

Speech was first transmitted across the Atlantic in 1915 by the American Tele-
phone & Telegraph Company in conjunction with the International Western Electric
Company from a transmitter at Arlington, which is said to have used over three
hundred valves, to the Eiffel Tower in Paris. After the First World War the know-
ledge and experience gained in the development of wireless telephony for military
purposes was soon applied to peace-time uses. The first telephony transmission
across the Atlantic in the east-west direction was made by H. J. Round in 1919 using
a transmitter of 2-5 kW input power at Ballybunion in Ireland on a frequency of
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79 kHz (3800 m). W. T. Ditcham of the Marconi Company, who spoke on that
occasion, was the first European whose voice was heard by wireless telephony on the
other side of the Atlantic.!?

One of the first to visualise the potentialities of broadcasting was David Sarnoff
(1891-1971) who in 1916, while employed by the American Marconi Company,
foresaw the need to establish broadcasting stations and to make radio sets for home
use. (This was the first of the many ambitious targets that he set himself — including
the development of the gramophone, television, colour television and satellite com-
munication. He made major contributions to all of these during his long career, for
thirty-seven years of which he was president of the Radio Corporation of America.
He also formed the National Broadcasting Corporation, the first of the American
networks, in 1926.)

Developments in circuitry, in valve design and in aerials led to the setting up of an
experimental telephony transmitter of 6 kW input power by the Marconi Company
at Chelmsford using an aerial suspended between two 450-ft masts. This transmitter
was replaced early in 1920 by one of 15 kW input power and this was used for a series
of range trials. Reports of satisfactory reception were received from various places
in the United Kingdom and also from as far away as Rome and Madrid. The first
regular wireless telephone news service started on 23 February 1920, using this trans-
mitter operating on a frequency of 107 kHz (2800 m).

During this period a number of improvements were made in receivers. In 1902
Fessenden had already proposed that a local oscillator could be used to produce a
beat note at an audible frequency. The superheterodyne principle, using a local radio-
frequency oscillator to heterodyne the incoming radio frequency so as to convert it
to a lower frequency at which more efficient amplification and tuning could be used,
was described by Armstrong in 1919. The use of positive feedback, or ‘reaction’, to
increase the amplification had been introduced in 1913, and patented by H. J. Round.

A series of improvements in receiving valves quickly followed:

the improvement in stability brought about by using ‘hard’ vacuum, as in the ‘R’
valve (1915);

the reduction of inter-electrode capacitance, by bringing out the leads at different
points in the envelope (the French horned valve and the Marconi ‘Q’ valve of 1916);

the use of dull-emitter filaments (Western Electric Company, 1918).4

The use of valves in receivers made it possible to employ loudspeakers. One of the
first practicable types was the Brown loudspeaker of 1920, which had a conical metal
diaphragm connected to an electromagnetically operated reed; it was produced by
S. G. Brown, whose headphones were already well-known. Horn loudspeakers fol-
lowed in 1920-3.

Thus, by the time the BBC* was formed in 1922, valve receivers with loudspeakers
were already available to the public, although the majority of listeners at that time
still had crystal sets with headphones. By this time also, transmitting valves able to

¢ The letters ‘BBC’ will be used indiscriminately for the British Broadcasting Company and the British
Broadcasting Corporation, where there is no risk of ambiguity.
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handle fairly high power had been developed. The use of glass bulbs limited the power
rating to about 500 W, because of the problem of heat dissipation. One of the
pioneers of transmitting valves in the United Kingdom was Stanley Mullard; he
developed valves with silicon envelopes, which were the first products of the company
he founded in 1920.1® They were made for the Admiralty and were also used in a
transmitter built by the Radio Communication Company which subsequently be-
came the BBC station in Manchester. However, air-cooled glass valves were com-
monly used until the next major development was introduced by Marconi’s in the
mid-1920s. Improved means of sealing metal to glass then made it possible to use the
copper anode itself as part of the envelope, so making it accessible to liquid coolants
and avoiding losses caused by impurities in the glass. There followed the series of
CAT (cooled-anode transmitting) valves that were subsequently widely used in BBC
stations.

It is neither necessary nor appropriate to give further details of these basic develop-
ments in radiocommunication here. They have been fully explored elsewhere!® 17-20
and this book is concerned with BBC Engineering, which did not come into existence
until 1922,

3 THE FIRST BROADCASTS

The telegraphy transmissions to ships at sea, which developed rapidly from 1900
onwards, and the telephony transmissions mentioned in the last section could be
received by anybody within range who possessed a suitable receiving installation,
but they cannot properly be described as broadcasts. This term could, with more
justification, be applied to the time signals that were regularly transmitted from the
Eiffel Tower, starting in 1909 ; they contributed to the formation of a ‘radio public’,
not only in France but also in neighbouring countries. This fact, together with the
enthusiasm of Belgian amateurs, encouraged the start of the regular programmes of
music that were transmitted from the grounds of the Royal Castle at Laeken in
Belgium every Saturday afternoon from 28 March 1914. These transmissions have a
strong claim to priority in the broadcasting field;?! they continued until the trans-
mitter was demolished before German troops entered Brussels in 1914.

The birth of broadcasting in Germany is held to date from May 1917 when Hans
Bredov transmitted music and talks to the troops on the Western Front.2?

On 6 November 1919 regular broadcasts started from station PCGG in Holland.
These transmissions were made by H. H. S. a S. Idzerda, founder of the company
‘Netherlands Radio Industry’. He had grasped the importance of the triode valve
and in 1917 had persuaded the Philips Company to manufacture one to his own
design. The broadcasts from PCGG on Sunday evenings followed a regular schedule
and were advertised in advance. Many listeners in the United Kingdom became
familiar with them as the ‘Hague Concerts’. In 1921 the Wireless World appealed to
listeners in this country for funds to help the station to carry on, and later the Daily
Mail paid for the English-language broadcasts for a whole year.??
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In the USA Dr Frank Conrad established a broadcasting station in Pittsburgh
(KDKA), which was licensed on 27 October 1920; on 2 November it broadcast the
results of the US Presidential Election. In that year the transmitter at Konigswuster-
hausen in Germany was making daily transmissions of speech, and occasionally of
music, on long waves.

In Russia Lenin had made an announcement about the success of the Bolshevik
Revolution in 1917, using a radio transmitter in the cruiser Aurora, but regular
broadcasting did not startin the USSR until 1924.%4

In the United Kingdom interest in the transmission of music as well as speech was
no doubt stimulated by the success of the Hague Concerts. On 15 June 1920 there
took place the famous recital of songs by Dame Nellie Melba from the Marconi
transmitter at Chelmsford under the sponsorship of the Daily Mail. Reception
reports were received from many European countries and even from Persia and New-
foundland. This programme was announced in advance in the Press and was thus the
first advertised programme to be broadcast in this country.?®

On 20 July 1920 the SS Victorian sailed for Canada with delegates to the Ottawa
Imperial Press Conference on board. One of the main subjects for discussion at this
Conference was to be wireless communication and, as a practical demonstration of
its possibilities, a programme of speech and musical items was transmitted from a
long-wave telephone transmitter at Chelmsford on a frequency of 107 kHz (2800 m)
and also from a 6-kW long-wave transmitter at Poldhu, Cornwall, on the same
frequency. The ship was fitted with a 3-kW telephony transmitter and while the
vessel was within range of Poldhu the delegates were able to conduct wireless tele-
phone conversations with the shore station. Each evening, while on passage, the
Victorian broadcast short gramophone concerts for the benefit of listeners in other
ships in the vicinity.28

The transmissions from Chelmsford were made under a general licence from the
Postmaster-General, which permitted the Marconi Company to ‘conduct experi-
mental wireless telephony transmission’. It was hoped that these transmissions would
convince foreign countries of British knowledge and skill in this field in view of the
interest being shown by American manufacturers at that time in the world market for
wireless receivers. However, many complaints were made that the experimental
transmissions were causing interference to aircraft and other communications and
the licence was withdrawn on 23 November 1920.

Interest in broadcasting was fostered by the activities of radio amateurs. They had
been working in several countries before the beginning of the First World War, when
their activities were suppressed for reasons of national security. They resumed soon
after the war and by March 1921, 150 amateur transmitting licences had been issued
by the UK Post Office for stations up to 10 W in power. One of these amateurs used
a transmitter mounted in a lorry to report the result of the Derby in 1921, and this
was probably in a sense the first outside broadcast.2?

After the withdrawal of the licence for the Marconi Company’s test transmissions
the Wireless Society of London (later to become the Radio Society of Great Britain)
convened two conferences of wireless societies and the members agreed to support
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an application by the Marconi Company for a licence to transmit ‘special calibration
signals’,?® This application was approved by the Post Office, but permission to
broadcast telephony was still refused. In December 1921 a petition was drawn up by
representatives of sixty-three wireless societies calling for a resumption of telephony
test transmissions to ‘serve the scientific purpose of improving the receiving arrange-
ments’. This petition was presented to the Postmaster General and eventually re-
sulted in the Marconi Company being authorised, on 13 February 1922, to include
15 minutes of telephony in the weekly half-hour test transmissions.

Meanwhile, the Marconi Company had formed a Department under R. D. Bangay
called ‘Field & Air’, to meet the demands that could be foreseen for airborne wireless
telephony as civil aviation developed. A part of this department was established at
Writtle, near Chelmsford, the staff of which included a group of engineers all of
whom were destined to make important contributions to broadcasting engineering
in later years. The group included P. P. Eckersley, N. Ashbridge, R. T. B. Wynn,
H. L. Kirke, and B. N. MacLarty, all of whom later became prominent in the BBC.
They were instructed to build a transmitter to make weekly test transmissions in
accordance with the licence issued by the Postmaster General. The equipment was
assembled and tested during a single weekend. Members of the group regarded the
transmissions as being of purely technical interest and admit that they did not foresee
that broadcasting in this country would grow from this small beginning to the status
and importance that it subsequently achieved.

The first of these transmissions from Writtle was made during the evening of 14
February 1922 using a power of 250 W and the call-sign 2MT (‘Two Emma Toc’ in
signaller’s phonetic language), which soon became widely known. The transmitter
used a circuit similar to that of the telephony transmitters then built, and had a four-
wire aerial about 200 ft long, supported by 110-ft masts. The carrier frequency used
at first was 430 kHz (700 m), but this was soon changed to 750 kHz (400 m) to avoid
interference from one of the many harmonics radiated by the arc transmitters at the
Post Office station at Leafield, near Oxford.

2MT broadcast a programme of entertainment every Tuesday evening. P. P.
Eckersley acted as compeére for these transmissions and pioneered spontaneous
microphone humour to great effect. (With or without a microphone, he was respon-
sible for several dicta that have survived, e.g. ‘It is more blessed to transmit than to
receive’, “To “er” is human, to forgive divine’.) Letters of appreciation flooded in,
and quite ambitious items were introduced into the programme. For example, one
programme included the balcony scene from Cyrano de Bergerac in which Eckersley
played Christian and Eileen Travers played Roxane. This was probably the first radio
play to be broadcast. These transmissions continued from Writtle until they were
closed down on 17 January 1923, to the regret of a wide circle of enthusiastic listeners.

Shortly after the Writtle transmitter began operating, with Eckersley and Ash-
bridge in charge, the Marconi Company received another permit, for an experi-
mental station of 100-W power and call-sign 2LO to be located at Marconi House,
London. This permit was for the transmission of speech only, between 11 am and
noon, and between 2 pm and 5§ pm daily. The station started operating on 11 May
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1922, and after a while the broadcasting of musical items was permitted and the
power limitation was increased to 14 kW. Demonstration tests were later added to
the public transmissions, but these were not advertised. They were timed and ar-
ranged for specific audiences at institutions, hospitals, wireless society meetings,
private garden parties, and so on, at which the receiving apparatus was installed and
operated by engineers of the Marconi Company. Each transmission was prearranged
and was the subject of special Post Office authorisation. The station staff included
H. Bishop (later Sir Harold Bishop, Director of Engineering of the BBC).

