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Editorial

The Computer in Broadcasting

In the beginning computers were designed by scientists for
scientific purposes, and the commercial world has been trying
to mould this machine to serve its purposes ever since. We
may well say that there is nothing fundamentally wrong in
this, but it has meant that often the real users have been dis-
satisfied and the public by and large disenchanted. There is
little doubt that this has given the computer itself and the
industry in general a bad name without petting to the root
cause of the trounble.

The trend in the BBC as in many other organisations has
been towards centralisation in terms of computer equipment,
hardware and control. For jobs that can be batched and run
on a scheduled basis this is undoubtedly the most cost-
effective method, particularly where the turn-round of a day
or 50 is not a critical factor and the optimum loading on the
computer over twenty-four hours can be approached. Many
commercial and accounting activities can be adequately pro-
vided for by this method. However, many jobs not amenable
to this approach have had it imposed upon them, sometimes
through economic pressures, sometimes through lack of
appreciation of the real requirement and the identification of
the real user, and sometimes through a lack of interest on the
part of the user himself who did not understand what was
happening to him. Fortunately in all these areas matters are
improving. The cost of computing, although rising, is not
doing so at the same inflationary rate as the rest of the
economy. Systems can now be more orientated to the user’s
needs, perhaps by the use of a terminal located in his office.
In this way, the user can have direct access to the system for
calculations or to refer to any file of information that he has
built up. Thus he appears at least to have some control over
his destiny. There is also a greater interest on the part of
people affected by the computer if only bacause of bitter
experience of the shortcomings of earlier systems and a
realisation thatitis notquite such a black art as was previously
supposed. Ali these stirrings augur well for the future.

Against this background many engineers can count them-
selves lucky in that, although the computing power needed
for their projects cannot be provided by computers within
their organisations largely on the grounds of cost, many of
them do have access to the necessary power and data storage,
when this is needed, by the use of terminals attached via Post
Office lines to computer bureaux, Engineers have long believed
that control of their own projects and a speedy response are
essential when performing scientific calculations. Suitable
facilities can provide both of these features together with
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adequate storage in the computer for programs and data
painstakingly built up.

The demand for terminals, both visual display units and
printers connected an-ling, is increasing and soon the sophisti-
cation and speed of response on the existing types of terminal
will leave something to be desired. Using modern techniques,
more and more storage local to the terminal and built-in pro-
grammable features will be available at reasonable cost, These
outposts of computing will grow and the trend will be towards
decentralisation of hardwate making the task of maintaining
compatibility between systems more and more complex. This
compatibility problem is not solely related to hardware in
terms of codes, types of connection, and voltages used to
represent a ‘bit’ or ‘no bit’. It is an even greater problem for
systems and programs needing Lo use common data and the
ability of one system to have access to the files of another.
This need must be identified and catered for at the outset of
the system’s design, using common methods, common lan-
guages and common standards. To achieve this a greater
degree of discipline will have to be exercised than at present,

Few manufacturers currently provide equipment able to
cope with a smooth trapsition between the various mixes of
work while maintaining an optimum loading on the machine.
The introduction of a communications processor between the
on-line users and the main computer processor relieves the
main processor of the routine work of servicing the remote
terminals and marshalling the flow of data, thus leaving it
more time to concentrate on batched work, Hopefully, the
provision of such a processor within the BBC’s facilities later
this year will provide some relief in this way but even so the
total system will still not have the capacity necessary, for
example, 1o cope with the work of our research department
that is covered in this issuc of BBC Engineering.

In the development of computer systems the BBC’s policy
has been to use a bureau, until such time as the activity, which
costs real money paid by the user department, reaches such a
peak as to warrant an internal provision by upgrading the
existing main computer. This is a fine theory, but unfortu-
nately it can mean changes to the computer hardware causing
disruption to the production work of existing users.

Improved methods of exploiting the computer’s brain are
constantly being thrust upon users by manufacturers in the
shape of more and more sophistication im operating systems
quite apart from major changes in the actual hardware. The
user has very little choice in all this because software, i.e.
programs written by the manufacturer in the shape of operat-
ing systems, need maintenance just as much as hardware and
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if the manufacturer decides the software is obsolete he can
and will refuse to maintain it after a certain date. The user
then has no choice but to move on to the next generation.

It is perhaps too much to hope for a period of stability in
an industry that for all its sophistication is hardly a teenager.



Wenvoe - the BBC’s Largest Television Station

A. E. Gallon

Transmitter Group

1 Introduction

VHF services

2.1 Band I television

2.2 Band IT v.h.f. radio

2.3 Introduction of new regional services
2.4 Band III television

UHF services

Staffing

Monitoring facilities

Test equipment

Programme inputs

Station power supplies
Building and mast structures
Postscript

O WO ~NOON A=W

—

1 Introduction

The largest of the BBC’s combined television and v.h.f. radio
stations is Wenvoe. One of some 290 BBC transmitting
stations, Wenvoe has a power consumption of | {MW to give
a tota] effective radiated power of 1800kW. The twenty-two
operational transmitters are housed in a single-storey building
with 2200sgm of floor space, and there are two masts — one
ol 229 m and the other of 189 m. Allin all, the transmitters and
the 3500 items of ancillary equipment add up to a technical
complex that places Wenvoe among the largest of the world’s
television stations.

Located five miles west of Cardiff, 400 feet above sea level
on St Lythan’s Down, Wenvoe serves a potential audience of
four million with four BBC television and four v.h.f. radio
services, This range of services, combined with the historical
pattern of their introduction and the progress strides that has
taken place in transmitter technology, has produced not only a
large quantity, but also a unique range, of equipment. The
story of Wenvoe reflects, to a large extent, the story of high-
power v.h.f. and u.h.f. transmitiing station development.
Each phase of the installation illustrates one of the major
steps that have been taking place, either in equipment tech-
nology or systems design, in the evolution of present-day
u.h.f. transmitters from the pioneer v.h.f. equipment of the
1930s.

2 VHF services
2.1 Band | television

Opening 1n 1952, on 15 August, with a single v.h.T. service,

Wenvoe provided South Wales and a large part of the West of
England with television programmes for the first time. In
common with the BBC’s four other high-power Band 1 (41—
68 MHzZ) stations designed in the late 1940s, the original
Wenvoe station manifests a substantial number of improve-
ments over its Alexandra Palace predecessor. The high-power
vision transmitter, in particular, incorporated many of the
techniques and innovations that had emerged from the in-
tensive and fruitful development period of the war and early
post-war years. Significant advantage was derived, for
example, from improvements made in v.h.[. transmitter
valves. In conjunction with the then recently-developed
triple-tuned output and intervalve coupling circuits and the
improved constructional techniques of earthed-grid ampli-
fiers, these valves enabled output powers far in excess of those
possible before the secand world war to be attained, Develop-
ments in feedback techniques and the introduction of line
clamp circaits produced further benefits. Of particular im-
portance was the capability to exploit valve characteristics
fully and the achievement of much-improved standards of
overall stability.

In comparison with these equipment developments, the
system design was less ambitious. It reflected the established
radio broadcasting concept of employing a high-power trans-
mitter to provide the service, with a low-power transmitter
standing by to minimise the risk of a complete loss of trans-
mission during fault conditions.

The basis of Wenvoe’s Band Tinstallation is an EMI 50kW
low-level modulated vision transmitter and an STC 12kW
Class B sound transmitter. Their individualr.f. power outputs
are combined in a ¢oaxial line combining unit which feeds,
under normal conditions, the main Band 1 aerial system. The
high-power equipment is backed up by a reserve Marconi
5kW vision transmitter and a 1-25 kW sound transmitter, with
reserve aerial facilities, The overall system is illustrated in
Fig. 1. Whereas it is reasonably versatile — offering a number
of alternatives for ensuring that the service is maintained
during fault conditions — all switching has to be carried out
manually. As a result, the systems design calls for full-time
staff attendance throughout programme hours and necessi-
tates breaks in service to effect switching.

2.2 Band Il v.h.f. radio

These disadvantages and the further one of operating reserve
equipment on a standby basis, with an associated under-
utilisation of equipment, prompted the very different ap-
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proach used in the system design of the Band 1I* v.h.f. radio
installation. Theaim - unattended automaticoperation of the
transmitters concurrently with optimum use of equipment —
was achieved by employing two identical transmitter ampli-
fiers for each service, operating them in parallel and inde-
pendently of each other, and feeding their r.f. power outputs
to separate halves of the Band TT aerial. This arrangement was
to become the standard method of operating v.h.f. and u.h.f.
high power transmitters for a number of years.

The first of the four v.h.f. radio services, the Welsh Home
Service — now Radio 4 (Wales) — was installed in 1955. The
Light Programme and West of England Home Service — now
Radios 2 and 4 - followed in 1956 and the radio installation
was completed in 1959 when the Third Programme trans-
mitters —now Radio 3 — came into service on 1 March.

2.3

By providing Home Service transmitters for both Wales and
the West of England, these two geographically and culturally
separate areas could be provided with their ownregional v.h.f.
radio programmes — a feature that had existed at m.f. for a
number of years. By comparison, and in contrast also with
other BBC Regions, the content of local television contribu-
tions from both Cardiff and Bristol was severely curtailed,
The limitations of sharing a single television channel were to
remain, however, until 1964 when a number of additional
channels became available to the BBC. The opportunity was
then taken to add a second transmitter service at Wenvoe and
these new transmitters, operating in Band I11{174-216 MHz),
heralded, the start of the separate BBC Wales Service and left
the older Band I equipment to BBC-1 and BBC-West.

Introduction of new regional services

2.4 Band |l television

In Tine with the accepted practice at this time, the BBC-
Wales Band 1[I transmitters were operated in the same
manner as the v.h.f. radio equipment. Fig. 2 illustrates the
basic system. Each half of the installation comprises a Mar-
coni 10kW vision transmitter amplifier and a 2-5kW sound
transmitter amplifier, their r.f. outputs being combined in
Maxwell Bridge type combining units. Unlike the frequency-
modulated Band [T tnstallation, however, the combined r.f.
power outputs of the frequency-modulated television trans-
mitters are not fed directly to the separate halves of the aerial
system, but are fed instead via a diplexer. This arrangement
prevents the vertical radiation pattern being affected by
differences in the r.f. power output and video modulation
level of either set of transmitters — a feature which minimises
reception difficulties i areas where the vertical radiation
pattern has minima.

The systems design of the Band III installation offers a
number of advantages over its BBC-1 forerunner. For
example, a failure of either vision or sound transmitter does
not reselt in a break in service and the scheduling of planned
maintenance is eased considerably since work may be spread
throughout a longer period of the day than is permissible with
the Band I transmitters, This arises since, in addition to being

¥ Nominally 87.3-100 MHz, but not all of this band is available
for broadcasting.
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able to switch transmitters in and out of service without
affecting the continuity of transmission, removal of one set
of the Band IIT transmitters results in a more acceptable fall
in output power than occurs when the reserve Band Iinstalla-
tion is brought into service.

From the equipment standpoint, the Band 1il installation
offers other advantages. Operating transmitters in parallel
reduced the power output requirements of individual trans-
mitters in relation to single-transmitter working and this
arrangement, allied with improved techniques and the narrow
bandwidth ratio resulting in the use of Band IIT, paved the
way for transmitters of a less complex design. In addition, the
transmitter cooling arrangements were simplified: the Band
IIT transmitter valves employ air cooling whereas, in the Band
T vision transmitter, the output valves are water-cooled.

3 UHF services

South Wales received its first colour programmes from Wen-
voe in 1967, These transmissions were made from the BBC-2
w.h.f. equipment which had been brought into operation,
transmitting monochrome programmes, two years earlier.
Though not used to radiate colour programmes initially, the
BRC-2 installation was designed 1o be ‘colour capable’. The
handling of colour transmissions demanded both higher per-
formance and stability; requirements that led to the use of
multi-cavity klystrons in preference to the established and
more familiar tetrode final amplifiers. This brought an en-
tirely new concept of transmitter technology to Wenvoe. The
basis of the installation, illustrated in Fig. 3, is two sets of
klystron amplifiers which are operated in parallel. The com-
bined power output of each vision klystron (25kW peak
sync.} and sound klystron (5 kW) is fed into a splitter before
being routed via 2-channel and then 4-channel combining
unitstothe Band V (614-854 MHzacrial system — an arrange-
ment that offers all the advantages of the Band Il installation.

By 1970, when the BBC Wales service was duplicated at
w.h.f., the BBC’s method of operating such transmitters had
been radically altered. Two 40 kW klystron amplifiers formed
the basis, as shown in Fig, 3, of this particular installation,
each amplifier being independencly driven by separate vision
and sound driver units. The sound and vision klystron outputs
are combined in a two-channel combining unit, and the
resulting output is fed to a diplexer unit. Failure of one of the
klystrons or one of the main drive units automatically brings
the reserve drive units into service. Under these conditions,
the output of the reserve vision and sound drive units are
combined, at low power, and fed to a single klystron — the
non-faulty one —if it is a klystron failure that has initiated
the switch to reserve conditions. The broadband capabilities
of the klystron make this arrangement possible, but their
inherent non-linearity makes it necessary to limit the power
output to approximately one-fifth of normal in this mode of
operation, to reduce intermodulation between the vision
colour sub-carrier and the sound and vision carrier frequen-
cies to acceptable proportions.

