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(1) INTRODUCTION
In 1938, Sir Noel Ashbridge, in presenting a review of broadcasting and television to The Institution,1 was able to summarize
the steady and uninterrupted progress of broadcasting since the
early days. The period that followed was a momentous one in
world history and brought with it important changes in broadcasting throughout the world.
The present review deals mainly with progress made by the
B.B.C. in sound broadcasting during the years 1939-60 inclusive,
although reference has been made where appropriate to other
major developments in this field both at home and abroad.
The development of television will be reviewed in a companion
paper.

country. The number of transmitters reached its peak at the
end of 1943, by which time two programmes, the Home Service
and the Forces Programme, were in operation. There was then
a total of 25 transmitters with an aggregate power of 800 kW,
in addition to the 60 low-power transmitters mentioned above.
There were also six medium-wave transmitters broadcasting
the B.B.C. European Service with a total power of 1280 kW,
including a new transmitter with a power of 400 kW which had
been installed at Droitwich. In 1943, also, the B.B.C. completed
another station capable of an output to the aerial of 800 kW at
Ottringham, near Hull. At this station, four 200 kW transmitters were installed together with combining circuits, enabling
them to be operated in parallel. It was decided to use three of
them in parallel for the European Service, giving an output of
600 kW on a wavelength of 1 200 m; the fourth transmitter was
(2) DEVELOPMENT OF B.B.C. SERVICES
used in the main North of England Home Service group.
The period under review started when the fear of another
Even greater expansion took place in the short-wave stations.
world war was uppermost in people's minds and when the At the outbreak of war, the B.B.C. had a single short-wave
resources of broadcasting had already begun to be used in transmitting station at Daventry. This contained the two
Germany for influencing the minds and thoughts of listeners in original low-power transmitters with which the Empire Service
other countries. The inevitable result was that those countries, was started in 1932, the experimental low-power transmitter
including the United Kingdom, were forced to combat this G5SW which had been transferred from Chelmsford, and three
propaganda by the extended use of broadcasting to present the high-power transmitters. During the war a further five hightruth as objectively and as effectively as possible. The B.B.C. power transmitters were installed at Daventry and three further
started in January, 1938, the first of its foreign-language services short-wave stations were built at Rampisham in Dorset, Skelton
addressed to listeners abroad, in Arabic. The scope and volume in Cumberland, and Woofferton in Shropshire. These contained
of these services were greatly expanded soon after the outbreak an additional 22 high-power transmitters, six of them equipped
of war; there was also a big expansion in the short-wave services with two entirely separate r.f. channels, each of which could be
addressed to English-speaking audiences. The pattern of home set up on a separate wavelength and operated independently.
broadcasting was also radically changed during war time. The A further three high-power short-wave transmitters were
war-time engineering activities of the B.B.C. have already been provided at existing medium-wave stations, one of them by
the subject of a paper presented to The Institution2; the develop- modifying a medium-wave transmitter not required during the
ment of the broadcasting service in this country was also the war for its normal purpose.
subject of the Inaugural Addresses by Sir Noel Ashbridge,3
A very big programme of aerial design and construction,
President of The Institution in 1941 and by Sir Harold Bishop,4 including supporting masts and feeders was undertaken, and
President of The Institution in 1953 (see also References 5 outdoor feeder switching towers were designed for the rapid
and 6).
connection of a transmitter to one of a number of aerials.
In 1939, prior to the war, the B.B.C. offered to listeners at
Some 150 war-time studios spread over the country were
home two alternative programmes, then known as the National brought into service. There was a big increase in the use of
and Regional programmes, for a total of 202 hours per week. recording because of the difficulty in assembling artists at certain
On the outbreak of war, a single programme was introduced and times, particularly during air raids, and because of the need to
the transmitting stations were divided into two groups, one repeat programmes in the Overseas Services. Entirely new disc
covering the South of England and South Wales and the other recording and reproducing equipment was designed, including
the North of England and Wales, Scotland and Northern Ireland. a portable disc recorder for the use of correspondents in the
The transmitters in each group were synchronized on one wave- field. At the request of the Government, a monitoring service
length as part of a plan to prevent their use by enemy aircraft was set up which listened to broadcasts from all parts of the
for navigational purposes, and high-accuracy crystal drive equip- world.
ment was developed in order that close synchronization could
When the post-war pattern of broadcasting was introduced in
be maintained without the use of line links. As the war pro- July, 1945, there were again two alternative programmes, the
gressed the service was improved by the building of additional Home Service (with its regional variants) and the Light Progroups of synchronized stations, one of which consisted of gramme. The Third Programme was added in September, 1946,
60 transmitters mostly of 100 or 250 W, all operating on the and Network Three, using the same technical facilities at a
same wavelength and installed in large towns throughout the different time of the day, in September, 1957. At the end of
1959 there was a total of 288 hours of sound broadcasting each
week for listeners at home.
Mr. Pawl ey is with the British Broadcasting Corporation.
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The coverage of these programmes on the long and medium
wavelengths in percentages of the total population is as follows:
Home Service: 93%.
Light Programme: 99%.
Third Programme and Network Three: 69%.
These figures refer to night-time reception and indicate the percentage of the population of the United Kingdom that can
expect to obtain reception substantially free from fading.
They do not take into account foreign interference, which
seriously reduces the coverage at night, particularly of the Home
Service. To combat this interference and extend the coverage
as far as was practicable, 12 additional low-power mediumwave transmitting stations were built and brought into service
during the years 1951-54.
It had long been foreseen by the B.B.C. that increasing congestion in the medium- and long-wave bands would cause
reception conditions to deteriorate and would limit the total
coverage obtainable. Towards the end of the war, therefore,
the B.B.C. decided to carry out field trials of a system of broadcasting on ultra-short wavelengths using wide-band frequency
modulation. The use of such a system had, in fact, been
envisaged before the war. Frequency modulation was not new—
in fact, a patent had been taken out in 1902—but it was not
until Major Edwin Armstrong in America pointed out in 1936
the importance of wide-band frequency modulation on ultrashort wavelengths, using a noise-suppressing limiter in the
receiver, that the possibilities of this system for broadcasting
were realized.
The B.B.C. field trials began in June, 1945. Two 1 kW f.m.
transmitters operating in the 45Mc/s band were built in the
B.B.C. Research Department, and one was installed at Alexandra
Palace and the other near Oxford. The latter transmitter was
later moved to Moorside Edge (near Huddersfield) to gain
experience of reception in hilly country. The Alexandra Palace
transmitter radiated the Home Service programme during the
evening on 46-3Mc/s and the same programme was radiated
simultaneously by the Alexandra Palace television sound transmitter on 41-5Mc/s, using amplitude modulation, for comparison purposes. Subsequently, tests were carried out from
Alexandra Palace on 90-3 Mc/s, again using frequency modulation, as it seemed likely that a higher frequency band would
be allotted to f.m. broadcasting if it were introduced in this
country.
The results of these tests were so promising7 that the B.B.C.
decided to build a high-power transmitting station so that a
full-scale field survey could be carried out which would indicate
the coverage and grade of service to be expected and resolve
the controversial 'a.m. versus f.m.' question.
In a broadcasting system, it is particularly important to keep
the cost of the listener's receiver as low as possible. Bearing
this in mind, only three systems merit consideration:
Conventional amplitude modulation (a.m.) as used in mediumand long-wave broadcasting.
Amplitude modulation with a noise limiter incorporated in a
wide-band receiver (a.m.l.) (for the majority of the tests the bandwidth of the receiver was the same as that of the f.m. receiver, i.e.
±75kc/s).
Frequency modulation (f.m.).
The experimental transmitting station was built at Wrotham,
Kent, and the tests began in July, 1950. A comprehensive
series of field-strength measurements was made on these transmissions in order to check theoretical computations, following
which a listening survey was carried out with the assitance of
listeners provided mainly with specially designed v.h.f. receivers
capable of receiving a.m., a.m.l., and f.m. transmissions.
The results of these tests clearly demonstrated the advantages
of using frequency modulation.8 The B.B.C. therefore prepared

a plan for a v.h.f. f.m. broadcasting service to cover the major
part of the United Kingdom on the basis of three programmes
(Home, Light and Third) for each service area. For certain
areas this entailed some considerable overlapping because of
the need to provide regional programmes appropriate to the
areas concerned.
The B.B.C. plan was submitted to the Postmaster General for
approval and referred by him to the Television Advisory Committee. The Committee in its report9 on this subject recommended the adoption of frequency modulation for a v.h.f.
sound-broadcasting service in this country. The Postmaster
General subsequently gave his approval and the B.B.C. began to
implement its plan. The Wrotham station was brought into full
programme service in May, 1955, using v.h.f. f.m. transmission.
The primary object of introducing the v.h.f. service was to
combat foreign interference and to extend the coverage of the
B.B.C.'s three domestic programmes to areas where reception
from the medium-wave and long-wave stations was unsatisfactory. Other important advantages of this system are its
comparative freedom from most kinds of interference and the
improved quality of reproduction obtainable. At present the
B.B.C. has in operation 20 v.h.f. transmitting stations giving a
coverage of more than 97% of the population.10 Further
stations under construction or planned will increase the coverage
to more than 98% (see Appendix 24.3).
The majority of these stations radiate the three home programmes; the first four-programme station was opened at
Sandale in Cumberland in August, 1958, radiating the North
of England and Scottish Home Services as well as the Light and
Third Programmes. Another 4-programme station of similar
power is in operation at Wenvoe, near Cardiff.
Following earlier experiments, the B.B.C. began in October,
1958, a series of experimental stereophonic transmissions. These
are broadcast on alternate Saturday mornings, using the Network Three transmitters (v.h.f. and medium-wave) for the lefthand channel and the television sound transmitters for the
right-hand channel. These transmissions were arranged to
meet the widespread public interest in the better-quality reproduction of sound and in the potentialities of stereophonic
broadcasting. The B.B.C. is actively investigating possible
systems which would enable stereophonic programmes to be
broadcast satisfactorily from a single v.h.f. transmitter without
unduly impairing ordinary monophonic reception.11 A Convention on Stereophonic Sound Recording, Reproduction and
Broadcasting was held by The Institution in March, 1959.12
(3) PROBLEM OF FREQUENCIES
The last 20 years have seen an enormous increase in the use
of radio frequencies for broadcasting purposes. In 1939 the
medium-wave broadcasting bands were already becoming overcrowded. Since then the use of these frequencies for broadcasting has still further increased, both in the number and power
of transmitters used. H.F. broadcasting has developed enormously, while the v.h.f. band that was just coming into use for
television in 1939 is now extensively used all over the world. In
addition, v.h.f. sound broadcasting—virtually non-existent in
1939—now occupies an important place in the frequency allocation tables.13 Frequencies in the upper ranges of the v.h.f.
band, for which virtually no valves or equipment were available
in 1939, are now in widespread use for broadcasting; the u.h.f.
band is now also used for television transmission in the United
States (and in Germany and Italy), and its use in the United
Kingdom is under consideration. To meet the requirements of
broadcasting some increase was made in the space allocated
for it in the Atlantic City Plan of 1947 and some slight further
increase at the Geneva Conference in 1959.
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Simultaneously with this great increase in the demands for
frequencies, there has been a considerable widening of knowledge of the properties of some of the frequency bands and their
suitability for various types of service. The propagation
properties of some frequency bands have been found by
experience to be substantially different from what had been
thought in 1939. This has affected broadcasting both directly
and indirectly. The service range of high-power television
stations has proved greater than was expected, and the effect
of irregularities in the terrain has affected the higher frequencies
in the v.h.f. band less than was thought likely. On the other
hand, interference from distant v.h.f. stations is more severe
than had been expected and the development of ionospheric
scatter services in the v.h.f. band and tropospheric scatter
services in the u.h.f. bands has introduced a new source of
interference with broadcasting services. In f.m. reception, the
delayed signals caused by multi-path propagation result in
unwanted amplitude and phase modulation of the primary
signal and consequent distortion of the programme output of
the receiver. Experimental work carried out by the B.B.C.
showed that a receiver which provides inadequate a.m. suppression is much more prone to this type of distortion and that
the distortion could be greatly reduced by suitable circuit design
without adding appreciably to the complexity and cost of the
receiver. The results of this work were communicated to the
radio industry, and details of an f.m. receiver of B.B.C. design
were published.14
Work carried out all over the world has improved the knowledge of the propagation properties of the various bands of
frequencies over land and water, and of ionospheric reflection
and tropospheric refraction; these studies have led to an increase
in the accuracy of prediction of circuit conditions, and the
C.C.I.R. has established acceptable curves for most of these
conditions.
Methods of conserving the frequency spectrum,15 including
the application of information theory to the problem, have
received considerable attention. Means have not been found
for applying them so much to broadcasting as to other services,
largely because broadcasting differs from other radio services
in that the transmitting and receiving installations are not under
common control. While single-sideband transmission is general
in other communication services, it has not yet been possible to
apply it generally to sound broadcasting services because of
the complexity of the receiver. Vestigial sideband transmission
has, however, been partially applied to television signals with
the result that, whereas 405-line television in this country
required a 7 Mc/s channel before the war, it is now satisfactorily
accommodated in a 5 Mc/s channel.
Improvements to valves for receivers and for transmitting
equipment have enabled greater use to be made of the higher
frequencies, thus tending to relieve the load on the more heavily
congested lower frequencies. A case in point is that for long
periods short-wave broadcasting services are now carried out on
frequencies as high as 26 Mc/s, whereas in 1939 very little use
was made of frequencies higher than 17 Mc/s and none at all of
frequencies higher than 21 Mc/s.
Improved use of frequencies has also come from improvement
in receivers and in the use of space-diversity and frequencydiversity reception for relaying broadcast programmes.
(4) FREQUENCY PLANNING
The arranging of inter-governmental conferences on the
broad allocation of the radio-frequency spectrum among the
various services is the responsibility of the International Telecommunication Union, now a specialized agency of the United
Nations Organization. The task of the I.T.U. is one of ever-
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increasing difficulty and complexity owing to the continual
increase in the number and power of radio-frequency transmissions. The frequency-band allocations currently in force
were part of the Radio Regulations agreed at a Conference at
Atlantic City in 1947.16 The range of frequencies then allocated
was from lOkc/s to lOGc/s. A revision of this allocation
table was made at Geneva in 1959—the new agreement being
operative from May, 1961—in which the range of frequencies
has been extended to 40Gc/s. The bands allocated to sound
broadcasting and applicable to the United Kingdom, which do
not differ greatly from those allocated at Atlantic City, are given
in Table 1.
Table 1
Frequency
Band
Range
Remarks
150-285 kc/s
One frequency (200kc/s) available
Long-wave
(2000-1053 m) to B.B.C.
Medium-wave 525-1605 kc/s 12 frequencies for Home, Light and
(571-187 m) Third Programmes and two for
European Services, plus two international common frequencies, of
which one is at present in use.
Short-wave
3 950-4000kc/s (75 m band)
126 frequencies are
5 950-6 200 kc/s (49 m band)
registered for use
7100-7 300kc/s (41 m band)
by the B.B.C. Over9 500-9 775 kc/s (31 m band)
seas and European
11700-11975 kc/s (25 m band)
Services.
15 100-15 450 kc/s (19 m band)
17700-17900kc/s (16 m band)
21450-21750kc/s (13 m band)
25600-26100 kc/s (11 m band)
Band II (V.H.F.) 87-5-100 Mc/s 40 frequencies at present mainly
restricted to 88-95 Mc/s, used for
B.B.C. Sound Services.
The assignment of frequencies within the broadcasting bands

