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Abstract 

The paper deals mainly with the development of the BBC 625-line u.h.f. television services and the intro- 
duction of colour, but reference is made, where appropriate, to other important developments, both at home 
and abroad. It also looks at the future and mentions some of the new techniques likely to be exploited to 
reduce engineering costs, increase reliability, improve performance and extend the range of production 
facilities. Reference is made to planning methods developed by the BBC, using a digital computer, which 
have resulted in greater precision over earlier methods. The problems of selecting, testing and acquiring 
transmitter sites are described, and the conclusion is reached that 98% of the population will be served on 
u.h.f. by 58 main and 450 relay stations. The paper outlines the equipment arrangements at the transmitting 
stations and the techniques employed to achieve reliability of service. Reference is also made to the use of a 
p.c.m. 'sound-in-synch.' system of programme distribution to the transmitters, developed by the BBC, 
which will dispense with separate sound circuits. Following an outline history of experimental colour 
television in the UK leading to the start of the BBC2 colour service using the Pal system, the paper outlines 
the problems of choosing colour studio apparatus to meet the production facilities and the impact on studio 
operations and training. The intercontinental exchange of 'live' television programmes in colour has, since 
1962, become commonplace through communications satellites, which now cover most of the world. The 
paper describes how technical problems posed by standards-conversion requirements were overcome and 
points out that the output picture quality is now mainly determined by the input signal and not by the 
complexities of the latest standards convertors developed by the BBC. It is considered that there is unlikely 
to be any change in the basic characteristics of the television picture. In the studio, the increased use of 
integrated circuits and digital techniques should become economical. Automatic monitoring of programme 
distribution and transmission networks is expected, among other trends. The paper finally concludes 
that the 1970s are more likely to be a decade of consolidation, in which we shall see the u.h.f. services 
extended throughout the UK and the remaining monochrome facilities converted to colour working. 

I Introduction 
A review of radio and television was presented to the 

IEE by Sir Noel Ashbridge in 1938.' The main engineering 
developments during the first 25 years since the BBC television 
service started in 1936 were described by Sir Harold Bishop 
in a BBC Engineering M o n ~ g r a p h , ~  and the progress of BBC 
television during the years 1939-60 was reviewed3 by E. L. E. 
Pawley in the Proceedings IEE in July 1961. This paper covers 
the period 1960-70 and deals mainly with the development of 
the BBC 625-line u.h.f. television services and the introduction 
of colour, although, where appropriate, reference has been 
made to other important developments in television, in the 
United Kingdom and elsewhere. 

The decision4 to change to the 625-line television standard 
and to start transmissions at u.h.f. was taken by the UK 
Government in 1962, following detailed consideration by the 
committee on broadcasting (the Pilkington Committee)," 
which had before it the recommendations of the Television 
Advisory Committee, whose report6 was published in 1960. 

It was decided that provision should be made for trans- 
mitting four programmes in the u.h.f. bands using the 625- 
line standard: one of these programmes would be a second 
BBC programme, two would duplicate the first BBC pro- 
gramme and the 1TA programme, and no final decision was 
made on the allocation of the fourth channel. The decision to 
adopt the 625-line standard, rather than the existing 405-line 
standard, was based on the improvement in picture quality 
that would result, particularly on the larger receivers, and on 
the fact that most European countries had adopted the 625- 
line standard. The use of the same standard in the UK would 
facilitate the exchange of programmes with Continental 
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countries, and it would also ease the problem of channel- 
sharing and would facilitate the export of receivers. This 
decision implied that the u.h.f. bands must be used, since the 
necessary video bandwidth was not available within the 
existing v.h.f. channels. Furthermore, to facilitate the intro- 
duction of single-standard 625-line receivers, it was im- 
portant that the new 625-line transmissions should carry not 
only the new BBC2 programme, but also BBC 1 and those of 
the ITA. (When BBC television was restarted in 1946 after 
the Second World War, the prewar 405-line standard was 
continued, so 2s to enable the service to reopen without delay; 
the 625-line standard had not at that time been established, 
and it was not generally accepted in Europe until 1953.) It 
was further decided that colour should only be introduced 
into the 625-line transmissions, although the 405-line trans- 
missions in black and white would continue for several years 
in the v.h.f. bands. 

In March 1966, the UK Government decided (on the 
recommendation of the Television Advisory Committee) that 
the Pal system of colour television should be adopted; this 
system being favoured by most countries in Western Europe 
after exhaustive comparative tests, in which the BBC and the 
ITA took part. This decision has proved to be amply justified 
by experience in operating public services since the system was 
introduced on BBC2 in 1967 and on BBC 1 in 1969. 

Most of the developments described in this review stemmed 
from these fundamental decisions. They were aimed at provid- 
ing the public with a reliable service, both in black and white 
and in colour, and at the lowest cost to the viewer which was 
consistent with high picture quality. The decision to transmit 
all programmes on 625 lines has made it possible for the 
industry to produce single-standard receivers, which are 
cheaper and more reliable than dual-standard receivers. 

The implementation of these plans has involved the creation 
of an entirely new transmitter network and the complete 
transformation of the programme-origination facilities from 



405 lines in black and white to 625 lines in colour. These 
major developments, concentrated into a relatively small 
period of time, have made heavy demands on the radio 
industry and on the BBC, the ITA, the independent tele- 
vision programme companies and the Post Office. 

The present situation is that BBCl and BBC2 are trans- 
mitted (almost entirely in colour) on 625 lines over the u.h.f. 
transmitter network, which is already available to 85% of 
the UK population for BBC2 and 70% for BBC 1. Meanwhile, 
the 405-line transmissions in the v.h.f. bands continue in 
black and white; the whole of the output being originated at 
625 lines and converted to 405 lines for the v.h.f. network. 
The network of u.h.f. stations is being rapidly expanded by 
building further main stations, and relay stations are being 
built to fill in the coverage of the main stations. The public 
thus has the advantage not only of being able to use single- 
standard receivers, either for black and white or for colour 
television, but also of being able to receive all three pro- 
grammes (and later a fourth) on a single u.h.f. aerial, since 
all the u.h.f. transmitters serving a particular area arecosited, 
and the transmitting aerials use the same mast. 

The developments described in this review have depended, 
to a large extent, on fundamental advances made by the radio 
industry in many countries: the development of u.h.f. tech- 
niques, camera tubes and picture tubes, the improvements in 
the design of transmitting aerials, studio and recording 
equipment, switching methods, cameras, testing equipment 
and receivers. 

Colour television owes a great deal to the USA, where the 
essential condition of compatibility was recognised during the 
development of the NTSC system, on which all current sys- 
tems are based. The vast resources of the USA and those of 
the USSR also enabled them to undertake the spectacular 
development of satellite communication. 

to the public. The BBC has carried its full share of the 
responsibility for decision making and has been responsible 
for many of the advances described in this review. It has an 
arrangement with the ITA under which the results of the work 
carried out, in many fields, by the BBC Research and Designs 
Departments are made available to the ITA. The BBC also 
has a reputation for making things work and, on the opera- 
tional side, has built up a system that not only works, but 
works extremely well, and at.a cost to the viewer that is the 
envy of many other countries. 

2 UHF transmitter network 
2.1 Planning 

The planning of the transmitter network for the BBC 
u.h.f. television service may be considered in the three stages 
through which it has progressed over the past 15 years. First, 
there was the determination of technical requirements, 
secondly, there was the preparation of the theoretical plan 
for the high-power stations and, finally, the current stage of 
implementation combined with the development of the 
associated relay-station network. 

2.1.1 Technical assessment 

Before planning could start, it was essential to assess 
the technical potential of u.h.f. for television and to establish 
coverage standards; e.g, the minimum field strengths that 
would be required. Three series of fields trials were carried 
out to investigate the problems, and these trials employed 
experimental u.h.f. transmissions from the BBC Crystal 
Palace station. The first, in 1956, was confined to a field- 
strength survey using low-power C.W. transmissions on a 
Band IV frequency. The second field trial was a much more 

Fig. 1 
Grouping of u.h.j. cha~mels used in UK for television transmissio~~ 

channels in standard groups 
8 channels which cannot be used for relay stations in an area where the main 

station uses the group shown 

The major contributions of British industry must be 
acknowledged and also the excellent co-operation that has 
been built up between industry, the BBC, the ITA, the UK 
Post Office and the UK Ministry of Posts & Telecommunica- 
tions on all matters affecting the service that television gives 
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comprehensive examination and was carried out by the BBC 
and several other organisat ions in 1957-58. Pictures were 
transmitted on Band V frequencies using both 405-line 
British and 625-line European standards, and a thorough 
appraisal was made. The third and final series of tests7 took 
place during 1962-63 and was principally concerned with the 
investigation of multichannel transmission from the same 
site and with the comparison of the various colour systems 
which were then being considered. 

Laboratory tests were also carried out to determine pro- 
tection ratios for the new service. These ratios are decided 
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after subjective tests and establish the separation that must 
exist between the field strength of a desired signal and that of 
a n  interfering signal for interference to  be negligible. T o  
establish the extent of long-distance propagation, the BBC 
also carried out a series of measurements over several years 
which evaluated the risk of interference from distant stations. 

Internationally, the culmination of much of the work 
described above was reached in 1961, when the results were 
combined with similar research which had been carried out 
in Europe. A document8 giving technical data was produced 
as  a result of a CClR meeting of experts at Cannes in 1961, 
and these data provided the technical foundation for subse- 
quent planning work. 

2.1.2 Preparation of plan for high-power stations 

During 1960-61, several plans were prepared within 
the UK for u.h.f. coverage. These ranged from the ideal net- 
work, which required many new transmitting sites, to  schemes 
designed to make the most of existing facilities. The plan 
eventually adopted represented a compromise between these 
two extremes and comprised 64 high-power stations, having 
effective radiated powers between 20 and 1000kW. The 
effective radiated power (e.r.p.) referred to  is that corres- 
ponding to the peaks of the synchronising pulses of the 
vision signal. Each station was to be capable of transmitting 
four programmes, and a channel-allocation scheme was 
drawn up consisting of nine standard groups, each of four 
8 M H z  channels in the u.h.f. spectrum. In the U K ,  the 
groups extended from 470 to 854MHz, although four 
channels, forming the boundary between BandslV and V 
(Channels 35-38), were not assigned to broadcasting. Fig. 1 
shows the layout of the nine groups and the arrangement of 
channels within each group. The latter is decided by the 
choice of intermediate frequency used in receivers; thus, to 
avoid interference caused by local-oscillator radiation or the 
risk of image-channel breakthrough, in the same area the use 
of channels having undesirable frequency .relationships is 
avoided. Similarly, adjacent channels are not used, so  that the 
result of these prohibitions is to sterilise three or four groups 
in each area (rejected channels are shown hatched in Fig. 1). 
F o r  example, if group E is used for a particular main station, 
it is undesirable to use groups E, F, D or 1 for relay stations 
required t o  fill gaps in the service area of that main station, 
since the channels in these groups could cause interference of 
the types mentioned above to the service from the main 
station. 

The u.h.f. plans9 for the European Broadcasting Area were 
agreed at  Stockholm in 1961. These plans included frequency 
assignments for main stations only. Even so, the Stockholm 
meeting achleved a great deal, since the plans of 36 countries 
were co-ordinated, involving nearly 2000 u.h.f. stations. At 
the same conference, plans were finalised for completing the 
many v.h.f. networks of participating countries. 

hill; thus it was important t o  take into account the effects of 
terrain. Failure to d o  this could mean that the effects of 
interference could be exaggerated by at least 20dB, and, with 
this sort of error, the planning of a dense network of low- 
power stations would have been very inefficient. Of course, 
many factors were involved; but, by 1964, the BBC had 
developed a computer program which, although necessarily 
using much statistical data, considerably reduced the errors 
inherent in previous methods of calculating cochannel inter- 
ference. The need for care in these stages of planning was 
underlined by the shortage of available channels. As men- 
tioned before, the use of a channel group at a main station 
prohibits the assignment of three or four groups to relay 
stations in the same area; thus only five or  six groups are left 
for this purpose. This means that relay stations must often be 
cochannelled with others, even when the distances apart are 

2.1.3 Implementation 

Planning for the construction of the u.h.f. network in 
the UK began within the BBC soon after the Stockholm 
conference. The report5 of the Pilkington Committee in June 
1962, followed by the White Papefl issued by the UK Govern- 
ment in July 1962, established that the BBC should introduce 
a programme at  u.h.f. using the 625-line system. Accordingly, 
detailed work was started on the translation of the theoretical 
plan into practical terms. 

It soon became apparent that the acquisition of new sites 
for transmitting stations was a major difficulty. For  this and 
other practical reasons, it was decided to use existing sites 
wherever possible. At the same time, work was started on the 
planning of the relay-station network. To do this, it was first 
necessary to  delineate the service areas of the main stations 
more accurately, since these had been defined only roughly 
for the purposes of the Stockholm plan. 