Capt. Round claimed to have designed the first 2LO transmitter and Franklin to
have made it work. Eddy currents were a problem, and were reduced by sawing
through the metal panelling at various points. The main oscillating valve was a
Marconi-Osram MT2 and there was a modulator and sub-modulator. The dc mains
supply from the Charing Cross power station was converted to ac and stepped up
by a transformer to feed a full-wave valve rectifier with smoothing chokes and
capacitors. The aerial consisted of two cages, each of four wires, supported by 50-ft
masts on the roof of Marconi House about 100 ft apart. The lead roof and the steel
framework of the building were bonded to the lightning conductors to provide the
earth connection.

The frequency of 2LO was 840 kHz (360 m) and the authorisation included a
requirement that the station should close down for three minutes at the end of each
seven minutes of transmission to enable the ‘operator’ to listen on the working
frequency for official messages ordering the transmission to cease ‘for any reason’.
No such messages were received and this requirement, which no doubt stemmed
from the ‘Silence Period’ of marine operating practice, could well join the ‘Red Flag’
rule imposed on certain road users in an archive of restrictive practices.

Some of the evening programmes from 2LO were announced editorially in the
Press, but mention of Marconi House was not allowed. Listeners registered with the
Marconi Company were sent postcards notifying them of forthcoming programmes.

The content of the 2LO programmes was in striking contrast to that of the light-
hearted Writtle performances and it must have been somewhat galling for the 2LO
staff to receive requests to close down during the Writtle Tuesday-evening trans-
missions so that listeners to that station might hear their preferred programme, which
by then was tending to satirise the slightly self-conscious sobriety of its London
rival.?® However, 2LO was not lacking in enterprise. In 1922 at least three out-
side broadcasts were made: a running commentary on the Lewis/Carpentier fight
from Olympia, reports on the King’s Cup Air Race, and a speech by the Prince of
Wales from York House to Boy Scouts on the occasion of their rally at Alexandra
Palace.

At first the studio was in the same room as the transmitter on the top floor of
Marconi House. Heavy drapes constituted the acoustic treatment and the micro-
phone had to be carefully placed in relation to the performer to avoid under-modu-
lating or over-modulating the transmitter. (The word ‘studio’ was used from the
beginning and has since been universally adopted in English-speaking countries and
in many others. Those who performed before the microphone were known as “artists’;

15



The Beginning of Broadcasting

people who preferred the Gallic form ‘artistes’ fought a rear-guard action for many
years, but ‘artists’ was the official BBC term.)

Public relations were already seen to be important, because the broadcasts had to
be brought to the attention of the public. This aspect was handled by A. R. Burrows,
later to become ‘Uncle Arthur’ of the Children’s Hour.

Although the Marconi Company was responsible for 2MT at Writtle and 2L.O
in London, it did not by any means have a monopoly of broadcasting in the United
Kingdom. In 1922 Metropolitan Vickers in Manchester and the Western Electric
Company in London were also active.

The Metropolitan Vickers Research Department under A. P. M. Fleming (later
Sir Arthur Fleming) was located at Trafford Park, Manchester, and was conducting
experiments in wireless telephony. In 1921 Fleming had visited the United States and
inspected broadcasting stations in Detroit and Pittsburgh, and also factories turning
out cheap radio receivers. On his return he set up an experimental transmitter (2ZY)
of 50 W power in his Company’s Research Department, and also a smaller trans-
mitting and receiving station at his home at Hale, some six miles away. Successful
tests were made and on 30 March 1922 Metropolitan Vickers applied to the Post
Office for authorisation for a 3-kW transmitter at Trafford Park, and for a similar
one at Slough, Bucks. It was proposed that these transmitters should broadcast
afternoon and evening programmes for reception by the general public.

This application was, however, joined by twenty-one others between March and
May 1922 and to all of them the Post Office gave a refusal on the grounds that ‘the
ether was already full’. The Metropolitan Vickers application was treated as one of a
group of similar applications during the negotiations between manufacturers and
the Post Office leading up to the formation of the British Broadcasting Company.??

Regular experimental transmissions from the Trafford Park station continued
from 16 May 1922 until the station was taken over by the BBC on 15 November 1922,
by which time the transmitter had been replaced by a 700-W transmitter built by the
Radio Communication Company (the power of which was subsequently increased
to 13 kW). The station had its own studio, and during this period many experiments
were carried out to improve the performance of microphones and microphone tech-
niques, Work was also done on the improvement of studio design and on methods of
balance and control.

The other large concern to be engaged in early broadcasting in this country was
the Western Electric Company. In October 1922 this Company built a 500-W trans-
mitter (2WP)in its London laboratories: It also had an associated studio, which was
particularly well-equipped to broadcast music, as it used an improved type of micro-
phone with a better frequency response than the usual carbon-granule types of that
time. Before much experimental work was done by Western Electric with this trans-
mitter, it was transferred — by steam lorry — to the General Electric Company’s
works at Birmingham, where it operated with the call-sign 5IT on being taken over
by the BBC on 15 November 1922. F. C. McLean (later Sir Francis McLean), who
later became the fourth of the pioneers to direct the Engineering Division of the BBC,
worked at the Birmingham station while with the Western Electric Company.
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CHAPTER II

The British Broadcasting Company: 1922-6

I THE COMPANY

In several ways the year 1922 was a favourable one for the start of a new era in broad-
casting. The pioneers whose work has been touched upon in the previous chapter
were still full of enthusiasm and those who had seen active service in the 1914-18
war had returned to civilian life with a mixture of relief and bewilderment and with a
lighthearted camaraderie, which helped to establish the team-work that was essential
to the development of a new technology. Among the public also there was great
enthusiasm for scientific discoveries and their application. Inquiring minds and eager
hands were ready to grapple with new ideas and make them work. In the new science
of telecommunication they found a particularly fertile field. Many schools were
encouraging interest in science, and the most popular hobbies were those requiring
the use of induction coils, capacitors, rectifiers, and other heralds of the electronic
age.

Interest in these things was fostered by a number of popular periodicals dealing
with radio as a hobby, The first issue of Wireless World, then called The Marconi-
graph, had appeared in April 1911; its ownership was transferred from the Marconi
Company tolliffe & Sonsin 1924 and it is now published by IPC Electrical-Electronic
Press. Other magazines for the home constructor were Modern Wireless (with P, P,
Eckersley as Radio Consultant), started in 1923, Wireless Weekly (1923), The Wire-
less Constructor, Amateur Wireless, Popular Wireless and later, Practical Wireless.
The first three of these were published by the Radio Press; its proprietor was John
Scott-Taggart, well known, among many accomplishments, for his receiver designs
and textbooks. Experimental Wireless, which started publication in 1923, had Prof.
G. W. O. Howe as technical editor and, for many years, Hugh S. Pocock as editor -
he was also editor of Wireless Worldfrom 1920-41. The editor of Experimental Wire-
less (then called Wireless Engineer) from 1946 was W. T. Cocking (later editor-in-
chief of that journal and of Wireless World). For many years the editorials by Prof.
Howe lucidly expounded the fundamental principles of electronics, and contributed
greatly to the understanding of those who were grappling with the subject. This
periodical continued to flourish under various names and in October 1962 it was
incorporated in Industrial Electronics, which finally ceased publication in 1969. Some
of these magazines catered for ‘do-it-yourself’ enthusiasts; some were directed also
to the professional engineer. They all helped to encourage those who wanted to know
how ‘the wireless’ worked, to make the most of the equipment and components that
were available and to appreciate the results,
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At the beginning of the 1920s shops sprang up which found a ready market for
thousands of stampings and washers for making variable capacitors, as well as wire,
insulating sleeving, headphones, and other components for building receivers. Most
receivers at this time were crystal sets with headphones, but valve receivers were
beginning to come into use and loudspeakers were being advertised as early as
November 1922. Valves had the disadvantage that cumbersome accumulators were
needed for the filament supply and dry batteries for the ht supply, but their use
greatly increased the interest that listeners and experimenters could get from their
sets, because the greatly improved sensitivity and selectivity of the receivers enabled
foreign stations, as well as those in the same country, to be received. (A number of
broadcasting stations had by this time opened in other countries and by the middle of
1922 there were already over two hundred registered stations in the USA.)

Publication of the BBC’s own programme journal, the Radio Times, was started
by the Company in 1923. Interest in the reception of foreign programmes led to the
publication of a supplement devoted to them, which started in July 1925 and a year
later changed its name to World Radio. Details of foreign broadcasts were obtained
from broadcasting organisations abroad in exchange for advance information about
BBC programmes. World Radio was naturally unpopular with other radio magazines,
especially when it started to include technical articles. As a result of their objections
the BBC agreed to discontinue the publication of articles concerned with home
construction of receivers, but continued to include descriptions of equipment de-
veloped by the BBC (many of which have provided material for this book) until pub-
lication ceased with the issue of 1 September 1939.

The excitement lay in the ability to pick signals out of the air and to hear speech
and music. This was an achievement in its own right, quite apart from any entertain-
ment value that the programmes might have. In this atmosphere broadcasting grew
up as a source of wonder rather than of ‘entertainment, information and enlighten-
ment’. It was clear, however, that to achieve a lasting impact on the public at large,
it would need two things: programmes and money. Hence it had to be organised
and all kinds of artists, administrators and businessmen became involved in its pro-
gress.

The slump of 1929 had not yet arrived to dampen enthusiasm for new ventures,
and the prevailing mood was one of optimism and enterprise. A group of manu-
facturers interested in both what is now called the capital goods side of the radio
industry and the production of receivers entered into discussions that led to the
formation of the British Broadcasting Company. The course of the negotiations is
fully described by Asa Briggs.?

On 4 May 1922 the Postmaster General made a statement on broadcasting in the
House of Commons, in which he proposed, inter alia, that Great Britain should be
divided for broadcasting purposes into eight areas, each to be served by one or more
broadcasting stations sited within that area. The eight areas were to have as their
centres London, Cardiff, Plymouth (later changed to Bournemouth), Birmingham,
Manchester, Newcastle, Glasgow or Edinburgh, and Aberdeen. The output power
of each station was not to exceed 14 kW and the hours of transmission were to be
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restricted to 1700 to 2300 hours on weekdays, but with no restriction on Sundays.

On 18 May 1922 a conference was held at the GPO London attended by twenty-
eight representatives of companies interested in broadcasting, at which the Post
Office outlined their proposals and asked the representatives to go away and agree
amongst themselves on the formation of one or more organisations to give effect to
the proposals. A meeting of manufacturers was accordingly held at the Institution
of Electrical Engineers on 23 May 1922 under the Chairmanship of the then President
of the Institution, Sir Frank Gill. Negotiations between the various manufacturers
and the Post Office continued largely on financial matters and on patent rights, most
of the receiver patents being owned by Marconi’s. A further meeting was held at the
IEE on 18 October 1922, at which it was decided to form a single company to be
responsible for broadcasting.

The choice of venue for these meetings was significant, for the IEE itself has
played an important role in the development of broadcasting and there has been a
continuous relationship between the Institution and the BBC arising from their
common interest in the field of electrical engineering. This relationship was further
cemented by the fact that from April 1923 the BBC’s London offices and studios were
housed in a part of the IEE building at No. 2 Savoy Hill. These premises remained
the headquarters of the Company and later of the Corporation, until Broadcasting
House was opened in 1932. The Institution was careful to retain the right to close
down the BBC programme if it interfered with the use of the nearby lecture theatre.
This power does not appear to have been exercised and indeed the BBC main-
tained friendly and fruitful relations with the 1EE, which have subsisted over fifty
years.