to individual stations has been confided to special conferences
sponsored by the I.T.U. A Short-Wave Broadcasting Conference was held at Mexico City in 1948, when draft plans for
one season of a sunspot cycle were prepared. The Conference
continued in Florence, and later in Rapallo, but no agreement
could be reached because the broadcasting requirements submitted for other periods of the sunspot cycle could not be fitted
into the frequency bands available. A considerable amount of
short-wave broadcasting outside the allocated bands followed
this failure to prepare acceptable plans. For some years prior
to the 1959 Geneva Conference special efforts were made to
find in-band frequencies for those broadcasting stations working
out-of-band. Some progress was made, but the problem still
remains.
One important step taken at Atlantic City was the setting up
of the International Frequency Registration Board—a panel
of 11 experienced radio engineers. Its main task is to draw up
and maintain an international list showing all frequency usage
throughout the sunspot cycle. While possessing no mandatory
powers, the I.F.R.B. makes a technical study of all frequencies
submitted for inclusion in the list and can warn and advise
administrations about interference likely to result from the
introduction of new or changed services. At the Geneva Conference this Board was given the extra task of studying the
short-wave schedules of every broadcasting organization in the
world for each season, and advising all the countries concerned
how best to avoid mutual interference so as to make the best
use of the broadcasting bands available. This 'frequency
management procedure' may help to lessen the need for the
continued use of out-of-band frequencies.
The allocation of long-wave and medium-wave channels to
individual stations in the European region was undertaken by
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the Conference at Montreux in 1939, following the International
Radio Conference of the I.T.U. held at Cairo in 1938. The
Montreux Plan was never put into effect because of the war,
and most countries in Europe continued to operate during the
war years in broad accordance with the Lucerne Plan of 1933.
After the war there was growing congestion in these wavebands
because the increased importance of broadcasting in the social
and political life of European peoples had resulted in the
appearance of many new broadcasting stations. Furthermore,
technical developments had made possible the use of transmitters
of higher power. A new plan was therefore evolved at Copenhagen in 1948, which came into force in March, 1950.44 In
accordance with this plan, the B.B.C. uses one long wavelength
and 12 medium wavelengths (plus one international common
frequency) for its home services and two wavelengths for its
services to Europe. This plan partially succeeded for a time in
arresting further deterioration, but a great deal of mutual interference between stations in different countries has since developed, mainly because the plan was not adhered to by all
European countries and indeed was not accepted by several of
them, including the occupying powers in Germany. As a
result of these and other difficulties the number of stations using
these bands had increased from some 520 provided for in the
plan to about 1000 in 1959. Moreover, deliberate jamming
was introduced by certain countries in these bands as well as
in the short wavebands, and this still persists. A serious degree
of interference has therefore developed after dark, especially in
winter, and this has been the main factor leading to the rapid
development of sound broadcasting on very high frequencies in
certain countries, notably Germany and Italy, as well as the
United Kingdom.
A realization of the importance of planning the v.h.f. broadcasting bands while development in many European countries
was at an early stage led to the convening of a European
Regional Conference at Stockholm in May and June, 1952.
Some 30 European countries were represented at the Conference, many of whom had at that time no immediate plans
for developing television or v.h.f. sound broadcasting services,
but who wished to see possible future services catered for in an
agreed European plan.
The Conference47 produced plans for the use of v.h.f. Bands T,
II and III, and, realizing that these plans could not be too rigid
owing to the uncertainty of future developments in most of the
countries represented, suggested that a further Conference be
held in 1957. (This Conference will be held in 1961.)

voltages has been made automatic, and this has facilitated
unattended operation.
(c) The use of thoriated filaments in transmitting valves
has resulted in increased efficiency and more compact equipment.
(d) Increased use of air-cooled, instead of water-cooled,
valves and more recently of evaporative cooling has further
reduced the size of equipment for a given power and has
further improved reliability and efficiency.
(e) Improvements in the design of anti-fading mast radiators
for medium wavelengths.
(/) The development of v.h.f. aerials (including slot aerials)
which give a substantial gain in the horizontal plane and can
also have a directional radiation pattern; these aerials are
usually carried on the same masts as television aerials.
(g) The design of combining circuits for v.h.f. stations
permitting three or four sound programmes to be radiated by
the same aerial and incorporating filters to reduce r.f. intermodulation products.