In  the early stages, it was thought that the number of relay 
stations eventually required would be about 1000. It was 
recognised that methods used to plan the high-power stations 
would be inadequate for the relay stations. F o r  example, the 
whole of the small service area of a relay station could be 
screened from a source of cochannel interference by a nearby 

distance,km 
Fig. 2 
Geographical separaiion between cocl~anr~el staiions it1 UK u.h.J 
television neiwork, June 1969 
- lheorelical (using CClR 1961 data) 
--- actual 

small. ?he situation is illustrated in Fig. 2, in which the 
separation between stations sharing the same channel is 
plotted as  a function of the e.r.p. of the stations. In this graph, 
the solid line illustrates the conditions which would result 
from the application of the technical data9 used at  the 
Stockholm conference in 1961, and the broken line indicates 
the actual spacing of the network now being developed. 
Comparison of the two shows that the high-power stations, 
planned using the 1961 data, are conservatively spaced, where- 
as  more detailed analysis has allowed us to decrease the 
separation of cochamelled low-power stations. This, of 
course, means that more effective use is being made of the 
frequency spectrum. 

One final point relating to  the basic planning of the u.h.f. 
network concerns the employment of carrier offsets. The use 
of  a small offset to  carrier frequencies can reduce the visible 
effects of cochannel interference by about 15dB. The offsets 
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included in the 1961 plan were provisional, and, recently, a 
new offset plan has been prepared. The BBC took a leading 
part in the technical work associated with the preparation of 
this plan, the implementation of which is expected to improve 
the service provided by a substantial proportion of the u.h.f. 
stations in East and West Europe. 

2.1.4 Assessment of coverage 

The coverage of each transmitting station in the u.h.f. 
network is defined initially by means of a field-strength 
contour, which encloses the area served. The spread of field 
strength between the minimum and maximum measured 
strengths is generally greater for a town than it is for a village, 
and larger populations are involved; for these reasons, a 
town is only deemed to be within the service area if more than 
70% of its area receives a field strength equal to, or exceeding, 
the minimum strength stipulated. For villages, the standard 
selected is 50%. 

The minimum field strength specified for main stations is 
70dB (~Vlm) ,  but, to cover the higher levels of cochannel 
interference (c.c.i.) expected at smaller stations, 80dB (pV/m) 
is required for relay stations. These strengths are used as 
approximations for the purposes of site-test and survey work. 
Detailed examination of the results and of the correspondmg 
c.c.i. predictions may require higher or lower figures in a 
particular locality, and such variations are taken into account 
when assessing the coverage. The graph is an analysis of the 
c.c.i. situation at several hundred typical receiving locations 
and reveals that, currently, 11 % of the main-station samples 
and 7 % of the relays have c.c.i. levels in excess of the stand- 
ards. At these locations, higher field strengths from the desired 
station must be provided to overcome the interference. As 
new stations are added to the network, the situation will 
change; the objective being to increase the coverage without 
causing a significant deterioration in the c.c.i. conditions. 

Following the definition of the overall service area, the next 
step in extending the coverage is a detailed study of the 
deficiencies. The extent to which this is pursued depends upon 
the ultimate coverage target. Currently, the depth of the 
examination is designed to detect pockets of poor service 
which contain more than 1000 people, although, in certain 
areas (as described later), smaller pockets of population must 
also be considered. 

2.1.5 Forecast of eventual coverage 

To arrive at a figure for the eventual penetration of the 
u.h.f. services in terms of the overall population of the UK, 
the requirements of a number of 'difficult' areas have been 
examined. In these areas, the population density is com- 
paratively high, but the terrain is rugged. Thus the coverage 
provided by some of the main stations is rather variable, and 
there are many pockets of poor service. This presents a severe 
test of the ability to provide an adequate relay-station service, 
and it is reasonable to expect that, if good coverage can be 
achieved in such areas, at least equivalent service will be 
attained elsewhere. 

On such evidence, it is expected that 4-programme coverage 
at u.h.f. could reach about 98% of the total UK population, 
leaving only areas containing less than 1000 people. It should 
be possible to achieve this figure using only about 58 high- 
power transmitting stations and 450 relay stations. It is also 
possible that this service could be provided using only those 
channels within the present confines of the u.h.f. broadcasting 
allocations, although this limitation imposes serious planning 
difficulties. The shortage of channels is already dictating the 
choice of transmitting site, since it is necessary to minimise 
the effects of c.c.i. by obtaining the maximum screening 
benefit from nearby hills and by the careful use of the 
directive characteristics of transmitting and receiving aerials. 
Thus there is often little choice left for a site, and, if the one 
selected is not available, it may involve the preparation of a 
new plan which could affect other stations. 

2.1.6 Approach to complete coverage 

Apart from the need, on general grounds, to reach as 
near 100% of the population as possible, it is important that 
the duplicated programmes on u.h.f. should reach all the 

viewers now served on v.h.f., so that the v.h.f. 405-line 
services may eventually be withdrawn. Improvements in 
planning techniques have made possible much greatercoverage 
than could otherwise have been attained; nevertheless, a small 
proportion of the population will be left who will not receive 
an adequate television service on u.h.f. Some of these will be 
in rural areas, and some in t o m s  where there are small 
pockets of poor reception caused by shadows created by large 
building. Shadows of this kind may appear at any time when 
new buildings are constructed. 

As full coverage is approached, the provision of additional 
relay stations to fill the remaining gaps becomes progressively 
more difficult. This is partly because of the shortage of fre- 
quency channels and partly because the cost of the relay 
stations, and of any radio links that are required to reach 
them, becomes extremely high in proportion to the small 
population that each of them can serve. 

2.2 Site finding, acquisition and testing 

The Stockholm plan9 prescribed the maximum radiated 
power of each of the 64 main stations (20-1000kW) and the 
maximum height of the aerial (referred to the terrain level 
between 3 and 16km from the transmitter); it allocated four 
channels to each station in the UK. The plan permitted the 
siting of the stations to be within l5km of a nominally agreed 
location; thereby allowing each country to make the best 
possible use of the terrain within the prescribed area. For 
location changes exceeding 15km, it is necessary to obtain 
the agreement of all the countries that may be affected by the 
change. 

In the UK, the BBC and ITA agreed that they would each 
be responsible for securing half the sites and for building half 
the stations. For aesthetic and economic reasons, every effort 
was made to cosite u.h.f. stations with existing v.h.f. stations, 
always provided that this policy met the needs of the service. 
Furthermore, towards the later stages of the v.h.f. develop- 
ment programme, provision for a u.h.f. aerial was made on 
v.h.f. masts. In fact, 33 main stations will be cosited with 
existing v.h.f. stations. 

2.2.1 Main stations 

When the desired coverage could not be achieved by 
cositing with an existing v.h.f. station, a new site had to be 
found and acquired. The procedure then (and still being 
followed) is for a theoretical assessment to be made, based on 
a study of appropriate maps, to ascertain the best location for 
the station. 

Inquiries are then made to check that the proposed mast 
will not be a hazard to aircraft, after which, a more detailed 
area survey is. made, a specific site is selected and negotiations 
entered into for its purchase or lease. Plans are submitted to 
local and county planning authorities and, where necessary, 
to any other authorities concerned with preserving amenities, 
commoners' rights etc. 

The theoretical assessment will indicate the approximate 
service area and how well it fits in with those of adjacent 
stations. It will also show very approximately the major 
deficiencies in urban and rural areas. However, so that the 
deficiencies may be more accurately defined, it  is necessary to 
radiate a very low-power test transmission from an aerial 
elevated to the height of that proposed for the station, 
measure the field strength and prepare service-area maps; 
due allowance being made for the difference between the 
characteristics of the test and proposed station aerials and 
their effective radiated power. Such tests are undertaken for a 
station cosited with a v.h.f. station by mounting the test 
aerial and transmitter at the top of the mast. For new sites, 
the test transmitter and aerial are attached to a large hydro- 
gen-filled balloon (70m3 capacity) and elevated to the appro- 
priate height. The field-strength data derived from these tests 
give a much more precise picture of the station service area, 
enabling a final decision to be made on the siting of the 
station and the maximum height and effective radiated power 
necessary to provide the required service. 

Sometimes, where objections are made and it is impossible 
to find a suitable alternative site, a public inquiry is necessary. 
The period elapsing between the initial planning of the 
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station and its commissioning is usually 3-4 years, but this 
period can be longer if serious planning difficulties arise. 

2.2.2 Relay stations 

The main-station site tests described in Section 2.2.1 
also indicate whether there are any large unserved areas; if so, 
plans are put in hand for the siting and building of major 
relay stations (maximum e.r.p. IOkW), so that they may be 
commissioned at the same time as, or shortly after, the main 
station is brought into service. The site tests may also indicate 
small marginally served areas, and then firm relay-station 
requirements cannot be assessed until the main station is 
commissioned and surveyed. However, these small unserved 
areas are noted, and initial plans are put in hand for a minor 
relay station to serve the area, taking account of possible 
contributions from adjacent stations. These plans include the 
allocation of channels, the determination of the optimum site, 
as far as is possible from a theoretical assessment, and, 
provided that it is reasonably certain that a relay of some 
form will be required, the initiation of the acquisition pro- 
cedure in a similar manner to that adopted for the main 
station. 

The service area of a relay station is predicted, when 
possible, by a computer. The computer program takes account 
of the transmitting-aerial height, its characteristics and the 
terrain and obstacles between the station and individual parts 
of the area to be served. This method is used for most relay 
stations; recourse to site tests being made only wh'en there is 
some doubt about the interpretation of the maps or a possi- 
bility of multipath interference caused by reflections from 
hills or structures so near to the transmitting station that they 
might degrade the service over a wide area. 

Every effort is made to use existing sites, even where they 
belong to other users, and close liaison is maintained in thisre- 
spect, particularly with the relevant Government departments. 

As with main station, clearance from aircraft authorities 
and other consents have to be obtained for the relay sites. 
Even though the mast height is less (50m), the problems of 
preserving the countryside and the difficulties of obtaining 
approval are often as great as in a main station. 

During the initial site survey for relay stations, lightweight 
portable equipment is used to obtain an indication of the 
field strength available from the parent station, and a small 
television receiver is used to obtain an Initial indication of 
whether any interference or distortion is likely to be en- 
countered. 

Before any relay-station site is finally acquired, site tests 
are carried out to establish that the received signal from the 
main station is suitable in all respects for a transposer in- 
stallation (see Section 2.3.3). 

2.3 Equipment and building 
2.3.1 General requirements 

All the main and relay stations comprising the u.h.f.- 
transmitter network are designed so that BBCZ, the dupli- 
cated BBCl and ITA programmes, together with a fourth 

Fig. 3 
BBC lO5Ofr  mast at Bilsdale West Moor 

service as yet unallocated, can be transmitted from a common 
site and a single mast (Fig. 3). An important advantage of 
cositing is that viewers are able to receive the programmes 
with a single receiving aerial. Further advantages are that an 
economy in capital cost at the transmitting site is achieved 
and the technical and administrative difficulties that would 
arise with separate sites are avoided. 

2.3.2 Main stations 

In general, main stations are fed with video- and audio- 
frequency signals over programme-distribution circuits. Since 



they provide a coverage that is complementary to that of a 
main station, relay stations are fed by radio pickup from that 
station or from an intermediate relay station fed by the main 
station. 

The main stations serve relatively large audiences and must 
therefore operate with a very high degree of reliability.I0 At 
the majority of these stations, two basically similar klystron 
amplifiers are used; one of which normally handles the sound 
signal and the other the vision signal. The outputs of the two 
amplifiers are normally combined in a coaxial network, and 
the complete signal is fed to the aerial system. This arrange- 
ment is shown in Fig. 4. In the event of a failure of one of the 
klystron amplifiers, the sound and vision signals are combined 
at low power, and the complete signal is fed through the 
other amplifier. Under this reserve condition of operation, the 
power of both the sound and vision radio-frequency signals 
is reduced by 7dB to reduce the unwanted intermodulation 
products generated by the inherent nonlinearity of the 
klystron amplifier to an acceptable level. The arrangement 
results in a significant saving of capital and running costs, 
when compared with the arrangement of two paralleled half- 
power transmitter chains used at earlier BBC u.h.f. stations. 

2.3.3 Relay stations 

At a few relay stations, a simple radio-frequency 
amplifier system, known as an 'active deflector' (Reference 1 I), 
is used, but usually a nondemodulating transposer system is 
employed. The complete radio-frequency signal of the master 
station is changed in frequency to the required channel of the 
relay station and amplified in a single low-power solid-state 
transposer. The output of the low-power transposer drives an 
amplifier of either the klystron or travelling-wave-tube type. 
Since a single chain of equipment is used, the vision and sound 
signals are not separated, and splitting and combining net- 
works are not therefore required. The arrangement is simple 
and economical, but, as in the reserve arrangement used at the 
main stations, common amplification of the vision and sound 
signals leads to the risk of generation of intermodulation 
products, and the power amplifier must bc run 7dB below the 
power level at which it would operate with the vision signal 
alone, to keep distortions low. Experiments suggest that it 
will be possible to operate with three or four transposer- 
driven relay stations in tandem without appreciable degra- 
dation of the signals. 