The British Broadcasting Company started regular broadcasting on 14 November
1922, though it was not registered until 15 December 1922 and did not receive a
formal licence from the Post Office until 18 January 1923. Such a licence was neces-
sary, because the Post Office was authorised to regulate radio transmissions under
the Wireless Telegraphy Act of 1904. (The first recorded prosecution for operating
an unlicensed radio transmitter was on 27 August 1924.)3

The first Chairman of the Company was Lord Gainford and there were eight
Directors representing firms, large and small, that were ‘bona fide manufacturers of
wireless apparatus’. The formation of the Company was very much a co-operative
venture. The ‘Big Six’ companies, which put up £60,000 of the total authorised capital
of £100,000 and guaranteed to finance a broadcasting service for a period of two
years,® were the Marconi Company, the Metropolitan Vickers Company, the
Western Electric Company, the Radio Communication Company, the General
Electric Company, and the British Thomson-Houston Company. A number of
smaller firms, receiver manufacturers and retailers, also took part in the formation
of the Company and subscribed to its capital.

The income of the Company was derived partly from a half-share in the ten-shilling
fee for broadcast receiver licences, instituted on 1 November 1922, and partly from
royalties paid by the member firms on all receiving sets sold by them. The royalty
amounted to about 10 per cent of the selling price of receivers and also on certain
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components that could be used by home constructors.s Initially royalties on typical
items were as follows:
£

7
a.

O O OO\ &,

crystal set
crystal, plus one-valve, set
crystal, plus two-valve, set
one-valve set
two-valve set
multi-valve set
10s. extra for each valve beyond two
loudspeaker with or without trumpet 3 0
valve 2

— et N
(o2 S
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Manufacturers undertook not to sell any apparatus for broadcast listening unless
the components were British made. Their receivers were stamped ‘BBC Type
Approved by Post Master General’. The broadcast receiving licence required the
listener to use a ‘type-approved’ set.

An experimental receiving licence had been in force since 1906 for radio amateurs.®
This was quite distinct from the broadcast receiving licence and initially no fee was
payable forit, but in 1913 a fee of one guinea was introduced. When war-time restric-
tions were relaxed in 1919 a new ten-shilling licence was introduced for receiving
equipment for experimental work. Anybody who could convince himself and the
Post Office that he was a bona-fide experimenter could build a receiver himself and
take out an experimental licence for it. This licence carried no stipulation that the
equipment must be ‘type-approved’ and so the holder was free to use any components
he pleased, whether or not they were made by firms that were members of the Com-
pany or even whether they were of British manufacture. Although the BBC received
a share of the fee for an experimenters’ licence, it lost money on royalties, because
home-construction quickly became popular and was cheaper than buying a complete
‘type-approved’ set. As a result, the number of experimental licences increased from
about 7000 at the end of March 1922 to over 35,000 by March 1923, at which date the
number of broadcast licences was about 88,000. Most of the home constructors who
obtained experimental licences did not really qualify as ‘bona-fide experimenters’;
they merely assembled their receivers with the aid of simple tools, a diagram and a
set of components. There was also a large number of listeners, estimated at at least
200,000, who were evading the licence altogether — a foretaste of troubles to come!

These difficulties led the BBC to make strong representations to the Post Office and
the negotiations had almost reached a deadlock when the Sykes Commuttee was set
up on 24 April 1923.7

This Committee recommended that from 1 January 1925 there should be a single
ten-shilling licence for all receivers, of which the BBC’s share would be 7s. 6d. The
prohibition of imported receivers was to be withdrawn and royalty payments to the
BBC to cease. Some interim arrangements were recommended for constructors’ and
experimental licences, for the period 1 October 1923 to 31 December 1924. After the
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publication of the report, on 1 October 1923, the total number of licences increased
in ten days from 180,000 to 414,000 - a striking indication of the degree of evasion
that had existed. In fact, the interim arrangements ceased on I July 1924, so that,
from that date, the single ten-shilling licence came into effect.

By the time the Company took over, the broadcasting facilities mentioned in the
previous chapter were already available. The London station with its studio was
taken over by the Company on 14 November 1922, although strictly speaking the
Company did not yet exist and its affairs were managed by a Committee representing
the founder members. The transmitters and studios in Birmingham and Manchester
were taken over on 15 November. The BBC had not yet recruited any staff of its own
and therefore had to rely on employees of the firms that were already operating the
studios and transmitting stations to continue to run them.

The first task of the new Company was to appoint a General Manager; he was
J. C. W. Reith (later Sir John Reith, and subsequently Lord Reith), who became
Managing Director in November 1923, and, on the formation of the British Broad-
casting Corporation, its first Director-General. Reith was an engineer and he set a
standard of public service, the influence of which continues to be feltin this and many
other countries. There will be occasion later to mention the influence that a series
of Chief Engineers and Directors of Engineering had on the staff and achievements
of the Engineering Division, under the leadership of Reith and his successors. At this
point it is necessary only to pay tribute to the enduring influence that Reith’s per-
sonality had on the ethos of the BBC from the beginning. Asa Briggs has surveyed
his principles and the way in which he applied them during the formative years of the
BBC in The History of Broadcasting in the United Kingdom, Volume 1, passim.

2 TRANSMITTERS AND RECEPTION

The British Broadcasting Company took over the responsibility for the transmitters
that had already been set up: one by the Marconi Company in London (2LO), one
built by the Radio Communication Company and installed in the Metropolitan
Vickers’ worksin Manchester (22Y), and one built by the Western Electric Company,
which had just been moved to the General Electric Company’s works at Birmingham
(5IT). The Company was also responsible for the programmes radiated by these
stations and by the further stations that were to be built.

The range of each of the transmitters was about 25 miles during daylight hours,
when a crystal receiver was used, and each station operated on its own exclusive
wavelength. Thus from the very start the concept of regional or area broadcasting
took shape, simply on account of the limited range of the transmitting stations; they
were not interconnected and all the stations had therefore to be programmed inde-
pendently. Itis interesting to speculate on what would have happened if a high-power
low-frequency station could have been built first so as to serve the whole country
with a single programme.

By this time a good deal was known about propagation at medium frequencies
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through experience in communicating with ships at sea. Marconi and others had
already, at the beginning of the century, disproved the theory of Guarini that a line-
of-sight was essential to the transmission of radio waves and that they could (at least
at the frequencies then in use) circumvent obstacles and reach beyond the horizon.

The fact that radio waves follow the curvature of the earth appeared to be contrary
to the laws of physics and to normal experience with the more familiar type of electro-
magnetic waves, namely those of light. But in 1902, Heaviside in the UK and Ken-
nelly in the USA had postulated the existence of layers of ionised gas in the upper
atmosphere, having refractive properties capable of bending radio waves back to-
wards the earth and thus acting as reflectors. Since the height and density of these
layers depended on the sun, the properties of the ionosphere varied with the time of
day and with the season of the year, and also with the eleven-year sunspot cycle.

The activities of amateurs had contributed a great deal to empirical knowledge
of the behaviour of radio waves at different frequencies. On 2 February 1921 a series
of attempts was made by amateurs in the United Kingdom, the USA and Canada
to bridge the Atlantic using frequencies in the neighbourhood of 1500 kHz, but with
inconclusive results; in December of the same year a further series of tests took place
in which a number of signals from the USA were received in the UK.® In 1924 under-
standing of the properties of the ionosphere was put on a firm basis by the researches
of Prof. E. V. (later Sir Edward) Appleton in a series of experiments that determined
the height of the reflecting layers; he used the BBC station at Bournemouth and a
receiving point near Oxford. In 1925 G. Breit and M. A. Tuve in the USA developed
a pulsed system for ionospheric sounding. These studies were to prove invaluable
when short-wave broadcasting was developed and they were reinforced in the early
1960s when ‘topside sounders’ carried by artificial satellites made it possible to
examine the upper, as well as the lower, strata of the ionosphere.

When broadcasting came into being as a public service the effect of these pheno-
mena immediately became apparent and of practical importance. The aerials used
at each of the transmitting stations radiated a part of the energy along the ground
(the ground wave) and a part at angles above the horizontal (the sky wave). The
ground wave gave constant reception during daylight hours at all distances within
the limiting range, which was determined by the power of the transmitter and the
sensitivity of the receiving installation. At night the sky wave could be received at
distances considerably beyond the daytime range of the station, but with some fading
and distortion resulting from variationsin the refractive properties of the ionosphere.

There was, however, an intermediate range of distances at which the ground wave
and the sky wave could be received at night at roughly equal strength. Interference
between the two produced serious fading in what became known as the ‘mush area’
surrounding each station at a distance somewhat less than that corresponding to the
daytime range. Thus, the range of reliable reception was less at night than by day;
on the other hand, reception at a lower standard was possible at night over much
greater distances. The transitions between day-time and night-time conditions
occurred about an hour after sunrise and an hour before sunset at the point where
the sky wave was reflected by the ionosphere.
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The characteristic behaviour of medium-wave transmissions has, through the
years, provoked a stream of complaints from listeners that they cannot satisfactorily
receive a BBC medium-wave station fifty miles away, although they can receive
continental stations at much greater distances. Some of them are reluctant to accept
the fact that this is a natural phenomenon and that if they lived onthe Continent they
could receive distant BBC stations better than nearer continental stations. Quite
recently, serious consideration has been given in several countries to the possibilities
of using sky wave transmission for domestic broadcasting. This is feasible only in
countries that are large enough to have populated areas about a thousand miles
apart, and the quality of reception cannot be as good as with ground wave propaga-
tion because of fading.

The sky wave not only made reception possible at night over considerable dis-
tances; it could also cause interference with the reception of other stations on the
same or nearby wavelengths at distances of hundreds of miles.

These considerations have profoundly affected the development of broadcasting
on medium frequencies (medium waves) to this day. The effect on low-frequency
(long-wave) transmissions is less marked, and at the high frequencies that were later
brought into use for short-wave broadcasting only sky-wave transmission is of
practical use.

The engineers who operated the first three stations on behalf of the British Broad-
casting Company were initially employees of the three owning companies, but
shortly after P. P. Eckersley was appointed Chief Engineer, in February 1923, these
engineers were offered direct employment in the BBC. For example, H. Bishop,
who was at first employed by the Marconi Company and was operating the London
(2LO) transmitter, joined the BBC on 10 May 1923.

The Engineering Department, as it was then called, soon began to expand as
broadcasting spread to other provincial cities; additional staff were recruited and
specialised sections were formed within the department during the four years of the
Company’s existence. The aims of the Engineering Department during these early
years were:

(i) to maintain a high technical standard of broadcasting;
(ii) to spread the broadcasting service into areas of the country havingeither unsatis-
factory reception or none at all;
(iii) to conduct research into all engineering aspects of broadcasting, as only a few of
the firms in existence at that time were equipped to do such work and interested
in undertaking it.10

In the original licence, the Post Office authorised the BBC to install and operate
nine 13-kW main transmitting stations; these were the eight stations previously
mentioned plus a ninth station at Belfast (see table). After all these main stations had
been commissioned, many parts of the country still had poor reception or none at all.
For example, reception was very poor in Sheffield, Leeds, Edinburgh and Plymouth.
The state of the art at that time did not permit the production of high-power trans-
mitters to alleviate this problem, even if permission could have been obtained in the
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MAIN AND RELAY STATIONS: 19224

Station Call-sign  Wavelength Frequency Opening Closing
(m) (kHz) Date Date

Main Stations

London (Marconi House) 2LO 363-7 825 11.5.22* 54.25
London (Selfridges) 2LO 3637 825 6.4.25 4.10.29
Manchester 2ZY 378 793 16.5.22t 17.5.31
Birmingham SIT 477 629 15.11.22 21.8.27
Newcastle 5SNO 404-5 742 24.12.22  19.10.37
Cardiff SWA 353 850 13.2.23 28.5.33
Glasgow 5SC 422 7117 6.3.23 12.6.32
Aberdeen 2BD 496 605 10.10.23 9.9.38
Bournemouth 6BM 387-2 775 17.10.23 14.6.39
Belfast 2BE 440 682 24.10.24 20.3.36
Relay Stations

Sheffield 6FL 306- 1 980 16.11.23 16.5.31
Plymouth 5PY 338-2 887 28.3.24 13.6.39
Edinburgh 2EH 328:2 914 1.5.24 12.6.32
Liverpool 6LV 318-2 943 11.6.24 16.5.31
Leeds 2LS 346-2 866 8.7.24 16.5.31
Bradford 2LS: 310 968 8.7.24 16.5.31
Hull 6KH 355-5 844 15.8.24 16.5.31
Nottingham 5SNG 326-1 920 16.9.24 1.11.28
Dundee 2DE 331 906 12.11.24 12.6.32
Stoke-on-Trent 6ST 3011 996 21.10.24 16.5.31
Swansea 5SX 482-2 622 12.12.24 28.5.33
Note

The addresses of these stations are given in the table in the next section.