(5.1) The Development of High-Power Transmitters
Prior to 1934 the majority of the high-power transmitters in
use had an output power of about 60 kW, and their overall
efficiency was no more than 20%. These transmitters were of
the low-power modulated type. By 1937, high-power class-B
modulation was coming into general use, and new transmitters
were operating with an output power of about lOOkW. The
efficiency of these transmitters was somewhat better, between
30 % and 40 %. In 1954 high-power transmitters of 150 kW output using air-cooled valves with thoriatedfilamentswere common,
and efficiencies of some 40-50% were realized. Some transmitters of higher power than this are used for broadcasting,
particularly in the long-wave band where the greater non-fading
range makes this worth while. The Light Programme transmitter at Droitwich, for example, has an output of 400 kW, and
the long-wave Allouis (France) and Moscow transmitters,
500 kW. During the war, the B.B.C. installed an 800 kW longwave transmitter consisting of four 200 kW units, two, three or
four of which could be operated in parallel as desired.17 At
present, the Voice of America medium-wave transmitter at
Munich is operating with a power of 1000 kW.
The trend in transmitter design is well exemplified by the
Third Programme and Network Three transmitter at Daventry,
which was brought into service in April, 1951. This transmitter
is built in two halves, each capable of an output power of 100 kW.
These are normally operated together at somewhat below their
maximum rating to give an output of 150kW, the maximum
(5) TRANSMITTING STATIONS
permitted in the Copenhagen Plan. The combining circuits are
The following are among the most important developments in so arranged that, if a fault develops in one half of the transmitter,
the design of transmitting stations:
the programme continues without interruption, though at
(a) The trend towards higher power and increased hours of reduced power, using the other half. In this transmitter airtransmission emphasized the economic importance of achieving cooled valves are used throughout, a new departure in a B.B.C.
higher efficiency, particularly in the modulation process. transmitter of this power. Another feature of this transmitter
After pre-war trials with the Chireix and Doherty systems, is that all the valve filaments are heated by alternating current,
and more recently with the ampli-phase system, class-B so that there is no rotating machinery, other than air-blowers,
modulation remains in general use for a.m. transmitters. associated with it. A third feature of particular interest is that
For f.m. transmitters the efficiency of the modulation stage the transmitter is designed so that it can be operated from a
is less important; this stage does not consume much power remote point and is, in fact, so operated from the short-wave
because modulation is applied directly to the r.f. drive. The transmitter building on another part of the site. High-power
a.c./d.c. conversion efficiency of r.f. stages has been increased class-B modulation is used, and an overall efficiency of some
45 % is obtained.
also.
(b) The need for rotating machinery has been greatly
Considerable reduction in the dimensions of transmitters for
reduced by the use of mercury-arc rectifiers instead of motor- a given output power has been achieved by the use of air-cooled
generators for the h.t. supply, by evaporative cooling of valves valves and through the saving of components which follows the
and by the use of alternating in place of direct current for adoption of single-ended circuits using the inverted-amplifier
cathode heating. The application and control of these supply technique.
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A number of high-power short-wave transmitters recently
ordered by the B.B.C. use evaporation-cooled valves—an old
idea which has become practicable with the development of
suitable valves and sub-units. In this system, the heat generated
by the valves is transferred to water jackets surrounding them,
and the resultant steam is taken by convection to a condenser,
which converts it once more to water for return to the water
jackets. The heat recovered by the condenser may be used for
building heating or to provide domestic hot water.
The use of high-power class-B modulators and high-power
class-C r.f. amplifiers can make a large reduction in power costs
at a large station compared with a similar installation using lowpower class-A modulators and high-power Class-B r.f. amplifiers.
For example, at a large short-wave station with a total transmitter output power of some 1 500 kW the saving can amount to
£30000 per annum, or about 25% of the total running cost.
Further economy has been achieved at high-power stations by
the use of mercury-arc rectifiers for the h.t. supply in place of
. rotating machines, which results in a gain in efficiency of
some 12%.
Remote or automatic control of low-power transmitters and
a system of automatic monitoring are now in widespread use as
a means of economizing in technical staff.18"20 At the end of
1960, 28 transmitting stations were operated in this manner by
the B.B.C. Unattended operation of high-power v.h.f. transmitters has also been introduced at combined v.h.f. and television
stations.
(5.2) Aerial Systems
The shortage of frequency channels remains the greatest
obstacle to the provision of a nation-wide broadcasting service,
and it is therefore of the utmost importance that the maximum
use should be made of the frequencies allocated. The coverage
of high-power medium-wave transmitters has been extended by
designing more efficient anti-fading aerials, the latest of which
is the centre-fed mast radiator.21 Top-capacitance loading,
and sectionalized masts which enable a loading inductance to
be inserted between sections, are common means of adjusting
the electrical properties of a mast radiator and thus influencing
its anti-fading characteristics.
Directional aerial systems for medium wavelengths are now
widely used in the United Kingdom either to increase the fieldstrength in a particular direction or to reduce it in the direction
of another transmitter sharing the same channel. Complex
aerial systems are much used for the latter purpose in the United
States, while at a station in Germany erected just before the
war to give a strong signal in the United Kingdom for propaganda purposes, an aerial system comprising eight masts each
approximately 394 ft high and two other masts each 492 ft high
was used. An elaborate aerial system is also used by Radio
Luxembourg. This increases the signal strength in this country,
and consists of three vertical radiators each electrically somewhat longer than half a wavelength and suitably phased to
produce a gain of 6 dB over that of a half-wave vertical aerial,
in the required direction.
The synchronization of the carrier frequencies of broadcasting
transmitters in the United Kingdom has been developed to a
high degree of precision, and the B.B.C. now operates 55
medium-frequency transmitters in 11 synchronized groups. The
use of synchronization has led to increased coverage being
obtained with the limited number of medium-frequency channels
allocated to this country under the Copenhagen Plan of 1948.
(5.3) Transmitter Drive Equipment
The use of medium-frequency transmitter synchronization
has necessitated the development of transmitter drive equipment
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capable of meeting a much closer frequency tolerance than is
required by the current international Radio Regulations for
broadcasting transmitters. It has also been necessary to develop
frequency comparison equipment to permit a high precision of
carrier-frequency identity to be maintained. For mediumfrequency transmitter synchronization purposes the B.B.C.
maintains a carrier-frequency stability and accuracy of
+0-025c/s, which results in the field-strength variations of the
received signal being comparable with the variations due to
medium-wave fading during the hours of darkness.
The B.B.C. Light Programme transmission on 200kc/s is
maintained to a higher degree of precision, namely +1 part in
108, in view of its use in this country and in Europe by a large
number of organizations and manufacturers for frequency
standardization purposes. For example, in the German Federal
Republic the Sudwestfunk organization uses this high-precision
200kc/s transmission in conjunction with frequency synthesizing
equipment as the drive for broadcasting transmitters in a synchronized group.
The precision transmitter drive equipment now used by the
B.B.C. has been evolved over a period of 25 years commencing
with tuning-fork oscillators which maintained a carrier-frequency
stability of the order of one or two parts in 106 for short periods
of time. This tuning-fork drive equipment occupied four
apparatus racks 9 ft in height, and each set of drive equipment
cost approximately £3000 in 1937. Since 1938 crystal drives
have been increasingly used and new designs developed. The
current B.B.C. medium-frequency crystal drive occupies only
4^ in of apparatus bay space, and cost, in 1960, only £150. Its
frequency stability and accuracy, however, are 50 times better
than those of the early tuning-fork drive equipment.
In the h.f. broadcasting field, transmitter drives have developed
from the simple crystal oscillators used at the original Empire
station in 1932. In 1939, high-stability variable-frequency
drives were developed to meet the constantly changing carrierfrequency requirements of the service, and at the present time,
use is made as necessary of variable-frequency drives, precision
crystal drives or frequency synthesizers, the latter being used
for the synchronization of h.f. transmitters at stations geographically remote from each other. This latter application
embodies the use of the B.B.C. 200 kc/s transmission as a highprecision reference frequency, and by synchronizing h.f. transmitters radiating on widely separated bearings, the usage of a
limited number of h.f. channels is considerably increased.
(5.4) V.H.F. Transmitters
The introduction of v.h.f. sound broadcasting has resulted in
the development of transmitters for operation in the frequency
range 87-5-100 Mc/s having various output powers from 2 to
20 kW. These transmitters have air-cooled valves throughout,
and considerable use is made in the high-power stages of singleended earthed-grid circuits with coaxial-line tuning elements.
To give maximum reliability, these transmitters are operated in
pairs; for example, at the highest-power stations, two lOkW
transmitters are used for each programme to produce a transmitter output power of 20 kW. This power is fed to a high-gain
slot aerial46 giving an e.r.p. of 120kW. The aerial consists of a
metal cylinder some 6£ft in diameter and 110 ft long which has
cut in it 32 vertical slots arranged in eight tiers. Each tier has
four slots spaced at intervals of 90° round the surface, each slot
being about 8 ft high and lft wide. To guard against possible
aerial breakdown, the aerial system is divided into two halves
which are connected by separate feeders to transmitter combining circuits situated inside the station building. The overall
efficiency of a 20 kW f.m. transmitter is about 30%.
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Two types of transmitter, made by different manufacturers,
have been used at these stations, the main technical difference
between the two being the method of modulation. In one case
a directly-modulated quartz crystal is used.22 In the other, an
LC oscillator is modulated by a reactance valve, the centre
frequency being controlled by a quartz-crystal oscillator.23
In order to extend the v.h.f. coverage and make the maximum
use of the available frequencies, the B.B.C. has recently designed
a low-power 'translator' equipment for use at satellite transmitting stations. This equipment receives the programme from
an existing station and re-broadcasts it on another frequency.
Considerable use is being made of transistors in this equipment,
which is designed for unattended operation.
The design of feeders for v.h.f. presents difficulties because of
the relatively high power (up to 50 kW) that has to be carried
at these frequencies over distances up to 1000 ft with minimum
loss, and also because of the need for precise and stable impedance matching. Either rigid coaxial tubes made up from 12 ft
lengths, with expansion joints every 150ft, or flexible cables in
continuous lengths up to 600 ft are used.
(6) STUDIOS AND STUDIO CENTRES
(6.1) Studio Design
Many of the improvements and advances in studio design have
come about as a result of developments in equipment and of
changes in presentation methods and production techniques; a
general improvement in studio acoustics has resulted from
extensive studies in the laboratory based on new methods of
acoustic measurement, from experience in the design of studios
and from the availability of new materials. The tendency
towards the use for dramatic productions of large studios with
several microphones and locally modified acoustics, instead of
several smaller studios each with marked individual acoustic
properties of its own, linked by a dramatic control panel, has
led to changes in studio design. The emphasis has shifted
towards medium-size general-purpose studios, each containing
two or more sections having radically different acoustic treatment. Often the layout of a studio is arranged so that opposite
walls are not parallel, and in the larger studios the ceiling is
broken up or coffered.
Talks and discussion studios have become somewhat larger
than those used before 1939. Great importance, from the
point of view of speech clarity, is attached to having adequate
sound absorption at the lower frequencies. The discussion
type of programme with four to six speakers has largely replaced
the single speaker. This has had considerable repercussions on
the type of microphones and, above all, on the studio acoustics.
A specially-designed circular acoustic table, used with a
cardioid microphone, has been found necessary, and the desirable
acoustics are somewhat deader (reverberation time, 0 • 3 sec) than
was formerly the case for speech studios.
In the last few years it has become the practice to adopt a multimicrophone technique for light-entertainment programmes, often
using as many microphones as there are instruments in the
orchestra. In addition, artificial reverberation methods are
fully exploited and hence the actual studio acoustic requirements
are somewhat wider. Reverberation times of 10-1-6 sec are
considered satisfactory.
Very considerable research into the desirable acoustic properties of concert halls and large orchestral studios has been
undertaken, and the results in the form of porous and resonant
absorbers and architectural features designed to scatter reflected
sound have been successfully applied in many studios.24
Notable examples are the large orchestral studio at Maida Vale
and the rebuilt studio premises at Swansea.