2.3.4 Aerial design 

The cositing of the transmitters for three (and ulti- 
mately four) u.h.f. services has posed a difficult problem in 
aerial design. I t  is impracticable to mount four high-gain 
transmitting aerials on the same mast without a deterioration 
in electrical performance, and it has therefore been necessary 
to design multichannel transmitting aerials. At some main 
stations, two colinear aerials mounted on a cantilever at the 
masthead are used, each capable of radiating two television 
programmes simultaneously. Such an arrangement simplifies 
the electrical design of the aerial and does not pose too difficult 
a problem in the structural design of the mast. At other main 
stations, a single aerial, capable of radiating four programmes 
simultaneoulsy, is used. This arrangement is used where an 
existing mast is employed which will not carry the structural 
load imposed by two aerials. It has the disadvantage that a 
good electrical performance over all four channels is more 
difficult to achieve. At lower-power main stations12 and at all 
relay stations, a 4-channel transmitting aerial of a standardised 
and relatively simple design is used. In these stations, the 
lower transmitter power makes it easier to design an aerial 
with a good electrical performance over all four channels.I3 

The use of multichannel transmitting aerials has made it 
necessary to provide 'channel-combining' equipment, which 
combines the outputs of the transmitters of two or four 
programmes into a single coaxial feeder.14 At u.h.f., the 
design of such networks presents a difficult problem, parti- 
cularly when high transmitter powers are involved. At first 
sight, it might be thought that waveguide techniques would 
provide a convenient basis for design, particularly as regards 
power-handling capacity. However, waveguide launching 
devices of the necessary bandwidth are not available, and it 

has therefore been necessary to base the design on coaxial 
feeder. At u.h.f., the small wavelength necessitates a coaxial- 
filter network that is physically small, and this, in turn, leads 
to voltage- and power-handling diiculries. A 2xhannel 
combining unit used at the Crystal Palacx station is shown in 
Fig. 5. The fact that these problems have k e n  solved is a 
mbure to the skill and ingenuity of the engineers who under- 
took the work. 

2.3.5 Transmitter design 

During the period under revie\v, most television- 
transmitter development work has been concentrated on 
u.h.f. transmitters. 

Fig. 5 
High-power combining unit using long-line resonators as installed at 
Crystal Palace 

The u.h.f. transmitters used for the field rrials in 1957 
produced peak vision output powers of lOkW and employed 
klystrons with three external cavities. These klystrons had 
power gains of about 30dB, and thermionic valves had to be 
used to provide enough power to drive them. In addition, it 
was difficult to adjust the various circuits to obtain sufficient 
bandwidth. The klystrons had relatively low-current beams 
and required beam potentials of about 21 kV to producelOkW 
of output power. 

Klystrons having four external cavities were then developed 
with higher-current beams, producing output powers of up 
to 45kW at 21 ~ 5 k V  potential and having adequate band- 
width. With their power gain of about 43dB, input-power 
levels came within the capability of all-solid-state drive equip- 
ment. These drives are much more reliable and stable than 
the earlier units using valves. Klystrons with five integral 
cavities and power gains exceeding 50dB are now in use in 
some television transmitters, but not by the BBC; this is 
partly because of existing commitments and partly because, 
for the power outputs needed at BBC stations, the 4-external- 
cavity klystrons are cheaper to run. 

Klystrons amplifiers operate in the class A mode with the 
input power constant, irrespective of the modulation level. 
The full-power efficiency of a klystron is only about 40%, so 
that a substantial amount of waste heat must be removed 
from its collector. The earlier klystrons were water-cooled, 
and transmitters employing them required high-power water 
pumps, with fairly high pressures in the pipes. On unattended 
stations, there was a risk of considerable damage in the event 
of a water leak. There was also the risk of damage to the water 
coolers by frost. Later klystrons employ vapour-phase* 
cooling, which requires a very much reduced water flow at 
negligible pressure. The steam condensers which dissipate 
the waste heat are empty when the transmitter is closed down, 
and there is therefore no risk of the water freezing. 

Relay-station transmitters, use travelling-wave tubes (t .w.t.s) 
which have been specially developed to have a suitable ampli- 
tudelphase characteristic for television signals. This char- 
acteristic is important in reducing intermodulation products 

Water in contact with the klystron collector is boiled. and the resulting vapour 
is removed, condensed and returned to the boiler. 
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when the t.w.t.s are carrying the combined sound and vision 
signals. Special wideband phase compensators have been 
developed which reduce the intermodulation products by 
about lOdB in a stable manner, thus permitting the tubes to  
be operated a t  a reduced power input for a given output 
power and intermodulation performance. The two sizes of 
t.w.t, currently employed in BBC television relay stations 
give vision output powers of 50 and 200W, when employed 
in the common amplifier mode. 

2.3.6 Unattended operation 
All the BBC u.h.f. transmitting installations are 

designed to operate unattended. This method of operation has 
advantages over systems involving remote control from a 
manned central point. Monitoring equipment is provided 
which takes executive action in the event of a fault and switches 
to the reserve condition. In addition, a manned centre is 
warned of the fault, and an engineer then visits the site to 
effect repairs. The monitormg arrangements vary with the 
size and complexity of the station. At main stations with a 
large population coverage, sophisticated arrangements are 
provided ~ h i c h  monitor a number of parameters relating to 
both the luminance and chrominance components of the 
signal. Small relay stations. however, are equipped with 
simpler arrangements which alert a manned centre when a 
fault has occurred; the station can then be interrogated by an 
automatic telephone-calling system to obtain more detailed 
information. The transmitting aerial system and main feeders 
are difficult to repair, except in good weather. For  this reason, 
the aerial is built in two colinear halves, each of which is 
connected to  a separate main feeder. In the event of an aerial. 
o r  feeder, fault on one half of the system, changeover arrange- 
ments are provided, so that the service can be radiated from 
the other half. 

2.3.7 Future design of u.h.f. transmitting stations 
The ultimate aim of the u.h.f. plan is to approach, as 

economically as possible, complete population coverage of 
the United Kingdom. The technical arrangements for the 
majority of the main stations and the higher-power relay 
stations are, to a large extent, already finalised. There is, 
however. considerable scope for new economic designs of 
equipment for the smaller relay stations that will eventually be 
required to increase the population coverage beyond the 98% 
provided by the current 58-main-station 450-relay-station 
plan. 

(a )  Transmirfers: T o  ach~eve a compact, reliable and econo- 
mic transmitting installation. it  is essential that completely 
solid-state equipment should be provided; furthermore, in 
the interests of simplicity, a single chain handling the com- 
bined vision and sound signals is desirable. At the present 
time, the maximum vision power obtainable when a solid- 
state u.h.f. output stage is used to amplify the complete 
vision and sound radio-frequency signal is 1-2W. 10W 
transmitters of this kind would help considerably to  achieve 
economical coverage of many typical small communities that 
will still be unserved when the current plan is completed. 

(b)  Aerials: As far as the aerial arrangement is concerned. 
it is difficult to foresee any significant technical advances 
which would lead to lower costs and greater reliabilit>-. 
Current designs of u.h.f. transmirting aerial are already highly 
reliable. and their physical size. \vhich go\-ems the \tindload 
they impose on the mast, is determined by the transmitter 
power available and the e.r.p. required. 

(c) Power supplies: As the size of a transmitting station is 
reduced. the cost of a mains power supply represents an in- 
creasing propoflion of the capital cost. In the extreme where 
the site is at some distance from the nearest mains power 
supply, the capital cost of connection can exceed the cost of 
the transmitting equipment, even though Ihe power required 
by the transmitter may be small. It would clearly he of 
advantage if relay stations could be independent of the mains. 
and a number of possibilities have k e n  considered. They 
include solar cells, which are not likely to be suitable for use 
in the United Kingdom. particularl! in the winter months. 
Thermoelectric sources are not likely to achieve a satis- 

factory efficiency and high enough power output. Wind- 
driven generators with float-charged batteries show some 
promise, but are likely t o  be suitable only at a restricted 
number of sites. Small diesel-driven generators with float- 
charged batteries are possible but have the disadvantage that 
frequent maintenance would be necessary. The most at- 
tractive solution is likely to  be the fuel cell, which might well 
be In commercial production during the next decade. 
( d )  Programme links: At a significant number of relay- 
station sites, an adequate signal from the master station will 
not be available, and some form of radio link will therefore 
have to be provided for programme-feed purposes. Present 
designs of s.h.f. link equipment are expensive. For  short path 
lengths of up to, perhaps, 8km, cheaper and smaller s.h.f. 
link equipment could be developed. For  applications of this 
sort, the terminal equipment could comprise a dish aerial 
about 0 . 6 m  in diameter, incorporating the electronics in the 
form of microwave integrated circuits. The electronics of both 
the transmitter and receiver would be of very small dimensions 
and could be incorporated in the waveguide feed of the dish. 
At the present time, the most economical form of short- 
distance link would use the u.h.f. band. However, the shortage 
of channels in this band would mean that several links would 
have to share the same frequency, with a resulting increase in 
cochannel interference, 
(e )  B~rillir~gs and layorrrs: Ultimately, each small u.h.f. relay 
station will comprise four sets of transmitting equipment, the 
outputs of which are combined and radiated from a common 
aerial. With current designs of equipment, such an installation 
requires the provision of a small building, since, even though 
the transmitting equipment itself may be small, the ancillary 
equipment (channel-combining equipment, monitoring equip- 
ment and power supplies) is bulky. 

If a large number of relay stations is to be built economically, 
all the equipment will need to be reduced in size, s o  that it 
can be installed in a small c u b d e .  The channel-combining 
equipment, which at  present is fabricated from coaxial 
feeders, might be reduced in size by the use of printed circuits, 
where this is possible, without unduly increasing the trans- 
mission losses. In the transmitting equipment, an all-solid- 
state arrangement, with a degree of duplication capable of 
ensuring high reliability, would obviate the need for moni- 
toring equipment. Furthermore, the design would be based 
on a number of easily replaceable units, which could be 
quickly changed by relatively unskilled staff. With such an 
arrangement, emergency visits for fault-repair purposes 
would be obviated, and visits would only be required at long 
intervals to check the equipment and to replace any units 
found to be faulty. 

2.4 Programme-distribution network 
The programme-distribution network consists of long- 

distance links between main centres, spurs to transmitters 
and numerous local circuits. The majority of these circuits are 
rented from the UK Post Office, but some are provided by the 
BBC with Post Office approval. 

The immediate problem resulting from the intention to 
change to 625-line standards and introduce colour was the 
greater video bandwidth required, 5.5MH.z against the 
3 MHz which is sufficient for 405-line monochrome trans- 
mission. A further problem was the stringent performance 
requirements, particularly in the region of the colour sub- 
carrier frequency of 4.43 MHz. 

When the decision to change line standards was taken in 
1962, i t  was not then known what colour system would be 
used. Since it was necessary for all new vision links to  be 
suitable for colour. the transmission-performance specifica- 
cation was based on the most stringent requirements; i.e. for 
the NTSC system. In fact, the specification has remained 
unaltered, as  it proved possible to achieve the specified per- 
formance economically with new equipment, thus leaving 
more of the total system tolerance available for the more 
difficult parts in the chain. 

For  625-line colour transmission, the UK Post Office 
mainly uses radio links working in the 2, 4 and 6GHz bands. 

Typical performance figures achieved in day-to-day service 
from London to Glasgow (400 miles) are given in Table 1. 
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Table 1 

TYPICAL PERFORMANCE FIGURES 

Kfactor, % 
Chrorninance-luminance gain inequality. dB 
Chrorninance-luminance delav ineaualitv. ns . . - .  
Differential gain, % 
Differential phase, deg 
Signal/noise ratio, picture-signal/r.rn.s.- 

unweighted-noise, dB 

Routine testing of the BBC2 distribution network has been 
carried out for some time using special insertion test 

on lines in the field blankmg interval. This offers 
the important advantage that the vision circuit does not have 
to be taken out of service to test it. The insertion test signal is 
also used to control automatic-correction equipment at the 
transmitter input, to compensate for some of the errors which 
accumulate on long chains, and with automatic-monitoring 
equipment, which gives an alarm if a parameter exceeds the 
permitted tolerance. 

The use of rebroadcast signals, i.e. signals received by 
direct reception from another broadcasting transmitter, is 
practicable to  a greater extent on u.h.f. than on v.h.f. Band I 
because of the absence of interference in the u.h.f. band; 
considerable use is made of this economically attractive form 
of link, with or without the addition of BBC-owned s.h.f. 
links. 

The sound component of the television signal is sometimes 
distributed by the classic method of Post Office lines, and 
sometimes by the more modern method of carrier trans- 
mission on broadband coaxial o r  radio systems. While 
adequate bandwidths are obtained by these methods, distor- 
tions are cumulative, the circuits are costly, and automatic 
monitoring is complicated. 

The development of the BBC 'sound-in-synch.' system,18 
in which pulse-code-modulation signals are inserted in the 
line-synchronising-pulse period, has provided a high-quality 
transmission system, with a bandwidth of 15kHz, in which 
distortions and noise introduced over a chain of links are not 
cumulative and are dependent only on the performance of the 
terminal equipment. This is true until the performance of the 
bearer circuit has deteriorated t o  the point where the vision 
signal itself is unusable. The sound-in-synch. system will 
soon be introduced over the entire 625-line network. 