The wavelengths and frequencies given are those on which the stations operated at the time
when they opened or shortly after. A number of changes were made subsequently (see table
in section 7).

* Taken over by the BBC on 14.11.22 t Taken over by the BBC on 15.11.22
1 Bradford relayed Leeds

political climate of that time for such transmitters to be used. In any case, the
selectivity of receivers was then very poor by modern standards and a high-power
transmitter sited near a large city centre would have ‘blanketed’ reception for listeners
living there, so that they would have been unable to tune to any other station.!!

Of the nine transmitters, seven were manufactured by Marconi’s and six of them
were of the ‘Q’ type with choke modulation and independent drives to ensure fre-
quency stability. The one at Marconi House, London, preceded the ‘Q’ set, but had
about the same output power. (As already mentioned, the othertwo — at Birmingham
and Manchester — were made by the Western Electric Company and the Radio Com-
munication Company respectively.)

24



Transmitters and Reception

The transmitters used in the first group of stations survived in service for many
years; the one at Bournemouth was in use for fifteen years and eight months. They
were renovated from time to time and, as L. Hotine remarked of the transmitter at
Aberdeen, after almost fifteen years it was like the everlasting hatchet, which had
had six new handles and three new heads.

There were two variants of the ‘Q’ set, one rated at 6 kW and the other at 12 kW;
these were the amounts of power supplied to the anode circuits of the valves and
the filaments of the rectifiers. At that time various methods of rating were used and
the 6-kW transmitter was alternatively rated at 1} kW, this being the power sup-
plied to the oscillator anode, and at 1 kW, which referred to the radiated output.
(This confusion was not finally cleared up until many years later when the Radio
Regulations, issued by the ITU, laid down that the quoted power of an AM sound
broadcasting transmitter should be the unmodulated carrier power, while that of an
FM transmitter is the average power of the modulated transmission and that of a
vision transmitter is the power at peak modulation. In each case the power quoted
is that supplied by the transmitter to the aerial feeder and, for AM is averaged over
one rf cycle. To obtain the effective radiated power (erp) the output power is multi-
plied by the net gain of the aerial in a particular direction.)

In the 6-kW ‘Q’ set power was drawn from the mains and converted by a motor-
generator set to 300 Hz at 500 V, single-phase. The voltage was raised by a trans-
former for the high-tension supply. The transmitter comprised four panels, each
composed of an open steel framework with interlocked barriers to prevent access
to live parts. The first enclosed the valve rectifiers, which delivered 10 kV to a
smoothing circuit consisting of capacitors and a large iron-cored inductance; the
second panel contained the drive oscillator; the third an rf amplifier, and the fourth
the modulator and sub-modulator.

Transmitters of this type were supplied to a number of other countries and became
widely known. The range of the ‘6-kW’ transmitter was claimed to be 25 miles for a
crystal receiver and 125 miles for a two-valve receiver. The corresponding ranges
claimed for the ‘12-kW’ version were 35 and 200 miles respectively.

At this time all receivers sold to the public had to comply with specifications issued
by the Post Office and to carry an authorisation stamp. Crystal sets usually employed
a very simple circuit and tuning was achieved by means of a slider operating on a coil
inthe form of a helix on a tubular former, although there were other forms of tuning,
such as the so-called ‘spade tuning’ of C. S. Franklin, in which a copper sheet could
be moved relatively to a flat coil so as to vary its inductance. The coil was shunted
by a fixed capacitor and followed by the headphones and a by-pass capacitor. Con-
tact with the crystal was made with a ‘cat’s whisker’, which was tricky to adjust and
had to be reset frequently. Various expedients were tried to improve the performance
of the crystal detector, e.g. by introducing dc bias to ensure that the detector worked
on the most efficient point on its characteristic, by using an electrode held rigidly
against the crystal (as in the carborundum-steel combination), or by using two
crystals in permanent contact with each other instead of one with a movable contact.

With a crystal set the whole of the energy required to produce an audible signal in
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the headphones had to come from the rf input; it was therefore necessary to use an
efficient aerial to deliver the maximum signal strength to the receiver. Listeners took
a great deal of trouble to erect aerials as high as practicable and to insulate them care-
fully. The most usual form was an inverted ‘L’ aerial (the ‘T’ aerial was less common)
slung between a chimney and a pole or tree with a string of insulators at each end and
an insulated lead-in tube passed through the window-frame. The aerial wire and
lead-in were usually of 7-strand 22-gauge bare wire, though there was a ready market
for war-time surplus supplies of ‘electron’ covered wire. For many years, however,
the Post Office restricted the total length of aerial wire to 100 ft.

Aerials of this kind were also used with the early valve receivers and there were
special restrictions on aerials used with superheterodyne receivers to limit radiation
at the oscillator frequency. Later, simple vertical rod aerials, with screened down-
leads connected through transformers at each end, were found to be effective and the
long outside aerials were largely replaced either by these rods or by frame aerials or,
later still, by ferrite-rod aerials inside the receiver. Despite the increasing sensitivity
of receivers, it was, and still is, necessary to use a sufficiently good aerial to provide
an input to the receiver strong enough to override electrical interference, preferably
an outside aerial so placed as to pick up the maximum signal and the minimim inter-
ference from electrical wiring in the house.!?

Valve receivers, though much more expensive than crystal sets, were already
becoming popular in 1922. The earliest of them had a single valve and tuning was
varied by means of a slider operating on a helical coil. Variable inductances com-
prising two coils in series, one fixed and one rotatable, soon made their appearance
under the name of ‘variometers’. Plug-in coils first appeared in 1922; each covered
a part of the broadcasting wavebands when shunted by a variable capacitor and
this became the most popular form of tuning. A second coil was connected in the
anode circuit of the valve to provide positive feedback when coupled to the tuning
coil. Multi-valve sets, often having each stage of amplification in a separate box, had
already appeared in 1922 with one or two transformer-coupled af stages and some-
times with an rf stage.!® Rf amplification, though inefficient, improved both the
sensitivity and the selectivity of the receiver; it relied for stability on the loading
imposed by the aerial circuit or on judicious adjustment of the operating voltages.

The superheterodyne receiver, mentioned in the previous chapter, advanced in
popularity in 1924-5. The invention of band-pass tuning and other improvements
substantially enhanced its performance about 1930.

From the moment when it started broadcasting, the BBC prided itself on giving
the best possible quality and this encouraged both the radio industry and home con-
structors to look for ways of improving the performance of receivers. Transformer
coupling was used for the af stages and much care was taken to reduce losses in the
transformers by making the cores of iron wire, and later of laminations. Resistance-
capacitance coupling became popular in 1923. Horn-type loudspeakers began to
replace headphones between 1922 and 1924. Cone-type loudspeakers were produced
in 1924-5 and in 1925 the Rice-Kellogg moving-coil speaker appeared in America.
The adoption of the moving-coil principle, first patented by Siemens in 1874, was a
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major advance over the use of diaphragms, such as those in telephone receivers,
working on the moving-iron principle.!* A Rice-Kellogg unit imported from the
USA was tested by the BBC in 1925. Permanent magnets instead of heavy electro-
magnets became practicable in 1928.

The necessity for accumulators for filament supply and dry batteries for h.t. wasa
serious inconvenience; it led to the production of ‘battery-eliminators’, which in-
corporated a tapped transformer and a rectifier to derive the ht and It supplies
from ac mains. In 1926 the first receiver operating entirely from an ac mains supply
was introduced. This development was assisted by the design of valves with indirectly
heated cathodes; an all-mains set using such valves was marketed in 1928.

A major advance in receiver design resulted from the introduction of the screen-
grid valve in 1926-7. The stability of this valve enabled it to give considerably more
rf amplification than earlier types. A development of it was the ‘variable-mu’ valve,
which became prominent about 1931; its amplification factor could be varied by
altering the negative bias voltage applied to the grid. Automatic volume control had
been applied to receivers about 1925, but did not become widespread until the
‘variable-mu’ valve became available. It was effected by means of a control voltage
derived from the rectified carrier. The demand for high outputs to operate loud-
speakers led to the development of push-pull circuits about 1927-8.

The introduction of an additional electrode between the screen grid and the anode
resulted in the pentode valve of 1928. This could handle a relatively large output with
a minimum of distortion and it was therefore particularly valuable in the output stage
of a receiver.

From the very early days the BBC has felt an obligation to do its best to protect its
audience from interference that might spoil reception of its programmes. Inter-
ference from atmospheric and galactic noise is a natural phenomenon; the broad-
caster can do nothing about it except to provide as high a ficld strength as is rcason-
ably practicable (for example, by supplementing the coverage of main stations by
building relay stations) and to encourage listeners and viewers to use the best possible
receiving aerials, taking advantage of their directional properties. Interference from
transmitters other than the wanted one can be reduced by careful frequency-plan-
ning. A third, and important, kind of interference is that generated by electrical
apparatus, the so-called ‘man-made’ interference. In the days of crystal sets this was
not often a serious problem because receivers were insensitive and because relatively
few electrical appliances capable of causing serious interference were in use. When
valve receivers became popular from 1922 onwards, radio sets themselves became a
major source of interference. This was because of the widespread use of variable
‘re-action’, 1.e. positive feedback applied to a tuning coil in the aerial circuit. It con-
siderably increased the sensitivity of the receiver, but could easily cause the valve to
oscillate. The oscillation was radiated by the aerial and, being at a frequency close
to that of the station to which the receiver was tuned, produced a whistle in neigh-
bouring receivers, the pitch of which varied as the tuning was adjusted. So great was
this nuisance that the BBC received 15,000 complaintsina year and had to undertake
a major publicity campaign to persuade listeners not to annoy their neighbours by
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excessive use of ‘re-action’. This campaign was conducted through the microphone
and the Press and by the issue of a pamphlet on the subject. Eckersley himself made a
spirited plea on the theme: ‘Please don’t do it’. In persistent cases the BBC obtained
detailed information from the complainants and passed it to the Post Office, which
used direction-finding vans to locate the source of the interference. The trouble was
greatly reduced when a radio-frequency amplifying stage preceded the detector
valve. This additional stage not only increased the sensitivity of the receiver and
improved the sharpness of tuning but also acted as a buffer to prevent the oscillation
from reaching the aerial.

However, this was not the end of the problem, because the superheterodyne re-
ceiver came into widespread use towards the end of the 1920s. This included an in-
ternal oscillator operating at a frequency corresponding to the difference between the
fixed intermediate frequency incorporated in the design of the receiver and the fre-
quency to which the set was tuned. The internal oscillator could radiate directly to an
extent sufficient to cause interference to neighbouring receivers and the interference
could be reradiated by the aerial to which the receiver was connected. The inter-
ference was usually within the broadcasting band and had to be reduced by careful
design of the receiver, including the use of internal screening. Later, when television
receivers were introduced they created a new problem: not only did they incorporate
a frequency-changing oscillator but they had another oscillator to generate the line-
scanning frequency. Both these oscillators could cause interference to neighbouring
receivers. Through the years BBC engineers have co-operated with the receiver in-
dustry and with the Post Office in dealing with these troubles. Agreed limits for the
interference generated by sound and television receivers are now included in British
Standard 905 first published in 1940,'5 which, though not mandatory, is generally
observed by British manufacturers.