(6.1.1) Artificial Reverberation.
From the earliest days of broadcasting until a few years ago
the standard method of obtaining artificial reverberation was
by the use of a small reverberation chamber or 'echo' room.
Several attempts, only with moderate success, have been made
to replace the echo room by using a series of spaced heads on a
magnetic drum. This method suffered from quite a number of
faults, in particular its failure to cope with percussive or
impulsive sounds and longer reverberation-time requirements,
e.g. cave effects, etc. More recently greater success has been
achieved by the use of a thin, freely suspended 6 ft x 3 ft steel
plate. The time of reverberation can be varied from 6 sec
to 1 sec by moving a damping membrane closer to the plate.
Because of their small size, compared with that of an echo
chamber, and the ability to vary readily the reverberation time
over a wide range, artificial reverberation plates are being
increasingly used on all types of programmes, especially light
music and variety. They are also very useful for correcting on
transmission the acoustic shortcomings of public halls and
theatres, especially opera transmissions.
The very great expansion in the daily programme output of
the B.B.C. has resulted in an increase in the number of sound
broadcasting studios from 95 at the beginning of 1939 to 203
at the end of 1960. Of these, 35 are used for the external
services.
In the last ten years a chain of unattended studios has been
established throughout the country at various locations, supplementing the more extensively equipped regional centres and
sub-centres. These unattended studios serve news and topicality requirements, enabling reports to be broadcast without
the necessity for the speakers journeying to the main centres,
which may well be some 40 or 50 miles away. The equipment
and technical arrangements are such that no engineer need be
present—hence the term 'unattended'. The studios are of the
talks variety, about 20 ft x 16 ft in size, with an adjacent room
housing the control equipment. Arrangements have been made
so that the studio can also be used for more elaborate transmissions with a producer and engineer present in the adjacent
control room. There are 12 of these studios in service at
present andfivemore in the course of construction.
The use of general-purpose studios and the development of the
self-contained studio unit in the B.B.C, arising partly from the
stringencies of war conditions, have several advantages—particularly in relation to rehearsals. Before the war, the central
control room at a studio centre handled both live transmissions
and rehearsals, which added considerably to the operational load.
In later designs, all the technical facilities needed for rehearsals
and most of those needed for transmission are provided in the
local studio control cubicle. For rehearsals, the whole of the
programme-originating equipment can feed into the local loudspeaker without going through the central control room.
(6.2) Studio Equipment
The war brought many problems for those associated with the
design of audio-frequency equipment, not the least of which
were the impossibility of continuing with certain designs owing
to the lack of materials, and the necessity of equipping a large
number of new studio premises at very short notice. This led
to the introduction of 'standard bays' based on the OBA/8 type
of outside broadcast equipment and other units of simplified
design, which could be produced in quantity, assembled and
wired in the workshops and connected in position with the
minimum of delay. New equipment designed by B.B.C.
engineers is radically different from that used before and during
the war.25 Studio equipment introduced in 1947 and known
as type A consists essentially of two main items—a control
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desk and an apparatus cabinet. The former is installed in the
studio control cubicle and houses faders, talkback microphones,
artificial-reverberation facilities, keys for bringing in spare
amplifiers, programme meter, telephone instruments and similar
equipment. The apparatus cabinet houses all the amplifiers,
power units, relay and other technical apparatus and need not
necessarily be situated in the control cubicle. The amplifiers in
the cabinet are connected to the permanent wiring by plugs and
sockets, and the relay assemblies by Post Office type springjacks.
These can thus be readily removed for maintenance or repair.
A new type of studio equipment known as type B has
since been developed and was introduced into service in 1954.
This is less costly than type A and provides the many more
facilities and increased flexibility demanded by refinements in
production techniques. The new equipment has been designed
on the unit principle and comprises three standard amplifiers
with the necessary mains supply units, standard panels containing
faders, cue keys, indicators and similar apparatus, all of which
can be assembled in numbers suitable to the size of the studio
and the production facilities required.
The amplifiers used in the control rooms were all batteryoperated up to the beginning of the war. These have since been
superseded by mains-operated types, fed in groups from mains
units, which themselves have steadily been reduced in size and,
more important, in cost. Amplifiers incorporating transistors
have been designed and are being brought increasingly into
service.
(6.3) Continuity Suite
The technique of assembling programme items and passing
them to the transmitting stations has also undergone a radical
change in the period under review. Whereas before the war it
was customary for the central control room to handle all programme switching, this work has now been concentrated in
continuity suites, one of which is associated with each of the
main programme services.26 A continuity suite comprises a
small studio and a miniature control room. These two areas
are connected electrically and also visually by means of a soundproof window. All programme changes are made in the continuity control room by a technical operator, while linking and
cue announcements, 'fill-ups' and similar material are handled
by the continuity announcer.
In the event of a breakdown or other emergency the announcer
is on the spot to explain the situation to listeners within a few
seconds of the occurrence. This method of working not only
leaves the central control room free to concentrate on the
general operation of the B.B.C. services, but ensures smoother
and more closely knit programme presentation.
(6.4) Central Control Rooms
At the beginning of the period under review, all control rooms
at B.B.C. studio centres used remotely-controlled relay switching
for the routing of programmes. The rapid war-time growth in
the number of sources and destinations which had to be switched
would have rendered the continued use of this system impracticable because of the sheer bulk of the equipment, even if the
tremendous number of relays needed had been available. It
was therefore necessary to revert temporarily to a simple plugand-jack system of interconnection. This elementary method
is now being replaced by a greatly improved arrangement using
motor uniselector switching which provides for the simultaneous
selection, by simple code, of programme circuits with the associated cue, control and signalling circuits.27 Very large numbers
of sources and destinations can thereby be controlled from and
indicated at a single control position without operational complexity. The latest example of this technique is the new control
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room at Bush House for the External Services where the pushbutton switching can connect 150 sources to 130 destinations.
Control rooms at the regional centres are also being modernized
and re-equipped with motor uniselectors for programme, monitoring and cordless engineering telephone-exchange switching.
(6.5) Automatic Programme Routing and Monitoring Equipment
The External Services* require frequent changes in the programme connected to particular transmitters, and these connections may need to be altered at intervals of 15min throughout
the 24 hours in accordance with a specially prepared schedule.
The schedule is repeated every 24 hours, and is only changed at
intervals of, perhaps, some months.
The transmitters themselves are distributed among a number
of stations in different parts of the country, each station being
connected by a group of lines to the Bush House control room.
Ideal conditions therefore exist for the use of automatic switching
equipment at Bush House to connect programme sources to the
appropriate lines and for similar equipment at transmitting
stations to connect the incoming lines to the appropriate transmitters.27'28 Automatic time-controlled switching equipment
has been specially designed by the B.B.C. for these purposes.
The automatic equipment can, of course, be overridden by
manual control if necessary. At transmitting stations, automatic apparatus is also arranged to sample the programme
incoming on a particular line and to follow this by sampling the
outputs of all transmitters connected to that line. These
samples, each of 5 sec duration, are connected in turn to a
loudspeaker and are thus presented as a continuous series of
excerpts for aural monitoring.
The shortage of skilled staff and the need for further economy
has led the B.B.C. to develop automatic equipment for the
monitoring both of the lines between studio premises and transmitters and of transmitters themselves.29 The increasing use of
equipment of this type has enabled improvements to be made in
the coverage of the domestic programmes with a more economical
use of technical manpower than would have otherwise been
practicable, at the same time relieving technical staff from much
routine work and making them available for more interesting
tasks.
(7) MICROPHONES AND LOUDSPEAKERS
Developments in microphones have included substantial
improvements in, and a reduction in the size of, the ribbon
microphone, and the re-appearance of the electrostatic microphone (previously abandoned because of the unreliability of
earlier pre-war models).
Advances in design and performance have resulted partly
from increased understanding of the basic principles and partly
from the availability of improved materials, particularly magnetic
materials.30
In 1939, the standard studio microphone was the B.B.C.Marconi ribbon microphone type A. This was modified in
1943 by the addition of a new type of ribbon and balanced
wiring, and designed type AXB. In 1944 the permanent-magnet
system was altered and a Ticonal magnet substituted. Microphones of this type were known as type AXBT and had improved
sensitivity.
The demand for smaller and lighter high-quality microphones
led to considerable research and to the trial of many different
types. One new type introduced into service in 1952 is known
as the PGSf ribbon microphone developed by the B.B.C.
Research Department and manufactured by Standard Telephones and Cables, Ltd. It is considerably smaller and has
* The present output of the External Services comprises ten programme services in
39 languages totalling 84 hours per day.
t British Patent Nos. 738664 and 742006.
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improved characteristics, particularly at the higher frequencies,
than the type AXBT and weighs only one-third as much.31 This
microphone represents a considerable improvement in quality,
particularly in its response at the higher audio frequencies, and
is less obtrusive than the type AXBT. It is known as type 4038.
However, there is considerable demand for microphones
possessing characteristics other than that of the figure-of-eight
(as in the ribbon microphone)—in particular, we require cardioid
and omnidirectional characteristics. Hence it has been necessary over the last 15 years to make increasing use of electrostatic
microphones, which, because of the small size of their working
parts, can readily be designed to have any, or in some cases all,
of the desirable directional characteristics without appreciable
frequency distortion. In particular, the cardioid type is essential
for outside-broadcast use in the footlights of theatres and opera
houses in order to obtain the maximum of stage pick-up without
the orchestral pick-up on the back of the microphone. The
omnidirectional type is very useful in places where the reverberation time is too short for ideal results.
For use in conditions of high ambient noise, e.g. when a commentary on a sporting event is broadcast, a close-talking
pressure-gradient microphone has been designed by the B.B.C.
Research Department. The original design was introduced in
1937 and became known as the lip microphone type LI; an
improved version, type L2,* was produced in 1951 and was,
until recently, the only high-quality 'noise-cancelling' microphone
of its kind in the world.45 A microphone, based on the B.B.C.
design, is now manufactured by Standard Telephones and Cables,
Ltd., and designated type 4104B or C.
The lip microphone, when held close to the commentator's
mouth, gives a high degree of discrimination between the wanted
speech and the ambient noise. When so used, however, speech
tends to sound unnatural, and equalization of the frequency
characteristic, both by acoustic damping screens and by electrical
networks, has been introduced to compensate for this as far as
possible.
Advantage is taken of commercial products where microphones
having special characteristics are required and are available, for
example directional properties or robustness, or where there is
need for a microphone to be held in the hand or worn on the
person. The B.B.C. maintains an acoustics laboratory with
advanced facilities for the calibration and testing of microphones.
The critical aural monitoring of programmes, which is carried
out at several points in the broadcasting chain, demands a highquality loudspeaker used under suitable conditions to show up
any unwanted noises, distortion or other technical faults. It
must also reproduce sound with a high degree of fidelity so as to
enable a balance to be obtained that is acceptable when the
programme is heard over a wide variety of reproducing equipments and not merely over other loudspeakers of the same type.
The design of a high-quality loudspeaker is a frustrating task
for the engineer, since the characteristics required have so far
defied attempts to reduce them to a precise specification. The
performance of the final product has to be assessed by ear, but
unless the subjective judgment is arrived at under carefully
controlled conditions, it is easy to obtain completely contradictory results. To provide itself with loudspeakers of the
necessary high standard of performance the B.B.C. has, in
addition to laboratory tests, made direct comparisons between
the reproduced sound from a loudspeaker and the original
sound in the studio, employing for the purpose its own trained
and experienced staff. In this way, the performance of new
commercial designs is rigorously assessed. The B.B.C. also
designs its own loudspeaker assemblies, by combining units from
different manufacturers.
• British Patent No. 737096.

A loudspeaker designed for monitoring purposes by the
B.B.C.32 uses a commercial 15 in low-frequency unit mounted in
a vented cabinet in conjunction with high-frequency units and
suitable cross-over networks. A smaller and lighter adaption
of this design has been produced for use in outside broadcasts.
Tests have also been conducted with modern commercial versions
of a wide-range electrostatic loudspeaker.
The built-in 'corner' loudspeaker possess several advantages,
but under operational conditions it is seldom possible to use
this type.
(8) OUTSIDE BROADCASTS
In 1939, the standard B.B.C. equipment for outside broadcasts
consisted of the OBA/8 amplifier and its associated apparatus.
Little progress was possible in the design of new equipment
during the war, although the requirements for outside-broadcast
operation had become more complex. In order to provide the
additional facilities required in post-war years, unsuitable and—
by modern standards—rather cumbersome equipment had to
be pressed into service, and the number of units to be transported
and connected on site had become unwieldy.
The OBA/9 amplifier and its auxiliaries were developed to
provide equipment as small and light as possible without
sacrificing reliability, yet having a general technical performance
similar to, or better than, the OBA/8. Ease of transport and,
if necessary, dismantling, were considered important, and
provision for carrying subsidiary items such as microphone
cables, cue lights, telephones, etc., was made.
The resulting equipment is mounted in a stack on a kind of
porter's trolley, which facilitates transport. It consists of six
units of five different types: a 4-channel mixer, a microphone
amplifier and programme meter—of which two are included in
each set—a distribution and general control unit, a loudspeaker
and isolating amplifier, and a power supply unit. The equipment
can be operated from the mains supply or from dry batteries
contained in the power supply unit. The equipment is so
designed that these six units can be operated without dismantling,
or alternatively they may be removed from the trolley and, by
the addition of a suitable number of similar units, extended to
deal with the more complex programmes. Mounted at the back
of the trolley are three drums each containing 150 ft of screened
microphone cable, while two additional items—a portable loudspeaker and a spares and components box—are transported
separately.
In designing this equipment full advantage has been taken of
the availability of small valves and other components so as to
keep its size and weight to a minimum. A transistorized version
of the OBA/9 amplifier has now been produced and is in routine
service in the sound and television services. Its lightness, low
power consumption and freedom from microphony are particularly valuable.
Both OBA/8 and OBA/9 equipments were used in providing
sound facilities during the Coronation broadcasts in 1953, for
which 1 300 additional sound circuits were required to link the
11 temporary control rooms and more than 80 control positions
with the permanent B.B.C. control rooms in the London area.
Thefivemain sound networks covered broadcasts and recordings
by more than 100 commentators speaking in 42 languages.
Equipment of the same types has been used for the Royal
tours of Canada, South Africa and Southern Rhodesia and
Australasia.
A new development in the outside-broadcast field for simple
programmes is the suitcase outside-broadcast apparatus, which
is designed for operation by a commentator or reporter without
the need for an engineer. The whole apparatus is contained in
a small suitcase measuring 15£ x 9^ x 5f in, and the total
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weight is 15 lb. Transistors are used in the microphone amplifier and also in the very small radio receiver, by means of which
programme cues may be obtained when required from the usual
B.B.C. transmissions. A crystal microphone is provided, and
telephone ringing and speaking facilities are included. The user
connects his equipment to the appropriate Post Office line circuit
by inserting a single plug into a socket provided at each outside
broadcast point.
Another B.B.C. development, used mainly in outside broadcasts, is a radio microphone which was designed to relieve
commentators of the encumbrance of a microphone with a
trailing lead. This was introduced in July, 1955, and is used
by both the sound and television services. It consists of a
miniaturized v.h.f. f.m. transmitter and a battery pack each
approximately the size of a packet of 20 cigarettes, associated
with a miniature microphone which can be worn on the person.
The aerial consists of a few feet of wire concealed in the user's
clothing. The transmitter operates on frequencies in Band I
and has an r.f. output of about i W . It is believed to be the
smallest high-quality transmitter of its kind at present available
for this particular purpose. The range of the transmitter
depends upon conditions, but under favourable circumstances
may exceed half a mile.
Recent additions to the fleet of special outside-broadcast
vehicles have been two versions of a mobile studio and control
room fully equipped to carry out large-scale programmes. In
the more recent version the control-room equipment can handle
a total of 23 programme sources.33 Two of these are microphones in the vehicle's own studio, one is the output of a bank
of four disc-reproducing turntables and four are the outputs of
v.h.f. f.m. receivers bringing programme items from transmitters
carried by commentators in the field.
Sound programmes are usually brought from the outsidebroadcast point to a convenient point on the main network by
means of lines temporarily hired from the Post Office and tested
and equalized by the B.B.C. Where the outside-broadcast point
is mobile, or for any other reason, suitable lines are not available,
radio links are used.
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which are derived by the use of splittingfilters,employ frequencies
between the speech channels. The B.B.C. also uses facsimile,
telegraph and picture equipment in its television news service.
The B.B.C. now rents from the Post Office about 25000 miles
of programme circuits for sound, including those used for the
sound component of the television programme, and 7 000 miles
of control and communication circuits.
The programme networks comprise a distribution system for
carrying each of the programmes from the continuity centre to
the transmitting stations and a contribution network bringing
programmes from remote parts of the system to the continuity
centre. The main networks are set up in programme chains, i.e.
Home, Light, Third and Television Sound, and they are normally
routine tested each week for attenuation/frequency characteristic, harmonic distortion and noise, the test signals being
originated at the London end and readings being taken manually
at intermediate studio centres and transmitters. Contribution
circuits are similarly tested in chains. This method, however,
does mean that a number of engineers are engaged simultaneously on the tests, which take about 30min for each chain.
Automatic sending apparatus has now been introduced for these
tests on the main programme distribution chains, thereby
reducing the time to 5-6 min. Apparatus has also been designed
to reduce this time still further to 3-4 min with the synchronized
automatic adjustment of receiving apparatus to meet the requirements of each test and the recording of results without manual
assistance. It is intended to use this apparatus also for the
adjustment of 'topping up' equalizers on long chains of three or
four links so as to 'iron out' the accumulated variations of the
attenuation/frequency characteristics. These equalizers use
Bode-type sections to correct the frequency characteristic in
three parts of the frequency range, i.e. 60 c/s-500 c/s, 500 c/s2kc/s, 2kc/s-8kc/s, by approximately ±4dB in each part.
Equalizers of types similar to these have been in service for a
number of years for the correction of 'occasional order' circuits,
which can be successfully and rapidly trimmed by testing at four
main frequencies.
Other developments during the period have been the increased
use of carrier circuits, and the development of special techniques,
such as a split-band system for use where the available lines
have insufficient bandwidth.