2.4.1 Programme-contribution network 

In the same way as described above, the permanent 
405-line contribution network from the various regional studio 
centres t o  London has been replaced by modern 625-line 
colour links. 

At the present time, about one half of all television outside 
broadcasts are  connected to  the permanent contribution net- 
work by means of Post Office cable circuits and the other half 
by BBC mobile radio links. 

2.4.2 Cable circuits 

It is a tribute t o  those persons responsible for the 
original conception, among them A. D. Blumlein, that the 
low-loss balanced-pair cable network provided in London by 
the U K  Post Office, first used for the Coronation procession 
of King George VI in May 1937, has been used to provide 
adequate 625-line colour circuits. However, modern methods 
provide the highest-quality transmission more simply, and 
the low-loss balanced-pair network has been superseded by a 
new network consisting of about 40km of O.95cm- (O.375in) 
diameter coaxial cable. Access to  this cable is provided at a 
number of telephone exchanges and other strategic points, 
and areas within a few miles of the cable route can often be 
connected by the use of audio pairs in the public telephone 
network. It was, of course, necessary to  provide new portable 
equaliser-repeater units, and Post Office engineers developed 
a transistorised design, some years ago, which has proved very 
successful. U p  t o  three telephone-pair repeater sections are 
commonly used in tandem, and more are used occasionally. 

The transmission of video signals over local Post Office 

coaxial cables w~thout  intermediate repeaters has been a 
feature of the BBC permanent networks for many years, and 
it has been found possible to  continue, and eben extend, this 
practice ui th  625-line colour. The introduction of solid-state 
amplifiers with improved noise factors together with careful 
design of equaliser networks permits the use of lengths of 
about 13km of 0.95cm- (0.375in) diameter coaxial cable 
u lthout intermediate apparatus. 

2.4.3 Mobile radio links 

The tendenp  to move higher up the frequenc spec- 
trum has conrmued. and present allocations for television 
outside-broadcast links are in the 1. 7 and I I GHz bands. 

As m the permanent links, the transition from valve to 
solid-state equipment has been difficult, but the troubles have 
been gradually overcome, and stable, reliable equipment is 
becoming available. The new equipment is designed for fixed- 
frequency working, and, when used at an intermediate site, no 
demodulation or remodulation is necessary. Facilities are 
provided for twin-channel operation, and a high-quality 
sound channel can be multiplexed onto a 7 .5MHz sub- 
carrier. 

The terminal reception point for these mobile links may be 
located at a main transmitting station or at other high points 
where permanently installed paraboloid aerials are mounted 
and connection to the permanent contribution network is 
available. The terminal reception point may also be a mobile 
receiver feeding into a Post Ofice radio station with special 
injection equipment, designed for 625-line colour working, 
for connection to the permanent network of contribution 
circuits. 

3 Introduction of colour 
3.1 Choice of colour system 

Although J. L. Baird demonstrated colour television 
as  long ago as  1928, a quarter of a century elapsed before the 
feasibility of introducing colour into public-service broad- 
casting was fully established. One of the principal reasons for 
the long delay was that it appeared to be.fundamenta1 that 
colour would require a very considerable increase in band- 
width, and that it would therefore never be possible to  trans- 
mit colour-television signals in the channels used for mono- 
chrome television. 

A radical change in thinking came about in the USA at the 
end of the Second World War, at a time when the whole of 
communication theory was undergoing a critical review and 
a new 'theory of information' was being formulated. The end 
result was one of the most spectacular conjuring tricks that has 
yet been performed on the telecommunications stage; one 
and a half quarts were successfully squeezed into a pint pot, 
and it seemed that little or nothing was spilt! In December 
1953, the US Federal Communications Commission approved 
transmission standards for a compatible system of colour 
television and authorised regular-service broadcasting to 
commence in January 1954. This fully compatible system, 
which was the outcome of intensive study by the US National 
Television Systems Committee (NTSC), must surely rank as 
one of the outstanding achievements in telecommunication 
of the century. The basic principle of transmitting luminance 
on the main carrier and the two components of chrominance, 
saturation and hue, on a subcarrier within the luminance 
band has been adopted in all of the variants which are either 
in use or have been proposed. 

Experimental work on field-sequential colour television had 
been started by the BBC Research Department in 1949, and 
the work in the USA which led t o  the development of the 
NTSC system was therefore studied with considerable 
interest. In 1955, following the inception of the NTSC 
system in the USA in 1954, the BBC issued a colour-tele- 
vision-signal specif i~at ion '~ for an adaptation of the NTSC 
system to the 405-line standard, and also started experimental 
transmissions on 45 MHz from Alexandra Palace. 

Between 1953 and 1958, experiments led to conclusions20 
that were favourable to  405-line NTSC; registration between 
the three simultaneous colour images in the cameras left 
something to be desired, but this, of course, had n o  bearing 
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on  the NTSC coding system employed. A proportion of the 
viewers used for the tests found that reception of colour trans- 
missions on large-screen monochrome receivers gave rise to  an 
unacceptable pattern of dots in highly coloured areas; how- 
ever, there were means of mitigating this effect by suitable 
design of future monochrome receivers. 

I n  1958, it was suggested that colour television should await 
the introduction of the 625-line monochrome standard, and 
attention was then concentrated upon possible adaptations 
of the NTSC system to this scanning standard. An inter- 
national agreement that the colour subcarrier frequency 
should be close to 4.43 MHz assisted the progress of the work. 

While,inthe UK,theBBCwasexperimenting with theNTSC 
system adapted to European standards, the French proposed 
a variant of the NTSC system which they called Secam 
(skquentiel couleur A memoire). With this system, the two 
chrominance components were transmitted alternately during 
successive scanning lines using amplitude modulation of a 
subcarrier, and the receiver was provided with a delay line to  
permit the simultaneous display of the information derived 
from both chrominance components. This system preserves 
two of the essential characteristics of the NTSC system: first 
the luminance signal is transmitted as  amplitude modulation 
of the vision carrier, so that it is available for the operation 
of  black and white receivers, and, secondly, the chrominance 
information is transmitted on a subcarrier contained within 
the luminance band. 

In 1960, the Secam system underwent a change when the 
chrominance components were transmitted using frequency 
modulation of the subcarrier instead of amplitude modulation. 
This greatly improved the performance in fringe areas where 
the signal/noise ratio was poor. 

Compared with the NTSC system, Secam was found t o  
have reduced resolution to colour in the vertical direction and 
also inferior compatibility when viewed on a monochrome 
receiver. It was, however, claimed to be more resistant to  
multipath and cochannel interference and also less sensitive 
to  certain distortions occurring in videotape recording. 

In 1962, the BBC started a series of field trials of mono- 
chrome and NTSC colour television on 625 lines on two 
channels in the u.h.f. Band IV. Six committees were set up 
including members from the BBC, ITA, U K  Post Office, 
British Radio Equipment Manufacturers' Association 
(BREMA), Electronic Equipment Association (EEA), Radio 
& Electronic Component Manufacturers' Federation 
(RECMF), Department of Industrial & Scientific Research 
(DSIR) and Mullard Research. These committees were 
established to investigate the following aspects: field strength 
and propagation, transmitters and transmitting aerials, 
receivers and receiving aerials. A complete transmission- 
signal specification2' was evolved, and a set of questionnaires 
t o  help in subjective assessments was drafted. At the same 
time, the BBC called a meeting of the European Broadcasting 
Union (EBU) in London to discuss colour television and the 
choice of system. It was attended by 25 delegates representing 
broadcasters, the PTT administration and the radio industry 
from France, Germany, Italy, the Netherlands and Switzer- 
land. Thus, in November 1962, the EBU ad hoc group on 
Colour Television was formed under the chairmanship of 
Prof. Theile of the lnstitut fur Rundfunktechnick (IRT), 
Munich. Six subgroups were set up to  study the follow- 
ing aspects: general characteristics, receivers, propagation, 
transmission, programme equipment and the programme- 
distribution network. These were chaired, respectively, by 
members of the BBC, Swiss PTT, IRT, Office de la Radio- 
diffusion TeICvision Francaise (ORTF) and Radiotelevisione 
Italiana (RAI). 

Early in 1963, the Pal iphase alternation line) system, 
invented in the German Federal Republic by Dr. Walter 
Bruch, made its appearance, and the 'European colour stakes' 
began in earnest. This system sought to remedy one of the 
principal defects of the NTSC system (its susceptibility to  
phase errors) by reversing the polarity of one of the two 
chrominance components during alternate-line periods. As 
well as  making the system much more tolerant of phase 
errors in the transmission path than the original NTSC 
system, it eliminated the need for a hue control in the receiver. 
Considerable activity in the UK,  Germany, France, the 
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Netherlands, Italy and Switzerland led to  an EBU report in 
October 1963,22 followed in December 1963 by a summary 
report.23 It  was now clear that the choice between the three 
competing systems, NTSC, Secam and Pal, was becoming 
more difficult, rather than easier. This was due partly to the 
fact that Secam was undergoing evolution of its signal speci- 
fication to correct weaknesses that had appeared during the 
course of the tests, both in the laboratory and in the field, 
and partly to  the fact that there had not been enough time for 
thorough testing of all relevant features of the three systems. 

Towards theend of 1963, the BBC, which had taken a major 
part in the work of comparing and assessing the three colour 
systems7 concluded that 'the interest of the viewer will be 
best served if the radiated signal is of NTSC form'. This 
opinion was largely based on the fact that the NTSC system 
was known to work reasonably satisfactorily in practical 
conditions, as  a result of several years' experience in the USA, 
whereas the Secam and Pal systems were completely untried in 
operational service. Furthermore, Secam was' susceptible to  
interference in fringe areas, and the receiver was more com- 
plex. Pal was susceptible t o  the visibility of patterns on the 
monochrome receiver; also, the Pal receiver, with its delay line, 
was somewhat more complex than an NTSC receiver. The 
simple Pal receiver, without a delay line, thought to  be little 
better in any respect than an NTSC receiver, and, a t  that time, 
it was thought that simple Pal receivers would dominate the' 
market. NTSC was believed to be more suitable for the use of 
single-gun colour-display tubes than the other two systems. 
Tests and studies continued through 1964 and 1965, how- 
ever, and the S e a m  system went through two evolutionary 
modifications, denoted as Secam I1 and Secam 111. These con- 
sisted of changes to the unmodulated subcarrier amplitude, the 
video-frequency and the radiofrequency preemphasis and 
the frequency deviation imposed upon the subcarrier by the 
colour-difference signals. 

In spite of these changes, it became increasingly clear t o  
the BBC and other British engineers that the competition was 
narrowing to a direct comparison between Pal and NTSC. 
At one time, the compatibility of Secam was better than that 
of Pal, but the change from Secam I1 t o  Secam 111 reversed 
the rank order for this characteristic. 

In 1965, the EBU issued a further reportz4 which described 
all the work undertaken since 1962. In a summarising chapter, 
each feature, such as compatibility, receiver cost, quality of 
colour picture, differential gain etc. (26 items in total), was 
discussed, and the merits and faults of Pal, Secam 111 and 
NTSC were given. Such a document, requiring international 
agreement, tends to become rather noncommittal, and it is 
difficult to  come to a decision using it as  the sole basis of 
consideration. Considerations of national prestige entered 
the field, particularly at the I l th Plenary Assembly of the 
CCIR, held in Oslo in 1966, during which no decision to 
adopt a single system for the European Broadcasting Area 
was reached. European countries aligned themselves into two 
groups: those opting for Secam 111 (now known as Secam) 
and those opting for Pal. NTSC was not favoured by any 
European country; this was mainly because it had been 
clearly shown by an exhaustive series of tests that the alter- 
native systems were much less sensitive to  the effects of phase 
errors on the quality of the colour picture, and that such 
errors could not be entirely eliminated from the transmission 
network. 

Towards the end of the long period of tests, the number of 
countries and administrations favouring the Pal system began 
t o  increase. In the middle of 1965, BREMA came to the con- 
clusion that, from the receiver-manufacturing and servicing 
aspects, the Pal system was completely acceptable. Later in 
the same year, BREMA became strongly convinced that an 
announcement should be made that the U K  would adopt the 
Pal system. Although the BBC's favourable opinion of NTSC 
had not changed, there was n o  antagonism t o  Pal, which was 
recognised as being excellent in all respects except for its 
slightly inferior compatibility on large-screen high-definition 
receivers. At a very late stage in the international negotia- 
tions, the USSR introduced a system known as S e a m  IV 
or  NIIR (the initials of one of the USSR state organisations 
for industrial research). This was regarded as a possible 
compromise between Secam 111 and Pal which might enable 



international agreement to be reached. Some work on this 
system was undertaken in the BBC, as well as on the Conti- 
nent, but it had arrived too late to be accepted internationally. 
It  is noteworthy that the very same idea25 had been put 
forward by a BBC engineer some years earlier. 