This method of operation, which is in accordance with a
BBC Specification, results in a slightly greater reduction in
output power under reserve conditions than occurs with the
BBC-2 system. It also involves a short break in transmission —
approximately ten seconds — but it saves the capital cost of
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two klystron amplifiers and it achieves a significant reduction
in operating expenditure.

4 Staffing

Although these advances in transmitter technology and
systems design made the growth and development of Wenvoe
possible, the successful implementation of each phase of the
installation owes much to the skills and enthusiasm of station
staff.

A total of twenty-six staff are currently employed at Wen-
voe — the number was only six fewer in 1952, when the station
operated with a single service and their responsibilities now
extend also to the maintenance of a number of unattended
stations in the South Wales area. Of these twenty-six staff,
twenty are Engineers or Technicians. Just over half of them
are engaged on shift keeping duries that provide an engineer-
ing presence through the major part of programme trans-
mission time. Their work includes all operational and moni-
toring commitments, attendance to fault conditions and the
execution of certain items of scheduled maintenance. The
remainder of the scheduled maintenance programme, the
maintenance of unattended stations, special investigations
and equipment modifications are carried out by maintenance
support staff who, like the non-technical members of the
Wenvoe staff, are employed predominantly on day work.

The content and pattern of this work has, of necessity, been
subjected to continuing change. As additional equipment and
new technologies have been introduced both at Wenvoe and
at the increasing number of unattended stations in South
Wales, maintenance practices have been rationalised, opera-
tional duties have been modified and equipment and systems
adapted to accommodate each new situation.

5 Manitoring facilities

Of particular importance in this context has been the develop-
ment of the station’s monitoring facilities. The focal point of
Wenvoe monitoring, and in fact of transmitter operations in
South Wales, is the Band I control desk. The desk was
originally designed to facilitate central control and monitoring
of the Band I vision and sound transmitters — the aim being
to provide a single operator with an overall view of the high
power transmitter equipment and, at the same time, provide
him with immediate access to both BBC studio staff and Post
staff in Cardiff. Arrangements were also made for remote
switching of the filament supplies in the reserve Band I
transmitters.

The facilities have since been substantially extended. The
reserve Band I transmitters can now, for example, be fully
powered from the control desk and station staff have devised
and installed a simple routing and monitoring system that
permits, by means of push-button selection, assessment of
the incoming and outgoing signals of all Wenvoe services.

Facilities for the monitoring of a number of unattended
stations in the South Wales area have also been incorporated.
Check receivers provide picture and audio monitoring of all
remote stations from which ‘off air® reception of Wenvoe is
possible; the video and audio outputs of each receiver being
routed into the monitoring system. Monitoring ‘off air’ at
Wenvoe is achieved via Post Office exchange lines. Such
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stations are fitted with telephone indicator panels which,
when interrogated by means of a telephone call, transmit a
coded signal to the caller indicating the state of the station’s
equipment, A refinement of this system has recently been
introduced at certain of these stations. 1t comprises an auto-
matic calling device which, if a fault condition arises, auto-
matically initiates a telephone call to Wenvoz, and when
acknowledged by asuitable signal, transmits a coded message,
identifying the faulty equipment.

Automatic monitoring is also utilised in respect of Wen-
voe’s own transmissions, BBC-designed monitors being pro-
vided for this purpose. These monitors are used to initiate the
necessary switching action to close down defective equipment
and, when practicable, to bring reserve facilities into service
should the performance of any of Wenvoe's transmissions
other than BBC-1 v.h.f, —which is manually controlled —
deviate from a pre-set standard. Facilities are also available
to enable the Band IL, TII and V transmitters to be controlled
and monitored in their own transmitter halls — an essential
requirement when adjusting performance and under certain
fault situations.

Quality audio monitoring can be undertaken in a specially
designed Quality Check Room — part of the original installa-
tion this, although the equipment has been refurbished since
the station’s opening and the source selection extended to
embrace the additional services.

6 Test equipment

Developments in monitoring facilities have been closely allied
to the developments in test equipment. There are now some
200 individual items of test equipment at Wenvoe ranging
from simple test meters through a variety of waveform
generators, counters, oscilloscopes and measuring devices to
asideband analyser and a spectrum analyser.

Much of the equipment has been designed for portable use -
a necessary requirement in view of the versatility of applica-
tion and the geographical spread of transmitter equipment
both within the Wenvoe complex and in South Walgs gener-
ally.

The development of this sophisticated range of portable
equipment has gained appreciably from the advance of solid
state technology, in terms of physical size, reliability and per-
formance stability. These fatter two features have also proved
beneficial in other areas of the station’s ancillary equipment
as well as in the transmitters themselves.

7 Programme inputs

This has been particularly true in respect of programme input
equipment. Substantial improvements in both performance
and reliability have been achieved from the introduction of
solid-state amplifiers, receivers, limiters, monitoring and
switching devices, in comparison with their valve-type pre-
decessors. Solid-state technology has also made possible the
development of a number of important new devices, the most
notable, within the programme input equipment, being the
line store standards converter —in itself one of the major
recent developments in television engineering.

Sinceallthree video input feeds to the station are at 625-line
standard, two line standards convertors are in continuous use




during programme transmission time. One derives the 405-
line input for the v.h.f. BBC-1 transmitters and the other the
the 405-line input for the v.h.f. BBC-Wales equipment. The
BBC-2 and BBC-Wales feeds are routed by coaxial line from
Cardiff and the BBC-1 feed is obtained by means of ‘off air’
reception from Mendip. Of the transmitter audio inputs, only
the four v.h.f. radio services are line fed. The introduction, in
1972, of ‘sound in syncs” techniques obviated the requirement
of separate audio feeds for television.

Tnevitably, the combination of the Wenvoe site location in
both geographical and topographical relationship to South
Wales, and its close proximity to the Cardiff Studio Centre,
has led to the station being in regular receipt of another type
of programme feed — the television outside broadcast contri-
bution. Wenvoe is, in fact, the collection point for television
outside broadcasts in South Wales, two paraboloid aerjals
mounted at 176 m on the 229m mast providing full 360°
coverage of the catchment area. A receiver mounted at 176 m
demoduilates the 7 GHz signal and the video feed to Cardiff
is via a coaxial cable.

8 Station power supplies

The other type of “feed’ into Wenvoe — the electrical mains
supply — is provided by means of three 11kV three-phase
power supplies feeders from the South Wales Electricity
Board. Power is taken from only one of the three feeders at
any given time and facilities have been incorporated for auto-
matic changeover from the preferred feeder in the event of a
fault condition.

The preferred feeder supply is terminated on the station's
main 11k¥ busbar, which in turn feeds six 11kV/415V
500k VA transformers. The transmitters and their auxiliaries
arg supplied at 415V and the transmitter control circuits and
programme input equipment is fed at 240V. Much of the
transmitter control and programme input equipment supply
is automatically regulated.

The increase in transmitter services and general growth of
Wenvoe has resulted in the original power supply and distri-
bution arrangements being extensively modified. In addition
to three extra 11kV/415V 500kVA transformers and new
h.v. and L.v. distribution boards, three 100kV A diesel alterna-
tors have been added. This standby power installation cam, in
the event of a failure of all three mains supplies, maintain at
reduced output the Band I and TIT television services and the
four Band II v.h.f. radio services.

9 Building and mast structures

The increase in transmitter services has also resulted in sub-
stantial alterations to the station building in relation to the
1952 layout. The original concept was a compact ‘L’-shaped
single-storey building, one leg of which housed the Band I
high-power transmitters, the ancillary equipment and cooling
plant, the control room, line termination room and com-
ponent storage space. The other leg contained a workshop,
heavy stores, battery room, switch room, offices, canteen and
domestic services, An annexe to the main building housed the
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mains power supplies substation and the garage. The building
shape was soon altered by the need to house first the reserve
Band I equipment and then the Band IT equipment. Further
additions became necessary as the Band I1I and Band V
installations were planned, each adding in their turn a further
transmitter hall and attendant space to house ancillary equip-
ment, In total, the building floor space has almost doubled in
accommodating the additional services.

The original 229m mast carried both the Band T and Band
IT aerial systems — and later the Band V aerial systems — but
was unable to accommodate the high-gain large-aperture
aerial needed for the Band III transmissions. A second mast,
189m in height, was therefore added for this purpose.

The 229 m stayed mast comprises a lattice steel structure of
186 m, surmounted by a 33m mild steel plate slotted cylinder —
the BandIT v.h.f. aerial — whichisinturn capped by a top mast
that supports the Band V acrials. The Band I aerials are
mounted on the main mast structure below the Band II
cylinder.

The 189 m mast is also a lattice steel structure and, like the
229 m mast, it is located on a steel ball and stayed by steel
ropes, Of necessity, this second structure had to be in ¢lose
proximity to the original and its precise location posed a
particularly difficult problem. The eventual siting ensured
that the reflective effects of either mast upon the radiated
pattern of the other aerial systerns were minimised. The Band
V aerial is entirely above the 189 m mast and its performance
is, therefore, unaffected by it.

In common with the transmitter equipment, the aerial
systems at Wenvoe are, by virtue of their operating frequen-
cies and pattern of introduction, a practical illustration of the
technical advances that have taken ptace in this particular field
of broadcasting engineering. In particular, they show the
advances made in the development of high-gain aerials.

All told, there are now eight transmitting aerial systems at
Wenvyoe: the high-power Band T system, the reserve Band |
system and the separate halves of each of the Band II, TTT and
V systems, each of which is fed by independent feeders.

10 Postseript

In 1970, a postscript was added to BBC Wenvoe — 1BA Wen-
voe. Inline with the co-siting arrangements for BBC and IBA
u.h.f. transmissions, the Harlech television services began
broadcasting from the Wenvoe site on 4 April.

Four u.h.F. transmitters, two vision and two sound, housed
in a separate building, are remotely controlled and monitored
from the nearby IBA St Hilary v.h.f. station. The vision and
sound transmitter outputs are combined and fed into a
diplexer — still within the IBA building - and the power out-
put of the diplexer is introduced into the four-channel com-
bining unit located in the BBC building.

The Harlech wh.f. transmissions are radiated with the
BBC-Wales and BBC-2 services from the common Band V
aerial system; their power output pushes the total effective
radiated power from the Wenvoe aerial systems well beyond
2MW.
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1 Introduction

The use of computers in presenting a General Election Results
programme is not new. Both BBC and ITV channels used
computers during the 1970 Election; on that occasion, hgow-
ever, the BBC used a computer bureau. The result was not
entirely satisfactory and in the light of its 1970 experience, the
BBC decided to produce the entire system using its own com-
puter centre and under its own control.

Work on the computer system started in earnest at the
beginning of 1973. The requirement stated at that time that it
‘should be able to capture and present for transmission the
constituency results together with the ability to analyse these
results and to forecast the final outcome of the Election’. Such
a system was developed during 1973 and brought to opera-
tional readiness in October of that year. A full studio rehearsal
took place in January this year only five weeks before the
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February General Election was announced. The svstem which
was used is available for use in future elections.

2 Computer hardware
2.1 General

The heart of the system is the BBC's Central Computer Com-
plex which is half a mile from Television Centre. The input
and output visual displays and printers are installed in the
Election studio and connected to the Computer Centre by
Post Office data communications circuits.

2.2 BBC central computer compiex

At the time of the February Election, the BBC Central Com-
puter Complex (see Fig. 1) consisted of an ICL1904A main
frame processor with 192K words or core storage, and acycle
time of 750 n.secs. Further storage was available on one or
more of the ten exchangeable disc transports each holding
60 million characters of information and on one of the eight
magnetic tape decks. The system requires 84K words of core
for its suite of programs and 300K words for its database held
on disc, also one of the four-line printers (which are capable
of printing at 1350 lines per minute) and a paper tape punch.
All the computer terminals used are run on-line to the pro-
cessor via two 1CL communications scanners {see Fig. 3).
Under normal circumstances the Computer Centre is used for
a wide range of work including Corporation payroll, person-
nel records and programme planning schedules. For a
General Election programme the machine is dedicated solely
to that job. Some changes have been made in the central hard-
ware complex since the election last February, but these
would not affect the system which has been developed for
election coverage,

2.3 Studio terminals
These terminals are of three types:

2.31
The system requires a number of fast and reliable video
terminals for the inputting of results and for displaying both
the result and its analysis simultancously in many different

Moore Reed video terminals
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Fig. 3 Input terminals

locations in the studio. The Moore Reed VT 111 video
terminal (see Fig. 2) which was chosen can transmit and
receive data at speeds of up to 9600 baud and is capable of
displaying twenty rows of sixty-four upper case characters
per row.