(9) SIMULTANEOUS-BROADCASTING LINES
The permanent network of lines connecting the studios with
the transmitters, both for conveying the programme and for
(10) USE OF REBROADCAST RECEIVERS IN PLACE OF
communication purposes, is supplied and maintained by the
LINES
Post Office. B.B.C. engineers co-operate with those of the
Post Office in setting up the programme lines to the high standard
With the development of the v.h.f. f.m. system, increasing
required and carry out routine tests to ensure that the specified use has been made of the practice of feeding transmitters by
technical characteristics are maintained. The standards aimed direct pick-up from a v.h.f. f.m. station in place of a line. By
at are at least equal to those laid down by the C.C.I.T.T. this means, economy in line costs is effected, and where existing
(International Telegraph and Telephone Consultative Commit- lines have been inferior or liable to interruption, this change-over
tee). Equalizers are used at B.B.C. centres to compensate for has made possible an improvement in the quality and reliability
the residual attenuation/frequency distortion; for long pro- of programme distribution. B.B.C. design v.h.f. f.m. rebroadgramme circuits it has been found necessary to introduce cast receivers are provided at the transmitting station which is
to be fed in this way and are tuned to a convenient station
temperature compensation into the equalization.
The expansion of the B.B.C.'s various services has demanded radiating the required programmes. The originating station
improved communication facilities. The comprehensive com- becomes the parent station, and the receiving station becomes
munication system that has been built up now provides both the satellite. The satellite station uses the output of the receiver
inter-office telephone communication and engineering control as the source of programme for its transmitters in place of the
facilities between all the regional centres and transmitting normal line source, and may, in its turn, become a parent
stations throughout the network; it also provides teleprinter station for a further group of satellites.
facilities between London and the main B.B.C. centres. Most
It has been possible to extend this system to unattended and
of the communication circuits are provided by 3-channel or semi-attended transmitting stations by the use of a system of
4-channel carrier systems each employing two Post Office music 20kc/s tone monitoring. Two complete chains, one normal
circuits. In some cases the music circuits can be used for pro- and one reserve, are provided at these stations, each comprising
gramme transmission at certain times of the day, and for inter- a rebroadcast receiver, programme input equipment and transoffice communication at other times. The teleprinter channels, mitters. The parent station radiates a 20kc/s tone at a fixed
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level superimposed on the programme. Tuned amplifierdetectors are provided at the satellite stations which detect the
tone and initiate the switching as required for the particular
station. In general, if the 20kc/s tone is not detected at the
appropriate level on the normal programme feed circuit, the
receivers are changed over to the reserve chain. If the tone
is not detected on this either, then the transmitters may be
connected to other sources of programme (long-wave or mediumwave rebroadcast receivers or lines) or may be shut down. In
some cases, the amplifier-detector is also used to switch on the
transmitters.
Radio reception of the transmissions from v.h.f. f.m. stations
for programme distribution was first developed for use with
certain low-power medium-wave stations and was then extensively introduced into the programme distribution network for
v.h.f. f.m. transmitting stations. It is likely to be further
extended to other stations.
(11) SHORT-WAVE BROADCASTING
In 1938 there was comparatively little short-wave broadcasting
outside that provided by the United Kingdom, Germany, the
Soviet Union and the United States. During the period under
review the number of short-wave transmitters in the world has
increased enormously. The power of the transmitters used has
also increased from a general level of 5-10 kW in 1938 to
50-100 kW and above.
In 1938 the B.B.C. operated six short-wave transmitters with
a total output power of 170kW. At its war-time peak, in
February, 1944, this output had grown to 2870kW from 43
transmitters. The B.B.C. is at present using 39 high-power
transmitters, two of which are installed at Tebrau (Singapore)
and are used primarily to rebroadcast the B.B.C. Far Eastern
and Eastern Services to the appropriate Asian countries.
The short-wave transmitters have been modernized and
improved, where possible, in efficiency by the use of modern
valves, improved modulation techniques and measures taken to
increase the speed of wave-changing. Plans have been prepared
to replace some of the older transmitters, and work is already
in progress.
The design of transmitting aerials and feeders has been the
subject of intensive study, and high-gain directional aerials are
now in general use. These aerials consist of stacked horizontal
dipoles—a form which has been found to be generally the most
efficient for this purpose.34'35 At a large transmitting station
a formidable number of aerials is needed to cover the many
areas to be served and the number of frequencies required, and
a great deal of land is required on which to erect them. Considerable economy and flexibility can be effected by the use of
aerials with reversible directivity, by electrical slewing of the main
lobe in the horizontal direction, and by comprehensive transmitter-to-aerial switching arrangements.
Owing to the shortage of frequencies, extensive use has been
made of synchronized transmitters; the technique has been
developed to include transmitters at stations in different parts of
the country. Experience has shown this to be a satisfactory
method of operation for serving two or more areas with the
same programme on the same frequency so long as the aerial
patterns of the transmitters do not overlap.
The general increase in the power of short-wave transmitters
and improvements in receiver design in regard to sensitivity,
noise factor and a.g.c. action has greatly improved the reliability
of short-wave services. The congestion of the short-wave bands
and the resulting interference has, however, resulted in serious
difficulties, and has led the B.B.C. to take steps to increase the
effective radiated power of some of its longer-range services.