Other forms of electrically generated interference became troublesome with the
increased sensitivity of receivers and with the widespread use of domestic electrical
equipment. By the end of the 1920s a considerable amount of attention was being
given to this problem by the Post Office, the Electrical Research Association, the
BBC Engineering Division, and the various interests responsible for producing the
interference. The first steps were to produce measuring equipment and to standard-
ise the methods of measurement so that the field strength (or, in the case of inter-
ference conducted by the mains wiring, the voltage) could be measured in such a
way as to give some indication of the subjective effect on the listener when the inter-
ference was heard as a background to a broadcast programme. It was soon apparent
that agreed limits for the acceptable maximum level of interference from various types
of electrical apparatus would have to be fixed so that manufacturers would have
some guide from which to work. A portable radio-interference measuring set was
designed by the Post Office, which was in effect an idealised superheterodyne receiver
incorporating an rf voltmeter with specified time constants. It covered a frequency
range from 150 kHz to 2§ MHz. The ERA also developed a measuring set of a some-
what different design.

Progress was also made in the design of interference suppressors. Since the inter-
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ference from most kinds of domestic appliance was mains-borne, it could usually
be sufficiently reduced by inserting a low-pass filter, or even one or more capacitors,
at the mains terminal of the machine. It was, however, necessary to deal with both the
symmetrical and asymmetrical components of the interfering voltage and it was not
easy to design effective suppressors that were cheap enough to be applied to small
appliances, such as hair-dryers, and at the same time small enough to be incorporated
in them.

Developments in receivers and in coping with interference were paralleled by
improvements in the broadcasting system. In the latter part of 1923 the BBC Board
decided to build additional transmitters of low power sited in populated areas that
could not be reached effectively by the main stations. The programming of these
relay stations, for reasons of economy and local choice, was mainly from London
and this raised problems of simultaneous broadcasting, which are described later in
this chapter.

None of the large manufacturers could at this time offer a suitable low-power
medium-frequency broadcasting transmitter, so the Development Section of the
Engineering Department immediately set about designing a transmitter with an out-
put of 100 W. The manufacture of these transmitters was co-ordinated by H. S.
Walker (later head of the Valve Section).

Eleven relay stations were put into service at the remarkable rate of one each
month, starting with the station to serve Sheffield (6FL), which went into service on
16 November 1923, and concluding with the installation at Swansea (5SX) on 12
December 1924.

The coverage given by the group of nine main and eleven relay stations was esti-
mated at the time to be between 60 per cent and 70 per cent of the country’s popula-
tion, assuming that only crystal sets were in use by the majority of listeners.

The capital cost of the low-power stations was of the order of £2000 each and the
running costs were about £1500 pa each. Eckersley estimated that one station could
bring in 20,000 additional licences during the first year and a further 30,000 in the
second year.'¢ This forecast was more than amply fulfilled, for by 31 March 1924
the number of licences in force had already grown to nearly three-quarters of a
million. The licence revenue received by the BBC in the sixteen months from 15
November 1922 to 31 March 1924 (that is, up to the time of commissioning the eighth
ofthe main stations) was £176,934, but in the following financial year, which included
the commissioning of the ninth main station and the eleven relay stations, the licence
revenue increased to £488,881. The extension of the coverage contributed materially
to the increase in the BBC's income.

The decision to use a number of low-power stations raised what is now the familiar
limiting factor in the development of medium-frequency broadcasting, i.e. the
shortage of wavelengths. In October 1923 the Government had accepted the recom-
mendations of the Sykes Committee!? that broadcasting should be given an extended
waveband and that the BBC should have the exclusive use in this country of the band
from 300 to 500 m (1 MHz to 600 kHz). At the same time, the BBC was asked to
explore any technical innovations likely to have the effect of reducing the number of
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separate wavelengths required. At the end of 1924, when the last of the nine main
stations and eleven relay stations had been opened, all the BBC’s medium-wave
assignments had been taken up. Interference from continental stations at night
was increasing and the wavelengths of several stations were altered between 1924
and 1926 to combat it. In 1925 preparations were being made for the European
Conference at Geneva that was to change the assignments (see section 7 of this
chapter).

In accordance with the Geneva Plan (1926), all the relay stations except Leeds and
Bradford had to operate on the UK Common Wave of 288 -5 m (1040 kHz), and al-
though their range was only five to ten miles with a crystal receiver, it was necessary
to ensure that mutual interference, particularly during the hours of darkness, was
minimised by adjusting their carrier frequencies to quasi-synchronism. If all the
stations on the same frequency carried the same programme, the mutual interference
between them could cause fading and distortion at night; if they carried different
programmes the listener could also be troubled by a background of the unwanted
programme. (The tolerable field-strength ratio was about 14 dB in the former case
and 46 dB in the latter.)

At this time the development of quartz crystal oscillators had not reached a
sufficiently advanced stage for them to be used for precision control of carrier fre-
quencies; the BBC Development Section under H. L. Kirke, which included A. B.
Howe, T. C. Macnamara and J. McLaren, designed a tuning-fork drive for these
stations. (A patent for such a drive had been taken out by Dr W. H. Eccles in 1918.)
The apparatus consisted of a tuning fork electrically maintained at a frequency of
1015-625 Hz, and a frequency multiplier having a ratio of 1:2!°, The multiplier
employed twenty-two type LS5 valves and produced an output at a frequency of
1040 kHz. The first tests were made in 1924 using the tuning fork in London and the
frequency multiplier at the Sheffield relay transmitter, the output from the tuning
fork being sent by Post Office line to the transmitter. Later, transmitter shutdowns
caused by line breaks (phase changes in the driving tone do not seem to have been
considered to be a problem in those early days) were obviated by providing each of
the relay stations with its own local tuning fork ; its frequency was adjusted against
that of a ‘master’ tuning fork, the frequency of which was known with some precision.
The frequency stability of these tuning fork oscillators was of the order of +1/10%.18

For the first nine main stations and the relay stations, Heising (i.e. choke) modula-
tion at high level was universally used. For later stations other methods of modula-
tion were evolved. The long-wave station at Daventry, 5§XX, had transformer-
coupled modulators for high-level modulation, but later the experimental medium-
wave transmitter at Daventry, §GB, which was the prototype for the transmitters
used in the Regional Scheme, used choke modulation at low level. The advantages
of low-level modulation preponderated and this method was used in the high-power
stations introduced in the Regional Scheme at the beginning of the 1930s.

Choke modulation gave place to series modulation from 1934 onwards, starting
with the long-wave station at Droitwich. From 1937 onwards the Class A type of
modulator as hitherto used gave place to Class B, which was used in the medium-
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wave transmitters at Stagshaw and Start Point and in the later short-wave trans-
mitters.

The differences between these various systems were as follows. In choke modula-
tion the audio-frequency output from the modulating amplifier was passed through
an inductance coil in the anode circuit of the modulated amplifier, so as to vary the
anode voltage applied to that amplifier. In the simplest form of series modulation,
the cathode-anode path of the final valve of the modulating amplifier was connected
between the anode of the modulated amplifier and its ht supply, so as to present a
resistance varying with the audio-frequency modulation applied to its input. The
filament circuits of the modulating amplifier were at a high voltage above earth
and the machines used to generate the power supply for the filaments had to be
designed to withstand this voltage. Both methods had low power-conversion
efficiency.

If modulation was applied at high level, the audio-frequency amplifying stages
had to be capable of carryingrelatively high power and had therefore to include large
and expensive iron-cored components. If modulation took place at low level, i.e. in
one of the earlier stages of the transmitter, the modulating amplifier had only to
handle low power, but all the stages following the modulated amplifier had to be
capable of dealing with the frequency range represented by the carrier and its side-
bands and the adjustment of these stages could be difficult.

In these systems the modulated amplifier operated in Class C, but the modulating
amplifier operated either in Class A or Class B. In Class A amplifiers the valve was
biased so that the anode current, which varied with the signal applied between the
grid and cathode, never reached zero. The negative grid bias had to be such as to
ensure that the valve operated in the linear part of its anode current/grid voltage
characteristic.

In a Class B amplifier, two valves were in push-pull, the grid bias of each being
adjusted so that it operated on a non-linear part of its characteristic, but the com-
bined effect of both valves was approximately linear. This system gave increased
power output with a reduced feed and therefore a reduced power input. The power
efficiency was thus substantially improved, but distortion was increased. Class B
modulation was not therefore of much interest until the introduction of negative
feedback (see chapter III, section 2).

Eckersley's aim had always been to achieve what he termed ‘universal coverage’
throughout the United Kingdom, but he knew that it would not be possible to obtain
this economically on medium waves, particularly in the remoter rural areas. During
1923 he recalled the work of W. T. Ditcham of the Marconi Company on long waves
at Chelmsford and conceived the idea of a high-power long-wave transmitter located
in the centre of England, which he thought would provide a service to most of the
country. This was a bold and imaginative concept; it led to the building, at Daventry,
of the first long-wave transmitter in the world to be used exclusively for broadcasting.

In December 1923 the proposal for a high-power transmitter was raised at a Board
Meeting when Reith submitted a memorandum proposing that there should be two
stations in the London area, one of which should employ a ‘high-power’ transmitter
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of 20 kW. A committee was appointed to investigate this proposal and it reported
to the Board, on 24 January 1924, that such a station would ‘solve once and for all
the questions of jamming, that it would be possible to get crystal reception up to
nearly a hundred miles and that it would enable the larger towns of England to be
served by relay stations working off the main stations’. A wavelength between 1400
and 2000 m was proposed (150 to 215 kHz) and the committee gave a specification
of the type of site needed for such a station. It was suggested, finally, that tests should
be made before committing the Board to a site and to a wavelength.

The Board agreed with the committee’s recommendation and requested the Post
Office to grant the BBC a licence for temporary experiments to be carried out on a
long-wave transmitter at the Chelmsford works of the Marconi Company. Un-
fortunately there were few long-wave channels available for broadcasting and in any
case there were objections from the Services concerning the effect of long-wave broad-
casting on other radio users. Also, some sections of the Radio Industry were not
enthusiastic about the use of long waves for broadcasting owing to the increased cost
of receivers covering two separate wavebands.

However, all these doubts and fears were eventually overcome and a licence was
granted on 9 July 1924 for experimental transmissions of speech and music from a
long-wave transmitter at Chelmsford.

The object of the experimental transmissions was to determine:

(i) the range of crystal set reception;
(ii) the extent of interference of a high-power long-wave station with other broad-
casting stations;
(iii) the possible danger of interference with other radio users.

The transmitter operated on 1600 m (197-5 kHz) with the call-sign §XX. (Both
the call-sign and the frequency were subsequently taken over by the Daventry trans-
mitter when it opened on 27 July 1925.) From 21 July 1924 Chelmsford broadcast
the London programmes after 1900 hours each evening. BBC engineers co-operated
with W. T. Ditcham and his staff in running the transmitter. Reports were received
from all over the country indicating that these experimental transmissions were being
very well received and on 7 August 1924 the Board decided to ask the Post Office for
permission to open a permanent high-power long-wave station.

The Postmaster General called a meeting of the Wireless Telegraph Board on 26
September 1924 to consider this request and the Services objected, complaining that
the Chelmsford test transmissions had caused disturbance to their communications.
After much argument, it was finally agreed that a long-wave station should be built
with a power not exceeding 25 kW, provided that it was sited north of a line joining
the Severn to The Wash. Pending the building of the new station, it was agreed that
the Chelmsford broadcasts should continue after 1900 hours each evening.