Finally, a small working party under the chairmanship of 
R. L. Smith-Rose considered all the statistical results of 
assessments that had been made comparing the compatibility 
of 625-line Secam I, NTSC and Pal signals. The working 
party contained representatives from BREMA, UK Post 
Office, BBC, ITA, Independent Television Contractors 
Association (ITCA) and EEA. In November 1965, the work- 
ing party concluded that, although unfavourable assessments 
of Pal compatibility numbered twice those of NTSC com- 
patibility, in neither system would a significant number of 
complaints be likely to  arise. This conclusion tipped the 
scales in favour of Pal, and the U K  supported Pal at the 
CCIR I l th  Plenary Assembly in Oslo.26.27 

In  March 1966, the UK Postmaster General announced 
that, unless agreement was reached at  Oslo on some other 
colour system for general use in Europe, the U K  would adopt 
Pal. After a 6-month launching period, the BBC formally 
introduced colour into its BBC2 transmissions in December 
1967, using the Pal system. 

During 1958-67, the BBC contributed a great deal of 
information about colour television to the technical sub- 
committee of the Television Advisory committee and the 
EBU ad hoc group on Colour Television; 70 documents 
were submitted to  the latter by the BBC. 

3.2 Start of BBC2 colour service 

3.2.1 Cameras 

The most important single item to be considered in 
choosing equipment for the start of a colour-television service 
is the tube to be employed in studio and outside-broadcast 
cameras. The design of studio lighting, ventilation, methods 
of operation, the type of outside-broadcast vehicles and many 
other aspects of the entire project depend upon this single 
decision. 

At the time when equipment was being chosen for the start 
of the BBC2 colour service, the decision on the choice of a 
camera tube was a n  extremely difficult one to  make with 
confidence. The established practice, at that time, in the 
United States was to  use the 3in image orthicon in a 3-tube 
configuration, but there was much discussion of a 4-tube 
configuration using one 4.5in orthicon tube to provide a 
high-resolution separate luminance signal, with three 1 in 
vidicons to provide the colouring signals. The image orthicon 
had proved to be a n  extremely satisfactory tube for use in 
monochrome cameras, and engineering staff were familiar 
with its operation. The light-transfer characteristic of the 
image orthicon is, however, not linear and does not conforn~ 
t o  a pure power law, and the considerable experience that the 

BBC had by that time gained through research work and 
experimental colour broadcasting had shown that i t  would be 
very much less satisfactory for colour than i t  was for mono- 
chrome. 

The Philips plumbicon-a small and relatively simple tube 
only slightly larger than the vidicon and constructed on similar 
lines, but with a special lead-oxide target-was by then in 
small-scale production, after several years in the research and 
development stages. It was the product of a single manu- 
facturer. Its future was, at that time, not assured, but, after 
very serious consideration, the BBC decided to pin its faith 
upon this tube. A number of plumbicon cameras of the 3-tube 
configuration were ordered for installation in the first outside- 
broadcast units designed for colour. 

Very soon afterwards, plumbicon cameras having a 4-tube 
configuration became available, and these were ordered for 
use in production studios. Comparison and discussion of the 
relative merits of 3-tube and Ctube cameras continues t o  this 
day. The Ctube camera has in the past shown itself to have 
advantages in its resistance to  the effect of minor misregistra- 
tion between the images and also to  errors in equality of 
signals due to  lag in the camera tubes. It is, however, naturally 
a more complicated camera and tends to be larger and 
heavier than a 3-tube model. Clearly, in a 3-tube camera of 
acceptable performance, a fourth tube would be unnecessary, 
but the argument is still not fully resolved. 

3.2.2 Telecine machines 

The choice of telecine equipment to reproduce colour 
film presented rather less of a problem than the choice of a 
tube for colour cameras. The BBC had more than 10 years' 
experience of flying-spot colour telecines and chose these for 
the start of the BBC2 colour service. The flying-spot telecine 
has n o  registration problem, the running cost is very small, 
and, with film of reasonably good quality, the signal/noise 
ratios obtained are found to be better than those from photo- 
conductive scanners. A great deal of research effort had 
already been devoted to obtaining adequate reproduction of 
colour film by television, and the BBC flying-spot telecines 
had, even at  that time, acquired a considerable degree of 
sophistication. It was realised that films intended for cinema 
presentation were not ideally suitable for colour television, 
and a number of electrical compensations for shortcomings 
in the film had been provided in the existing telecines. Perhaps 
the best known of these was Tarif (television apparatus for the 
rectification of inferior film), a BBC invention.28 Correction 
for the failure of a telecine to recognise metameric matches* 
in colours reproduced by the film and the introduction of 
electronic masking to compensate for known losses in the 
photographic process were bther developments which greatly 
improved the quality of colour-film transmissions. Remote 

The metameric match o f  two colours. the spectral composirions o f  whxh 
differ, is obtained when the visual comparison o f  these two colours does not permit 
them to be distinguished by the CIE standard observer 

Fig. 6 
Section of news telecine area showing some 
of the remote-controlled telerine machines 
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Fig. 7 
BBC Television Centre: general layout of original colour-production- 
studio control suites and apparatus areas 
AMR = advance-maintenance room MTS - monochrome-transparency scanner 

B = equipment bays 0 = observation room 
CC - camera-cable distribution OC = operational controls 

CCU = camera control units P = producer 
CO = colour-opacity scanner PA = producer's assistanl 
CP = camera plugfield PCR = production control room 

CTS = colour-transparency scanner SCR = sound control room 
CTSC = colour-transparency-scanner controls SO = sound operator 

CW - crew rdom SS = sound supervisor 
D = desk SW - switchgear 

D C  = dimmer control equipment SWR = switch room 
D R  = disc reproducer TM I = technical manager 1 
EB = editorial booth TM2 = technical manager 2 

LCA = lighting and caption area VAR = vision-apparatus room 
M = monitors V & LCR = vision and lighting control room 

MMD = master monitoring desk VM = vision mixer 
MR = maintenance room VO = vision operator 

MTC = mobile tape console VS - vision supervisor 



control of Tarif from the studio visioncontrol position was 
provided, so that film inserts into studio drama could be 
colour-matched as required. 

The development of new flying-spot tubes and photo- 
multipliers of very high sensitivity was undertaken in colla- 
boration with the manufacturers. 

For news operation, the handling of film is somewhat 
different. It is necessary to deal with films exposed under 
adverse conditions, hastily processed and often the result of 
duplication processes. A wide range of densities is en- 

F i g .  8 
General layouts of rype-l and type-? c.m.c.r.s 
a Type-1 c.m.c.r. 
b Type-2 c.m.u.r. 

A - access door 
B = equipment bays 
C .= driver's cab  

CCU = camera control unit 
DC - dlmrner controls 

E = escaoe do01 
E M  = engiheering manager 
LE - lighting engineer 

MON - monitors 

P - producer 
PA = producer's asststam 
PD - producnon desk 
PP = production personnel (e.g. make-cri 

S - sw~tchgear  
SC = sound console 
SS = sound superilsor 
TP = termination panel 

ICE = v~s~on-conrrol  engineers 
\3' = workbench 

-- 
A A 

MON 

countered, and the colour balance is often u~ong .  It uas 
decided to ue photoconduc~ive tclecines for news purposa. 
since a 'rescue operation' on badly underexposed film is 
sometimes possible by increasing the illuminaiion from the 
projector light source. Joystick control of Tarif perrnirs the 
operator to make corrections even  hen there has been 
no opportunity to preview the film before msmission. The 
first machines installed incorporated a 4-lube plumbicon 
camera, but more recent installations have been 3-tube 
telecines (Fig. 6). 

CC U 
1-4 
6 

now 

/ J  
b 
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3.2.3 Videotape recorders 
In view of the extensive use of videotape in television 

broadcasting, it was necessary to  devote considerable effort 
to  ensure that the operation of colour videotape recorders 
was completely successful. 

Some of the existing videotape recorders were modified for 
colour operation, but additional machines, specially designed 
for the purpose, were also provided in both fixed and mobile 
form. 

The phase response of the system, difficulties of head- 
banding and the achievement of an adequate signal/noise 
ratio were, of course, all greatly emphasised by the change to 
colour, and this involved not only collaboration with the 
manufacturers, but also a good deal of investigation within 
the BBC. 

3.2.4 Other apparatus 
The change to colour operation necessarily involves 

the replacement o r  modification of almost all the distribution 
systems within the studio complex and the reequipment of 
presentation (continuity) facilities. The principle of a centra- 
lised-pulse system, successfully employed in BBC mono- 
chrome operations, was maintained by augmenting the four 
standard pulses distributed to  all sources. Pal colour-axis 
switching, burst-gate pulses and colour subcarrier were added. 
The monochrome system of.making signals timecoincident 
a t  mixing points by the use of delay networks was supple- 
mented for colour operations by an automatic subcarrier- 
phasing system, which provides an accuracy within 2 %. 

It was necessary for the BBC to develop a wide range of 
amplifiers for both video signals and pulses to  bring the 
distribution system up to the level of performance necessary 
for colour operation. It was also necessary to design and 
supply coders and monitoring decoders, together with a 
comprehensive range of test equipment. Test-signal genera- 
tors, test cards, colour-reference light sources and many other 
examples of necessary ancillary apparatus were developed 
within the BBC or  obtained externally. 

3.3 Facilities 
3.3.1 Production studios 

For the start of the BBCl  colour service in December 
1967, two large studios, each of 740m2 floor area, were com- 
pleted and were followed shortlyaftenvards by a smallerstudio 
of 350m2. The three studios form a group using similar equip- 
ment with a common apparatus area, to achieve economies 
of both equipment and stafT (Fig. 7). The number of cameras 
in each studio may be varied, and they are allocated according 
to programme requirements; caption facilities of the flying- 
spot type are provided from a common area. The facilities 
provided in these studios were to  the same scale that had been 
found necessary in BBC monochrome operations. 

The larger studios were wired for a maximum lighting load 
of 450kW, which corresponds to about 600W/m2. and the 
ventilation system is designed to deal adequa!ely with a 
continuous heat dissipation of 300kW. As in the mono- 
chrome studios, a remote-controlled lighting-hoist system is 
fitted. The main lantems used were derived from a dual- 
source lantern. developed in collaboration with a manu- 
facturer, and had already been found to reduce substantially 
the rigging time in BBC monochrome operations. These 
lanterns consist of an i n c a n d m n t  lamp u ~ t h  two 2.5kW 
filaments for spotlight use and four I .3kW tungsten-halogen 
lamps. which are used a h e n  diffuse lishting is required. In 
either spotli_pht o r  diBuse light, the lanterns can operate at 
2 .5  or  5kH'. They are adjusted by means of a pole from the 
studio floor. Thyristor dimming is used in these studios. 
controlled in one studio by a computer system which provides 
storage and recall for 100 different combinations of each or  
all of 290 individual dimmed circuits. 

The problem of achieving sarisfactoq colour-picture 
matching may be a m b a t e d  by minor differences in repro- 
duuion by colour monitors, and therefore only two colour 
monitors arc provided in each producriorrcontrol room: one 
displays the a u d i o  output. while the other is used for preview- 
purposa. The balancing of c a m s  is  also carritd out on a 
single colour monitor, to assist in achieving uniformiry of 
colour rcproducrion from all cameras engaged in a given 

production. As already mentioned, fine control of the colour 
telecine, used t o  provide film inserts to  the studio production, 
is available at  the same point. 

Since the completion of this first group of studios for the 
start of BBC2 in colour, further groups of studios have been 
converted for colour operation on  similar lines, to  provide 
facilities for BBCl in colour, and, a t  the moment, there are 
eight main colour-production studios in London. 

3.3.2 Outside-broadcast units 
The first colour mobile control room (c.m.c.r.) was 

completed in May 1967. The layout of this vehicle was chosen 
t o  be similar t o  that of contemporary monochrome m.c.r.s 
which had a combined production, sound and camera control 
area sited transversely across the vehicle, as shown in Fig. 8. 
The apparatus room in the c.m.c.r, is somewhat larger than 
that of a monochrome m.c.r. and contains waveform- 
generating equipment, colour coders and decoders, preview 
matrix, test-signal generators, vision line sending and receiv- 
ing equipment, a vectorscope and a master oscilloscope. All 
the equipment is mounted in small subracks, which may 
easily be derigged and stacked for use in locations away from 
the vehicle. Within the vehicle, the subracks are mounted in 
bays, and they then have the appearance of a normal studio 
installation. 

Each type-1 c.m.c.r. is equipped with three 3-plumbicon.. 
cameras. The unit normally operates on the Pal system 
(625 lines, 50 fieldls) but, by the replacement of subcarrier 
generators and signal coders, can be made t o  operate on  the 
American NTSC (525 lines, 60 fieldls) standard. Apparatus 
is available t o  permit two remotely sited units to work in 
synchronism with each other, and it is also possible to  
synchronise a given c.m.c.r. to  a central mixing point. With 
this apparatus, the BBC 'Natlock' is used, and this 
gives fully synchronous colour-phased pictures, which are 
capable of split-screen working. Two more c.m.c.r.s of this 
first type were completed in November 1967 and March 
1968, respectively. 