It has been found possible to operate two 75 kW short-wave
transmitters in parallel, and by using them in conjunction with
an aerial having a gain of 23 dB, referred to a half-wave dipole
in free space, to produce an e.r.p. of 30 MW over a small angle.
Much progress has been made in understanding the behaviour
of the ionosphere, leading to improved forecasting of the
optimum frequencies for short-wave circuits. There has been a
great increase both in the number of measurements of ionosphere
conditions and in the number of stations throughout the world
at which they are made. A well-organized system for the
exchange and correlation of data has thus been established; the
co-ordinating authority in the United Kingdom is the D.S.I.R.
A large number of special observations of phenomena affecting
radio propagation were made during the International Geophysical Year; the B.B.C.'s Receiving and Measuring Station at
Tatsfield was chosen as one of the centres for observing
ionospheric and tropospheric propagation conditions. (It is
of interest to note that the first observations in Great Britain
of the signals from the first Russian earth satellite were recorded
at Tatsfield in the early hours of 5th October, 1958.) It is
now confirmed that the 11-year solar cycle passed through its
minimum phase in April-May, 1954, and its maximum in
February-March, 1958. During the peak solar activity the
highest frequency bands (21 and 26Mc/s) available for shortwave broadcasting could be used to a greater extent, thus partially relieving the congestion in the lower frequency bands.
The conditions of operation of a short-wave service that is
virtually world-wide in its coverage demand the use at different
times of day of a number of different frequencies. All or most
of those frequencies may be changed en bloc when a major
alteration in the operating schedule is made to take account of
seasonal propagation changes. At the time of writing, 126 frequencies are registered for use in the B.B.C.'s External Services,
and it would be impracticable to install this number of highgrade crystal drives at each short-wave station. The B.B.C.
has therefore developed variable-frequency drive equipment of
exceptionally good frequency stability and high resetting
accuracy.36 An essential part of this equipment is a frequency
monitor which provides, from a local frequency sub-standard,
standardizing frequencies spaced at 5kc/s intervals throughout
the carrier-frequency range of 2 • 8-22 • 4 Mc/s. The appropriate
one of these frequencies is compared with that of the transmitter,
which is adjusted to zero beat. It should be noted that the
frequency monitor is not a measuring device, but an aid to
adjusting frequencies already known to an accuracy of, say,
50 parts in 106 (from the dial setting of the drive equipment)
to an accuracy within a few parts in 107.
The international frequency regulations laid down by the
Atlantic City Convention in 1947 allow a tolerance of ±30c/s
per Mc/s for all broadcasting transmitters operating on frequencies from 4 Mc/s to 500 Mc/s. The B.B.C. normally
achieves a frequency tolerance better than ±15 parts in 106 on
the short-wave bands. Under the new Radio Regulations
adopted at Geneva in 1959, the tolerance for the band
4-29-7 Mc/s will be reduced to ±15c/s per Mc/s for new
transmitters installed after 1st January, 1964, and for all transmitters after 1st January, 1966. Changes have also been made
in the tolerances for the higher-frequency bands.
(12) B.B.C. MONITORING SERVICE
The B.B.C. Monitoring Service came into being shortly before
the war when a need arose to intercept and summarize news
items broadcast by foreign stations. Initially, monitoring was
introduced on a small scale in London, but in 1939 the service
was transferred to Evesham and put on a professional basis.
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Technically, the organization was planned in two parts. For
reception of the stronger signals an amplified aerial system was
installed, covering the frequency range 100kc/s-27Mc/s, in
which some 60 domestic-type receivers were fed via r.f. amplifiers
from a number of omnidirectional aerials. For weaker signals,
communication-type receivers were used, connected to individual
directional aerials. This scheme suffered from a number of
disadvantages among which were:
(i) Strong signals from local transmitters produced cross-modulation and inter-modulation effects in the r.f. aerial amplifiers.
(ii) The limited area of land available restricted the erection of
directional aerials.
(iii) The distance from London (100 miles) was too great for
satisfactory operation of the service.
A site free from these disadvantages was sought, and in 1942 a
suitable one was found at Caversham, near Reading. The same,
basic plan was adopted, strong signals being intercepted by
foreign-language monitors operating their own individual
receivers, while weak and difficult signals were received by
engineers with special equipment at a remote and electrically
quiet site at Crowsley Park some 3-J- miles from the main centre.37
At Caversham, an amplified aerial system was installed which
consisted of omnidirectional aerials, each feeding an r.f. signal
amplifier having a frequency range of 2 : 1 and a gain of not
less than 25 dB. The r.f. spectrum of 100kc/s-27Mc/s was
subdivided into seven octaves and one near-octave. The outputs from the octave amplifiers were combined in two groups of
three and one group of two, and connected to three coaxial
cables each running to a special distribution transformer.
Each transformer was capable of feeding up to 60 receivers,
operated by the monitors who selected the output from the
appropriate transformer by means of a switch at the receiver
input. This scheme has the advantage that the first-order, and
therefore strongest, combination terms produced by the octave
amplifiers necessarily fell outside the frequency range of the
amplifier from which they originated and within the gaps between
octaves carried by each cable. It also has the advantage of
providing an attenuation of as much as 41 -6 dB between receivers.
At Crowsley Park, a comprehensive system of directional
aerials was installed including five rhombic aerials and 12
Beverage long-wire types, in addition to 30 long-wire semivertical aerials. A flexible system was installed in which aerials
were plugged by flexible cords to any desired octave amplifier.
Twenty-seven communication-type receivers were installed, and
their a.f. outputs were connected by line to Caversham through
a plug-and-jack board.
Post-war developments have included38
(a) The replacement of the original octave amplifier system at
Crowsley Park by six push-pull wideband amplifiers having a high
degree of linearity and each covering the frequency range lOOkc/s25 Mc/s and having ten r.f. outputs.
(b) The substitution of the original American communication
receivers by British receivers of improved performance.
(c) The use of bi-directional rhombic aerials.
(d) The use of very-long-wave convertors in which Morse signals
in the frequency range 15-150kc/s are made to key an r.f. oscillator,
thus producing an output within the r.f. range of the normal receivers.
The main listening room at Caversham has been almost
completely re-equipped in recent years. There are now 40
normal monitoring positions, each equipped with a modern
British communication-type receiver. Remotely-started plasticbelt recording machines are installed, so that items can be
recorded for subsequent replay on transcription machines. The
recording machines are arranged in groups, and electrical
'booking' facilities are provided at each monitoring position, so
that any recorder which is not already booked or in use may be
reserved for instant use when required. Two further positions
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are specially equipped for the reception of Hellschreiber transmissions, and there is also a remotely-operated magnetic-tape
recorder for use when better recorded quality is required than
is obtainable from the plastic-belt machines.
The programme lines from Crowsley Park are connected at
Caversham to the appropriate monitoring positions by switching
at a supervisory control position in the listening room. Here a
special console designed by the B.B.C. has been installed, which
provides such facilities as pushbutton monitoring-line routing,
supervisory monitoring of all monitors' listening positions, and
two communication-type receivers for use by the supervisor.
The monitors now cover broadcasts from more than 35
countries in nearly as many languages. From the considerable
total intake, the monitoring news bureau selects and processes
news and other urgent information for transmission by teleprinter
to the B.B.C. news departments and to the Foreign Office.
Part of this service is also supplied to subscribing news agencies.
A number of publications are produced daily or at less frequent
intervals, chiefly for Government Departments; they are available
also to other organizations on a subscription basis.
(13) SOUND RECORDING
The pre-war trend towards the increased use of recorded
programmes was greatly accelerated by war-time conditions,
when it became necessary to record programmes at convenient
times for transmission at all hours of the day and to record
programmes under conditions not liable to interference from
enemy action. A large increase in recording equipment was
therefore required.
Prior to the period under review, three sound recording
systems were in use by the B.B.C, the Marconi-Stille steel-tape
magnetic system, the Philips-Miller film system, and the M.S.S.
direct disc recording system. During war time it was decided
to obtain a large number of disc recording machines for direct
recording on cellulose-coated discs, which can be played back
immediately without processing. In addition to static recorders
for use at studio centres, portable models using similar discs
were manufactured for use by war reporters and for other
special purposes. The performance of all these recorders was
adequate for the immediate purpose, but it was realized that
direct disc recording was likely to become a permanent feature
of the broadcasting service, and the B.B.C. therefore undertook
the design of a permanently-installed disc recording machine of
improved performance.39 This became known as the type D
recording and reproducing equipment, and was brought into
service early in 1945.
A great increase in the use of recorded programmes took place
in countries engaged in the war, and especially in Germany;
towards the end of the war, almost the whole, of the German
home programmes were recorded. The Germans concentrated
on a magnetic recorder known as the Magnetophon, in which
the recording medium was a plastic tape impregnated or coated
with a magnetic powder. This was highly developed, and
extremely good quality was obtained by the use of high-frequency
erasing and a high-frequency biasing system. Apart from its
high quality, this equipment had the advantage of a playing
time of more than 20min for a single reel of tape, so that a
long recording time could be accommodated in a very small
volume.
Magnetic-tape recording has now been developed to a high
degree of perfection and has come into world-wide use. The
speed at which the tape runs past the recording and reproducing
heads is of great importance and obviously needs to be standardized if tape recordings are to be interchangeable both within
the B.B.C. and with other broadcasting organizations. For
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recordings of first-class quality, a tape speed of 15in/s is used,
but equipment is also available giving speeds of 1\ and 3 | in/s.
A i in-wide plastic tape is used, coated with iron oxide.
International agreement has been reached on the standardization of the essential characteristics of tape and disc recording
and reproducing equipment necessary for the international
exchange of programmes.
During recent years the B.B.C. has expanded very greatly its
facilities for recording programmes on magnetic tape. The
major part of the load is now carried by this system and the
use of disc recording is decreasing rapidly except for such
special purposes as the Transcription Service and for archives.
Mobile disc recording has given way entirely to tape. The
present proportion is approximately 80% tape and 20% disc.
In addition to the permanently installed recording channels
at B.B.C. studio centres, mobile tape-recording equipment has
been produced and installed in saloon cars, and there are also
portable recorders. The so-called midget recorders are of
particular interest—they measure 15£ in x 1\ in x 8£in and
weigh only 14£lb including batteries. These recorders, which
use a tape speed of 7^ in/s, are suitable for recording speech
and are supplied to B.B.C. foreign news correspondents oversea,
as well as to B.B.C. centres throughout the United Kingdom.
The electronic equipment used in these portable recorders has
recently been redesigned by the B.B.C, the valves being replaced
by transistors. The space saved has been used to accommodate
a loudspeaker with its associated transistorized amplifier.
There have been two recent developments of importance
brought about by the sheer number of recording channels which
have become essential: one is the establishment of separate
recording and reproducing rooms where numerous machines
are grouped together, thus saving both space and operating staff.
These machines are arranged for remote operation, so that once
they are set up they can be started or stopped by pressing a
button on the control panel of any studio equipped with this
facility.
The second development is the trolley-mounted tape machine
which can be easily transported to the area where recording or
reproduction is required. This has technical characteristics
identical with the rack-mounted equipment.
The introduction offine-groove(long-playing) discs for speeds
of 33$ and 45 r.p.m. made it necessary for the B.B.C. to design a
reproducing desk specifically for these recordings. This desk
incorporates a number of special features. In the B.B.C. it is
comparatively rare for afine-grooverecording to be reproduced
in its entirety, but quite common for short excerpts to be used,
It must therefore be possible to find a passage quickly and to
start reproduction on a chosen word or note. Some form of
groove-locating device and a quick-starting device* are therefore required and these have been provided in the design of
this equipment.40
An optically projected scale has been provided for quick groove
location, but with long-playing records this is not in itself sufficiently accurate since it is necessary to locate a precise point
within one turn of a groove. Thefinalpositioning of the pick-up
is determined by rotating the disc forwards or backwards, with
the pick-up resting on it, and listening to the output; the turntable is then retracted, and it and the disc are raised to make
contact with the pick-up at the instant when the reproduction
is required.
The B.B.C. is probably unique among large broadcasting
organizations in that less than 50 % of its programme output is
recorded. Nevertheless during 1960 recordings were made on
79000 discs and some 108000 reels of magnetic tape. The
* British Patent No. 815230.
British Patent No. 702090( South African Broadcasting Corporation).

standard reel holds 2400 ft of tape. The majority of the disc
recordings were made for the Transcription Service, which distributes recordings of B.B.C. programmes to oversea broadcasting organizations.
One of the advantages of magnetic recording is, of course,
that the tape can be used again once the original recording is
no longer required. The B.B.C. has therefore established a tape
reclamation unit for testing and repairing tapes; it reconditions
and returns to service some 1100 reels of tape each week.
(14) DOMESTIC RECEIVERS
The most important change in receiver design in the period
under review has been the introduction by the industry of
receivers for the new v.h.f. f.m. sound broadcasting system. The
high rate of purchase tax has made the evolution of economical
designs more than ever necessary, and such refinements as pushbutton and motor-assisted tuning have virtually disappeared. In
a great many sets the a.c./d.c. technique has been used to save the
cost of a mains transformer, and valves have been designed to
operate efficiently at the reduced h.t. voltage which this necessarily
entails and with their heaters connected in series. The all-glass
miniature type of valve is widely used both in mains-operated
and battery receivers.
Most post-war receivers have good sensitivity and reasonably
good selectivity, but their standard of audio reproduction is
limited by the need for sharpening the response of the tuned
circuits to give sufficiently good selectivity for use in the congested medium-wave band. This need does not arise in
v.h.f. f.m. receivers, and a very marked improvement in sound
quality has been achieved in many of them. The present trend
is to produce receivers with facilities for v.h.f. reception in
Band II as well as for reception on long wavelengths, medium
wavelengths and, in some cases, short wavelengths. Combined
television and v.h.f. receivers are also becoming common, and
there are some receivers for v.h.f. reception only. Progress has
been made in the standardization of intermediate frequencies. An
intermediate frequency of 10-7 Mc/s is widely used in v.h.f. f.m.
receivers; medium- and long-wave sets commonly use an intermediate frequency of around 470 kc/s, this value being dictated
partly by interference considerations and partly by the need to
move self-generated whistles, if they cannot economically be
eliminated, to the less frequently used parts of the tuning
range.
Some progress has been made in reducing the number of
different types of valves used in domestic receivers, although
standardization has not been achieved.
The popularity of portable receivers has been one of the outstanding features of recent years. Many types were produced
which could be used either with batteries or with an a.c. or d.c.
mains supply; portables for use with batteries only were almost
invariably of the 'all-dry' type, in which the l.t. accumulator was
superseded by a dry battery.
These types of receiver are now being superseded in their turn
by models in which the valves have been replaced by transistors.
By the use of miniature components, printed-circuit wiring and
small batteries, the size and weight of these models have been
greatly reduced, and many are small enough to be slipped into
the pocket. Most of these receivers have their own internal
ferrite-rod aerial, but provision is sometimes made for the use
of an external aerial in areas where reception is difficult because
of low field strength or other causes.
The use of transistors has now spread to table-model receivers,
because the current consumption is so small that the complication
of providing for operation from the mains supply can be dispensed with. These receivers, although usually of normal size
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for table models in order to provide good-quality reproduction,
are transportable in that they can be carried from room to
room without the need for a mains-supply socket being available.
For this reason they are sometimes described as 'cordless'.
A number of these transistorized table models now include
provision for reception of the v.h.f. sound service; a welcome
tendency is the spread of this development to portable receivers,
although an external aerial is usually necessary for v.h.f. reception
in the fringe areas of the transmitting stations.
Portable radiograms and record reproducers are now featured
in many manufacturers' ranges and are mostly fitted with 4-speed
turntables and interchangeable pick-up heads suitable for
78 r.p.m. and long-playing records.
In the field of car radio, the most important development has
been the introduction of receivers and power-supply units using
transistors. This has led to considerable economy in power
consumption and has enabled the expensive and bulky power
unit incorporating a transformer and vibrator to be dispensed
with. There are no British car radios covering the v.h.f. band
although imported models are available.
(15) INTERNATIONAL CO-OPERATION
In thefieldof international relations, the B.B.C. participates in
the work of a number of organizations, and is represented on
numerous committees and study groups. International co-operation can naturally assist in the solution of many problems in
broadcasting; for some of them it is indispensable. During the
period under review many links with organizations oversea have
been broken by the war and since re-established. The International Broadcasting Union, formed by the broadcasting
organizations in Europe in 1925, came to an end with the
outbreak of war. It has, unfortunately, not proved possible
since the war to form a single comprehensive union of all the
broadcasting organizations in the European region on account
of political difficulties. In Western Europe, the European
Broadcasting Union founded in 1950 has replaced the I.B.U.;
it is an organization embracing the whole field of sound and
television broadcasting, including programme and legal matters
as well as technical ones. The Director General of the B.B.C.
was elected President of the Union in 1950 and was re-elected
to that office in 1955. A member of the Engineering Division of
the B.B.C. has been Chairman of the Technical Committee since
1952. The E.B.U. has its headquarters in Geneva; the Technical
Centre is in Brussels with a monitoring and measuring station
at Jurbise, in the south-west of Belgium. In Eastern Europe
there is a separate union known as the International Organization of Radio and Television (O.I.R.T.) which has its
headquarters in Prague and includes among its members most
of the countries of Eastern Europe and others in the Far East.
There is some exchange of information and co-operation between
the two Unions on technical matters.
The B.B.C. also participates in the work of the International
Telecommunication Union (I.T.U.) and in that of its two
permanent consultative committees—the International Radio
Consultative Committee (C.C.I.R.) and the International Telegraph and Telephone Consultative Committee (C.C.I.T.T.).
These organize studies and issue recommendations and information on technical and operating problems. Whenever broadcasting interests are involved, the B.B.C. sends representatives
to the conferences, either as members of a United Kingdom
delegation or as independent observers.
The B.B.C. is also represented on the U.K. committee of
the International Special Committee on Radio Interference
(C.I.S.P.R.) organized by the International Electrotechnical
Commission (I.E.C.); the latter body is concerned with standards
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for all electrical equipment, and the former with the control and
suppression of electrical interference caused by such equipment.
(16) INTERNATIONAL EXCHANGE OF PROGRAMMES
The number of sound programmes exchanged 'live' between
the B.B.C. and broadcasting organizations in other countries
greatly increased during the period under review. Three
methods are used for such relays:
(a) For exchanges with the nearer European countries, international programme lines incorporated in the telephone network
operated by the telephone and telegraph administrations.
(6) For more distant parts of the world, radiotelephone circuits
operated in many cases by the same administrations.
(c) Where the required programme is broadcast on short wavelengths in the country of origin it may be picked up directly at a
receiving station operated by the broadcasting organization relaying
the programme.
In the case of methods (a) and (b), the technical arrangements
for relays to and from this country are made in co-operation
with the Post Office. The technical quality and reliability of
these relays have benefited considerably from improvements in
the lines and other equipment used. For relays from North
America, the first transatlantic telephone cable, commissioned
in 1956, is now used almost exclusively; by using two of the
circuits in the cable, a channel with a nominal bandwidth of
6-4kc/s can be obtained for the transmission of music and other
high-quality programmes. Many programmes are received from
broadcasting stations abroad by direct radio reception at
Tatsfield, the B.B.C. Receiving and Frequency Measuring Station
in Surrey—notably the European-language transmissions of The
Voice of America, which are received on short wavelengths
from the United States and re-broadcast by the B.B.C. on
medium and short wavelengths. A fourth means of exchanging
programmes between countries, which is being increasingly used,
consists of recordings (transcriptions) either on discs or magnetic,
tape. The B.B.C.'s Transcription Service distributes annually
some 60000 recordings of B.B.C. programmes to oversea broadcasting organizations.
The great expansion in world communications since pre-war
days has widened enormously the field from which programmes
can be drawn, but it is still necessary to improvise special circuits
from the less highly developed areas as, for example, during the
Royal tour of the Commonwealth in 1953-54.
The increase in the number of sound programmes exchanged
between the United Kingdom and other countries, excluding
transcriptions, is shown in Table 2.
Table 2
I960
1939
total