Unlike most computer visual display units (VDU’s) this
terminal does not have its own cathode ray tube but produces
a 624-line fifty-field non-interlaced video signal, each charac-
ter of whichis made froma 9 x 8 dot matrix. Itis thus possible
to route the video output of a single Moore Reed terminal for
display on standard monitors in many areas using existing
BBC resources.

For this system eleven Moore Reed visual display units are
used and are run at 1200 baud in a half-duplex mode, i.e. data
cannot be transmitted and received simultaneously. However
it is possible to send an interrupt character to the central pro-
cessor whilst it is outputting information before the output
message is finished, For this reason the Post Office data com-
munications circuits provided are full duplex circuits, Mes-
sages typed on the keyboard of the terminal can be edited
before being transmitted to the central processor.

T2

2.3.2 ANCHOR

The Moore Reed terminal, due to its non-interlaced signal
and the large number of characters it displays, is not suitable
for producing results captions for transmission to the viewer.
For this purpose, the BBC’s own character generator
ANCHOR¥ is used. This device is normally used free-stand-
ing driven from a keyboard or paper tape, but can also
be connected to a Post Office data transmission link. The
results captions for the viewer are produced in this fashion by
one of three ANCHORS connected on-line to the computer.
To meet the specific requirements of the Election system the
ANCHOR modem interface has been modified in order that
the Results Director can, using an ANCHOR control box,
indicate to the computer the current status of a particular
result caption.

During the February Election the ANCHORSs were oper-
ated in a *Superlock” mode. Superlock is a system in which
the ANCHORs are driven by a monochrome synchronous
pulse generator which is ‘Genlocked’ to the output of the
television studio mixer. The ANCHOR video signals are fed
into a ‘black-edged’ generator the output of which can be
mixed with a synchronous or non-synchronous source. Thus
the computer generated results captions can be used with
any of the Outside Broadcasts.

2.3.3 Printing terminals

Three types of printing terminals are used in the election
studio. The first is an TCL Termiprinter, which can be con-
nected to a Moore Reed visual display to make a hard copy of
the information displayed on the screen. The Termiprinter has
an impact chain printer mechanism and can print at thirty
characters per second. The second type of printer used is the
ICL7020 terminal. This consists of a controller and a line
printer capable of printing up to 150 lines per minute. The
third type of printing terminal is the standard ten-character
per second teletype, which is used in the studio. Thisis not an
integral part of the system but it is available for system testing
and fault analysis (see Section 5).

2.4 Communications facilities

Data is transmitted between the computer centre and the
television studio half a mile away by means of Post Office
lines and modems. Fifteen 1200 baud circuits using Post
Office modems type 1D are used for the Moore Reed ter-
minals and the ANCHORs. Two 2400baud circuits with
modems type 7B are used for the ICL7020 printers. The
Television Centre modems are rack-mounted and installed in
the technical area. As a standby facility the modems 7B can if
necessary be used on a direct exchange line and the Post
Office switched network but at the reduced speed of 1200baud.
There is sufficient redundancy in the 1200baud circuits that
alternative connection by direct exchange line is not provided.
The teletype described in 2.3.3 is connected via a 110baud
circuit using Post Office modems type 2B.

In addition to the data communications circuits, two re-
verse vision circuits are provided in order that engineers in
the Computer Centre can monitor the outputs of the studio
terminals. For trouble-shooting purposes, voice communica-

* See BBC Engineering No. 84, October 1970.




tion between the studio and the Computer Centre is provided
by a *hot line’ intercom. In addition, extensions on the special
fifty-way automatic exchange which was installed for general
use in the Election studio are provided.

3 System configuration and operation
3.1 Input of results

The results are received from the 635 constituencies and given
to the terminal operators in one of three ways:

(a) For declarations made during an outside broadcast, one
of the operators is provided with a headphone feed of
programme sound and the result is typed in as the return-
ing officer makes the declaration.

(h) For constituencies not covered by outside broadcasts, the
results are received in the studio by telephone on one of a
number of lines. These results are written down by pro-
gramme stafl on specially prepared pro formae. Parallel
feeds of the first five telephone lines are provided on
headsets at the computer input terminals, each feed having
an individual amplifier and volume control. Results re-
ceived over these lines are input immediately to the central
processor by the input operators.

(c) Results received on the remaining telephone lines and
from other sources such as radio outside broadcasts are
taken by the input operators from the pro formae men-
tioned above.

Although five Moore Reed terminals are used for inputting
results (see Fig. 2) very little information has to be keyed in by
an input operator. Only the Press Association number (which
uniquely identifies a constituency) and special input labels —
CON, LAB, LIB etc. (which uniquely identify the candidates)
are required. The computer validates the votes keyed in and
then presents a rolled display to the operator containing the
constituency name, full candidates’ names, party labels and
votes recorded. Tt is now possible to verify that the result has
been input correctly. As most of the input procedure is con-
cerned with data transmitted from the central processor, the
whole operation is very fast and up to eight results a minute
can be input to the computer system.

One of the five input terminals is designated Master Input.
Although this terminal can input results as described above,
it also has additional facilities. Master Input can retrieve
results from the central processor memory and if necessary
correct them; the other input terminals can retrieve results for
checking purposes but are not able to correct them. The
Master Input is also the point from which studio control of
the computer system is exercised by means of various com-
mands made via this terminal. In addition, failure of any of
the other input or output channels is reported by the central
processor to the Master Input terminal.

3.2 Output of results
3.2.1 Results Director’s display

After a result has been input to the computer the system files
are up-dated and majority, percentage votes, turnout and
swing are calculated. The result is allocated a priority and
placed in the queue awaiting display. The purpose of the

BBC Engineering August 1974

Fig. 4 Results director’s desk. The Queue Display is on the left.
The monitor stack shows the ANCHOR outputs in the
middle of the top row and the Master Summary display
at either end. The Results Analysis displays are on the
second row

priority queue system is that the most interesting result should
be presented first. In this way results captions for declarations
made during outside broadcasts are given the highest priority
in order that they may be used whilst the O.B. is still ‘On Air’.
The queueis displayed by a Moore Reed video terminal which
together with its adjacent monitor is positioned on the Re-
sults Director’s desk. This display is also provided on one of
the Programme Editor’s monitors. Although the computer
has a priority allocated to each result, this may be modified
by commands input using the Queue Display terminal.

Further facilities provided by this terminal are the ability
to recall results which have already been shown and to call up
results in groups of three. In the latter case all three results are
shown on one display, the information being limited to the
constituency name, the name of the winner and his majority.
A full caption shows all the candidates and the votes they have
polled together with swing and turnout percentages plus an
indication if the seat has changed hands and which of the
candidates is the retiring member.

There are three results channels and these display the first
three results in the queue. Each channel consists of an
ANCHOR to display the result for transmission and an
associated Moore Reed video terminal to display the analysis
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Fig. 5 Typical Results Analysis display. The results are hypothetical

of the result. All six of these displays are presented to the

Results Director (see Fig. 4). Those captions that are required

for transmission are frozen by the Results Director using the
ANCHOR control box, Once a result is frozen it will not be
overwritten by a result with a higher priority: all three results
channels may be frozen simultaneously.

An ANCHOR has two video outputs, preview and main.
The output shown to the Results Director is the preview
feed. On receipt of the ‘freeze’ command, the central pro-
cessor switches on the main ANCHOR output which is fed
to the production control gallery. Using a further control
the Results Director indicates to the Director in the control
gallery which result he wishes to be transmitted first and when
this result is taken On Air he indicates which of the remain-
ing two channels is to be taken next. After a result has been
shown or is no longer required a ‘Kill’ command is given to
the central processor by means of the ANCHOR control box.
Upon receiving this command the processor erases the
ANCHOR display and its associated analysis and sends the
next caption.

3.2.2 Programme presenters’ displays

The primary purpose of the results analysis displays is as an
aid to the programme presenters. Each display contains in-
formation such as a brief description of the constituency and
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the candidates plus the result at the previous Election. The
answers to various calculations carried out on the current
and previous results are also included (see Fig. 5).

Physically it is not possible to provide monitors in front of
the presenters for all the displays, so a special switching
system is used. Each presenter has four monitors.

Transmission
Transmission Analysis
Preview ANCHOR
Preview Analysis

When performing a results sequence the Results Director
operates the control indicating the first caption that should be
taken and this result is displayed on the Preview ANCHOR
and Preview Analysis monitors. Operation of the vision
mixer in the gallery to take this caption On Air displays the
ANCHOR caption on the transmission monitor and switches
the analysis display onto the Transmission Analysis monitor.
When the Results Director indicates the next caption to be
taken thisis displayed on the Preview ANCHOR and Preview
Analysis monitors and so on.

3.2.3 Master summary
Possibly the most important display produced by the com-
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Fig. 6 Typical Master Summary display. The results are hypothetical

puter system is Master Summary (see Fig. 6). Here a Moore
Reed terminal displays a mass of information relating to the
overall result of the Election. This information includes the
state of the parties, total votes cast for each party and the
computer prediction of the final outcome (see Section 3.3).
The display is required by a large number of people including
the programme presenters, their support staff and the pro-
gramme staff operating the giant scoreboards.

3.2.4 Video distribution

The Moore Reed terminals producing the analysis displays
and master summary are installed in the studio technical area
together with the ANCHORS and the Post Office modems.
The video outputs from the ANCHORS and the Moore Reed
terminals are taken directly to a purpose-built video distribu-
tion bay; all destinations both inside and outside the studio
are fed from this point.

The distribution bay incorporates three ten-channel video
relay panels. Most of the computer-originated video signals
are fed to these panels which are used for monitoring the
performance of the computer system and trouble-shooting
when necessary. Two of the relay panels are used locally by
the studio “trouble desk’ (see Section 5) and the third is used
to control one of the reverse video circuits which feed into
Sulgrave House.

3.2.6 Hard copy activities

Two ICL7020 terminals are installed in the studio; one of
which is connected to the computer program, and the other
being installed as a standby (see Fig. 7). The terminal prints
an analysis of each result as it is entered into the main pro-
cessor’s memory and also prints regional summaries every few
minutes. The format of the analysis print-out is identical to
that of the Moore Reed display. For ‘second line’ security
purposes, the same information is also output onto one of the
Computer Centre line printers.

The results analyses and the regional summaries are both
output on paper tape in the Computer Centre. This paper tape
is loaded onto the paper tape readers of one of two standard
teleprinters and data are sent via two 110-baud circuits to the
Radio Election Studio in Broadcasting House.

3.3 Prediction of the final results

The February Election was the time when Psephology became
a household word. Because of the interest created by the
Public Opinion Polls, the prediction of the final result became
editorially important.

The largest individual program for the General Election
computer system, namely 50K words, provides this predic-
tion. A Moore Reed terminal is installed immediately ad-
jacent to the programme presenters and is used by the
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Fig. 7 ICL 7020 remote printing terminal

Psephologist to produce, by controlling the computer pro-
gram, both the predicted result and an analysis of this result.
If desired a hard copy of this analysis may be taken using the
termiprinter described in Section 2.3.3 and this hard copy can
then be passed to any of the presenters.

4 System design
41 General

Special consideration was given in the design to the speed,
reliability and accuracy of the system. The last is essentially a
software problem and is outside the scope of this article.

4.2 Speed

The system is capable of providing results captions very
quickly. At 1200 baud the time taken to write a full screen of
information on a Moore Reed display is 11 seconds. A full
caption containing percentage swing and turnout is therefore
available 11 seconds after a result has been input to the pro-
cessor. From an editorial viewpoint, this is very important,
particularly during the coverage of declarations made during
outside broadcasts.

4.3 Reliability

Considerable effort was devoted in the design of the system to
the problem of reliability. There is sufficient redundancy in
the input, results analysis and ANCHOR channels for a
failure in one of these not to cause undue difficulty. However,
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the failure of the Queue Display, Master Summary or Pseph-
ology would be more serious. For this reason it is possible by
program, to re-allocate one of the input terminals to carry out
these functions. This re-allocation is carried out by commands
issued at the processor console in the Computer Centre. The
output from the chosen input terminal is available on a video
jackfield; in the event of failure it can be used to replace the
video output of the failed Queue Display or Master Summary.
Positions receiving these displays continue to be served after
only a short break.

The most serious failure that can occur in the Computer
Centre is that of the main processor as all the processor’s
peripherals are at least duplicated.

In order to continue to produce results captions during a
breakdown all three ANCHOR channels are provided with
keyboards and paper tape readers (see Fig. 8) which can be
connected in place of the Post Office data communications
circuits. Paper tapes are prepared using the computer prior
to the Election programme and contain an entire caption with
the exception of the votes cast. These plus a figure for the
majority are added to the ANCHOR caption using the key-
board. It is thus possible to produce results captions fairly
quickly. However, calculation of swing, turnout and other
analysis has to be done manually using programmable calcu-
lators.

