














How the Stations
Were Built

One of the prime functions of
TCPD, incollaborationwith ACED,
is to implement the technical
recommendations of Research Dep-
artment, for new transmitters, in
the most economic way.

The priority of the various
stations has been largely deter-
mined by cost effectiveness, that
is cost per head of population
served. This translates in practice
to the construction of progress-
ively lower powered relay stations
serving smaller and smaller comm-
unities.

Thus the first relay stations
to be constructed typically radiated
an erp of 10 kW, derived from
klystron amplifiers producing 1 kW
vision power and the associated
sound carrier, and employed relat-
ively large quasiomnidirectional
aerials mounted on 45 m towers.
Twenty stations of this type
have been commissioned, serving
on average 57,000 people, but
with individual coverages ranging
from 7,000 to 260,000.

The next generation of relay
stations employed travelling wave
tube (TWT) capable of producing
200 W of rf vision power and the
associated sound carrier. A total of
fifty were constructed, with some
serving in excess of 50,000 people,
but averaging 21,000.

These were followed by relay
stations employing 50 W TWTs
and valves, and solid state equip-
ment of 50, 25, 10 and 2W
vision output powers, in progress-
ively larger numbers.

As powers, and associated
accommodation, were reduced so
was the complexity and size of
aerial systems and their support
structures. Some of these are
no more than 14 m wooden poles.
The lowest powered stations will
serve communities of down to
200 people and cost up to about
£100 per head served.

The reliability of equipment
tends to be inversely proportional
to output power. The higher
powered stations serve the largest
number of viewers, consequently
standby equipment, wusually of
lower power, with automatic
changeover is fitted at the higher
powered stations. However the
effective use of systems with
standby equipment necessitates
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automatic monitoring equipment
to advise the state of the system,
which itself adds to the maint-
enance load.

Stations fitted with solid
state equipment of 50 W and lower
power do not usually have any
standby equipment. Solid state
equipment is inherently more
reliable and, for uhf, largely of
technological necessity, is designed
so that reduced output power
rather than total failure is the
most likely mode of failure.
Dealer contacts and the public
are relied on to report faults.

It is worth noting that failure
of the public electricity supply
now accounts for nearly 50%
of all shutdowns.

Currently the mean time
between shutdown due to trans-
poser faults is about 3% years
and the average duration of shut-
downs due to this cause about
4 hours. Clearly to improve on
these figures, either by equipment
or power supply improvements,
would involve very substantial
expenditure for little return.

The early stations, that is
the higher powered ones, employed
buildings with three principle
areas: an area for the BBC equip-
ment, an area for the IBA equip-
ment, and an area for shared
equipment and toilet facilities.

Later stations with lower
power equipment of increasing
reliability utilize a single room
shared by both Broadcasting
Authorities. The earliest 10 W
equipments were housed in trad-
itional buildimgs with a floor
size of 3 m x 2.4 m. Subsequently
pre-wired grp or metal cubicles
of sizes gradually reducing to a
floor size of 1.1 m x 1.1 m have
been used as the size, reliability,
design and maintenance philosophy
has evolved.

At the time the 10 kW erp
stations were being constructed
and it was appreciated that the
larger number of lower power
stations invited standardisation
of transposer equipment capable
of operation for any channel with
minimal adjustment. These aims
were only partially achieved at
first as they were ahead of available
technology. In later designs it was
found possible to separate the
equipment into channels deter-
mining passive items, and wide-
band active modules covering the
whole of the uhf bands. This
meant that spares holdings could
be reduced, modular maintenance

was a reality, which in turn meant
that times on site were reduced,
making the use of smaller and
cheaper accommodation a logical
step.

The very latest equipment,
BBC designed, and developed from
specifications issued by TCPD,
(and now being made under licence
for the IBA), utilises only three
types of active modules with
built-in fault indication lamps.
The configuration of the equip-
ment is such that from a knowledge
of the number of services which
have failed it is possible to deter-
mine with a very high degree of
certainty which type of active
module is required before leaving
base to restore service(s).

In parallel with transposer
developments, standardised build-
ing blocks for aerial systems and

support structures have been
developed.
Costs in real terms have

fallen over the years, due not only
to improved equipment, but also
by employing prefabricated tech-
niques to minimise on-site install-
ation and commissioning time.

Contractors were employed
to install the technical equipment
at the 10 kW erp stations and
some of the early 200 W and 50 W
TWT stations, but subsequently
this was progressively taken over
by TCPD staff so that none of
the solid state equipments have
been installed by contractors.

In parallel with this trend,
TCPD staff undertook a larger
proportion of the site work
associated with aerials and aerial
support structure erection. In
recent years the only contract
labour employed on site has
been to construct access tracks,
install tower foundations, and
carry out site works suchas fencing.

The final phase of the uhf
relay station construction prog-
ramme, consisting mainly of 2 W
stations, will be carried out almost
exclusively by TCPD staff, with
ACED involvement being limited
to sites involving special require-
ments,
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Radio Bristol
Tests

During April this year listeners to
the mf service of Radio Bristol
have been subjected to a special
form of signal processing which is
part of an experiment being
conducted by Research Depart-
ment in association with Radio
Broadcasting and TCPD, who
provided the special transmitter
equipment.