Incoming
Outgoing

571
886

By transBy
atlantic
radiocable
telephone

1209
324

763
1314

Via
Tatsfield

By line

Total

12859

2975
3 394

17 806
5032

(17) CO-OPERATION IN THE BRITISH COMMONWEALTH

There has been a steady expansion of broadcasting in the
Commonwealth countries during the period under review and
a rapid development of broadcasting in the Colonies, particularly
since 1949 when the British Government decided to make funds
available for this purpose under the Colonial Development and
Welfare Act.
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All the Commonwealth countries have well-developed sound
broadcasting services, and all except South Africa have television.
In New Zealand television transmissions are at present on an
experimental basis only. Thirty-two Colonial territories have
sound broadcasting services and three so far have television; seven
more have the introduction of television under consideration.
In 1945 the first Commonwealth Broadcasting Conference was
held in London; it was called in order that the major broadcasting
organizations of the United Kingdom, Australia, Canada, New
Zealand, South Africa and India should be able to review their
co-operation during the war years and to consult with each other
how best this co-operation could be continued and developed in
time of peace. Parallel with the meetings of the main Conference
a technical committee covered the same field on the engineering
and scientific side. The success of this Conference led to the
holding of another, also in London, in 1952* and a third in
Sydney, Australia in 1956.* A further similar Conference was
held in New Delhi in January, I960.* These Conferences have
provided a valuable means of exchanging information and have
proposed a number of practical steps to ensure still closer
co-operation and mutual assistance in all fields of broadcasting.
Since the war, Colonial broadcasting has created a growing
need for experienced broadcasters and engineers to help in
establishing and running the new services until trained replacements are available. The B.B.C. has assisted in these projects
by seconding staff, on request from the Colonial Office, and by
accepting suitable staff from the Colonies and from the newer
Commonwealth countries for training by the B.B.C. Assistance
has also been given in surveying the various territories in the
planning stage in order to provide expert advice on the creation
and expansion of a broadcasting service.
In 1960 the number of B.B.C. staff on secondment to the
Colonial Office had risen to 46, comprising 25 technical and
21 programme and administrative staff.
This rapid and large-scale development has helped to create
an important market for British manufacturers of broadcasting
equipment of all kinds ranging from complete transmitting
stations and studio centres to recording equipment and receivers.
(18) FREQUENCY MEASUREMENT
Facilities for the accurate measurement of the frequencies of
radio transmitters are essential to the functioning of international
frequency allocation plans. Official centres have been established
for frequency-measurement purposes, and a list of these is
published by the I.T.U. At present there are 100 stations
carrying out frequency measurement in 27 countries.
In the European Zone, these centres are supplemented in the
field of broadcasting by international measuring stations of the
E.B.U. at Jurbise, in Belgium, and of the O.I.R.T. in Prague.
Individual broadcasting organizations in many countries also
operate their own centres, such as the B.B.C. Receiving and
Frequency Measuring Station at Tatsfield.43
The accuracy of measurement has been steadily improved.
Since frequency is a function of time and its unit is the cycle per
second, the accuracy with which it can be determined depends
upon the accuracy of time determination. Much interesting
work has recently been done in observatories and laboratories
to reduce the error with which the uniform 'flow' of time can
be determined. Special Uniform Time signals are now radiated
by the Time Department of Greenwich Observatory (and in the
United States by the U.S. Naval Observatory) which enable a
standard frequency to be related to Uniform Time in comparison
periods of a day or more, with a calculated error of not more
than ±3 parts in 109.
* Pakistan, Ceylon, Malaya and Ghana were also represented at one or more of
these conferences.

At Tatsfield, precision measurements were made in 1938 to
an accuracy of ±2 parts in 107, which had been improved by
1959 to ±1 part in 108. In terms of time this is equivalent to
a clock which does not gain or lose more than one second in
approximately 3i years. In favourable circumstances, measurements can be made to the accuracy of the standard, i.e. ± 3 parts
in 109, after correction by reference to the Greenwich Time
Service Bulletin.
Between 450 and 500 frequency measurements are made
daily at Tatsfield of B.B.C. transmitters alone. Each long-wave
and medium-wave frequency is checked twice daily and so are the
v.h.f. sound and television frequencies. Short-wave frequencies
used in the B.B.C.'s External Services are checked at the start
of each transmission and at three-hourly intervals thereafter.
Up to 400 measurements a day are also made of foreign transmissions on long and medium wavelengths, short wavelengths
and very high frequencies.
(19) RELAY EXCHANGES (WIRE BROADCASTING)
The development of wire broadcasting by a number offirmsin
the United Kingdom has fulfilled a need for simple and reliable
reception facilities, especially in areas where direct reception is
unsatisfactory and in blocks offlatsand in hotels where individual
aerials are impracticable. This service is thus complementary
to the normal broadcast transmissions.
Sound programmes are generally distributed by wire at audio
frequencies, and subscribers are provided only with a loudspeaker
and a programme selector switch. In a few cases a carrier system
is used, operating between 62 and 140kc/s, and transmitting
several programmes over a single pair of wires. This requires
special receiving equipment. In some other countries programmes are superimposed on the electricity mains or on the
telephone system, but these methods are not permitted here.
In 1938 there were 325 sound relay exchanges in operation
with a total of 256000 subscribers. At the end of 1960 the
total number of relay exchanges was 552 (207 for sound only,
64 for television only and 281 for sound and television); the
total number of subscribers was 1074432 including 450725
television subscribers.
(20) ENGINEERING TRAINING
The problem of maintaining a sufficient number of trained
technical staff became acute early in the war, when technical
staff were called to the armed forces in large numbers and the
broadcasting services were expanded on a considerable scale.
To deal with this problem, the B.B.C. Engineering Training
Department was created. A start was made with some 20
instructors dispersed among B.B.C. centres throughout the
country, and from this small beginning grew the central Engineering Training School near Evesham which was opened in 1946.
Since the war, the technical requirements of the various B.B.C.
services have continued to expand, particularly in television and
v.h.f. sound broadcasting. This has created a need for additional
staff in the engineer and technician grades; inevitably, there have
also been losses of fully trained staff to other organizations and
an increasing rate of normal retirements. Engineering recruitment and training therefore form an important part of the
B.B.C.'s activities.
The Engineering Training Department provides training in
broadcasting engineering for all types and grades of technical
staff.41 Attention is focused on the application of basic
principles to the equipment and methods used by the B.B.C,
without attempting to duplicate the basic training in electrical
engineering given by the universities and technical colleges.
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The training courses are planned and revised as necessary to
meet the requirements of the sound and television services,
which vary as technical development proceeds. A feature of
the training technique that has aroused considerable interest
outside the B.B.C. is the presentation of highly technical information in such a way that it can be readily understood by staff
without advanced technical knowledge or mathematics. Seventeen different types of training courses are now given, ranging
from the basic courses for new recruits in the Probationary
Technical Assistant and Operator grades to specialized refresher
courses for established engineers. Courses, followed by an
examination, are also held for staff wishing to qualify for transfer
from the Technical Assistant to Engineer grades.
An important feature of the Engineering Training School is
that it is fully residential (with accommodation for 240 students),
thus giving trainees from different parts of the organization the
opportunity of meeting and discussing their problems and their
work. Trainees have also been accepted from oversea broadcasting organizations, mainly those of the Commonwealth
countries. Forty-two such trainees were accepted in the year
1958-59 for various periods of training from two to six months.
Many of these in turn become instructors on their return
home.
The recruitment of fully-trained engineers is difficult in the
face of intense competition. Considerable effort has therefore
been devoted to recruiting boys from the sixth forms of schools
aged about 18, who have studied up to G.C.E. Advanced Level
in mathematics and physics. This method is likely in future to
produce the bulk of the B.B.C.'s intake of Probationary Technical Assistants and Operators.
A scheme has been introduced to provide a sandwich course
for selected 18-year-olds leading to Higher National Diploma
and then to Graduate Membership of The Institution of Electrical Engineers. This is additional to the long-established
scheme for the training of graduate apprentices.
(21) ELECTRICAL INTERFERENCE
The B.B.C. is vitally concerned with all kinds of interference
which may spoil reception of the programmes by its public, the
listeners and viewers. The enormous growth in the number of
electrical appliances used in the home, in addition to greatly
increased use of industrial and electro-medical apparatus, has
made local electrical interference a major hazard to reception,
particularly since the war. In some areas, severe interference
is also experienced from overhead power lines. The B.B.C. is
therefore intimately concerned with the technical investigation
of this problem and works in close collaboration with the Post
Office, The Institution of Electrical Engineers, the British Standards Institution, and other interested organizations, including
the C.I.S.P.R. (International Committee on Radio Interference).
It is satisfying to be able to record that, as a result of careful
technical investigations and consultation, the Postmaster General
has been able to make Regulations under the Wireless Telegraph
Act, 1949, for the control of interference caused by the ignition
systems of motor vehicles and stationary installations using
internal combustion engines (1953) and by small electric motors
and refrigerators (1955). Interference from electro-medical and
industrial heating equipment is under consideration by the
Postmaster General's Advisory Committee.
Unfortunately, the fitting of ignition-interference suppressors
to older (pre-1953) vehicles has not been made compulsory, and
these vehicles, though diminishing in numbers, continue to cause
serious interference to television and v.h.f. sound broadcasting,
particularly in areas of low signal strength.
The investigation of complaints of electrical interference is
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undertaken by the Post Office; the number of complaints investigated has steadily fallen during the past four years as is shown
by the following figures:
1956
1957
1958
1959

..
..
..
..