During the system trials in September 1973 a number of
likely failures were simulated and recovery procedures were
thoroughly rehearsed., In addition a number of simulated
‘Elections’ were run. There is no doubt that the trials and
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Fig. 8 General view of Input Area."Input terminals are on the left. and the back-up area is bottom left, The ICL 7020
terminal is on the right with the computer trouble desk below.

Fig. 9 ‘Election 74" studio layout
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rehearsals contributed a considerable amount to the smooth
running of the system when it was eventually used on the
night.

5 General Election: February 1974

As has been stated, the system was used during the Election
Results Programme last February (see Fig. 9). For this occa-
sion all other processing work was stopped at the Computer
Centre and the system ran on a totally dedicated machine in
order to eliminate any possibility of other programs corrupt-
ing the Election system’s program, The studio operation of the
system was supervised from a ‘Trouble Desk’ located in the
studio near the input terminals (see Fig. 8.) It was equipped
with monitors displaying the output of the relay panels de-
scribed in 3.2.4, the teletype described in 2.3.3 and communi-
cations facilities to the Computer Centre. The Trouble Desk
personnel consisted of Systems Analysts, Programmers and
Engineers who were responsible for solving any faults that may
arise. In practice the system ran from 10 p.m. on Election
night until 6.30 p.m. the next day, during which time it halted
once; this occurred during the Friday morning declarations
and lasted for only ten minutes. The back-up system whichran
throughout the programme was brought into action during
this halt but was only required to produce one results caption
which was introduced within 15 seconds. Only the lack of a
swing figure in the caption indicated that anything was amiss.

The psephology program was very successful; after only
100 results it was correctly predicting a small Labour majority
with the Liberals and ‘others’ holding the balance of power.
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During the break in transmission between 4.30 and 6.30
a.m. all the results were recalled from the processor and
displayed in threes by the ANCHORS. The results were re-
called in alphabetical order and the captions recorded on a
video tape which was transmitted twice on BBC-2at 6.30 a.m.
and again at 8.30 a.m.

6 Conclusion

The BBC's General Election computer system is an excellent
example of the use of computers as an aid to programme pro-
duction in broadcasting. In addition, it has shown that it is
possible to design a computer system within a strict timetable
and makeit work first time, This would not have been possible
without the co-operation of many groups of people both
inside and outside the Corporation and the rapport between
these groups marks a fine achievement by the BBC’s Tele-
vision Computer Projects Department.

It was originally intended to put the system into ‘cold
storage’ after it had been used. However, the equipment side
is under constant review in order that any major technical
improvements might be incorporated. The system itself is
ready for instant use should another General Election be
called, which at the time of writing could be at any monzent,
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Summary: A short self-contained computer program for calculating sky-wave interference at m.f. has been
written. The program employs a simple empirical law for calculating field-strength and makes a correction for
the transmitting aerial vertical radiation pattern, the take-off angle being derived from the great circle distance
and the number of "hops’. Protected field-strengths are calculated for each wanted service area from the
interference levels from individual co-channel and adjacent-channel sources, from all co-channel transmitters
taken together, from all adjacent-channel transmitters taken together and from all co- and adjacent-channel

transmitters taken together.
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1 Introduction

This article describes a short program to compute m.f. sky-
wave interference which has been designed as an aid in the
preparation of international plans for m.f. broadcasting.
Because it uses recognised prediction methods and is very
economical to run, it could provide a ready means for testing
a number of possible plans or be used to assist in the assess-
ment of ad hoc modifications to these plans. For the calcula-
tions the transmitter information is read in from cards,
permitting maxirmum flexibility in setting up new plans. The
cards hold details of all the known transmitters to be con-
sidered from which any selection may be made to run the
program, If required, the frequency of any station may be
changed and various options are available which are explained
in Section 3.

The purpose of the program is to assess the effect of co-
channeland adjacent-channel interference by sky-wave propa-
gation in service areas centered on any number of specified
transmitters. (These are called the wanted transmitters). The

program selects those transmitters which are co-channel and
adjacent-channel with each wanted transmitter in turn and
computes protected fleld-strengths based on the sky-wave
interference from these interfering sources, separately and in
comnbination. The combined effect of interfering sources is
derived by taking a weighted sumn of the interfering signal
powers, the weighting being in accordance with protection
ratios which are determined by the frequency spacing between
the wanted and interfering carriers.

A distinction is made between interfering stations which are
on precisely the same frequency as the wanted signal as to
whether they will be carrying the same or different programme
material. This affects the choice of the protection ratio.

2 The input cards

The transmitter input cards contain the following informa-
tion:

(i) Frequency (a whole number of kHz)
(if) Station number (numbered in frequency sets)
(iii) Station name)
(iv) Country
{v) Latitude and longitude
(vi) Transmitter power (in dB rel. 1kW)
(vii) Programme code (this enables the program to distinguish
between stations carrying the same or different pro-
gramme materiaf},

A set of change cards can be added to the transmitter cards
to indicate frequency changes to selected stations. These
additional cards also permit options on the selection of
wanted and interfering transmitters by the program. The
options are described in the next section.

3 Options

There are six options for running the program; five of these
require that the option variable is set to the appropriate value
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on the change cards. If no change cards are included in the
input the program will run in its basic form in which each sta-
tion from the input set is treated as wanted in turn, co-channel
and adjacent-channel stations are then selected from the
remainder and treated as interfering sources.

3.1 ‘'Cards’

When the option variable is set to ‘'CARDS’ the total set of
transmitters considered is restricted to those appearing in the
change cards. Otherwise the program runs as above (fre-
quency changes may, of course, be to the same frequency if
no alteration is required).

3.2 ‘Single’

In this case only those stations listed by the change cards are
considered as wanted;al! stations which are input on existing
sets or change cards are used as potential sources of inter-
ference.

3.3 ‘Europe’, ‘Africa’ or 'Asia’

If the option variable is set to either of these continents
wanted transmitters are only taken from the continent indi-
cated.
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4 Vertical radiation pattern {VRP)

Three types of vertical mast-radiator aerials are provided for.
These are ‘short’, ‘A/4" and ‘A/2’ respectively. The v.r.p. cor-
rections applied for these types follow the recognised EBU
method! and are shown in Fig. 1. The correction to be used
is chosen in accordance with the specified transmitter power.

Type 1, ‘short’, transmitter power < kW
Type 2, ‘A/4°, transmitter power >1kW, <30kW
Type 3, ‘A/2', transmitter power >=50kW

This procedure has been adopted as the actual aerial types
are not known in the majority of cases. In practice aerial
heights tend to increase with transmitter power roughly in
this way. These curves are normalised to a c.m.f. of 300V
which is nominally that of a TkW transmitter and a short
aerial (100 per cent efficient) in the horizontal direction. The
appropriate correction is applied by assuming that the reflec-
tion peint in the ionosphere is 100km above the surface of
the Earth and calculating the take-off angle also taking into
account the minimum number of ‘hops’ which are involved.
The minimom number of ‘hops’ for each path is determined
from the great circle distance. The radiation patterns are
assumed to be identical on all bearings.

The v.r.p.s take no account of the reduction of field-
strength at very small angles of elevation due to poor ground
conductivity close to the aerial. This fact may introduce error
in a small percentage of the field strength calculations but
will not be serious for planning estimates.

5 The median field-strength

The median field-strength (dB rel. 1=V /m) predicted for each
transmitter in the wanted service area is calculated from a
simple experimental* formula which is a function of the great
circle distance only. This formula is known to be reasonably
accurate for distances greater than 3000 km. Referring to Fig.
2 itis seen that it also corresponds closely to the CCIR? curve
for distances less than 2500km taken at a frequency of
1000 kHz. The frequency dependence of the CCIA estimate
is weak and it appears that the proposed curve is very ade-
guate at all distances for planning purposes.

A flow diagram for the field-strength sub-routine is given
in Appendix IIL

6 Interference weighting

The program specification requires that the protected field-
strengthin the service area should be calculated in view of each
interfering transmitter taken individually and in view of all
co-channel transmitters taken together and all adjacent-
channel transmitters taken together. The combined effect of
many interference sources is achieved by weighted signal
power addition, the weighting curve of Fig. 3* being used for
the purpose.t As specified, frequency spacings of up to 4kHz
cover co-channel sources; spacings from 5-10kHz cover

* Contained in an interim document of the EBU which is not yet
published.

t The protection ratios are being reconsidered and may be modified
in the future.



adjacent-channel sources. A separate curve based on fre-
quency spacings can be employed when it is necessary to
distinguish between transmitters carrying the same or differ-
ent programme material, In the present case the ‘same pro-
gramme’ situation only applieswhen the interferingsourcehas
zero frequency spacing, The weighting curve is included in
the program as a data statement. No interpolation is required
as only integral values of the argument are allowed.
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7 Output

An example of line printer output is given in Appendix IT.
The cutput data includes, amongst other information:

(1} the name of the transmitter serving the wanted area; its
frequency and code number:

(2) a list of all interfering transmitters which are either co-
channel or adjacent-channel, their existing and newly
assigned frequencies, the protected field-strength required
in view of each one taken alone and the appropriate pro-
tection ratios:

(3) the protected field-strength required in view of all the co-
channel interfering signals taken together:

(4) the protected field-strength required in view of all the
adjacent-channel interfering signals taken together:

(5) the protected field-strength required in view of all the
co-channel and adjacent-channel interfering signals taken
together,

At the end of each run the number of equal protected fields
for multiple co-channel, adjacent-channel and the combined
cases are totalled in dB steps.

8 Discussion

The computer program described in the foregoing is intended
as a tool for m.f. service planning oo an international basis.
More sophisticated programs are being considered for the
future and these would be expected to contain extensive data
banks of, for example, ground conductivity, magnetic dip
angles, etc. It should be remembered, however, that computer
data banks can be costly to store and handlein a program and
the probability that the cost and complexity will be justified
in terms of improvements in prediction will have to be care-
fully assessed. The short self-contained program described
can easily be adapted for use on most computers and, there-
fore, it might be arranged to be available at international
meetings as an on-the-spot aid to negotiations. The only sub-
routines required are those for standard mathematical func-
tions.
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Appendix |

Variable
Name

NTXS

KHZCOD
NAMCUN
ALAT

ALONG

POWDB
ISYNC

NFRE
NUMNEW

IWARFA
OLDFCD

NAME

BOROEAUX
Krakus
SUBOTICA
GROORMANS PARK
wESTEHGLEN
LISMAGARYEY

T LRANA

HAQR1Y

FaLUN

WULTIPLE PFS(Do HEL. 1 MUW/M)
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INPUT DATA (Cards)
A - EXISTING STATIONS
Format
14  Total number of transmitters in exist-
ing set
16 Frequency and station number
4A6 Name and country
14
13 Latitude in degrees and minutes
Al (MorS)
14
13  Longitude in degrees and minutes
Al (Eor W)
13  Transmitter power in dBs
13 Programme code
B - CHANGE CARDS
14 New frequency
12 Numberoftransmitterstobeallocated
this new frequency
A6 Option variable (see Section 3)
16 Fregquency and number of station in
existing situation, to be changed to
NFRE (NUMNEW cards)
Appendix |1
An example of line printer output
M.F.CALCULATION FOR RECEIVER DRCITwICH
EXISTING NEw C15T FPOWER PROT. PFS
FHEQ LM} FREQG(KHZ) KM p8 AATID CR NAME
F 120501 1205 1 826 20 2 65,3 AMKO
PO 120503 1205 1 1946 18 2 5%.4 RZESZOm
Yus 120505 1205 5 171u [} 2 35.T WASHFORC
-] 12102 121% 2 144 1T 10 63.8 KyORS]ICE EDGE
1] 121%08 i2ls & 425 16 10 TWw.0 BURGHEAC
1] 121407 1418 7 bi 1o 10 &A.6 TALLINN
ALB 121409 121 % 2050 3o 30 B7T.5 STAHA ZaGOHA
E 122302 1223 2 1355 1r 2 55«1 RIMIN]
5 122304 1221 &4 1407 20 2 5T.2

CO-CHANNEL A9.1

G 1214058

EXISTI &
FREQ (KHZ|) FREQ(KH7) KM s3]

RS
POL

URS
dulL

ADJACENT CHANMEL bb.

120502
120504
G 121401
1} 121u03
G 121ulb
121uoe
122301
i 122373

£

1714 0

NEw

L2205 2 3659
120% = 1720
1P1a ) 158
L21iu 3 150
121% & sne
L2k & 1837
1223 1 231
1223 3 1412

£0= 4 anJ. CHANNEL

HATIC

Ra.

tn
1in
in
30

2

CTST POwFR PROY. PFS

el

241
LI RN}
656
hlab
684
829
19.T
43.%
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Appendix H)
Subroutine MFCALC

Transmitter cards
Lat. Long. Freqg.
Prog Source

Great circle
distance between
transmitters.

