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Paper 3/A

BBC/Sussex Working Conference 1966

Session Nos 3 Technical Possibilities in Television
and Radio

Paper by lr. F.C. McLean, Director of Engineering, BBC.

Introductory

Padlo reception is subject to physical laws which deternine
and linit the range over which satisfactory results can be obtaineds
Fron their nature there is nothing that can be done about these.

The range is also linited by the number of stations using any ‘given
channel or wavelength or operating near to any given channel or
wavelength, but, by corntrol of the operating power, transmitting
aerial height and above all transmitter spacing, sonething can be

done about thise.

Most of the physical laws are dependent upon the frequency used.
The lower rrequencies, as used for nediun and longwave sound broad-
casting, penetrate obstacles and bend round the curvature of the earth.
The higher the frequencies the less the waves penetrate obstacles and
the less they bend round the curvature of the earth under normal
propagational conditions until at VHF and UHF, that is at frequencies
above 200 Mc/s, there is virtually no bending but only line-of-sight
transmission. We find therefore that the lower frequencies give the
greatest range of upable signal over the ground and the higher
frequencies less. Frequencies in the HF band from 3Mlc/s to 30Mc/s
are, however, used for long-distance sound broadcast transmission by
naking use of the reflected properties of the ionosphere. In this
way signals are bounced between the earth and the ionosphere either
as a single or series of hops and provide sound broadcast reception
over very great distances extending to several thousands of niles.
Long-distance television reception cannot, however, be provided in
this way. All radio reception is troubled by nan-nade electrical
noise arising from notor cars, vacuun cleaners, electric blankets
end the like, and is subject to natural atnospherics or static.
Here the balance is reversed and the lower frequencies are the nost

subject to these factors, and the higher frequencies less s0.
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The long-distence propagation of waves affecting co-channel
stations is in general most marked at the lower frequencies but,
wnder particular atmospheric conditions, transnissions in the
VHF and UHF bands can be ducted in the atmosphere and long distance

reception becomes possible also at higher frequencies.

The net effect of all these factors differs somewhat depending
on whether reception is to be in town or country and the extent to
which directive aerials can be ised. As far as sound radio is
concerned, the best wavelengths or frequencies are undoubtedly those
around 100Mc/s such as are used for VHF reception. These can give
interference-free reception over a quite adequate distance. Re-
ception within a range of 50 miles or so is reliable, free fron
fading, substentially free fron interference fron distant stations
and almost immune to nan-nade interference. In the case of VHF
sound service, there is, in addition to the advantages resulting
fron the use of these higher frequencies, the fact that for this
service frequency nodulation is used instead of anmplitude modulation

and this provides additional advantagec.

As far as television is concerned, the probable optinun wave=
lengths for satisfactory reception over a large area are those
frequencies in the neighbourhood of 200Mc/s, that is Band III.
Band I transmissions on frequencies from 41 to 68Mc/s give good

reception over large areas but at tines reception is subject to

‘considerable interference from continental stations. The UHF

frequencies, that is from 470 - 850Mc/§, give good interference-
free line-of-sight reception but they are nuch more affected by

obstacles such as buildings and hills, and for some yéars, until
a wide network of relay stations has been built, there will be an

appreciable number of blind patches within the service area.

Coverage in the Bands Available

To illustrate the differences in coverage, Figure 1 shows the
coverage of the Hone Sound Service on mediurwaves which in the day-
tine has a population coverage of 97% but which becomes nuch less
at night because of interference fron continental stations. Figure
2 shows the coverage of the same service on VHF, This is 99% and
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is the sane at night-tine as it is in the daytime. TFigure 3

shows the BBC-1 television coverage in Band I provided by a

total of 66 transnitting stations. This is generally about

99.4% of the population but during the summer there is at tines
appreciable interference to a fairly high proportion of the

total population due to long-distance propagation effects. When
all the relay stations now being built or planned are in service,
bringing the total number of stations up to 108,the BBC-1 population
coverage will increase only to $9,5%. This brings out the problen
of serving the many small and scattered corrunities in the remote
parts of the country, such as the Scottish Highlands. It is of
interest to note that the approxinate capital cost per head of the
population served by the first five main high-power stations built
for BBC-1 was £.046, whereas the approxinate capital cost per head
for the later relay stations can be as high as £20. Figure 4 shows
the ITA coverage figures for their service. Figure 5 shows the
coverage for the first 28 stations so far approved for UHF (BBC—Z).
The double-cross hatching shows the service areas of stations which
are already in serwice., The single hatching shows the service
areas of stations which have been approved by the PLG and are under
construction, while the blank areas show the gervice areas of
stations on which construction has not yet started. Figure 6 shows

the population coverage against time for the BBC-2 prograrnce

Fron these figures it will be secen that BBC-2 and any other
service carried on UHF will fairly quickly reach about 70% of the
population but after that the rise in coverage is fairly siow., The
basic reason for this is that it requires very many nore transmitters

on UHF than on VHF; perhaps finally ten times as nany.

Colour Television

The whole of the planning, both in the studios, the prograrne
distribution chain and the transmitter chain, for BBC-2 has been on
the basis that colour can be added with the nininun difficulty.

To this end, the programme’distribution chain and the transnmitters
are designed to handle colour without further nodification while

the necessary equipment can be added to the studios at nininun cost.



Broadcasting by Conventional Means

9. A1l the frequencies available in Bands I and IIT are
virtually already completely used. Tt is possible to insert
a few nore very low-power stations into the pattern that we
saw in Figure 3 but these can nake only very slight differences
to the completeness of the coverage and it is out of the question
for nany years to envisage any new services in these Bands.
However, when it has been possible to find a neans of changing
over the existing services from 405 to 625 lines and possibly
accormodating all the present services in UHF then the VHF Bands
nay become available for new services. It seens inpossible to
visualise that this could be within a period of ten years and could
be much longer.