3.3.3 News 
At the start of the BBC2 colour service, the BBC news 

operation was based at Alexandra Palace, but it was scheduled 
t o  be transferred to the BBC Television Centre less than a year 
later. so  the initial facilities provided for colour news coverage 
were minimal. One studio was equipped with three 4-tube 
plumbicon cameras, and one colour-film scanner, and one 
colour videotape recording machine were provided. The film 
scanner was of the photoconductive type, employing a 4-tube 
plumbicon camera. The use of 16mm film forms an im- 
portant part of the news operation; it was necessary to  
decide upon a colour-film system which was suited t o  the 
purpose and then to provide facilities for high-speed chemical 
processing in the premises occupied by the television news 
department. T o  obtain the required sensitivity for operation 
under adverse light conditions and the speed of processing 
necessary, a colour-reversal-film system is used; this also has' 
the ability to withstand forced development without undue 
distortion. 

The television news department has now moved to the 
BBC Television Centre, where very comprehensive facilities 
have been provided.30 There are two studios, each equipped 
with four remote-controlled colour cameras (Fig. 9), caption- 
scanning facilities and overlay. A unique remote-control 
system, which has been developed by BBC engineers, enables 
up to 20 shots for each camera to be preset and stored in a 
m e m o y  bank. From the control room, the cameras can be 
made to pan. tilt, zocm, focus and vary the iris and can be 
raised or lowered on their pedestal. There are nine film 
scanners. seven of the 3-plumbicon type and two using four 
plumbicons. and four videotape recorders. The film cutting 
rooms' editing facilities and a sophisticated plant for pro- 
cessing and copying reversal film are all present within the 
same building. t o  give greatly improved flexibility and speed 
in handling topical film. 

3.4 Colour-television operations 
3.4.1 Colour studio operations 

The decision to use colour cameras fitted with the lead- 
oxide photoconductive plumbicon had a widespread influence 
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on  operations in the colour-production studios. Earfy experk 
mental colour transmissions had used irnage+rthiam 
colour cameras, H-hich required continuous adjustment 
of the various controls and also a very high level of lighting 
in the studio. There was a restriction in the style of  pictures 
that could be handled, and the size of the camera hampered 
the freedom of movement to which television-programme 
directors were accustomed in studio monochrome operations. 

The plumbicon colour cameras were, however, little, ifany. 
less manoeuvrable than the monochrome cameras, and. 
although they required a higher lighting level than that to  
which the studio personnel Here accustomed, the c h a n s  was 
sufficiently small not to create severe problems. The plumbi- 
con has a linear transfer characteristic, and the dark current 
is negligible; so  that, although i t  is admirably suited for use 
in colour cameras in permitting a classical approach to the 
problems of colorimetry and gamma correction, it is inclined 
to overload on specular reflections and give rise to  what 

High studio produsrivity raqnba clrrFul tcdmical 
~ ~ u r d n r c t i n g r c l l i n ~ d L h t p t O d u Q i O n a m  
attadxi by the p q m m m  dimor. the dtsigrr, the 
lighting d d o r ,  ccrrnmrt supcn.isOr a d  vrmd supauiror. 
Many d m c i o m  rake plaa ~~ITI&KUH the pqmatory 
staptoarnrrtthattheanisticrrqurrarrntsarrcrmpat* 
with the fadl i r ia  availablt. 

T o  achicre, in a o o h r  studio. 9mt that 
was a c h k r d  in it has been rrassary t o  ova- 
wme many probkna  of  equipment and organktioa In 
particular. the 'anking of +anay and rhc posi~icmimg of 
Lighting aquipmcnt must bc complaed in the minimum time, 
and this has jusrifnd a )arpa imcsrrncnt in mbchanical hand- 
ling equipmat. N m l l y ,  thc audios arc in  st 24h a day. 
During the night, the pmious p d u a i o n  sets are taka1 out, 
and the scenery and Lighting are rigged for the next produc- 
tion; the following day is occupied by camera rehearsals and 
transmisicm o r  recording With careful planning and the 

are known as 'comet-tail' effects. New operational techniques 
had to be devised to overcome t h ~ s  and similar problems. 

The stability of the plumbicon camera was soon found to 
be such that a number of cameras grouped together in one 
studio could adequately be controlled by a one-man control 
system. By concentrating all the operating controls in a single 
desk alongside the lighting controls and by using shared 
monitoring facilities, a high standard of picture matching 
could be achieved while still meeting the productivity 
requirements of an economically operated studio. 

Good lighting plays an important part In producing high- 
quality pictures, and considerable thought had been applied 
to  the requirements of large and complex productions. The 
computer-type storage of dimmer settings for each lamp has 
proved to be a valuable asset, and early fears that dimming 
might not be possible were allayed by experiments to deter- 
mine the acceptable limits. It is found that a tolerance of 
1 1 5 0 K  about the normal mean lineup colour temperature 
of 2900K is acceptable, partly because there is a certain 
amount of integration of the light from any one lamp with the 
remainder of the scene illumination. Normal exposure of the 
plumbicon colour camera is achieved when the incident-light 
level is approximately 16001x, and this is excellent for the 
reproduction of skin tones. Clearly, variation in the back- 
ground characteristics may call for other light levels to be 
made available. It is desirable to control the lighting on the 
scene to keep the overall contrast to within 30 : 1, with scene 
reflectances not exceeding 60% at white, to place skin tones 
at the best luminance level. Scenic and costume design is 
usually carried out within these constraints, so  that dramatic 
emphasis may be given to different scenes by lighting the set 
according to the atmosphere and mood of the production. 

Fig. 9 
S e w  srudio or rk BBC Televir 
Cenrre shov~ng /OM remore- 
ro~~rrolled colorrr crumos 

latest studio equipment, i t  is possible to  produce high- 
quality colour pictures without loss of productivity and 
without placing too many constraints upon programme 
directors. At the same time, the compatible monochrome 
pictures are of a very good quality, because of the pleasing 
tonal gradation of the plumbicon and the gamma correction 
circuits employed in colour cameras. 

The insensitivity of the Pal system to phase errors has 
enabled special effects. such as  split screen, inlay and overlay, 
to  be used successfull>- on the coded signal, and pictures 
from remote locations may be synchronised with those from 
local cameras. Studio staff have accepted the challenge of 
colour and have quickly mastered its complexities. The 
magnitude of this achievement can be gauged from the fact 
that the productivity of a large monochrome studio operated 
for 6 or 64 days a week (the remainder being for maintenance) 
is to create 30min of programmes each day. It is now normal 
for colour studios to  be. operational for 6) days in each week, 
with only half a day for maintenance, and, even with the 
longer lineup period necessary for colour cameras and light- 
ing for colour, the same 30min of programme per day is being 
achieved. 

3.4.2 Outside-broadcast operations in colour 

The first public engagement of a colour mobile control 
room (c.m.c.r.) was BBC2 coverage of the Wimbledon Lawn- 
Tennis Championships in June 1967. This particular event 
was also covered by the monochrome cameras of BBC1, and 
many viewers with dual-standard monochrome receivers felt 
that the excellent luminance characteristic of the compatible 
picture was an improvement over that of the image-orthicon 
camera. 
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With the start of the BBC2 colour service, the c.m.c.r.s 
rapidly became involved in a wide variety of operational 
commitments. Sporting events under all sorts of weather 
conditions, theatre, concert-hall and ceremonial outside 
broadcasts followed in quick succession, providing the crews 
with many problems to solve and many new facets to their 
work. Operating techniques were quickly evolved to enable 
good colour pictures to be obtained, in spite of the widely 
varying light levels often experienced outdoors. At dusk and 
at night, the problem was often how to get enough light. Low- 
noise camera-head amplifiers were specially designed at the 
BBC, which, together with wide-aperture lenses, made it 
possible to obtain satisfactory pictures at light levels as low 
as 2001~. 

Operational experience with the type-1 c.m.c.r. and a 
survey of the possible sites from which outside broadcasts 
might be required indicated that the difficulties of parking very 
large vehicles were not as great as had earlier been feared, and 
this led to the consideration of a much longer vehicle in which 
improved facilities could be provided. The design of the 
type-2 c.m.c.r., which is 10.62m in length, therefore included 
separation of the production control room, the vision appara- 
tus and control room and the sound apparatus and'control 
room. The layout adopted, compared with that in the type-] 
c.m.c.r., is shown in Fig. 8, and the relative dimensions in 
Table 2. It provides several working advantages. It allows 
the vision supervisor to preview all the sources for colour- 
matching purposes. while the sound supervisor, in a separate 
room. IS able to monitor sound quality at a suitable level 
without distracting other members of the staff. 

3.5 Training staff for colour 
The introduction of colour involved the training of a 

very large number of staff of all grades, both technical and 
artistic. A succwful colour operation requires knowledge and 
skills very different from those needed for monochrome tele- 
vision, and, without these skills, it is not possible to achieve 
successful colour transmissions. It was not sufficient to teach 

Table 2 
OUTSIDE-BROADCAST VEHICLES 

Length. m 
Width, m 
Height, m 
Weight, kg 
Power 

consumption, kVA I I I 
staff the elements of colorimetry and the principles of a colour- 
television system; it was necessary for them to acquire 
sufTicient experience to be able to make adjustments decisively 
and with expertise right from the start. They also had to learn 
that many of the techniques which they had successfully 
employed in monochrome television could lead to disaster if 
applied to colour. The BBC therefore started training its staff 
at an early date. 

At the BBC Engineering Training Centre, residential 
courses were established, and, as the result of an extended 
effort, which had repercussions through many departments of 
the BBC, in the course of one year, some 800 technicians were 
trained to be ready for the start of the BBC2 colour service. 
A variety of courses were arranged to suit the requirements of 
different groups of personnel. They all received instruction 
in the theoretical aspects of colour perception and reproduc- 
tion by colour television, since this is essential to the under- 
standing of any responsible job on the creative or  engineering 
sides of colour television. Practical courses in handling the 
apparatus to be installed in studios allowed the engineering 
staff to become familiar with fault-finding t&ques and the 
setting up and operation of apparatus, while being free from 
the pressures of an operational timetable. Visioncontrol and 
lighting staE were given theoretical and practical courses in 

the new techniques and apparatus relevant to their particular 
fields of activity. 

By this training, it was possible to avoid many of the 
initial difficulties of staff settling iq with new equipment, which 
might otherwise have been apparent in, the early stages of 
colour broadcasting. A very high standard of picture quality 
was maintained from the start, and, although the staff and 
the techniques they employ have since greatly improved in 
skill and sophistication, there was never a period in which they 
were seen to be struggling. 

4 International exchange of television 
programmes 
The international exchange of radio programmes has 

been established for many years, and it was inevitable that 
there should be a demand for a similar exchange of television 
programmes as soon as means were available f i r  this purpose. 
The use of international links for live transmission is obviouslv 
of the greatest interest for news items, sports and public 
events where instantaneous transmission is vital. 

The BBC has contributed to the techniques of testing and 
monitoring international transmissions and has been res- 
ponsible for major developments in standards convertors and 
transcoders. Unfortunately, the rapid development of tele-, 
vision in many countries during the 1950s resulted in the use 
of different line standards and different field rates in different 
parts of the world, and the problem of standards conversion 
became important. A similar problem arose with the develop- 
ment of colour television in the 1960s. which led to the use of 
three different systems of colour transmission; thus the need 
for transcoders to convert the pictures from one colour 
system to another. Similar problems arise with the exchange 
of programmes on videotape. although not with film. 

Before describing the development of convertors, it is 
necessary to refer to the major developments in international 
communication networks that made the exchange of live 
television programmes possible. 

4.1 Eurovision 
The first live television broadcast from Europe to the 

UK took place in August 1950, when the BBC transmitted a 
programme from Calais using its own equipment throughout. 
By 1954, a regular system of programme exchanges between 
broadcasting organisations in Europe had grown up under 
the name Eurovision. 

The technical operation of the Eurovision network is under- 
taken by the EBU Technical Centre in Brussels. The complex 
administrative and legal problems arising from the day-to-day 
operations are handled by the EBU Administrative Office and 
Department of Legal Affairs in Geneva. The development of 
the concept of Eurovision has resulted from the work of a 
number of international working parties which, on the 
technical side. have tackled the problems of standards con- 
venion, network transmission, and the standardisation of 
operational practices. The fruits of this work can be seen in 
the present sound and vision network, which connects 23 
member organisations in western Europe and North Africa. 
The backbone of the network is permanently available, the 
circuits being rented from the PTT administrations or, in 
some countries, operated by the broadcasting organisations 
themlves. The Eurovision network can be connected to 
the Intervision Network of Eastern Europe and, through 
communications satellites, to all the other continents. The 
vision circuits are suitable for colour transmission. 