The object of the experiment,
results of which are still being
analysed, was to see if listeners
could detect any subjective degrad-
ation of various types of prog-
ramme material when the carrier
amplitude was compressed inver-
sely as the programme volume
increased.

The overall effect of comp-
ression at the transmitter and
expansion due to receiver auto-
matic gain control (agc) action
is to maintain the listeners loud-
speaker at the same volume he
would receive if Dynamic Carrier
Control (DCC) were not employed.

Exactly the same effect would
also have been achieved by simply
reducing transmitter output power,
but the subtlety is that if this had
been done by only, say, 3 dB the
listeners agc would have increased
the receiver sensitivity by 3 dB
and consequently any noise or
interference would also increase
by the same degree.

With DCC, the full carrier
level is transmitted during quiet
passages of programme, ensuring
that the signal-to-noise ratio is
unspoiled. When loud passages are
transmitted, the carrier level is
automatically reduced, but the
corresponding increase in receiver
noise is masked by the greater
volume. With 3 dB of Carrier
Control, that is with a carrier
amplitude reduction of 3 dB at
100% modulation the average
power saving with a constant
efficiency transmitter is of the
order of 15 to 20%, depending
on the type of programme material.
To save this amount by simple
power reduction would have
resulted in a 1.5 or 2 dB increase
in listeners’ noise or interference.

The equipment used at Bristol
consisted of a 5 kW linear amplifier
driven by a low power Pulse
Duration Modulated (PDM) trans-
mitter. The PDM system was

chosen because it is very easy to
independently control the modul-
ation index and carrier level by
simple addition of audio and
dc signals in the modulator.

The basic parameters of the
system required by Research Dep-
artment were:

a) The modulation index should
be directly proportional to
programme volume regard-
less of carrier level within
a tolerance of % dB.

b) The Carrier Control signal
should be derived from a
peak programme detector
with fast attack and 220 mS
release time-constants.

¢) The audio signal should be
delayed by 220 mS relative
to the Carrier Control signal
to prevent transient over-
modulation.

d) The transient response at the
Carrier Control port of the
transmitter should be approp-
riate for the detector attack
time.

e) Tomaintain similar dispersion
characteristics during proces-
sed and normal transmissions
the delay-line should always
be in the signal path.

A processor meeting these
requirements was made by adop-
ting a standard BBC delay-line
type limiter (AM6/18) and using
the side-chain control signal to
influence carrier and audio levels
in appropriate ratios. All of this
equipment and test gear was
installed in a 10 metre standard
I1.S.0. shipping container at
Droitwich and moved on a trailer
to Bristol where it was parked
outside the Radio Bristol (Mangot-
sfield) transmitting station. The rf
output, audio and power cables
were connected into the station
and during test transmissions the
container equipment was subs-
tituted on a no-break basis for the
normal Radio Bristol transmitter.

Apart from the simple power
saving aspect of Dynamic Carrier
Control there are other engineering
advantages, such as:

a) A transmitter can be adjusted
to provide censtant load on
its power supply. This can
improve line regulation or
reduce the mechanical iner-
tia and low reactance require-
ments for standby generators.

b) A transmitter of given power
rating can be adjusted to give

a higher carrier power without
. exceeding component ratings.

c) For a given carrier power
the rating of aerial matching
components and transmission
lines can be reduced.

d) In the case of linear amplifiers
the average efficiency can be
improved, offering an add-
itional power saving.

Droitwich
continued from page 10
output stage which is operated in
switched mode (class ‘D’) to
achieve a high power conversion
efficiency. This tetrode is mod-
ulated by a Pulse Duration Mod-
ulator (PDM) employing Marconi’s
Pulsam system. The conversion
efficiency including losses in
auxiliary cooling plant will be over
70%, from supply mains to aerial,
compared to about 30% for the old
transmitters. Waste heat from the
valves is removed in a closed
vapour cooling system which uses
only a few litres of water.

The Pulsam modulator is a
special version of that used by
Marconi on their new 500 kW
short wave transmitter and most
of the novel features of the trans-
mitter are associated with this
modulator.

Because of the high efficiency
of the transmitter it has been
necessary to re-design the aerial at
Droitwich to increase the inherent
damping and retain the radiated
bandwidth at present achieved with
the less efficient transmitters.

To assess what improvement
would be necessary, a working
scale model of the whole trans-
mitter to aerial system was pro-
duced by the manufacturer as part
of the development programme.
This resulted in aerial changes
which are being made by TCPD
without significantly altering the
static and wind loads imposed on
the two 152 m masts which
support the aerial. These changes
will also improve the radiation
efficiency of the aerial.

The large percentage band-
width associated with If broad-
casting still results in appreciable
aerial impedance variation over
the channel. These variations are
made symmetrical about the
carrier frequency by a phasing
network inserted in the aerial
feeder. This prevents dissimilar
power and phase relationships
between the two sidebands with
otherwise consequent distortion at
the listeners receiver.
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