Number of ‘hops’
and distance
per ‘hop’

A &

Take-off angle
and v.r.p. correction
{in accordance with

aerial type)

Field strangth,
corrected for
v.r.p. and
transmitter power

k' 4

Frequency
difference

Is
treq. diff.
zerp?

programmse
the same?

No

Weighting
protection ratio

Weighting curve
protection ratio

{different (same
programmes} programmes)
L 4/-\ &

Cadl v Ty

Protected
field strength
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M.F. Network Planning. The Coverage under
Daytime Conditions from a Network of
Transmitters Arranged in a Uniform Lattice
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Summary: The article collates definitions of the various types of network where transmitters are arranged
geagraphically over an area and a given number of frequency channels is available for use. The method of
calculation of the coverage is described and useful formulae stated. An exemplary tabulation, for limited ranges
of power, frequency, ground conductivity and distance, is attached.
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one station in an equilateral co-channel network

14 Applications

15 Geometry of equilateral co-channel network

16 Area coverage for a single channel

17 Area coverage of network using several channels

18 Results for typical co-channel networks
{computer output)

19 Choice of the network parameters (power,
co-channel spacing) to give the best coverage

20 Conclusion
21 References
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1 Introduction

The object of this article is to explain the nature of the differ-
ent types of networks of transmitters, to assemble, for
reference purposes, the more useful formulae relating to net-
works and to give examples of the calculation of coverage.
As a starting point in planning a new network of trans-
mittersit is often useful to assess the area coverage that would
be realised under uniform conditions and on the assumption
that there are no restrictions on the siting of transmitters.
This theoretical ideal coverage can then be used as a standard
of comparison with actual practical schemes limited in choice
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of site and affected by differences in ground conductivity over
the service area.

2 Groundwave services by day

The groundwave services are of particular importance because
the public tends to use sound broadcasting services by day
and television services during the evening.

The methods and calculations apply only to propagation
over ground of uniform conductivity and for cases where the
frequency channels envisaged for a particular network of
stations are relatively close to each other so that propagation
differences with frequency are relatively small. Clearly this is
a very idealised case because in most countries (and particu-
larly within the British Isles) quite large differences in ground
conductivity may occur from point to point.! For the same
reason the results are likely to be more useful for estimating
coverage from networks of low-power transmitters, relatively
closely spaced, rather than over a large continental area,

All coverage estimates are in terms of the proportion of an
area that can be covered by a given number of transmitters.
The results can be interpreted as giving a lowest estimate of
population served because with practical planning the pro-
portion of population served will always exceed the propor-
tion of area served, sometimes by a very large factor.

3 Definitions

Various authors have considered the arrangement of trans-
mitters sited at the intersection of two sets of parallel lines,
each set having uniform spacing between its lines.*2%5.9
Except for the general case of Ref. R, the analysis was until
recent years applied to the television u.h.f. network planning
particularly for the Stockholm Plan of 1961, More recently”
the principles have been applied to m.f. planning, as in this
report.

4 Uniform and non-uniform networks

Using two sets of uniformly spaced parallel straight lines the
lattice may be said to be uniform, forming uniform networks
of transmitters. Fig. 1 is an example of this type. A non-uni-



Fig.1 A uniform linear network for eight channels

form lattice would be one in which the lines forming it may
be either straight, parallel nor uniformly spaced. Fig. 2 being
an example.4

Fig. 2 Non-uniform network

Non-uniform networks might have an application in cases
where, for reasons of population distribution or propagation
changes, it might be desirable to vary the density of trans-
mitter sites in different parts of a country or large area.

This report does not consider non-uniform networks
further.
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5 Linear uniform network

A network is said to be linear when, as for example in Fig. 1,
the differences between the channel numbers of successive
sites is the same along any straight line joining any points of
the lattice, Differences are taken as positive numbers, adding
the total number of channels, N, to any number if subtraction
of the previous number in the line would give a negative
result. E.g. (for ninechannels)asequence wouldbe 1,4,7,1,4,7
etc.

For purposes of planning it is wsual for the channel
numbers to indicate the sequential order of the carrier fre-
quency allocations, which would generally, though not essen-
tially, be equally spaced in frequency.

Linear networks arc of most importance when it is neces-
sary to try to ensure that the users of any particular station,
allotted a particular frequency channel, are equally affected,
as regards various forms of mutual interference and the direc-
tion from which the interference is propagated, as the user of
any other station on a different channel, Under conditions of
complete uniformity of ground conductivity etc., the use of
linear networks will therefore ensure equality of service area
between the various transmritters in the network. This strictly
applies only to an infinite network; clearly geographical
boundaries will cause some inequality in service area.

6 Non-linear uniform network

Bearing in mind that population is seldom, if ever, uniformly
distributed over a large area it is not always necessary to
attempt uniformity of service area between transmitters. A
non-linear network,® i.e. one in which the channel number
differences are not necessarily the same along the straight lines
of the lattice, may have some advantages in particular cases,
e.g. some pairs of stations occupying adjacent sites might
occupy adjacent channels but not others, this situation some-
times being acceptable where a sparsely populated region
intervenes in some parts of the whole area under considera-
tion. Fig. 3, drawn to the same scale as Fig, 1, and for the

Fig. 3 A ncn-linear network for eight channels (equilateral
co-channel distribution)
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same number of channels, shows a non-linear uniform distri-
bution, The arrows indicate the direction in which maximum
adjacent channel interference is propagated and it is seen that
there is variation both in magnitude and direction from chan-
nel to channel, which would not be so in the case of a linear
network.

7 Equilateral site distribution network

This is represented by a lattice of equilateral triangles, each
intersection representing the site of a transmitter. The lattice
must be uniform, with the same spacing between the two sets
oflines forming it and intersecting at 60°, Fig. 4 is an example
of this case for a network of ten channels and the network is
linear, as defined above. In this case, for ten channels, the
lines joining the co-channel stations do not also form an
equilateral triangle.

Fig. 4 An equilateral site distribution linear network for ten
channels

8 Equilateral co-channel network

In this case the form of the lattice is such that when lines are
drawn between sites using the same channel, then these lines
form equilateral triangles. Under these conditions the ‘ele-
mentary® triangles formed by lines joining adjacent trans-
mitter sites may or may not also be equilateral. The distribu-
tion shown by theexamplesin Figs. 1 and 3 for eight channels,
shows the co-channel triangles, as shown by the dashed lines,
as equilateral, whereas the elementary triangles joining
adjacent sites are not.

9 Regular network

If lines joining the co-channel sites of a system form equi-
lateral triangles andlines joining the adjacentsites of the same
system afso form equilateral triangles, the network is said to
beregular. This willonly occur® when the number of channels
N, satisfies the condition N =a®*+ b® +-ab where a and b are
any positive integers or either is zero. A tabulation of such
numbers is given in Section 10 below and in Ref. 6. Fig. 5 is
an example of a regular network for nine channels and it
should be noted that for this and some other numbers of
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channels, although regularity, as defined, can be achieved, the
channel distribution is not linear. Linearity can only be
achieved for this particular number of channels by a departure
from regularity as shown in Figs. 6 and 7, the former arrange-
ment providinglinearity with equilateral site distribution and
the latter giving linearity with equilateral co-channel distri-
bution.

Fig. 8 Regular netwark for nine channels

10 Optimum network

A network which uses a site distribution and arrangement of
the available channels in such a way that the greatest efficiency
of coverage is obtained, may besaid to be optimum. Efficiency

%
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Fig. 6 Lincar netwark for nine channels {equilateral site distri-
bution)




Fig. 7 Linear network for nine channels (equilateral co-channel
distribution)

of coverage implies that there is minimum overlap of the
service areas of each of the transmitters and that the mutual
interference of various kinds, such as co-channel, adjacent
channel and image channel, has been minimised and is in
general of equal level in each of the service arcas.

If a network js finite in extent and, as must be the case, uses
a finite number of frequency channels, boundary effects and
edge-of-band effects must to some extent unequalise the ser-
vice areas of the transmitiers sited near the boundaries of the
area or using edge-of-band frequency channels.

To approach minimum overlap and equalisation of cover-
age the optimum network should, if possible, be made both
regular and linear. Fig. 8 is an example of this case, shown for
seven channels,

Fig. 8 Optimum network for seven channels (linear and regular)

BBC Engineering August 1974

The numbers of channels required for the formation of
optimum networks, i.e. those both linear and regular, are
derived from the formula

N=a*+b*—ab

where (1) @ and b are integers (zero excluded)
(2) a and b must have no common factor
(3) values for N must also be prime to 9 e.g. 7, 13, 19,
etc.

Considering now networks which are regular or regular
and linear (i.e, optimum) we are able to construct the follow-
ing list of numbers of channels in which (for numbers up to
150) those that form optimum networks are underlined :

1,3,4,7,9,12,13, 16, 19, 21, 25, 27, 28, 31, 36, 37, 39,
43,48, 49, 52, 57, 61, 63, 64, 67, 73, 75, 76, 79, 81, 84, 91,
93, 97, 100, 103, 108, 109, 111, 112, 117, 121, 124, 127,
129, 133, 139, 144, 147, 148

Fig. 9 Co-channel distance and service tadius in a netwark

11 Calculation of groundwave coverage under
idealised conditions

For this purpose it is assumed that the network will be a
‘regular’ network as defined above, with the lines joining the
co-channel sites and the lines joining the adjacent sites both
forming equilateral triangles.

Figs. 9 and 10 illustrate the meaning of the symbols used as
defined below:

D = distance between the sites of co-channel stations in a
regular equilateral network
F = service radius of each station. It can be either:

(@) the radial distance from each transmitting site to points
where the field-strength of the transmitter exceeds the
combined field-strengths from all other stations in the
network by the required protection ratio, or
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(b) the radial distance to points where the field-strength falls
to a value just sufficient to overcome man-made or atmos-
pheric noise or some independent source of interference
such as a distant transmission from a station not forming
part of the network,

In case (@) r will be independent of the power of the trans-
mitters and in case (b) r will increase with power.

Fig. 10 Full coverage of an area by a regular network {seven
channels)

In a thearetical paper? inter-station interference limits and
noise-interference 1imits of service area are both taken into
account and it will be clear that with relatively closely spaced
cochannel stations noise will be less apparent than inter-
ference and vice-versa.

N=number of channels used in a ‘regular’ network
=1,3,4,7,9,12,13,16. . etc.®

d = separation between adjacentsites in the whole network
(Fig. 10).

Fo ==the value for the service radius r such that the whole
area is just covered, with minimum possible overlap

(see Fig. 10).
The following general relationships then apply:
D—+/Nd )
D =r/3N 0))

Formula 1 is not used to calculate the actual coverage given
by a particular network, it gives simply the distance between
the adjacent sites in relation to the distance between the co-
chaanel transmitters.

Formula 2 is useful for determining whether the number of
channels available will give full area coverage, I ris the service
range of each station, calculated, for example, by the method
given below in Section 13, then the number of channels will be
sufficient for full coverage if ro <= r, the value of r, having
been calculated by means of formula 2.

Conversely, to determing the minimum number of channels
required to give full coverage, the ‘regular’ numbers 1, 3,4, 7
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etc. should be inserted in Equation 2 successively to find
which number gives a value for rqjust below r. This procedure
implies however that the co-channel distance D has already
been determined ; this is discussed in the following Section 12.

An exampie of a simple tabulation leading to the choice of
the number of channels required for full coverage is now
Biven:

¢.g. D (co-channel spacing) = 230km (say)
r {calculated service range) = 46km (say)
J— D
N A 3N rg=—7—
V3N
3 3 77 km
4 3-46 65-6km
7 4-58 50-4km
9 320 44-3
12 60 38-3

Thus minimum number of channels required =9,

Note: Clearly if the requirements are rearly met by a lower
number of channels it would be wasteful to employ the
greater number theoretically required.

12 The co-channel separation distance D

Optimum values for this distance in the case of uniform net-
works can be determined by the methods given in in Ref. 7
{Edenand Minne) and the value willdepend upon the required
protection ratio, the power, frequency, ground conductivity o
and an agreed value for the ‘noise limited’ field-strength,E
which will clearly depend upon the degree of natural or man-
made noise. The value of the optimum co-channel separation
distance will also depend upon whether reception is to be by

(@) groundwave under daytime conditions
() groundwave under night-time conditions
or {¢) indirect wave under night-time conditions.

The word ‘optimum’ here implies that the maximum per-
centage coverage will be achieved per channel in each case.

The following is a table indicating some variations of
optimum values for D met with using a limited selection of
the parametets listed above. These figures apply only to a
protection ratio of 40dB and are approximate.