The Post Office pressed the BBC to avoid delay in transferring the transmissions
from Chelmsford to the new site, but there was no need for such an exhortation as
the BBC had decided in August 1924 to go ahead immediately once permission had
been granted. Further it had decided to supervise the building of the new station
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itself rather than go out to tender for the complete project with one of the large com-
panies. The masts and aerial were ordered from the Radio Communication Com-
pany, the transmitter from the Marconi Company, and the programme input equip-
ment from the Western Electric Company. H. Bishop and L. W. Hayes immediately
set out for the Northampton area to find a suitable site. This area was roughly on the
Severn/Wash line and was centrally placed in England. Of some six sites examined,
that at Borough Hill, near Daventry, appeared to be the most suitable.

The Daventry site was a plateau some fifty acres in extent at a height of 650 ft above
mean sea level. The cost of the site was £2670 freehold, which amounted to £53 per
acre. (This price compares with that of a recent land acquisition in the same area at
£235 per acre.) As the site was some distance from the road a light railway had to be
built to the top of the hill, using petrol-driven locomotives to transport the building
materials.?®

The Daventry station, with the call-sign §XX and the frequency of 187-5 kHz,
was the first high-power long-wave station designed for broadcasting. It had an
output power of 25 kW, and used a T-aerial suspended between two stayed masts
of triangular section, 500 ft in height and spaced 800 ft apart. The earth system
consisted of a number of zinc plates buried on the perimeter of the area occupied by
the transmitter building and connected to the earth point of the transmitter by over-
head conductors run on short poles. The power supply — approximately 300 kW —
was derived from the public mains via a sub-station on the site. No reserve engine-
driven power supply was provided, but a ring main arrangement provided some pro-
tection against mains failure. Motor generator sets were installed to supply the fila-
ments of the transmitting valves and the eht supply, at about 10 kV, was obtained
from thermionic rectifiers; these derived their anode supply from transformers with
primary windings fed at approximately 1500 V and 300 Hz from motor alternators.
The rectifiers used type CAR 2 valves and two groups each of four of these, were
used to supply the modulated amplifier and modulator respectively. The first rf
stage consisted of a self-oscillating CAT 1 valve driving four CAT 1 valves in parallel
in the modulated amplifier. This amplifier was stabilised by using negative feedback
in the form of an anti-reaction coil, but this was later changed to a capacitative
neutralising circuit, or ‘neut’. The output of the modulated amplifier was inductively
coupled to the aerial in the initial arrangement, but this was changed to capacity
coupling later to reduce harmonic radiation. The modulator consisted of eight
CAM 1 valves in parallel driven by sub-modulator and sub-sub-modulator stages.

Valves with water-cooled anodes using copper-glass seals (e.g. the CAT 1) were
already available in 1922. The power rating had been increased to 20 kW by 1923,
and within the succeeding ten years valves rated at 500 kW were being made. All
water-cooled valves, such as those at Daventry, used mains water as the coolant
in an open system. The insulation was obtained by using sprays fed from a header
tank at the top of each unit. The coolant left the units by gravity and returned to a
low-level pond outside the building whence it was raised by a pump to the high-level
tank in the pump-room. The use of mains water necessitated frequent cleaning of the
valve anodes, and the open circulating system was subject to obstruction by frogs
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and other foreign bodies caught in the suction pump inlet. Such obstructions, which
precluded priming of the pump, resulted in traumatic problems when only one engin-
eer was on duty to start up the transmitter.

The Control Room served as an SB sub-centre as well as housing the programme
input equipment for the §XX transmitter, and for the §GB transmitter that was
subsequently added.

Staff quarters were provided at the top of Borough Hill and a caretaker was em-
ployed to look after single staff. The cost of this accommodation to a single man was
initially 35s. per week all found; to a married man it was £1 per week, but he had to
provide his own food, electricity and ‘attendance’. The subsidy from the BBC for the
Daventry Staff Quarters was estimated to be about £300 pa. For many years they
were the home of some of the resident staff and also provided temporary accommo-
dation for generations of visiting engineers. They had something of the atmosphere
of a residential club and in this respect remained unique in the BBC until the Second
World War forcibly brought people closer together.

The Daventry §XX station was opened by the Postmaster General on 27 July 1925
and reception reports soon confirmed that the range of the station was 150 to 200
miles for valve receivers, which at this time were becoming fairly common. In fact,
the coverage confirmed the accuracy of Eckersley’s predictions; it included 85 per
cent of the population. The opening of this station was a significant event for the
BBC as a whole, and for the Engineering Department in particular, because for the
first time listeners were provided with an opportunity to receive an alternative pro-
gramme if they were also within range of a medium-wave station; it also enhanced
the status of the BBC in relation to the Services when negotiating frequencies for
future stations.

For the radio receiver industry, the opening of the XX long-wave station pro-
vided some protection against the importation of American receivers as there was no
home market for long-wave receivers in the USA. It also gave a welcome boost to
the British home trade at a critical season of the year.

In April 1925 the 1-kW transmitter at Marconi House was superseded by a
‘12-kW’ (double-Q) transmitter installed on the roof of Selfridges store in Oxford
Street, London, giving an output of 2 kW, Its aerial was suspended about 250 ft
above the ground between two 120-ft masts erected at opposite ends of the roof; the
earth connection was made to the steelwork of the building. The range of this new
transmitter was better than that of the Marconi House installation and extended the
London coverage further into the Home Counties. A contemporary field-strength
map shows the I mV/m contour passing through Bedford and beyond Tunbridge
Wells, while the 0:3 mV/m contour embraced Coventry, Brighton and Hythe.
There were some teething troubles with the new station, including a breakdown
lasting 14 hours on 13 May 1925, but the quality was reported to be much improved
and a listener wrote that ‘At last Tchaikovsky by wireless is worth listening to’.2°
Reradiation from water-pipes aroused much interest in the Press — as it has con-
tinued to do at intervals ever since. This new 2LO transmitter remained in service
until replaced by the high-power transmitter at Brookmans Park on 4 October 1929.
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In July an internal memorandum entitled ‘Reorganisation of powers and wave-
lengths of BBC stations’ stated that ‘the public would soon demand the possibility
of a choice of programmes’ throughout the country.?! Some listeners already had
alternative programmes available — the National programme from Daventry §XX
and the local programme from their nearest medium-wave station — but Eckersley
wanted to give everybody a choice. He conceived the idea of the ‘Regional Scheme’
during 1924 and it was being discussed early in 1925.22 In December 1925 Reith
formally expounded the main points of the scheme and asked the Post Office for
approval to a network of alternative programme stations. Knowing by now the kind
of reaction to be expected from the Post Office and the Services, the BBC made the
point that all forms of interference that might result from the proposed high-power
stations would be tackled energetically by the BBC and it was hoped that the scheme
would not be dismissed because of hypothetical difficulties.

The transmitting stations had to work on frequencies assigned to them by the
Post Office as the government department responsible for the control of frequency
usage in this country. (Its responsibilities in this respect were taken over by the
Ministry of Posts & Telecommunications in October 1969.) Since transmissions on
long and medium waves could cause interference with broadcast transmissions in
other countries, the assignment of channels to individual stations had to be planned
internationally — as indicated in section 7 of this chapter.

The BBC’s appeal for permission to initiate the Regional Scheme was backed by
the Crawford Committee’s recommendation that the Postmaster General should
continue negotiations for new high-power stations.?® The Post Office did not show
much enthusiasm for the project, but in 1926 it did authorise the start of further
experimental broadcasting from a new transmitter at Daventry ‘as a preliminary to
the development of the whole scheme’.

On 18 February 1926 Eckersley had written to Reith giving the proposed costs of
an experimental transmitter at Daventry to serve as a prototype for the 50-kW trans-
mitters needed for the Regional Scheme. Eckersley said that after this experimental
work had been completed, the new building could probably be used for experiments
in short-wave broadcasting. This proved to be a prophetic statement as the building
was in fact used to house a short-wave transmitter (Sender 3, formerly G§SW) much
later, in 1934.

At that time no high-power medium-wave transmitter design suitable for broad-
casting purposes was available from any of the large manufacturers, so the BBC had
to produce its own design. Ashbridge and Kirke had started some preliminary de€ign
and planning for the Daventry experimental station when B. N. MacLarty - formerly
with the Marconi Company at Writtle — was appointed as their assistant.

MacLarty went to Daventry towards the end of 1926 to install the equipment, with
only the part-time assistance of the station mechanic. Early in 1927 T. C. Macnamara
and a full-time mechanic were sent to help. In spite of the very small staff, and of many
technical difficulties and unexpected set-backs, progress was rapid and the complete
transmitter was powered into the aerial for the first time on 5§ May 1927. It became
known as §GB and will be mentioned further in the next chapter.
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An event of special significance to the BBC occurred in 1926, namely the General
Strike from 3 to 12 May. Arrangements were made for the protection of transmitting
stations and studio centres ; Daventry was protected, for example, by a force of twelve
plain-clothes policemen. Immediately before the strike, there had been threats to
cause jamming by mass oscillation of receivers. This would have been the first case
of intentional jamming of broadcasts, but in the event the strikers were as anxious as
the rest of the public to hear the frequent News Bulletins broadcast by the BBC and
no cases of intentional jamming were reported. A further action taken during the
strike by the Engineering Department was to over-modulate the transmitters during
News Bulletins to increase the signal-to-noise ratio in areas of poor reception. This
may be compared with the much more sophisticated methods of improving intelligi-
bility used at short-wave transmitters immediately after the Second World War to
counteract the effects of intentional jamming of broadcasts to countries beyond the
Iron Curtain.

After the General Strike was over, the Prime Minister, Baldwin, wrote to Reith
warmly congratulating him and his staff who deserved, he said, ‘the greatest credit’
for all they had done. In a later letter he added that ‘the power of broadcasting
triumphantly showed itself in a searching test’.24

The story of short-wave broadcasting belongs mainly to a later chapter, but it
started during the life-time of the Company. It was one of Reith’s ambitions to
broadcast to India and other countries in what is now the British Commonwealth.
His ideas were reinforced by G. C. Beadle (later Sir Gerald Beadle) who had been
seconded to the South African broadcasting station at Durban as Station Director.
He pressed the BBC to broadcast on short waves to South Africa so that he could
relay the programmes from his station. After some delays, caused by technical and
financial problems, the Post Office granted permission to the BBC, in May 1926, to
set up an experimental short-wave transmitter at Daventry with a power not exceed-
ing 20 kW. The object of the experimental transmissions was to ‘establish whether it
would be possible . . . to establish a wireless link for the purpose of transmitting
British programmes to the Dominions and Colonies’.

Faced with shortages of money and man-power, Eckersley had to give priority to
the experiments that were then in progress on the use of high-power transmissions
on medium waves. Thus, short-wave transmissions did not start until after the
Company had been dissolved and the Corporation had been set up.

3 STUDIOS

When the BBC took over the responsibility for broadcasting on 14 November 1922,
it inherited the studio at Marconi House, London. By that time the transmitter had
been moved to another room, its power and size having been increased, and the room
occupied by the studio (about 20 ft square) was devoted exclusively to programme
production. The BBC also took over the studios in Birmingham and Manchester.
The new London premises at Savoy Hill were opened on 1 May 1923. At first there
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was only one studio about 40 ft by 20 ft. The walls were heavily damped with six
layers of Hessian felt, partly to provide insulation against sounds coming from out-
side and partly because the directional characteristics of the microphones made it
necessary to eliminate reflections from the walls as far as possible. The intention was
to provide an approximation to an anechoic chamber. Little was known about room
acoustics, but they were already becoming important, because there was only one
microphone and some of the artists were at a considerable distance from it. The
result of the treatment used was that the response of the studio at the upper audio
frequencies was extremely poor.