10. The situation on UHF is however completely different. So far
only one service has been authorised and the rate of developnent is
as shown in Figure 6. The design of the stations is, however, that
the sites, buildings and transritting nasts and aerial dre such that
up to three additional transnitters can be added at each site.
Moreover, because the basic work for the transnitter haé been done,
such additional facilities can be added at a cost appreciably lower
than the cpst of building the initial stations for the BBC~2 network
and the tine involved will also be very nuch less. Dependent upon
conditions at the tine a decision is taken, it will probably mean
that a second network would follow at something like 2 - 2% years
after the BBC-2 network for the initial stations and at later stages
the construction programmes of the two transmitters could be sinul-~
taneous., The provision of studio facilities for an additional
network could in all probability be adequately accomplished within
the tine required for the transnitter cmstruction and the transmitter
construction wouhd therefore remain the decisive factor. The cost
of building the new UHF stations is being shared roughly 50:50 with
the ITA.

Broadcasting by Satellites

11. Television and sound Braadcasting from sateklites is an inproving
prosepct for future developnent. It might take the form of trans-

mission fron satellite for re-transnission over a large nuriber of
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local stations, or it night take the form of broadcasting fron

a satellite Por direct reception in the home. The power re-
quirenent and difficulty of the first is less than that of the
second but, of course, it is somewhat less attractive. In

either case there is a problen of finding sufficient channels

to enable such a service to be given but this problen does not
appear to be insuperable and is under international study at the
CCIR. If the satellite stations were to be used for re-broad-
casting fron a large nunmber of local ground stations then the
receiving aerials could be large and sensitive. For -direct
reception in the hone, however, large receiving aerials are

clearly inpossible and hence the power in the satellite trans-
nitter would have to be nmuch higher.‘ The powers requiréd,
extending into some 10's of kilowatts, do not seen to be insuperable
with the developnents at present envisaged in satellite design.
There is talk of providing such power fron large solar batteries or
even fron nuclear power cells. The cost is, however, very high and
while the total cost of a satellite station could be less. than that
of a conventional ground-based station network there is an enormous
risk of failure to operate which does not exist with the ground-
based stations. It looks unlikely that satellite broadcasting could
start within this decade but it mavaell start in the next decade.
This forn of broadcasting is of course of the greatest interest for
large areas for covering the whole of Europe, the whole of Africa,
Canada and such like areas, but appears less atrractive as a neans
of covering a small area such as the United Kingdon. It could of
course be a useful means of distributing programnes as an alternative
nethod to distribution over land line, as at present.

Local Broadcasting

This has been very nuch to the fore in all BBC thinking for a
nutber of years paste It can be done at a relatively low cost and
with low-power transnitters. Adequate channels for local sound
services exist in the VHF 88 - 100Mc/s band and a satisfactory service
could be given in areas of high population demsitys. This would cover
areas of up to, say, 10 miles., Larger service areas such as night
be required for the extra-nural catchnent area of a university could
present some difficulty in finding channels beccuse of the higher
powers which would be required and the reduced channel sharing that
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this would permit, Such stations could be linked for pro-
grannes of educational value or indeed for other prograrmes.
Local television, however, seems to be out because of the

shortage of channels,

Television Recording

Recording of television caxy be done either photographically
or on video tape. If a large number of copies are made or if
very widespread distribution of the programme is required then
photographic recording has advantages in that it is the cheapest
and the playback facilities required are the simplest. The
approxinate cost of photographic recording is given in the following
tables

Cost per hour for negative Cost per hour per print for

+ 1 positive a large number of prints
35mmn. Approx,. £200 + £35 for £60 per print approx.
sepnage
16rn, Aprrox. £60 + &8 for £20 per print approx.
sepnage

Filn recordings can be played back 100 times with no significant loss
of picture quality and many hundreds of times if some loss of picture

quality is accepted.

Magnetic tape recording allows for an appreciable improvement in
the quality of the recording. It is an instantaneous process that
enables the product of the recording to be scen irmediately and to be
anended if required but it is a process in which it is expensive to
nake a large nurber of copies and the playback device can also be
expensive. There are at the present tine three grades of nachines

available:

(a) The top quality broadecasting machine (Ampex VR2000) using
four heads and costing about £5,000 installed (including full editing
and broadcasting ancillaries), or the Ampex VR12000 costing £30,000

for a basic machine with ninimal facilities.

(v) The second quality nmachine also used for broadcasting
puvposes (in this category I meen nachines like the Machtronic MVRES)

for which there is a helical scane. Such a nachine would be suitable
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for short itens such as news or sports highlights. This would
cost about £5,000 - £6,000.

(e) The third quality nechine doubtfully good enough for
professionel broadcasting and costing about £1,000 - £,500. In
this T have in nind nachines like the Philips and Ampex VR7000,

Magnetic tape has only a linited life and can be unsed for only
about 100 or so playbacks before the quality of reproduction begins
to suffer appreciably.

The cost of video tape recording in the three grades is as
follows$

al B! ana ¢!
1" tape 2" tape

Cost of nmaking recording £100 £21,410406 £28. 0, O.
including tape cost and

head cost

Extra cost per hour for 2 noninally noninally
playback 100 tines 108.2 108 .2
Cost per hour if played 43 noninally noninally
back only once and then ‘I‘ . 10s.3 10s.9

erase tape

(4) Four—head machines have reworkable heads - the others

have not.
(ﬂ) Costs on this form of machine are very indefinite.

(g) The tape then becones available for recording further
nateriale.

In addition to the high cost involved the magnetic recording
equipnent is ruch more complex than the photographic recording and
should only be used if fully competent technical assistance is available.