The Eden—Minne paper’ was particularly directed towards
the problems of coverage by night and certain approximations
were assumed to be valid.

The present article is concerned (Section 2 above) only
with groundwave services by day and the results given in the
Eden—Minne paper cannot accurately be extrapolated for
cases where the transmitter powers are relatively low and
where the prolection ratios are considerably less than 40dB.
Computer methods are desirable in these cases, where mul-
tiple interference effects must be allowed for and where it
cannot be assumed (as in the method used by Eden and Minne}
that the interference levels are approximately the same at the
site of the wanted transmitter as at any other point within the
service area.
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Co-channel distance D for

Coundition Power 500kHz, c = 3Immhoe/m 1500kHz, ¢ == 1 mmho/m

kW Fpia = 67dBy. E_ . —58dBy
{2) groundwave — daytime 1 340K ms 100 Kms
30 520Kms 180Kms
1000 820K ms 320Kms
(&) groundwave — night [ 2000 Kms 1200 Kms
30 3500 Kms 1800 Kms
1000 5300 Kms 2400Kms
(c) indirect wave - night 1 No service (E,;, not exceeded) No service
30 4500 Kms 4500 Kms
1000 6500 Kms 6500 Krms

13 Estimationofthegroundwave servicerange
of one station in an equilateral co-channel
network

Fig. 11 shows the location of typical receiving points (A and B)
at the edge of the service area of a ‘wanted’ station in relation
t0 the position of some other stations in the network. The
figure shows the position of the interfering co-channel trans-
mitters in the first two ‘rings’ of these transmitters. In an
extensive network there will be many more ‘rings’ of inter-
fering transmitters located at the intersections of the lines of
the equilateral triangular lattice.*

Fig. 11 Setvice range of a transmitter in a co-channel network

By definition the service area of the ‘wanted’ station T, will
be the region bounded by the dashed line (approximately a
circle) at any point on which the field strength of the wanted

* See, for example, Table IT.

station T, will exceed the combined field of the other trans-
mitters by the amount of the required protecrion ratio. By the
use of a computer it is possible to calculate the service radius r
of the wanted transmitter T,, allowing for the combined
effects {on a power addition basis) of all the transmitters in
any number of ‘rings’ of interfering transmitters. Thisradius#
will vary very slightly with the position of the receiving point
A along the boundaty of the service area, as defined above,
between the position where A lies directly between T, and T,
and when the receiving point is at position B, the direction
T,B making an angle of 30° with theline T, T ..

We are here concerned with groundwave propagation in
the idealised case of uniformity conducting ground (not sea,
as a network of transmitters with sea paths between is im-
probable). It will be seen that the major sources of interference
to a receiving point such as A in Fig. 11 are the transmitters
T,, T, and T, particularly if a fairly low protection ratio is
acceptable, making r a significant proportion of the co-
channel distance D. In the case of a receiver at position B
under similar conditions the major sources of interference
will be transmitters T, and T,. Because of the increased
distance, the second and subsequent rings of interfering trans-
mitters often will not contribute a significant amount to the
combined interference of the nearest transmitters in the first
ring.

14 Applications

If a low protection ratio is acceptable, as for example 10dB
in the case of a synchronised network of common programme
transmitters, the service radius ¥ will be sufficiently accurately
calculated if we take account of the combined interference
from transmitters T,, T, and T, only; taking the combined
ficld E as

E=+/E} +2E:
where E; is the field-strength at distance £ —r from trans-
mitter T,

and E, is the field strength at distance v/ D? + #* — Dr from
transmitters T, and T,.

The computer can be programmed to calculate r for various

co-channel distances D and for a given protection ratio and

the use of this approximation will save some computer time.
However, if the protection ratio required is relatively high,
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say 30dB or 40dB as for the case of a co-channel network with
transmitters radiating different programmes, r may be small
compared with D and a significant contribution of inter-
ference may arise from all the six transmitters in the first ring
and even from some or all the transmitters in the second ring,
e.g. T, and T,, in Fig. 11, Under some conditions such as
relatively close spacing of the co-channel station combined.
with high ground conductivity and the use of a frequency in
the lower part of the band it may well be necessary to take
into account the contributions of interference from trans-
mitters in the second, third, or even rings of higher order. In
this report, however, only the contribetions from the first and
second rings has been considered for the numerical examoles
(see Section 19),

15 Geometry of equilateral co-channel net-
work

The following simple formulae give the distances of the too

typical receiving points at A and B (see Fig. 11) from the six

transmitters in the first ring contributing effectively to the

total interference,

Let P = co-channel spacing in regular equilateral network
r = distance of receiver from wanted transmitter at 0
(see Fig. 11)

Then if receiver is at position A

Distance from T, =D—r

Te.and T, = v D + % — Dr

Tyand Ty =+ D+ + Dr

T, =D4r

If receiver is at position B

Distance from T, and Te =4/ D* + r* — 3Dr

T.and Ty = /Dt + st
Tsand Ty =4/D? - 12 + 3Dr

Alse, if the receiver is at position A and is using a loop aerial
correctly oriented towards the transmitter at T, the following
reduction factors resulting from the cosine law aerial pattern
may also be taken into account. As regards reception (inter-
ference) from transmitters T, and T, reduction factor, =1-0.
As regards reception (interference) from transmitters T', and
T,

. D — 2
reduction factor @ —— —
2V D+t — Dr

As regards reception (interference) from transmitters T, and
T,.
D+ 2¢

24/ D+ ¥+ Dr

reduction factor =

Similarly, if the receiver is at position B, the following reduc-
tion factors will apply.
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As regards interference from T, and T,
v 3D — 2r
2'\/1)2 + r2— Vm

reduction factor =

As regards interference from T, and T

r
reduction factor = ————
A/ DR
As regards interference from T, and T,

V3D A+ 2r

2VD* 41t +4/3Dr

reduction factor =

There is some doubt whether the loop receiving aerial
reduction factors should be taken into account because most
receivers with this type of aerial are used in indoor situations
where the fields of the wanted and unwanted station are likely
to be considerably distorted by the presence of house wiring
etc, Tn computing service areas or percentage coverage on a
conservative basis it is probably best to omit these factors
from the calculation. This has been done in the case of the
examples appended to this report,

16 Area coverage for single channel

Referring to Fig. 91t will be seen that if the whole area is con-
sidered to be made up of a series of equilateral triangles the
contribution of service of eachstation to each triangle is mr* /6
from which it can be shown that the ratio of the area covered
to the whole area is

2n  p? "o
vl Y or 3623 P pA

~ rd
~ e
\--_ // s -
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Fig.12 Special case of overlapping service areas




The Timit of validity of this formula is reached when
¥ = D{2, i.e. when the service areas just meet but do not over-
lap, Clearly in the case of a single channel this condition
never arises because at this point the protection ratio would
be zero.

17 Area coverage of network using several
channels

The overall percentage coverage for a network of N channels
(involving equilateral co-channel networks) can also be cal-
culated by the multiplication by N of the singie channel
coverage provided that the service ranges arc such that no
overlapping occurs, i.e. when r <d/2 the limit in these cases
being 90-7 per cent (circles of equal radius touching but not
overlapping.

On occasion it may be required to calculate the percentage
area coverage where the actual dimensions are such that the
service radius r is greater than half the distance between
adjacent sites, i.e. where some overlapping occurs, as shown
in Fig. 12, but not a sufficient case of r = d4/3.

The relevant formula is:

T 304 2sin2s
27 +§sm

x 100
3 cos?t

C(areacoverage, %) =

d
-1 . .
where § = cos Z_expressed in radians

Example:
d = 100kms

r = 54kms

d
Therefore cos ¢ = 2= 0-962

& =15-93° =0-278 radians
sin® ¢ = (-528
cos? # =0'025

Substitution of these values in the formula above for C gives
C =9605%,

18 Results for typical co-channel networks
{computer output)

Table I, appended on the following pages, shows the results
as computed area coverages (%), for three m.f. frequencies,
two values of ground conductivity ¢ and four values of pro-
tection ratio, for various values of co-channel site separation
in an equilateral co-channel network. Results are given for
two values only of transmitter radiated power, viz, 1 kW and
10W. The Research Department Elliott 803 computer was
not available long enough for results to be produced for
other values of transmitter radiated power or for higher values
of ground conductivity than ¢ = 3mmho/m,

The service range r is the distance from the wanted trans-
mitter at which the wanted field E, is attained, using the
following formula to calculate E,,.

" E,= .\,/AEE(E:' +E: -+ E: + . ..E:E] + I0,000E:,
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Where A = therequired protection ratio against the combined
interferences from the twelve transmitters in the first and
second adjacent rings (see Fig. 11). In the tabulated results
four values of the protection ratio 4 have been considered,
viz. 40dB, 30dB, 20dB and 10dB. The first two of these can
be taken to give reasonable and just acceptable limits of inter-
ference respectively, with different programmes radiated from
all the transmitters radiated in the network, the third value,
20dB, would be quite unacceptable but the fourth value,
represents a reasonable value of protection when a common
programme is radiated from the transmitters in the network,

The value E, is the noise field strength, which when multi-
plied by the appropriate protection ratic, gives the values of
‘noise limited field strength’ (see Ref, 7), which in Section 12
of this Report has been referred to as E ;. For the purpose
of the tabulated examples of coverage given here we have
taken the same three typical values of E,;, as those used in
the Edenand Minne paper,”viz. 67dBgu.(2:3mV/m)at 500 kHz,
61 dBy (1-1 mV/m) at 1000 kHz and 58 dBy (0-8 mV/m) at
1500 kHz,

Where we are concerned with lower values of protection
ratio A we have assumed, until such time as the results of any
subjective tests on the relative annoyance of interfering r.f.
signals and noise may become available, that a protection of
40dB shall, in all cases, be required against the RMS level
of interfering noise, which is itself frequency dependent. That
it is necessary to make some such assumption is clearly
apparent where an r.f. protection ratio against other signals
as low as 10dB can be accepted (common programme work-
ing) whereas in this latter case a wanted signal/noise ratio of
10dB would be quite unacceptable. In the formula above the
significance of the numerical value 10000 in the second term
is that it is the square of 100 {protection ratio 40dR).

In the case of all networks of co-channel transmitters it will
be clear that when the stations are closely spaced the service
range of each station is determined predominantly by the
combined intecference from the others in the network whereas
with wide spacing of the sites the noise predominates and the
interfering signals tend to have a negligible effect.

19 Choice of the network parameters {power,
co-channel spacing) to give the best
coverage

Examination of a set of tables such as Table I attached on
pages 32-34 (which cover a limited range of powers and con-
ductivity values) will, in general, reveal an ‘optimum value®
for the percentage area coverage €%, in terms of co-channel
separation distance and radiated powers. If the population
were uniformly distributed over the whole area to be covered
it would then be easy to decide the best values for the radiated
powers and cochannel separation distance for a given known
ground conductivity, it being assumed that for international
planning reasons there was no choice of frequency. Having
done this the number of channels required for full coverage
could then be determined by the method given in Section 11,
using the values of D and r taken from the tables. It is highly
likely that if a high protection ratio were required, with
sepatate programmes radiated from each station, an insuffi-
cient number of channels would be available to provide full
coverage.
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TABLEL

Explanation of symbols

Dy — Co-channel site separation in kilometres

Fums  — Service range of each transmitter in kifometres
C% - Percentage area coverage for one channel

At — Effective protection ratio, i.e.

E,
VEE + B+ EL .. EX)+ E,

where E, is the ‘wanted’ field-strength calculated from the
formuia given on page 8 and E, is the RMSnoisefield-strength
appropriate to the frequency given.