The original studio at Savoy Hill was later designated Studio 3, because it was on
the third floor. It was followed by Studio 1 (a second general-purpose studio) in
January 1924, and later by Studios 2 (drama), 4 (variety) and 5 (news and talks), so
that by early 1926 five studios were in operation.

In Manchester the first studio was at Trafford Park, where the transmitter was also
located. A new studio was opened at Dickenson Street in August 1923, where both
the studio and the transmitter were housed in the upper part of a warehouse. The
reason for choosing this otherwise unattractive site was that it was close to the
Manchester Corporation power station, the chimneys of which were used to support
the transmitting aerial. Access for engineers, artists and programme stafl was by a
goods hoist on which they had to pull themselves up and down; in the evenings the
hoist was given a more decorous appearance, consistent with the dignity of the BBC,
by draping it with curtains. On 12 December 1924 there was a move to Orme Build-
ings, The Parsonage, Manchester, where two studios were provided in the basement,
one for orchestral and other music, and a smaller one, more heavily damped, for
talks and drama. The control room was on the same floor, but the transmitter re-
mained at Dickenson Street, being connected to the studios by Post Office line. Most
of the technical wiring for the new studios was done by the local staff, the engineers
working continuously during the night for a week or more before the opening.

In Birmingham the studio was located, with the transmitter, at the G.E.C. works
at Witton until August 1923, when a studio, control room and offices were set up
in New Street. The control room was connected to the transmitter by line. A further
move was made to new studios in Broad Street, opened on 20 January 1926; they
comprised a large main studio, 48 ft by 40 ft, and a talks studio, using Western Elec-
tric microphones. The engineers there carried out announcing duties as well as
operating the equipment. At the conclusion of the day’s programmes, the engineer
on duty in the control room would make the closing announcement and then switch
over to an electric pianola playing the National Anthem. This economical procedure
was possible because the control room was adjacent to the studio and there was an
observation window between the two. At centres where the transmitter was in the
same building as the studio, the same engineer could also shut down the transmitter.
(Engineers in those days were also valued as ‘uncles’ for the popular Children’s
Hour: in Glasgow L. Hotine (later Senior Superintendent Engineer), was Uncle
Leslie and in Manchester R. H. Wood (later EiC London OBs) was Uncle Bob.)?s

In Cardiff the studio premises were in Castle Street, remote from the transmitter.
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There was one studio but no separate control room and this studio was used every
evening for a local programme. There were four Peel-Conner microphones and the
balance between their outputs was effected by means of slide-wire potentiometers on
the wall. The BBC tenure of the Castle Street premises was short and on 17 May 1924
a move was made to 39 Park Place. The new studio was built in the garden at the
back of the house and the control room equipment was brought up to date. The
microphone was the new Round-Sykes and the amplifiers were made by Marconi’s.

At Belfast the transmitter was remote from the studio centre, which was in Linen-
hall Street in part of an early nineteenth-century linen mill. The control room con-
sisted of a lean-to with a glass roof, at the side of the main building. The low ceiling
and walls of the studio were heavily draped with curtains.

The development of broadcasting in Scotland is a story in itself.2¢ Scottish broad-
casting began at 202 Bath Street, Glasgow, on 6 March 1923, where J. M. A. Cameron
was ‘The Engineer’. The studio was about 30 ft square and draped with hessian. It
was connected by line to the transmitter at the Port Dundas power station of the
Glasgow Corporation Electricity Department. The transmitting aerial was in the
form of a cage slung between two high chimneys above the glass roof of the power
station. It withstood many gales, but succumbed to one of them. The control room
adjacent to the studio was furnished with a Western Electric 8A amplifier.

Scotland was in the forefront in developing the potentialities of broadcasting.
Glasgow made experiments in schools broadcasting on closed circuit in April 1924,
before regular transmissions for schools had started. In November 1924 the Glasgow
staff moved from Bath Street to 21 Blythswood Square and stayed there until 1930
when a move was made to 268 West George Street.

The second main station in Scotland was Aberdeen, opened on 10 October 1923;
the studios were at 17 Belmont Street (renamed 15 Belmont Street in 1925). The
Edinburgh relay station opened on 1 May 1924. (The original transmitter was re-
placed about the end of 1924 by one that had been used at the Wembley Exhibition
and was transferred to Plymouth in December 1932.) The studios at Edinburgh were
first at 79 George Street, then at 87 George Street, and from May 1930 at 5§ Queen
Street. An attempt was made there to adapt the acoustics of the various studios to
their use by using light acoustic treatment for music and heavily damped studios for
drama (reverberation being added artificially when required). In 1931 the Edinburgh
transmitter was moved to a new site, where it was set to work in fifteen hours - but
only just, a last-minute fault having been rectified twenty seconds before the first ‘pip’
of the Greenwich Time Signal, with which the programme started. The Dundee relay
station opened on 12 November 1924 and the studio was at 1 Lochee Road until it
was closed down in 1932.

Thus, each of the nine main stations was provided with its own local studio and
each of the relay stations that were added in 1923 and 1924 also had their own small
studios. There were at first no permanent lines to permit the stations to carry a com-
mon programme; nor was any recording equipment available. Each station had
therefore to be programmed individually and this had the advantage of encouraging
the broadcasting of programmes of local interest, with the result that the geographical
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shape of broadcasting bore a remarkable resemblance to the area broadcasting and

local radio of recent times.

BBC STUDIO AND TRANSMITTER PREMISES 1922-1926

Station Date

Studio(s)

Transmitter

1 MAIN STATIONS

London 14.11.22
1.5.23

6.4.25

Birmingham 15.11.22
11.8.23

20.1.26

Manchester 15.11.22
3.8.23

12.12.24

Newcastle 24.12.22
23.12.25

Cardiff 13.2.23
17.5.24

Glasgow 6.3.23
7.11.24

Aberdeen 10.10.23
Bournemouth  17.10.23
Belfast 24.10.24

Marconi House, Strand
*2 Savoy Hill
2 Savoy Hill

General Electric Company’s
Works, Witton

New Street Picture House,
105 New Street

282 Broad Street

Metropolitan-Vickers Works,

Trafford Park
57 Dickenson Strect

Orme Buildings, The Parsonage

Eldon Square

54 New Bridge Street

Castle Street Cinema,
Castle Street
39 Park Place

202 Bath Street
21 Blythswood Square

$17 Belmont Street

72 Holdenhurst Road

Linenhall Street

Marconi House, Strand
Marconi House, Strand
Selfridges, Oxford Street

General Electric Company’s
Works, Witton

Power Station, Summer
Lane

Power Station, Summer
Lane

Metropolitan-Vickers
Works, Trafford Park
57 Dickenson Street
57 Dickenson Street

Co-operative Wholesale
Society, West Blandford
Street
Co-operative Wholesale
Society, West Blandford
Street

Electricity Sub-station,
Eldon Roadt
Electricity Sub-station,
Eldon Roadt

Port Dundas Power Station
Port Dundas Power Station

Aberdeen Steam Laundry
Company, 40 Claremont
Street

Bushey Road

East Bridge Power Station

* In September 1925 the 2 was dropped and the address became simply ‘Savoy Hill’.
+ Renamed Ninian Park Road in 1924.
t In May 1925 a separate entrance for the BBC was provided, and the address was changed to 15 Belmont

Street.
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Station Date Studio(s) Transmitter
2 RELAY STATIONS
Sheffield 16.11.23  Union Grinding Wheel Co., Union Grinding Wheel Co.,
Alma Street Corporation Street
Apr. 1925 Castle Chambers, Castle Union Grinding Wheel Co.,
Street Corporation Street
Plymouth 28.3.24  Athenaeum Chambers, Sugar Refinery, Mill Street
Athenaeum Lane
Edinburgh 1.5.24 79 George Street The Quadrangle, University
Buildings, Teviot Place
31.7.25 87 George Street The Quadrangle, University
Buildings, Teviot Place
Liverpool 11.6.24 Edinburgh Café, 85Lord Street Smithdown Lane
Nov. 1924  Edinburgh Café, 85 Lord Street Corporation Refuse De-
structor, St Domingo Road
Leeds/Bradford 8.7.24 Cabinet Chambers, Messrs S. H. Sharp & Sons,
Basinghall Street, Leeds Claypit Lane, Leeds
8.7.24 Cabinet Chambers Simes Street, Bradford
Basinghall Street
Nov. 1924  Cabinet Chambers, Corporation Destructor,
Basinghall Street Stanley Road, Burmantofts,
Leeds.
Hull 15.8.24 26-7 Bishop Lane Wincolmlee
Nottingham 16.9.24 4 Bridlesmith Gate Messrs Weldon & Wilkin-
son, Duke Street, Basford
Dundee 12.11.24 1 Lochee Road Caldrum Jute Works,
St Salvador Street
Stoke-on-Trent 21.10.24  Majestic Buildings, Minton’s Works, London
South Wolfe Street Road
Swansea 12.12.24  Oxford Buildings, Townhill

Oxford Street

The microphones at many of the early stations were of the Peel-Conner carbon-
granule type made by the General Electric Company. These had been used at
Chelmsford and Writtle by the Marconi engineers and were similar to those used in
telephones. They were inherently noisy and gave very poor quality; they were also
insensitive so that it was necessary to place them very close to the speaker to achieve
sufficient output, especially as in some cases there was no amplifier between the
microphone and the line feeding the transmitter.
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An improved microphone (type 373) supplied by the Western Electric Company
had two carbon-granule buttons, which were mounted one on each side of a stretched
steel diaphragm to give a push-pull output. This was a considerable improvement on
the Peel-Conner microphone, but still suffered from background noise. It was used
in Birmingham and Cardiff. Manchester, for a short time in 1923, used a ‘photo-
phone’ in which a modulated light-beam was picked up by a selenium cell.??

Another microphone produced by the Western Electric Company was of a revolu-
tionary type. Instead of relying upon the variable resistance of a carbon-granule
button, it operated by the variation in capacitance between a metal diaphragm and
the metal casing. There were high hopes of this type of microphone, because it gave
promise of eliminating the noise that had always been associated with carbon-granule
microphones. However, in practice, the ‘condenser’ microphone gave a great deal of
trouble, because any moisture in the air-gap caused an alarming ‘frying’ noise. This
was particularly apt to occur when an orchestra was playing in a studio in which
there was little or no ventilation so that the atmosphere became more and more
humid. Once the frying noise had started the only immediate cure was for an engineer
to hurry into the studio and substitute a carbon microphone. To reduce this problem
the microphone was taken out of the studio when not in use and hung ina cupboard
containing a saucer of calcium chloride to absorb the moisture and keep the micro-
phone dry until it was next required. Condenser microphones nevertheless continued
to give trouble and the bad reputation they acquired was not dispelled until several
years later.

The Round-Sykes moving-coil microphone was used in Studio 3 at Savoy Hill in
May 1923, at Bournemouth and Aberdeen in October 1924, and subsequently at
other studio centres. It was a considerable advance on the earlier types, because,
being electromagnetic, it avoided the problems associated both with carbon-granule
and with condenser microphones. It had been developed by Captain H. J. Round of
the Marconi Company and became known as the ‘Magnetophone’. It consisted of a
large circular electromagnet taking a current of 4 A from an 8-V accumulator. A coil
of fine-gauge aluminium wire was attached to the magnet by means of three pieces of
cotton wool smeared with vaseline. (Some experts who had experience of this micro-
phone claimed that four pieces of cotton wool were better than three — which goes to
show the extent to which empirical methods came into the technology of those days.)