162251
135 994
123 331
107877

This reduction is no doubt due partly to the reduced use of
long-wave and medium-wave receivers, now that almost the
whole country is served with all three programmes on v.h.f.
transmissions. The v.h.f. services are much less susceptible to
interference. It is also partly due to a transfer of public interest
to television. It seems likely, however, that some part of the
welcome reduction in the number of complaints is a result of the
introduction of the regulations and of the greater awareness of the
problem among manufacturers and users of electrical appliances.
International agreement, and where possible standardization,
in matters relating to electrical interference is important. At a
Plenary Meeting of the C.I.S.P.R. held in Holland in 1958,
agreement was reached on standard performance specifications
for interference measuring sets covering the ranges 0 • 15-30 Mc/s
and 25-300 Mc/s. This is an important achievement from the
point of view of the electrical industry because it means that,
although different limits may be applied in different countries,
the measurements are made with the same type of equipment
so that the manufacturer can satisfy himself that his product
conforms with the regulations (or voluntary specifications)
adopted in any country to which he intends to export it. In
view of the importance of future developments in Europe in
Bands IV and V, a new specification is now to be drawn up for
frequencies between 300 and 1 000 Mc/s.
It is not to be expected that international agreement will be
reached soon, if ever, on the limits to be applied to the interference produced by electrical appliances of all kinds; this is
because the sound and television broadcasting services in different
countries find it necessary to protect different values of field
strength in accordance with local conditions. Nevertheless, a
great deal of useful information has been collected on the
subject of limits and also on the difficult problem of obtaining a
satisfactory degree of suppression without infringing the safety
rules adopted by the C.E.E. (International Committee for
Electrical Safety). This information is contained in a report
published by the Central Office of the International Electrotechnical Commission.42
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(24) APPENDICES
(24.1) B.B.C. Long and Medium Wavelength Transmitting Stations

Frequency
kc/s

Power
kW

65

Northern

Westerglen
Burghead

767
767

65
60

Scottish
Scottish

Washford
Penmon

804
804

65
8

Welsh
Welsh

Brookmans Park..

877

60

London

Lisnagarvey

977

100

Northern
Ireland

Droitwich

1013

65

Midland

Start Point

1050

100

West

Stagshaw

1122

80

North

Redmoss

1285

3

Clevedon

1474

20

..

Scottish
West

The coverage of the above stations was 89 % of the population of the United
Kingdom. (Total population, 1931 census, 46180000.)

Home Services, 1959
Station

Frequency

Power

kc/s

kW

kc/s

kW

200
1149
1149
1149

180
30
40
45

The coverage of the above stations was 93% of the population of the United
Kingdom. (Total population, 1931 census 46180000.)

Light Programme, 1959
Station

Main Transmission:
Droitwich
Auxiliary Service:
Brookmans Park
Burghead
Lisnagarvey
Londonderry
Moorside Edge
Newcastle
Plymouth
Redmoss
Redruth
Westerglen

Frequency

Power

kc/s

kW

200

..

1214
1214
1214
1214
1214
1214
1214
1214
1214
1214

400

50
20
10
0-25
50
2
0-25
2
2
50

The coverage of the above stations is 99 % of the population of the United Kingdom

150
2
2

Northern
Northern
Northern

Burghead
Redmoss
Westerglen
Dumfries

809
809
809
809

100
5
100
2

Scottish
Scottish
Scottish
Scottish

Penmon
Towyn
Washford
Wrexham

881
881
881
881

8
5
100
2

Welsh
Welsh
Welsh
Welsh

Brookmans Park ..

908

140

London

Start Point
Barnstaple

1052
1052

120
2

West
West

Droitwich
Postwick

1088
1088

150
7-5

Midland
Midland

Lisnagarvey
Londonderry
Scarborough
Stagshaw

1151
1151
1151
1151

100
0-25
2
100

] N. Ireland
1 or
j Northern

Bartley
Brighton
Clevedon
Folkestone
Bexhill
Redruth

1457
1457
1457
1457
1457
1457

10
2
20
1
2
2

Barrow
Ramsgate

1484
1484

2
2

..

Droitwich
Brookmans Park
Moorside Edge
Westerglen

Power

Programme

692
692
692

Moorside Edge
Whitehaven
Cromer

Frequency

Programme

668

Moorside Edge

National Programme, 1939
Station

Regional Programmes, 1939
Station

295

West
West
West
West
West
West
North
London

The coverage of the above stations is 93 % of the population of the United Kingdom.
(Total population, 1951 census, 50369000.)

Third Programme and Network Three
Station

Frequency

Power

kc/s

kW

Daventry
Edinburgh ..
.. "1
Glasgow
Newcastle-on-Tyne
Redmoss
Belfast
Bournemouth
Brighton
Dundee
Exeter
Fareham
Leeds
Liverpool
Plymouth
Preston
Redruth
Stockton-on-Tees ..
Swansea
..

647

150

647

2

1546

Between 0-25
and 1

The coverage of the above stations is 69 % of the population of the United Kingdom.
(Total population, 1951 census, 50369000.)

The above figures refer to night-time coverage in the absence
of foreign interference; the effective coverage is severely reduced
during periods of maximum foreign interference, particularly in
the case of the Home Service stations.
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(24.2) B.B.C. Stations Transmitting the Home, Light, Third and Network Three Programmes on V.H.F.
Frequencies
Third/
Network 3

Light

Blaen-plwyf
Divis
Douglas (I.O.M.)
Holme Moss
Kirk o'Shotts
Llanddona
Llangollen
Meldrum
North Hessary Tor
Orkney
Peterborough
Pontop Pike
Rosemarkie
Rowridge
Sandale (Carlisle)

Home

Mc/s

Mc/s

Mc/s

88-7
90-1
88-4
89-3
89-9
89-6
88-9
88-7

90-9
92-3
90-6

931
94-5
92-8
93-7
94-3
940
93-3
931
92-5
93-7
94-5
92-9
940
92-9
94 -7f
92-5f
92-7
941
94-5
94-3||
92-125§
93-5

91 -5
92-1
91-8

88-1
89-3
90-1
88-5
89-6
88-5
88-1

911
90-9
90-3
91-5
92-3
90-7
91-8
90-7
90-3

Sutton Coldfield
Tacolneston (Norwich)
Thrumster
Wenvoe

88-3
89-7
901
89-95

90-5
91-9
92-3
96-8

Wrotham

89-1

91-3

•
t
j
§
II

Effective
radiated power
of each
transmitter

Opening date

kW

60
60
3-3
120
120
6
7
60
60
25 max*
22 max*
60
6
60
120

14.10.56
18.3.56
9.3.58
10.12.56
30.11.57
20.12.58

120
120
10 max*
120

30.4.57
30.4.57
1.3.60
27.5.57

120

2.5.55

20.12.58
29.3.56
7.8.56
22.12.58
5.10.59
20.12.55
12.10.58
4.6.57
18.8.58

Directional aerial.
Scottish Home Service.
North Home Service.
West of England Home Service
Welsh Home Service.

The population coverage of the above stations is 97-3% of the population of the
United Kingdom (250|iV/m contour). (Total population, 1951 census, 50 369 000.)

(24.3) Proposed B.B.C. V.H.F. Satellite Transmitting Stations
for the Home, Light and Third Programmes
Stage I
Fort William
Galashiels area
Berwick-on-Tweed
Llandrindod Wells area
Kinlochleven
Oban
Oxford/Berkshire (Four sound
programmes)
Redruth
Les Platons, Channel Islands
Londonderry

Stage II
Forfar, Angus
Grantown-on-Spey
Lewis
Pitlochry/Aberfeldy
Shetland
Skye
East Lincolnshire
Enniskillen
Pembroke/Milford Haven
Sheffield
South-West Scotland

Until sites have been chosen and technical operating conditions agreed, it is not possible to predict exactly the improvements in coverage which the above stations will achieve. It is
estimated, however, that the 21v.h.f. stations will increase the
coverage by some 990000 (1-96%), and give improved service
for a further 1200000 people.
Stage 1 is due to be completed during 1961 and 1962; construction of the stations in Stage II is proceeding concurrently
and it is expected that most of the stations will be completed by
the end of 1963 and the remainder in the spring of 1964.
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(24.4) Coverage of the B.B.C. Services

COVERAGE OF THE BBC HOME SERVICE
CNIGHT-TIME FADING LIMITS)

(MEDIUM W A V E )

NORTH

* » 2 kc/t

SCOTTISH

805 k c / i

WELSH

aai

LONDON

50*

kc/l

WEST

1052

kc/t

MIDLAND

ioaa kc/i

N.IRELAND AND
NORTH

kc/i

1151 kc/t

WEST

1457 kc/t

NORTH AND
LONDON

M84 kc/t
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COVERAGE OF THE BBC LIGHT PROGRAMME
(MEDIUM AND LONG WAVE)
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COVERAGE OF THE BBC THIRD PROGRAMME
AND NETWORK THREE
(MEDIUM WAVE)

«47kc/«
(NIGHT-TIME FADIW UM(T$

20
I

0
I

20
I

40

60

60

100

300
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EXISTING

STATIONS

LOW-POWER SATELLITE STATIONS
PLANNED OR UNDER CONSTRUCTION

+
STAGE I
STAGE H X

COVERAGE OF BBC
AREAS

NOT YET

COVERED

VHF SOUND
BROADCASTING

KIRKO'SHOTTS

SOUTH-WEST
SCOTLAND

20

0

[

|

20
i

40

60

B0

100

I

I

I

I

Miles

AVAX+VS.ERWICK-ON-TWEED

/SANDM.E
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BBC
CENTRES AND
REGIONAL BOUNDARIES

STUDIO CENTRES

•

SOUND TRANSMITTING STATIONS:DOMESTIC LONG I MEDIUM WAVE (A.M.)

•

DOMESTIC VERY HIGH FREQUENCY (F.M.)

®

EXTERNAL SERVICES

10

0
0 0

10 20 50 40 SO 60 70 80 Mil
20

40

60

80

100 Kilom.tr

+

TELEVISION TRANSMITTING STATIONS

O

REGIONAL BOUNDARIES

^ /
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(24.5) V.H.F. Population Coverage

Illllllll

(24.7) B.B.C. Sound-Recording Facilities
Film
(PhilipsMiller)

Steel tape
(MarconiSlille)

Direct
disc

Plastic
tape

2

6

6
4

—

68 (42)
29

241 (382)
88 (150)

15 t

1939 Static
Mobile
Static
1959 Mobile
(in vehicles)
Midget
(portable)

—
—

225 (354)

* j 0 K g ! TRANSMITTING STATIONS e K SS » » £1

20

111

b

1960

( 24.6)

Figures in brackets refer to 1960.
A further 270 magnetic tape recorders are used for rehearsals.

(24.8) Some Outstanding Dates in the Development of B.B.C.
Sound Broadcasting Since 1939 (Omitting the War Years)

' 1961

1st September, 1939

Growth of Broadcasting Receiving Licences
16

15

14
TOTA L

13

—

12

souNDOt<JLY

11
/

10
/

\

9

\

/

/

/
8

\ /

7
/

/
//

\

6
\

/

5

TELJEVISIC>N

/
/

I

/

/

4

/

3

/

2

TELEVISION LICENCES
s
INTRODUCED JUNE 1946 /
s
/

1947 48

49 '50 '51 '52

1

"53 '54 "55 '56

'57 SB '59 '60

Single programme (Home Service) replaced
pre-war National and Regional Programmes.
Post-war programmes introduced—Home Ser29th July, 1945
vice and Light Programme.
29th September, 1946 Third Programme introduced.
V.H.F. sound broadcasting service began
2nd May, 1955
(first transmitting station, Wrotham, Kent).
Network Three introduced (using the Third
1st September, 1957
Programme transmitters outside Third
Programme hours).
13th and 14th January, First modern stereophonic test transmissions
(London transmitters only; 11th and 17th
1958
May, 1958 from transmitters throughout
the United Kingdom).
Regular fortnightly experimental stereophonic
18th October, 1958
transmissions began (using Network Three
and television sound transmitters throughout the United Kingdom).
24th June, 1959
B.B.C. satellite transmitting station plans
announced (Stage I); includes 10 v.h.f.
sound stations.
Stage II of B.B.C. satellite transmitting
20th May, 1960
stations plan announced; 11 stations for
v.h.f. sound included.
Announcement by Postmaster General of
8th September, 1960
Committee of Inquiry into the Future
of Sound and Television Broadcasting
(Pilkington Committee).