Service range and percent coverage per channel for 1kW

radiated
Signal protection ratio 40dB

o = 3 mmho/m o == 1mmho/m

D, kms PLms C % Aeﬁ Fims C ?"g Aeﬁ
Freguency 500kHz
20 012 <01 40 0-28 01 40
4 037 <01 40 111 03 40
60 -85 01 40 272 07 40

80 1-52 0-1 40 465 12 40

100 2-49 02 40 669 16 40
150 667 o7 40 122 24 40
200 12:6 1-4 40 179 28 40
250 20-1 2-4 40 223 29 40
300 283 32 40 250 25 40
Freguency 1000kHz
20 0-38 01 40 0-92 08 40
40 1-66 06, 40 275 1-7 40
60 3-54 1-3 40 4-48 240 40
80 5-66 8 40 629 22 40
100 786 2:2 40 815 4. 40
150 140 32 40 131 28 40
2060 206 39 40 i6-3 25 40
250 267 41 40 17-7 1-8 40
300 30-3 37 46 18-0 13 40
Frequency 1500kHz
20 0 078 06 40 1-3 1-5 406
40 271 7 40 2-83 1-8 40
60 4:66 2:2 40 4-60 2.1 40
&0 6-60 2:5 40 645 24 40
100 8-74 2-8 40 833 25 40
150 14-6 34 40 21 24 40
200 202 37 40 136 17 40
230 233 31 4 13-8 -1 40
300 24-2 24 40 139 8 40
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Service range and percenf coverage per channel for 1kW
radiated
Signal protection 304B

o = 3 mmho/m o == Immho/m

Bicms Frms C ?/0 Aef’f Fims Cc % Aeﬁ"
Frequency 500kilz

20 038 1 30 085 07 30

40 1-19 03 30 307 21 30

60 2-49 -6 30 6542 41 30

80 4-49 I-1 30 973 54 301
160 7-18 19 30 13-0 62 302
156 16:0 41 302 03 66 315
200 261 62 306 245 54 343
250 35-5 7-3 316 260 39 372
300 42-0 71 336 26'5 28 390
Frequeney 1600kHz

20 10 1 30 30 37 30

46 4-04 37 30 502 37 30

a0 7-41 55 30 7-88 63 301

80 10-9 67 30-1 10:7 &5 304
100 14-3 74 30-2 134 65 312
150 22-8 84 31 17-1 47 351
200 29-0 7-6 33-5 181 30 384
250 314 57 36-8 182 19 356
300 3241 41 390 18-3 i-4 399
Freguency 1500kHz

2:37 51 30
518 51 30

20 1-92 34 30
40 521 62 30

60 823 68 30-1 794 64 303

80 114 7-4 302 104 61 312
00 146 7-7 30-5 121 53 329
150 212 72 327 13-7 30 376
200 237 541 369 140 1-8 395
250 243 34 392 140 141 399
300 242 24 26-8 139 08 =400

Service range and percent coverage per channel for 1kW
radiated :

Signal protection ratio 20dB

g = 1mmho/m
C% Aeﬁ‘

o= 3mmho/m
kas Fms c % Ae&‘
Frequency 500kHz
20 1-16 12 20

Frms

2:37 51 20

40 3-50 28 20 697 110 201
60 706 50 20 12-3 152 202
80 113 75 20-1 16:9 182 20-8
100 167 10-2 202 208 156 219
150 30-1 146 21 256 . 105 272
200 40:3 i4-8 23-3 26:5 o4 329
250 430 11-8 273 2677 41 368
300 467 88 26-8 29 388
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Frequency 1000kHz
20 2-84 73 20 38 131 20
46 7-91 14-2 20 46 162 202
60 133 178 201 129 167 2141
80 182 189 204 157 140 223
100 22-8 189 211 171 107 264
150 300 4.5 254 181 53 34
200 319 92 315 18-3 30 382
250 - 323 61 363 18-2 i9 396
300 32-4 4-2 38-8 183 1-4 359
Frequency 1500kHz
20 382 132 20 413 155 20
40 8-93 181 201 861 168 206
60 i3-6 187 20-3 11-7 139 227
80 17-9 i&1 21-3 132 98 264
100 209 159 232 137 68 304
130 238 9-1 304 140 32 373
200 24-3 54 364 140 1-8 395
250 24-3 34 39 40 -1 399
300 24-5 24 39-8 i3:9 o8 40

Service range and percent coverage per channel for 1kW
radiated
Signal protection ratio 10dB

o= 3 mmwho/m o = 1mmho/m

D kms Phems C % Aeﬂ’ Phms C % Aeﬁ
Frequency 500kHz

20 3-41 10-5 10 538 263 10

40 916 190 16 12:5 353 102

60 160 259 101 190 362 112

80 232 304 104 236 317 14
100 300 32-7 169 256 238 177
150 42-1 28-6 14-6 266 114 264
200- 464 19-5 206 267 &4 327
250 472 130 264 267 41 368
300 473 90 314 26-8 29 388
Frequency 1000kHz

20 585 3149 10 636 367 10

40 13-3 399 101 136 383 112

60 207 43-0 10-7 16-8 286 1355

80 264 394 12-4 17-9 181 207
100 29-8 323 153 181 118 254
150 322 1677 24 18-2 54 339
200 32-3 9.5 313 18-3 30 382
250 323 61 36-3 182 1% 383
300 32-4 4-2 388 183 -4 399
Freguency 1500kHz

20 647 388 10 673 41-1 102

40 13-5 415 104 121 331 133

60 19-8 39-4 122 136 187 196

80 22-8 294 16 139 109 254
100 23-8 20-5 20-3 135 70 301
130 242 9-5 30 14-6 32 364
200 24-3 54 363 14-0 -8 395
250 24-3 34 361 14-0 1 399
300 24-5 2-4 39-8 139 08 40
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Service range and percent coverage per channel for 10W
radiated
Signal protection ratio 40dB

o= 3 mmho/m o = Immho/m

kas Phms C % Aeﬁ Fyms ¢ % Aeﬁ‘
Frequency 500kHz

20 o2 00 46 0-28 01 40

40 0-37 00 40 1-11 03 40

60 -85 01 49 2:67 07 40

80 1-52 01 46 4:26 10 40
160 2-49 02 40 562 11 40
150 593 -6 40 7-25 0-8 40
200 869 o7 40 752 05 40
250 10°1 0-6 40 7-69 03 40
300 104 G4 40 747 02 40
Frequency 1000kHz

20 0-38 01 40 0-92 0-8 40

40 i-66 66 40 271 17 40

60 3-49 12 40 - 4-13 1-7 40

80 543 17 40 504 i-4 40
100 7-18 1-9 40 5-52 1.1 40
150 9-59 1-5 40 579 05 40
200 103 1-0 40 5-76 03 40
250 10-4 06 40 374 02 40
300 104 04 40 571 01 4o
Freguency 1500kHz

20 079 06 40 i-3 1-5 40

40 271 1-7 40 271 1-7 40

60 4-54 21 40 3-84 -5 40

80 6-05 21 40 434 1-1 40
100 708 1-8 40 4-44 07 40
150 7-98 1-0 40 461 03 40
200 811 06 40 4:59 02 40
250 318 o4 40 4:32 01 40
300 806 03 40 4:54 o1 40

Service range and percent coverage per channel for 10W
radiated
Signal protection ratio 304B

¢ = 3mmho/m & = Tmntho/m

D kms Fioms C % 4 off Pims C % 4 eff
Freguency 500kHz

20 038 01 30 085 07 30

40 119 03 30 295 20 303

60 2-49 06 30-1 548 30 318

80 4-26 1-0 30-5 676 26 343
100 620 1-4 31-2 7-28 19 367
150 9-59 5 34-9 7-54 09 393
200 104 1-0 381 752 .05 398
250 i0-6 07 394 7-65 63 399
360 107 0-5 39-8 747 02 40
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Frequency 1000kHz
20 1-1 1-1
46 4-0 16
60 6-88 48
80 &79 4-4

100 §-72 3-4

150 19-3 7

200 10-3 0

230 10-4 46

360 104 04

Freguency 1500kHz
20 1-92 34
40 4-98 36
60 694 4G
86 77 3-4

106 7-96 23

150 813 141

200 811 06

250 818 04

300 806 03

August 1974

30
302
34
33
354
39
39-8
399
40

30

30-6
32:8
358
379
387
399
399
40

2:02
447
542
566
57
579
576
574
571

2:33
4-0

4-42
4-49
4-54
4-61
4-39
4-52
4-34

37
4-5
30
1-8
1-2
05
03
0-2
01

4-9
36
20
11
07
03
02
1
01

301
318
353
379
352
39-9
40
40
40

363
336
37-5
392
357
40
40
40
40

Service range and percent coverage per channel for 10W

radiated

Signal protection ratic 20dB
o = 3miheo/m

_Di(ms Frms C %
Frequency 500kHz
20 118 1-2
40 338 26
60 618 39
80 848 4-1
100 972 34
150 10-6 18
200 10-6 0
230 10-6 07
300 107 05

Frequency 1000kHz
20 2:82 72
40 725 11-9
60 938 92
86 101 58

100 103 39

150 13-3 1-7

200 104 1-0

250 10-4 06

300 104 -4

Frequency 1500kHz
20 376 12-8
40 7-21 11-8
60 794 64
80 8-09 37

100 8-06 2-4

150 813 1-1

200 3-11 0-6

230 818 04

300 806 3

A eff

20

203
213
235
26:5
339
379
394
398

20

214
259
367
345
389
358
39-9
40

202
241
30-3
34.9
377
397
395
40

40

o = Immho/m

s

233
58

724
7-54
7-57
7-54
752
769
7-47

362
557
577
374
5-81
579
576
574
571

3-62
4-47
4-54
4-57
454
461
4-59
4-52
4-54

C % Aeff
49 202
76 225
53 2841
32 325
21 361
09 392
05 398
03 399
02 40

11-9 20-8
70 28
34 343
1 377
12 391
05 389
03 40
a2 40
61 40

1.9 224
45 318
21 371
12 3541
07 397
03 40
02 40
01 40
1 40
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Service range and perceni coverage per channel for 10W
radiated
Signal profection ratio 10dB

¢ = 3mmho/m ¢ = Immho/m

kas Pms < % Aeff Frms C % 4 eff
Frequency S00kHz
20 3-31 9-9 103 486 217 114
40 748 127 12-3 732 122 193
60 9-7 9-5 16-5 7-39 58 275
80 10-4 62 212 762 33 338
160 106 41 256 7-57 21 36l
150 10-8 19 337 7-54 09 382
200 106 16 38 7-52 a5 398
250 10-6 0-7 393 7-69 03 399
300 107 05 39-8 7-47 02 40
Frequency 1000kHz
20 563 288 106 515 240 143
40 967 212 163 576 75 274
60 10-3 107 24-7 577 34 342
80 10-4 61 30-4 5-82 -9 376
100 10-4 3-9 344 5-81 12 391
156 10-3 1-7 389 579 05 399
200 104 10 39-8 576 03 40
250 104 06 399 5-74 02 40
300 104 04 40 371 01 40
Frequency 1300kHz
20 603 329 11-4 44 i76 189
40 759 145 22-2 4-53 4.7 315
60 812 66 29-9 4-54 21 371
80 809 37 349 457 12 39
100 815 24 376 4-54 07 397
150 &13 11 35:7 4-61 03 40
200 811 06 395 4-59 02 40
250 818 04 40 4-52 01 40
300 8-06 03 40 4-54 01 46

Under practical conditions, fortunately for service planning
of this kind, the population is not uniformly distributed but
tendstobegrouped into ‘conurbations’ of onekind of another.
Accepting the impossibility of full “area’ coverage we can now
aim at a maximum percentage population coverage and the
following procedures are suggested.

Using a population density map, or a specially prepared
map showing the position of the centres of town or conurba-
tions exceeding a certain minimum population (say, for
example, 20000 inhabitants), a uniform lattice of paraliel
straight lines intersecting at 60° is roughly fited to the map
so that all the marked positions of the population centres lie
at points of intersection of the lattice. The length of the sides
of the equilateral triangles forming the lattice will then give
the value of 4 (site separation distance}, as defined in Section
i1,

At this point it will be necessary to assume a value for N,
the namber of available channels and a starting poinf would
be to take, successively, values for N of 1, 3 and 7 (giving
optimum networks — see Section 10} and for each value to



TABLE IL

Table to be used for the calculation of multiple interference
within a uniform lattice of transmitters

Let D = side of equifateral triangle lattice, i.e. the mini-
mum spacing between transmitter sites.

Let x = distance from wanted transmitter site to inter-
fering transmitter sites in ring,

Number of Cumulative Total
Ring Transmitiers of Interfering
Nurmber x]D in Ring Transmitters

I 1-0 6 6

2 1:73 6 12

3 20 6 18

4 2-65 12 30

5 30 6 36

6 3-46 6 42

7 361 12 54

8 40 6 60

9 4-36 12 72
10 4-58 12 84
11 5-0 6 90
12 520 6 96
13 529 12 108
14 557 12 120
15 6-0 6 126
16 6-08 12 138
17 6-25 12 150
18 6-56 12 162
19 693 6 168
20 70 18 186
21 7-21 12 198
22 7:55 12 210
23 7-81 12 222
24 754 12 234
25 80 6 240
26 819 i2 252
27 854 12 264
28 866 6 270
29 872 12 282
30 8-89 12 294
31 S0 6 300
32 917 12 312
33 934 24 336
34 964 12 348
35 9-85 12 360
36 100 6 366

calculate the co-channel separation distance from the formula
(1) on page 5 viz. D =+/N.d. Use of the tables, for the given
conductivity and frequency and the required protection ratio
will then show what service range » is obtained and by com-
parison what is the optimum radiated power. An alternative
approach would be to decide what was the required service
range, then to decide by inspection of the tables what was the
necessary co-channel separation distance and optimum radi-
ated power and then the number of channels necessary to
achieve this by the use of the formula D = 1/N.d.
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20 Conclusion

This article is incomplete as it stands since the computed table
of service range and area coverage at present only covers two
rather extreme values of transmitted radiated power and only
two values of ground conductivity, The purpose of the report
is that it should be an aid to understanding methods of plan-
ning a groundwave daylight service for a large number of
small stations for purposes such as Jocal broadcasting. Ex-
tended computer programmes could be developed to calculate
actual population coverages from networks of various dimen-
sions applied to the United Kingdom, using the available data
bank of population enclosed within squares of (-5km side
over the whole country.