4.2 Communications satellites 
Until 1957, moving pictures of events In North America 

could not be shown until at least 12h after the event, sin= 
the only available method was to send films by air. In January 
1957, still pictures of the inauguration of General Eisenhower 
as the President of the USA were seen on BBC News 20min 
after the pictures had been taken; they were transmitted over 
the transatlantic telephone cable by the facsimile process. In 
November 1957, a film was transmitted by assembling a 
number of film frames on one facsimile picture and reassemb- 
ling them in sequence as a film. This experiment led the BBC 

IEE REVIEWS, Vol. 117, AUGUST 1970 



t o  develop a process31 known as 'aibkfilm'. which wus htm- 
duced in 1959. This used a slow-scan p r o a a  by which a nms 
film lasting 1 min could be transmitted over the tranattaatic 
cable in 1 h a m i n ,  using a bandwidth o f  only 4-5kHL This 
method naturally resulted in pictures of subslandad quahy, 
but it did enable moving picturn originated on either side 
of the Atlantic to be seen on the same day by viewers on the 
other side. 

The launching of communication satellites, haaMed by 
Sputnik 1 which was launched by the USSR in 1957. stand 
a new era in intercontinental television exchanges. fhe 
potentialities for worldwide participation in such exchanges 
were demonstrated in July 1962, when television pictures were 
transmitted via Telsrar 1, only 13 days after it was launched, 
and relayed by 9 countries in Europe. TeIstar I moved in a n  
elliptical oribit and therefore required elaborate arran-gc- 
rnents for tracking the transmitting and receiving aerials; even 
so, the available transmission time was limited to  periods of 
a few minutes during each orbit. 

By 1965, the development of synchronous satellites in the 
USA had resulted in the launching of Early Bird, which u a s  
the first satellite t o  carry international telephone and tele- 
vision traffic on a commercial basis. The International 
Telecommunication Satellite Consortium (Intelsat) became 
responsible for successive generations of communication satel- 
lites capable of transmitting television programmes in colour. 

The time delay in transmission by synchronous satellite is 
not significant for television transmission, but, in the early 
stages of transatlantic transmission, the sound had to be 
transmitted by cable and the difference in the time of arrival 
of sound and vision was about 200ms. This was compensated 
by delaying the sound component by means of a n  inter- 
mediate tape recorder. 

By early 1969, Early Bird (Intelsat 1) had been succeeded by 
the Intelsat 2 and Intelsat 3 series of satellites, each having a 
considerably greater capacity than its predecessor. By the 
end of 1969, there were about 40 earth stations in service, 
and, by the end of 1970, a further 25 are due to  come into 
operation in various parts of the world, most of them being 
equipped for television transmission. 

At each step in the development programme, broadcasters 
have made tests, in co-operation with the authorities respon- 
sible for the satellites and the earth stations, to  ensure opti- 
mum performance for the transmission of television, including 
colour transmission. Television is now regarded as  one of the 
essential services to  be carried by satellite systems, together 
with telephony, data, and facsimile services. 

The contribution that these satellites have made t o  the 
immediacy and impact of television programmes has been 
demonstrated by the interest that has been shown throughout 
the world in the launch and recovery of the American 
astronaut Major Gordon Cooper in May 1963 (when two 
satellites were used in tandem), the funeral ceremonies for 
.Pope John in 1963 and for Sir Winston Churchill in 1965, 

t b c Y ) m W t m W ~ i n  1 9 6 7 . r b e ~ d P o q c R u l  
t o m i n  196gtkOt?lrgicGammMaoieoin1kstmt 
~nutnd the  InrrrinmofthcRinocdW.ksnCrnnnon 
and the Agdh Mamshcvu in July and Deacmba 1969. 

times as many circu~t yan as were availabk fran Intclsat I. 

5 Standards conversion 
Becauv of the muhiplw5ty of tckvision mnda& now 

in use in df lcrc~l t  counlrits (and ~ n ,  in the UK and Fraaoe, 
two within the samc countq) facilities for convtrsioo from 
one standard t o  another are  extremely important. The related 
problem of transcoding from one colour system t o  another is 
also important, but this problem was quickly solved. and 
t r a n d e n  are now readily available for changing from any 
one of the three b s i c  sptems-STSC. Pal o r  Secam-to any 
other. The only significant restriction in their use is that, if 
Secam plaures  are to  be transcoded t o  Pal, the line frequenq 
of the Secam pictures must be aaxlrately maintained. Since 
the transcoding inevitably rntroducts some impairment of the 
picture, steps h a w  been taken to avoid s w o s i v e  transcod- 
i n p  of the same programme materlal when it 1s being relayed 
simultaneously by several countries using different systems. 

The development of standards convenors t o  their present 
state of perfection has been a longer and more d i h l t  under- 
taking. A start on this problem u a s  made by the BBC and by 
the French broadcasting senice (RTF) in 1952. when optical 
convertors were used t o  convert between the French 819-line 
standard and the UK 405-line standard, both standards having 
the same field f req~ency .~ ' . '~  Convertors of this type made 11 
possible to  transmit live BBC pictures of the coronation of 
Queen Elizabeth I1 in 1953 to European countries, and the 
subsequent development of the Eurovision network was also 
made possible. 

The optical (or image-transfer) convertor was basically 
simple; a picture on the original line standard being dis- 
played on a monitor and being televised by a camera working 
on the other standard. Convertors of this type needed careful 
alignment and constant attention; even so, they introduced 
some impairment, largely on account of optical reflections. 
The picture quality was acceptable for individual programmes 
but was not good enough for continuous use. 

5.1 Line-store convertor 

The introduction of 625-line transmissions, alongside 
the 405-line transmissions, in the UK in 1964 and the rapid 

Fig. 10 
Advancedjkdd-store standards 
convertor developed a,nd built by BBC 

1484 IEE REVIEWS, Vol. 117, AUGUST 1970 



increase in programme exchanges with Europe led t o  the 
development of a n  improved type of convertor which did not 
use cathode-ray tubes or camera tubes, but employed elec- 
tronic circuitry for storing and modifying the video signals. 

The first of these, known a s  a 'line-store convertor', was 
demonstrated by the BBC in August 1963 and was the first 
allelectronic convertor to  be used anywhere in the 
Line-store convertors of this type are now manufactured for 
commercial sale and are in regular use in the BBC, the ITA 
and Radio Telefis Eireann for converting the 625-line origi- 
nated pictures for the 405-line services. 

5.2 Field-store convertors 
Development work continued in the BBC with the 

object of solving the much more difficult problem of 
converting not only the number of lines, but also the number 
of picture fields; i.e. the number of pictures per second. Such 
equipment is needed for exchanging live television pro- 
grammes (and those recorded on videotape) with the American 
Continent and Japan, where the television systems have a 
field frequency of 60Hz. as opposed t o  50Hz in Europe. A 
field-store ~ o n v e r t o r ~ ~ ~ ~  capable of changing both line and 
field frequencies was first demonstrated by the BBC in August 
1967. The addition of colour-signal decoding and recoding 
processes3* also made the conversion from one colour 
system to another possible. This completely electronic 
equipment provided excellent colour pictures on European 
standards from pictures originated on American standards, 
but, in the process, lost a small part of the picture area in the 
form of a black border. At that time, this was considered a 
small price to pay for the important conversion facilities 
provided. 

While this equipment was 'being developed, the BBC was 
also working on a more advanced type which would overcome 
the loss of picture area and certain other disadvantages of the 
first field-store convertor. The resulting 'mark 2' convertor 
has been described as  the most intricate, complex and sophi- 
sticated piece of broadcasting equipment the BBC has ever 
used for television broadcasting. It was completed in time to 
provide European countries and the UK with highquality 
live colour pictures of the Olympic Games from Mexico, in 
October 1968. and the equipment is now in regular use. In 
addition to  producing full-size output pictures. the equipment 
(see Fig. 10) has considerably greater operational flexibility 
than the earlier model. The output si-gal is standard in all 
respects and can be slave-locked locally; thus allowing 
producers t o  use the converted signals. as they would local 
signals, for techniques such as  picture mixes and split-rreen 
working. 

Licensing agreements have been concluded with two LK 
firms for the manufacture of standards convertors, based on 
the BBC design, for sale both at  home and abroad. 

5.3 Design and development problems of standards 
conversion 
Standards conversion can k considered as  a mixture 

of science and a n .  It p m l s  difficult p r o b k m  in electronics. 
which must be solved so as to create a satisfaaory subjecr~ve 
impression. In p ~ c i p l e .  the aim is to d r a w  the picture line 
by line, o r  frame by frame. a s  one standard is convened to 
another. When converting from a wrralkr number of lines t o  
a greater o r  from a lower field frequency to a higher. addi- 
t i d  lints o r  tidds must tx created which h a w  an information 
content that is rchtcd t o  that of the original pictures. 

The suxrrrful devtlopment of arh c o n % m o r s  depends on 
a number of fundamtn~al  proccacr  

5.31 Interpolation 
The problem can be illustrated by considering how to 

a t a t e  a new tekvision line which lies halfmay between two 
adjacent lines in the raster. One wlution is to add the two 
signals on adjacent I k  t o  create the new line. This dots not 
pro\idc p o s i t d  interpolation in a rigorous manner. but, 
provided that thc r a o l u t ~ o n  of h e  W e m  is  limited. this 
process (or a n  dabmuon of it) can jjw a satisfactory m h  
under normal vicaing c o n d i t i a n  
Changer in the k l d  rate d a d  the pomayal of motion. 

and a similar interpolation fidds is uscd to  minimix 
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this disturbance. The result is, in theory, imperfect, but the 
relatively simple processes which have been devised so  far are, 
in practice, remarkably successful. 

5.3.2 Delay 
The purely 'scientific' part of the process of standards 

conversion has been achieved with much greater success. 
Ultrasonic delay lines constructed from fused silica o r  
similar substances can now be constructed s o  as to  be sub- 
stantially free from distortion. Delays of up to 3.5ms can be 
achieved in this way. Although originally devised for other 
applications, their successful use in the BBC was due to the 
efforts of the manufacturers combined with those of BBC 
engineers, who designed suitable carrier systems t o  achieve 
the required performance. 

Further progress may produce delay lines with character- 
istics that are not temperature dependent and introduce less 
loss. 

5.3.3 Changes in time scale  
Whenever a new standard requires a change in the 

duration of a television line, it is necessary to  compress o r  
expand the information in each input television line. This 
change in time scale presented a most formidable problem. 
Various continuously variable delay lines have been proposed- 
for this purpose. The only continuously variable systems to 
be achieved, in practice, provided a variation of 1 or  2 p s  
using a lumped-network delay line. Larger changes in time 
scale have been achieved using sampling techniques. This 
process demands a large store of information which is 
sufficient to  hold, for example, a complete television line as an 
array of samples. These samples are put into the store a s  they 
are received and are subsequently read out of the store at  the 
rate required by the new standard. 

Up to now, the samples have been stored in analogue form; 
the development of digital-storage techniques for television 
may afford scope for further improvement. 

5.3.4 Changes in coding system for colour information 
Much ingenuity was used (initially by the NTSC in 

the USA) to devise a colour system in which the colour in- 
formation was 'inband' and yet unobtrusive. Adding this 
additional information in a way which would not confuse the 
high-frequency luminance detail was extremely difficult. 
Taking the signal apart again for standards conversion is 
even more difficult. In the NTSC signal, the fine structure of 
the frequency spectrum is such that a comb filter can be 
devised and the luminance and chrominance information can 
be separated with only minimal loss. The Pal waveform is 
much more complicated, and the quarterline offset frequency 
employed for the colour subcarrier gives a frequency spectrum 
in which a comb filter cannot be constructed to  separate the 
luminance and chrominance signals without degradation. 

In practice, little improvement can be obtained over the 
relatively simple process of separating the luminance and 
chrominance signals by using a lowpass and highpass filter. 
The high-frequency luminance components interleaved in the 
Pal signal are inevitably lost, o r  seriously distorted, in the 
pnx;ess of standards conversion of the colour signal. 

Changes between Secam and any other colour standard 
have also k n  achieved successfully, although, once again, 
it  has not been possible to  separate the luminance and 
chrominance information without loss. In practice, a satis- 
faaory result can be achieved using a lowpass filter which is 
technically very similar to that employed on transcoding 
from the Pal system. 

The quality of the output picture is determined by the 
quality and quantity of the information which is supplied to  
the machine. It therefore follows that converting 'upwards' 
from 405 t o  625 lines or from 50 to 60 fieldsls is less 
successful. 

Subject to t h s e  limitations, subjective tests and practical 
experience have sho\\n that the technical process of standards 
conmsion  achieves a standard of performance that is entirely 
acap tabk .  An important advantage is that the equipment is 
stable and can operate unattended. 

Thexe is n o  doubt that many of the techniques employed 



in  the convertors and transcoders will find application e b  
where in the electronics industry, and there are already sug- 
gestions that some of these techniques could be employed t o  
synchronise television signals from remote sourc;es; e.g. out- 
side broadcasts, particularly when a synchronising signal 
cannot be obtained. 

5.4 Queen's award to industry 
In 1969, the BBC was honoured with the Queen's 

Award to Industry for technical innovation in the develop 
ment of television standards convertors by its Engineering 
Research & Design Departments. 