The output was weak and the associated amplifier had therefore to be located as
close to the microphone as possible. This microphone operated on sound principles,
which were later applied in a more practical manner. Though electrically satisfactory,
it had a number of shortcomings. The coil had a tendency to fall off and the micro-
phone had to be cradled in a thick layer of ‘sorbo’ rubber; the whole assembly was
usually mounted on a massive wooden trolley, which made it an unwieldy piece of
equipment. Since a rise in the temperature of the studio could melt the vaseline, it
became a matter of routine to change the cotton wool just before a broadcast if the
microphone had been in use for some time beforehand. Nevertheless, when at its best,
this microphone gave remarkably good quality, as was shown a few years ago when
comparative tests were made on a number of old microphones.
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Towards the end of the life of the British Broadcasting Company the Marconi-
Reisz microphone appeared. This originated in Germany but was manufactured in
the United Kingdom. It was of the carbon-granule type and consisted of an octagonal
block of marble with a cavity in one side in which the granules were placed. The
diaphragms were at first made of thin rubber, but later of mica. A peak in response
between 4 and 6 kHz caused violins to scream. Finally diaphragms made of rice-
paper were used ; these resulted in a considerable improvement and the Reisz micro-
phone continued to be used at all stations for many years until it was displaced by
the ribbon microphone of the 1930s. The output of the Reisz microphone was high,
so that hum and other forms of interference were reduced. There was, however, a
tendency for the microphone granules to pack together and the microphone could
easily be overloaded. The packing was particularly likely to occur if the microphone
had been used on a stand and moved about. It produced an increase in hiss and a
decrease in sensitivity. It could be cured by taking the microphone out of circuit,
tipping it upside-down and beating it gently with the fist until the feed current ob-
served on a milliammeter was restored to the correct value. The electrodes were of
carbon about } in. in diameter and 1-13 in. long connected directly to the terminals
at the back. Because of the high level of hiss, it was not advisable to use the Reisz
microphone at a great distance from the performers, but this had to be done if the
artists’ voices contained strong components near the peak frequency of the micro-
phone. On this account, the baritone Raymond Newall had to be placed about 14 ft
from the microphone. Normally the artists were fairly close to the microphone and
spoke at an angle to it to reduce the effect of the rising frequency characteristic. This
microphone was used with success for OBs, but music in the studio tended to
sound very hard - which was possibly the reason why studio carpets were used for
so long. One of the advantages of this microphone was that it could be suspended
from the ceiling at a height at which it could ‘see’ the performers at the back of the
studio.

Already during this early period the long-standing controversy had started about
whether engineers should be responsible for the balance and control of programmes
and for the resulting quality. At first they were so responsible because they were
familiar with the equipment and its potentialities and peculiarities. Towards the end
of this era, however, discussions arose on the question whether orchestral music
ought to be ‘controlled’ by a professional musician following the musical score.

It was then, as now, necessary to take care in the placing of the microphones in
relation to the performers and it was necessary to control the volume of the pro-
gramme output to keep it within fairly well-defined limits; excessive volume would
over-modulate the transmitter, while background noise would become evident during
periods of low volume. It was clear that, though such a control was essential, its use
could defeat the intentions of the conductor and P. P. Eckersley, as Chief Engineer,
pointed out the danger of having ‘two conductors in series’. Nevertheless, a small unit
was set up at Savoy Hill called ‘Balance and Control’ to be responsible for the micro-
phone balance and for controlling the output. In the Regions, however, these func-
tions continued to be performed for many years by engineers. It soon became evident
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that the person responsible for controlling musical programmes, whether an engineer
or not, should have at least some knowledge of music.

The origin of ‘balance and control’ as a special technique can be traced to the
decision by H. Bishop, then Senior Superintendent Engineer, to appoint R. Haworth
to the post of Programme Liaison Engineer in November 1926 ; Haworth wasreleased
from duties in the control room and for the first six months of his tenure of his new
office he handled almost every programme, apart from OBs. He had been a trans-
mitter engineer at Bournemouth, but had shown interest in the programme side,
both his parents having been on the stage. He was therefore well qualified to co-
operate with producers when he was transferred to the London control room in 1925.
A test was held in 1926, in which musicians and engineers controlled orchestral
programmes in turn and anonymously. Members of the Music Advisory Committee,
who acted as assessors, voted overwhelmingly in favour of the control being done by
musicians. As a result, Stanton Jefferies, who had been Musical Director, was
appointed to be the first ‘balance and control’ expert, with one assistant. Haworth
was transferred to this unit and it was expanded to a total of four people.

Haworth was the first to use two Round-Sykes microphones in one studio; this
was for a revue called Radio Radiance, which had a dancing chorus of six girls. The
two microphones were placed back-to-back and had to be connected in parallel
because there were no arrangements for microphone mixing. A more ambitious pro-
gramme followed on 21 November 1926 when James Elroy Flecker’'s Hassan was
performed in Studio 1 at Savoy Hill.?8 Rehearsals were conducted before the micro-
phone and the result was considered to be a great advance on any previous attempt.
This was no doubt because the technical aspects of the production were in charge of
the same man throughout the rehearsals and the actual transmission, and because a
great deal of care was taken to secure the right balance. The importance of ‘perspec-
tive’ was already appreciated to the extent that the chorus of merchants at the end of
the play took ‘the golden road to Samarkand’ by going out of the studio and up the
back staircase, to the accompaniment of camel bells.

The demands of correct balance and perspective made it necessary to use more than
one microphone and necessitated the use of a mixer. The first of these, introduced
about 1925, had two channels and was used for the sole purpose of superimposing
the chimes of Big Ben on the late-night dance music. An earlier attempt to achieve an
artistic effect by fading down the music from the Savoy Hotel behind the chimes of
Big Ben so as to tail off before midnight struck had been successful, but it required
the services of two men operating two separate faders. The new mixer permitted one
man to control the operation. The mixing was done, nominally at zero level, at the
input of the ‘B’ amplifier.

The mixing technique put a powerful tool into the hands of drama producers, and
in early 1927 there was a production of Trilby with an orchestra and singing cast in
Studio 1, Savoy Hill, the action taking place in Studio 3. At the last moment it was
decided to use artificial echo for the theatre scene, which involved mixing three
channels, a feat not before attempted.

The need for sound effects arose very early, because of the demand for realism in
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dramatic performances. At first the effects were produced in the studio. In the 1926
production of Hassan, a fountain had to be provided in Studio 1; this was built up
with water tanks, waterproof canvas and hoses, and was required to drip for half an
hour at a time during the programme. As two-channel mixers were available by this
time, it was natural that the next step should be to create the effects in a separate
studio, the output from which could be mixed into the programme as required. This
technique was much elaborated in later years and finally led to the dramatic control
panel, which was to play an important part in drama and in other important produc-
tions, such as the Christmas Day programmes during the 1930s.

The application of acoustic treatment to studios was still in an elementary stage,
although W. C. Sabine of Harvard University had already done fundamental work
onsound absorption and reverberation. At first, several layers of materials were used
on walls and ceilings to provide an approach to an anechoic chamber. At the end of
1925 A. G. D. West, then Head of the BBC Research Department, listed the following

requirements:

1) there should be no echo to spoil the intelligibility of transmissions,
ii) no noise should come into the studio from outside, and vice versa,
iii) it should be possible to carry out the investigation of microphones without any
of the disturbing factors caused by reflection from the surface of the walls and
ceilings.

The last requirement was thought to be important, because at that time no really
satisfactory microphones were available for transmitting speech and music at high
quality. At the same time, West reported the results of tests made in various halls and
public buildings. A heavily draped BBC studio was found to have a reverberation
time of 0- 24 s, whereas that of Gloucester Cathedral was 10s.

By 1927 the basic principles of studio acoustics were being applied to BBC studios,
and West wrote a series of articles on the subject.?® It had already been grasped that
the reverberation time must suit the size of the room, that it must not vary excessively
with frequency, and that discrete echoes could be troublesome. It was also appre-
ciated that the acoustics of the studio could affect the performers as well as the
listeners and that a person with two ears could discriminate between sounds coming
from different directions, whereas a microphone could not. As a result of these
studies it was considered that the reverberation time should be between 2 and 4 s for
alarge orchestra, 15 s for an octet, and 1 s for a solo singer. When new studios were
built at Savoy Hill in 1925 the internal walls were of light construction and the
acoustics of Studio 4 were made variable by using draping mounted on runners.
Studio 5, used for talks, exhibited a strong boom caused by vibration of the walls and
they were therefore covered with a layer of hair felt behind a decorative draping.
By the beginning of 1627 the studios had been brightened up, both visually and
acoustically. Studio 6 was completed in the summer of 1926 for talks and piano music.
The acoustic treatment was intended to reduce the reverberation time to abouto-8s;
it consisted of hair felt applied to the brick walls and covered with strong wallpaper,
a combination giving absorption at low frequencies and reflection at the higher
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frequencies. A part of the wall surface was covered with wood to increase the rever-
beration at the upper end of the scale; this was rather overdone and was partly
compensated by hanging pictures and tapestries on the walls.

Already in 1926 artificial echo was introduced following a suggestion from Captain
Round of the Marconi Company. A loudspeaker and a microphone were mounted
on the staircase outside Studio 1 at Savoy Hill. As the staircase was spacious and
constructed of stone, it was admirably suited to the purpose, the loudspeaker being
placed at the bottom and the microphone at the top. The reverberant sound was
superimposed on the main output by means of the two-channel mixer already men-
tioned. Fromthat time onwards artificial reverberation was used on nearly all musical
programmes. Studio 2, used for drama, had an echo room adjacent to it ; this was not
provided with a loudspeaker — when echo was required, the door leading into the
echo room from the studio was left open so that the echo room formed, in effect, a
‘live’ extension to the studio. Also alongside the studio was a ‘noise’ room for sound
effects and inside this room was a silence cabinet for announcements and for switch-
ing the four microphones (studio, announcer, effects and echo). Until 1927 the
silence cabinet was usually built inside the studio, but it was found more convenient
to have a small room adjacent to the studio giving a view of it through a small win-
dow, ‘rather like a lepers’ squint in the walls of ancient churches’.3® This room con-
tained a microphone for the announcer, a microphone change-over switch, head-
phones for balancing the programme and a telephone communicating with the Con-
trol Room.

The Control Room at Savoy Hill was in the shape of a truncated L, and the whole
of one limb of the L was occupied by batteries (300 V for ht, 6 V for filament heating,
24 V for grid bias and relay operation) and charging generators. The centre of the
main part of the room was occupied by the SB switchboard and a ‘line corrector’
desk. Along, and on, the walls were amplifiers, relays, a fuse panel, receivers,
time-signal equipment, a power switchboard, and four control positions. Each
of these last comprised an input board with plugs, jacks and indicators, a ‘B’
amplifier with its volume controls, an output board, again with plugs, jacks and in-
dicators, and an amplifier for ‘miscellaneous operations’ — all mounted on a table.3!
(Plate IV.)

As the same lines were used for programme and for PBX traffic, a complicated
method of semi-automatic operation was introduced. Insertion of a plug in the line
jack at a distant centre put a balanced earth connection on the line, which operated
a series of relays at the SB centre and also a pilot lamp and a buzzer; this indicated
that the distant centre was ready to accept the programme. Inserting a plug into a
jack in the SB board operated a further series of relays, which, if the line was avail-
able, switched on the filaments of the appropriate amplifiers, connected the pro-
gramme to line, and gave an ‘engaged’ signal to the PBX operator.

An important ancillary to studio operation was the system of signal lights. At first
arrangements for cueing were primitive; instructions were given to artists by signal-
ling through the window between the control room and the studio. The installation
of red lights in the studios at Savoy Hill was done in the spring of 1925. Signalling
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methods had not yet been standardised ; in Birmingham, for example, the engineer
in charge installed two lamps in the studio that could be switched from the control
room, one labelled ‘come closer’ and the other labelled ‘move back’.

A large amount of paperwork accumulated in the form of station logs. Every item
that was broadcast was logged. with the time of starting and finishing and with details
of all faults, including line noise, momentary breaks, crosstalk, distortion and ‘blast-
ing’. The log sheets from all the stations and studio centres were scrutinised in the
Superintendent Engineer’s offi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>