6 Looking to the future 
The last decade has seen the implementation in the 

United Kingdom of three major items of technical policy, 
each of which has had a direct effect on the television picture 
seen by the viewer. First, there was the start of BBC2 as a 
u.h.f, service using a 625-line standard; this was followed by 
the introduction of colour on BBC2 in December 1967 and, 
in  December 1969, by the duplication of the BBC1 and ITA 
405-line services in the u.h.f. bands using the 625-line colour 
standard. 

These major objectives having been achieved, it is unlikely 
that there will be further changes to the basic characteristics 
of  the television picture, at least not for a number of years; 
however, the current rapid advances in technology are likely 
t o  have a marked influence on the ways in which programmes 
are  produced, distributed and broadcast. The following 
Sections deal briefly with some of the techniques which will 
undoubtedly be exploited in the future to reduce engineering 
costs, increase reliability, improve performance and extend 
the range of production facilities. 

6.1 Miniaturisation of broadcasting equipment 
The miniaturisation of broadcasting equipment began 

in the late 1950s with the introduction of transistors, and has 
been further advanced, in the areas of digital circuitry, by 
the introduction of the monolithic integrated circuit. However, 
in those areas where analogue working is necessary, such as  
feeding a signal to a coaxial cable, the circuit is generally 
made up using discrete components. 

In the next 5-10 years, we can expect to see the use of 
thick- and thin-film techniques, which are already in limited 
use, applied to most analogue applications in the BBC. 

Where a circuit function has very large applications 
throughout the electronics industry, the linear, monolithic 
integrated circuit should become economical. 

The BBC expects to  obtain the greatest gain from thick- 
and thin-film techniques by devising circuit elements capable 
of being used in a large number of applications; e.g. low-noise 
high-gain amplifiers, clamp circuits etc. Most facility require- 
ments will be satisfied by the interconnection of these elements 
in a manner analogous t o  that used with logic circuitry. Some 
of the elementswill use thin-film techniqueswhere high stability 
is required, and others, in less critical applications, will take 
advantage of the cost reduction offered by thick-film tech- 
niques. Both techniques will be made more economical by 
the increasing use of automated-production engineering faci- 
lities installed by industry and used to translate the designers 
circuit into the final component. 

The equipment to  provide a given facility will be sub- 
stantially smaller, more reliable (having fewer plug and 
socket interconnections), require little, if any, operational 
alignment and dissipate less heat. The use of standard thick- 
and thin-film circuit elements will lead to standard supply 
rails fed from common power supplies with buffer stabilisers, 
o r  d.c.-d.c. convertors on each printed board, thereby 
eliminating the mains voltages in a lot of equipment. 

6.2 Digital techniques 
Towards the end of 1970, the BBC will be using the 

sound-in-synch. system for the distribution of television sound 
signals to  transmitters (see Section 2.4). The extension of 
digital techniques into other fields is becoming increasingly 

amactivc, on accwnt of their low coa and i m p r o d  pa- 
forrrrancc The low cost stam from the h q y  dammd for 
digital devicts m t e d  by the computer indmmy. whik rhe 
improved p e r f o m  results from the m n c s s  of digital 
signals, which arc unimpad by distortion and i n t e r f m  
at  levels that would obliterate a n a m  siguk. 

It is likely that, within a few years. it will be eoonorrtical 
to introd- di&l techniques into the handlmp: of vision. as 
well as sound-signals in studio equipment. including &ch 
c o m ~ l e x  devices as recorders and standards converton where 
maitenancx costs are high and it is difficult to achieve con- 
sistent quality by analogue methods. Digital techniques are 
cxpable of reducing the cost and improving the performance 
at one and the same t i m e a n  opportunity we cannot afford 
to  miss. 

6.3 Use of computers 
6.3.1 Planning and allocation of resources 

The planning and production of television programmes 
is now so complex that manual methods cannot provide an 
efficient match between resources and requirements. 

The computer-based Television Management Information 
System now being evolved in the BBC should soon provide a 
comprehensive system of budgetar)- control, long-range fore- 
casting of the load on produaion resources and an up-to- 
date source of information for all production departments. 
Further developments will cxtend the system to enable pro- 
gramme requirements to be related to staff and equipment 
plans, production plans to  be related to transmission plans, 
and engineering resources to be allocated for both programme 
production and transmissions. 

Althou_eh programme production and scheduling for radio 
broadcasting is less costly than television, the use of computers 
has once again proved beneficial. The present limited use of 
computers for studio transmission schedules is to be replaced 
by a comprehensive computer-based control system which will 
not only generate schedules, but will also provide information 
and statistics for management decisions; thus paving the way 
for further improvement in the efficient use of resources. 

6.3.2 Control and operation of engineering equipment 
Computers are used by several broadcasters to  inter- 

connect, stop, start and supervise equipment. Often there is 
little saving in staff in using computers in this way, and their 
main value is in reducing errors during complicated switching 
sequences, when a network splits into the different regions, to  
permit a variety of advertisements to  be originated and 
transmitted locally. Fortunately, the BBC has been spared 
this technical problem! In the BBC, the network switching is 
already so  simplified that the operation is often carried out 
by the continuity announcer, and further automation is un- 
likely to achieve much more in the way of savings. Automatic 
con&ol and the adjustment of equipment perf&rnance does, 
however, show a considerable prospect of reducing costs. 

6.4 Use of insertion signals for monitoring and remote 
control 
Colour television has imposed more stringent require- 

ments on  the performance of networks and transmitters, and, 
as  the time available for out-of-service testing diminishes, 
manual methods of measurement will be superseded by 
automatic monitoring and data-transmission systems, which 
will be placed at strategic points in the network. 

To  meet this requirement and in anticipation of the auto- 
mation of many more elements in the broadcasting chain, a 
comprehensive 2-line insertion test signal for colour has been 
adopted. Automatic monitoring equipment capable of analys- 
ing this signal and measuring, on an absolute basis, the most 
significant signal impairments is being developed. This 
equipment will signal a cautionary warning to the nearest 
manned area when one or more impairments exceeds agreed 
'monitoring' limits, and, additionally, in the transmitters, it 
will take executive action when more serious faults are 
detected. This will usually take the form of sequential moni- 
toring of input and output signals from the individual parts 
of the system, and the choice of executive action will be based 
on a logical analysis of the information so  obtained. 
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Insertion data signals are complementary to  insertion test 
signals. They consist of binary-coded pulses placed on one 
or  two lines in the field-blanking interval of the video signal, 
and they can be coded, inserted, extracted and decoded at 
any intermediate o r  terminal point in a network. A compatible 
digital signalling system for the radio network has been 
developed. The data channels so derived will be used for the 
transmission of identification signals, commands for switch- 
ing and remote control and for numerous other purposes, 
such as  the economical transmission of monitoring and house- 
keeping information using the radiated signal. An experi- 
mental television data system is already undergoing field 
trial, and, during the next ten years, this method of trans- 
mitting information will become widespread throughout the 
whole of the television distribution network. 

The introduction of these automatic methods of measure- 
ment and data transmission will lead to  the economical 
operation of high-quality broadcast networks with the 
minimum of supervisory staff. 

6.5 Television cameras 

Future colour-television cameras will be of smaller 
size and greater sensitivity, to  facilitate the direct pickup of 
actualities without elaborate studio apparatus o r  lighting. 
The hand-held colour camera, with a sensitivity which is 
already greater than that of many colour-film materials, may 
soon find regular application for news reporting, in associa- 
tion with portable videotape recorders. The remote control 
of cameras and the use of radio to  eliminate the camera cable 
will permit great flexibility in operation and will free the 
cameraman to concentrate exclusively on his subject matter. 
The reduction in the size and weight of television cameras is 
governed, to  a large exten(, by the availability of small photo- 

comparable with that of the pictures from a modern colour- 
television camera. Improvements in colour-film materials and 
improvements in electrical compensation for the known 
deficiencies of colour film must help to keep this useful 
medium in demand. There are markets., too, for the mass 
distribution of television programmes recorded on film for 
educational purposes o r  for communal viewing in developing 
countries. 

Electron-beam recording and holography each offer a 
means of recording television signals on film with a very high 
information-packing density. These methods are ideally 
suited to the production of 'masters', from which mass- 
produced copies can be cheaply made. When produced in the 
form of cassettes these copies can be replayed on a domestic 
television receiver using a relatively cheap scanning attach- 
ment; thus bringing to television the visual equivalent of the 
gramophone record. 

For  broadcasting purposes, however, the outstanding 
success of videotape recording (v:t.r.) for both monochrome 
and colour signals has diminished the need for film for 
recording. The one advantage of film over magnetic tape 
(apart from the fact that film obviates the need for standards 
conversion) has been that multiple copies can be produced 
using standard printing techniques. However, recently it has 
been shown that multiple copies can be obtained from magne- 
tic tape by contact 'printing' from an original which uses 
highly coercive magnetic material. 

6.7 Receivers 

The performance of the colour display tube used in the 
domestic television receiver must receive close attention. The 
length of the display tube from the screen to the rear makes 
colour-television cabinets unduly bulky, and wide-angle 

Fig. 11 
Loyour of relevision chonnels in Bonds I o t~d I11 
B channels are lhosc for the MS-line sjslem uxd in the CK 
1 channels are thox  for the 625-line system u d  in Ireland 
At present. channel I, is not allocaled to broadcastmg u ~ t h i n  the CK 
s indicates thc position orthc \ision carrier 
s indicates the position of  the sound carner 

sensitive devices, and it is expeaed that the electron beam, 
scanning a target in vacuo, will give place to  the digitally 
scanned solid-state transducer. 

6.6 Use of film and recording 

It seems that film can have a place In colour relevision 
for many yean t o  come, but there is a danger that the gap 
between the technical performance of this medium and that 
of the television camera is widening to a serious extent. 
Economic grounds dictate the use of 16mm film, and, in 
everyday operations, it is difficult to  achieve technical quality 
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scanning of colour tubes must achieve favourable comparison 
with that of existing black and white displays. Distortion of 
brightness contrast is less tolerable in a colour-television 
picture than it is in a black-and-white display, and there must 
be an improvement in the resistance to  picture impairment 
from external light falling on the screen. This will involve the 
introduction of phosphors capable of higher brightnesses 
without sacrifice of colorimetric performance. 

6.8 Re-engineering v.h.f. television bands 

Until adequate coverage is provided on 625 lines in the 
u.h.f. Bands IV and V, it will be necessary to  continue to  
duplicate BBC 1 and ITA on 405 lines in the v.h.f. Bands I 
and 111 (see Fig. I I). Provision is being made in the u.h.f. 
bands for a fourth television network, and all u.h.f. stations 
and their aerial systems are designed to permit this addition 
economically. If more than a total of four networks are 
required, i t  mill be necessary to  re-engineer the v.h.f. bands 



for 625-line colour working-or for whatever new system of 
transmission is then considered to be so desirable as to make 
it worth while to  introduce another form of dual-standard 
working!39 

The public has been told that they will be given several 
years' warning before the 405-line services are discontinued 
and the single-standard 405-line receivers are thereby made 
unusable. There seems to be every likelihood, therefore, that 
405-line transmissions will not be discontinued until well 
into the 1980s; although, if there was a pressing need for a 
fifth o r  sixth network, it might be possible to  begin selective 
closing down of the 405-line services, starting with those areas 
which are well served on 625 lines. Already, manufacturers 
are marketing 625-line only colour receivers, and there are 
also some 625-line only monochrome models. Such receivers 
are cheaper and more reliable than dual-standard receivers. 
and so  should prove attractive to the public and hasten the 
day when the 405-line services can be closed down. 

7 Conclusions 
The 1960s will be remembered as a decade of great 

decisions and great achievements. Some of the decisions are 
outlined in this paper; to  start colour-television broadcasting 
in the UK, to  start it on 625 lines and in the u.h.f. bands. t o  
use the Pal system, to  duplicate the existing 405-line v.h.f. 
monochrome services in 625-line colour on u.h.f. The corre- 
sponding achievements were to  implement these decisions 
effectively. Almost all the BBC2 programmes, and the BBC I 
programmes in the peak-viewing hours, are now in colour. 

Those involved in the making of the decisions, and those 
responsible for implementing them, may fairly paraphrase 
the inscription on  Wren's iombstone in Westminister Abbey 
and say 'If you seek our memorial look at the output !' 

The 1970s are more likely to be a decade of consolidation, 
in which we shall see the u.h.f, services extended throughout 
the U K  and the remaining monochrome-programme facilities 
converted to colour working. In these developments, full 
advantage will be taken of the rapid advances in solid-state 
techniques, in miniaturisation and automation, and in 
digital coding of television signals. 

All these trends will help to make equipment smaller, 
simpler and more reliable. It will be possible to leave much 
of it unattended for very long periods. Programme making 
will be easier for the producer. who will be much freer to 
exercise his arts, unfettered by limitations of equipment and 
operating techniques. 

New forms of broadcasting may become possible, including 
the use of satellites, and we may see home newspapers 
distributed by broadcast means; however, much of the decade 
looks like being spent in consolidating the decisions of the 
1960s. 
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