Computer methods could also be established to select the
number of interfering transmitters in the surrounding rings
to be taken into account incalculating the approximate service
range of the ‘wanted’ station; to achieve a given accuracy,
more interfering transmitters will have to be allowed for
where the frequency is low, the ground conductivity high, and
the co-channel spacing smaller than is the case when the fre-
quency is high, the conductivity low and the co-channel
spacing large.

It has been pointed out that in the case of large networks,
under daylight conditions, the only reason for neglecting the
effects of the more distant interfering transmitters is that, due
to ground attenuation, their individual field-strengths fall off
more rapidly than on an ‘inverse distance’ (1/R) basis. Since
the number of transmitters within an annulus of mean radius
R tends to increase proportionally with the value of R, sum-
mation of the interference effects out 1o a large distance would
give a divergent result but for the overriding effect of ground
attenuation.

Should groundwave coverage of a large network of low-
powered transmitters at night be investigated it will be neces-
sary 1o bear in mind the fact that many more successive rings
of interfering transmitters may contribute substantially to the
mean interference at any point.

The author is grateful to his colleagues J. W, Head and
R. W. Lee for considerable assistance with the mathematical
theory and compufer programming respectively.
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L.F. and M.F. Propagation: Sky-wave

Field-strength Prediction

P. Knight, m.A. Ph.D., M.IEE.
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Summary: During the night, medium-frequency sky-waves propagate to great distances via the ionosphere.
The report describes the various factors which affect the waves as they travel from transmitter to receiver. Several
methods which can be used for estimating the strength of sky-wave signals are campared.

1 Introduction

2 Field-strength variation
2.1 Diurnal variation
2.2 Short-period and day-to-day variation
2.3 Solar-cycle variation

3 Factors which influence sky-wave field-strength
3.1 Ground loss at transmitter and receiver
3.2 Polarisation coupling loss
3.3 Tonospheric loss
3.4 Intermediate reflection loss

4 Sky-wave field-strength prediction

5 References

1 Introduction

This article is based on a lecture which was given at the three
seminars organised by the International Telecommunications
Union prior to the 1974 Frequency-Planning Conference,
The purpose of the seminars was frequency planning to
engineers who would be attending the 1974 Conference.
Since the lecture was mainly concerned with field strength
prediction, the various propagation curves and prediction
methods which are available for planning are considered in
detail. To assist in the better understanding of the differences
which arise when waves propagate at various latitudes or in
different directions, the factors which influence the strength
of medium frequency sky waves ate discussed. The diurnal,
short-period and solar-cycle variations of signal strength
which arise in practice are also described.

2 Field-strength variation
2.1 Diurnal variation

Duaring the day, 1.f. and m.f, sky-waves are ahsorbed by the
ionosphere and are unable to propagate further. After sunset,
however, the D region of the ionosphere, which absorbs the
waves during the day, decays rapidly, and waves are then
reflected with little Ioss from the higher E and F layers.
Multi-hop propagation to great distances is the possible.
Fig. 1 shows how sky-wave field-strengths increase after
sunset on most paths. The signal-strength increases by about
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20dB in the two hours centred on sunset and then remains
more steady. At sunrise the D region ionisation is re-estab-
lished and the signal-strength decreases rapidly.*
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Fig. 1 Field-strength variation during the night and at sunrise

At Lf. and m.f., propagation to great distances always
takes place via the E-layer, about 100km above the ground.
Although reflections from the somewhat higher F-layer are
possible on shorter paths at the higher frequencies in the m.f,
band, E-layer reflections usually predominate.

2.2 Short-period and day-to-day variation

Because the ionosphere is a turbulent medium, the strength
of sky-wave signals varies continually, the rate of variation
depending on frequency and path length. At frequencies
below 1MHz, several minutes may elapse between con-
secutive maxima. On higher frequencies, however, several
maxima may occur during one minute, especially on shorter
paths where E- and F-layer reflections are present simul-
taneously. If a continuous recording is made for half an
hour, the fieid-strength exceeded for 10 per cent of the time

* Fig. 1 showsfield-strength variation in terms of the fimes at which
the sun sets and rises at the ground below the ionospheric reflec-
tion point. On multi-paths the diurnal variation is controlled by
the reflection point where the sun sets last or rises first.



(the quasi-maximum field-strength) will be found to be about
5dB greater than the field-strength exceeded for 50 per cent
of the time (the median value).

If recordings are made for half-hour periods at the same
time after sunset on a series of nights, the median value will
be found to vary considerably from night to night. The
median field-strength exceeded on 50 per cent of the nights is
the measured value usually quoted, and is also the value
derived from propagation curves and prediction formulae.
The median field-strength exceeded on 10 per cent of the
nights, however, is between 5 and 10dB greater than the
stated value. Because of the combined effect of short-period
and day-to-day variations, the field-strength exceeded for
10 per cent of the total time on a series of nights will be
between 7 and 11dB higher than the overall median value
usually stated, For planning purposes it is reasonable to
assume that the field-strength exceeded for 10 per cent of the
time is 10dB greater than the overall median.

Because of this day-to-day variation, measurements made
on only one or two nights cannot be regarded as reliable. If
the interference caused by a particular transmitter is to be
evaluated, measurements must be made on a sufficient
number of nights for the overall median value to be accur-
ately determined.

2.3 Solar-cycle variation

An additional source of variation is caused by solar activity,
field-strengths being lower at the peak of the solar cycle. In
Europe the decrease at m.f. is found to be approximately
Rd » 1073dB, where R is the sunspot nomber {(typically 150
at the peak of the solar cycle) and 4 is the path length in km!.
In North Ametica the decrease is much greater but in tropi-
cal regions it may be smaller. At 1.f. there appears to be little
o1 no valiation. The field-strength decrease should be disre-
garded for planning purposes, because co-channel inter-
ference will be worse when solar activity is least (R =0).

3 Factors which influence sky-wave field-
strength

As the wave propagates from transmitter to receiver it is
subject to a number of different types of loss which are illus-
trated in Fig. 2. These losses are considered in detail in this
section.
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Fig. 2 Losses on a two-hop path

3.1 Ground loss at transmitter and receiver

Propagation curves such as those published by the CCIR
usually apply to paths whose terminals are well inland. They
therefore take account of the ground loss due to imperfect
ground conductivity which occurs at transmitter and re-

BBC Engineering August 1974

ceiver.®* Greater field-strengths will be observed, however, if
either the transmitter or receiver is situated near the sea, pro-
vided the first (or last) part of the path lies over the sea. This
increase oocurs because sea water is a betrer conductor than
land and reflects waves more efficiently, especially at the low
angles which are important for long-distance propagation.
Fig. 3 shows the approximate increase which would occur
at m.f. if ground of average conductivity (10mS/m) were
replaced by sea water at either the transmitler or receiver;
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Fig. 3 Effect of replacing land. at transmitter or receiver, by sea

the increase will be doubled if both are near the sea. The
increase rises to a maximum when the path length is about
2000km, because here the one-hop mode predominates and
is propagated at a very low angle. The increase rises 10 a
further maximum at about 4000km here the two-hop mode
predominates. For paths Tonger than 6000km the increase
may be assumed to be 10dB when one terminal is near the
sea or 20dB if both are close to the sea. Similar increases
occur at [f,

The full increase shown in Fig. 3 will only apply if the
transmitter or receiver is within a few km of the sea. Fig. 4
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Fig. 4 Variation of field strength with distance from sea

shows how the field-strength depends on the actual distance
from the sea (measured in the direction of propagation) when
one terminal of a 1500km path is moved inland, assuming
ground of average conductivity (10mS/m) and a frequency
of 1 MHz.
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3.2 Polarisation coupling loss

Conventional aerials radiate vertically-polarised waves. At
m.f. the wave which is accepted by the ionosphere and which
propagates further, usuvally has a different polarisation and
may not be excited efficiently by the incident wave. The wave
which emerges from the ionosphere is in general elliptically
polarised and may not excite the listener’s receiving aerial
efficiently, because aerials near the ground are most sensitive
to vertical polarisation,

The fraction of the incident power which is lost on entry
into the ionosphere is called the polarisation coupling loss.*
Further polarisation coupling loss occurs when the wave
which emerges from the ionosphere induces a voltage in the
receiving aerial. The coupling losses which occur at the two
ends of the path are caused by essentially the same mecha-
nism and are unchanged if the direction of propagation is
reversed.

Polarisation coupling loss is caused by the Earth’s mag-
netic field and therefore depends both on magnetic-dip angle
and on the direction of propagation relative to magnetic
north, as shown in Fig. 5. The major axis of the elliptically-
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Fig. 5 Polarisation coupling loss

palarised wave which is accepted by the ionosphere, and also
that of wave which emerges, is parallel to the direction of the
Earth’s magnetic field. Consequently polarisation coupling
losses are low in temperate latitudes, because the Farth’s
magnetic field is almost vertical. At this magnetic equator,
however, the Earth’s field is horizontal and polarisation
coupling losses on East—West paths are large.

Polarisation coupling loss does not occur outside the m.f.
band because it is a consequence of the gyromagnetic fre-
quency, which falls within the m.f. band.* The gyromagnetic

* The gyromagnetic frequency is the frequency with which elec-
trons in motion spiral around the Earth’s magnetic field lines. If
the sense of rotation of an elliptically-polarised wave of similar
frequency is such that it enhances this motion, power drawn from
the wave will be transferred to the electrons and the wave will be
rapidly attenuated. If the wave has the opposite sense of rotarion,
however, it will propagate with little aitenuation.
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frequency depends on the strength of the Earth’s magnetic
field, and varies from |-5MHz in temperate latitudes to Q-7
MHz in some parts of the equatorial region.

3.3 lonospheric loss

As mentioned in Section 2.1, sky-wave field-strengths in-
crease after sunset because ionospheric losses decrease. Late
al night the field-strength reaches its greatest value but some
residual ionospheric logs remains. The residual 1oss on a long
path may be considerable and it is therefore an important
factor which must be taken into account.

Tt can be shown theoretically that ionospheric Joss is least
when the direction of propagation is parallel to the direction
of the Earth’s magnetic field. In equatorial regions, therefore,
ionospheric losses for low-angle modes on north-south paths
are smaller than on east-west paths, as shown in Fig. 6.
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Fig. 6 lonospheric loss at the magnetic equator

Since east—west propagation at all latitudes is perpendicular
to the direction of the Earth’s field, losses on cast—west paths
are independent of latitude outside the auroral zone.

Although the rate of attenuation in the ionosphere de-
creases with increasing frequency, waves of higher frequen-
cies penetrate more deeply into the ionosphere and the
distance traversed within the ionosphere is greater than at
lower frequencies. Consequently the variation of the total
loss with frequency is much smaller than would otherwise be
the case. Fig. 6 shows that ionospheric loss is, in fact, almost
independent of frequency within the m.f, band on north-
south equatorial paths.

In the auroral zones, ionospheric losses arc somewhat
greater than those shown in Fig. 6. The auroral zones are
centred on the magnetic poles and have an outer radius of
about 4000km, Areas which are affected by increased losses
include Canada and the northern USA, the North Atlantic
and the northern part of the TUSSR. In this region, ionos-
pheric losses are independent of the direction of propagation
because the Earth’s magnetic field is almost vertical,

3.4 Intermediate reflection loss

Fig. 7 illustrates the reflection of a wave at the Earth’s surface
on a multi-hop path. When the wave is reflected its strength
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Fig. 7 Intermediate reflection loss

is reduced because of losses in the ground, and its polarisa-
tion is also modified. The polarisation of the reflected wave
may differ from that required by the ionosphere on the next
hop and polarisation coupling loss, similar to that described
in Section 3.2, will occur at m.f. The sum of the ground
reflection Joss and the polarisation coupling loss is known as
intermediate reflection loss.** It depends in a complicated
way on the direction of propagation, on the direction of the
Earth’s magnetic field and on the ground constants at the
reflection point.

There are three situations in which the loss may be large:

1. In temperate Tatitudes when the down-coming wave is
refected from Jand at an angle near the Brewster angle.
The loss may depend on the direction of propagation,
waves propagating towards the west suffering most loss.

2. For east—west propagation with sea reflection at 45° dip
latitude.

3. For north-south propagation with sca reflection at the
magnetic equator.

At Lf. only the ground reflection 1oss need be considered,
and this is usually small.

4 Sky-wave field-strength prediction

For planning purposes, some method is required for estimat-
ing sky-wave ficld-sirength. Possibilities range from the de-
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tailed calculation of all the losses described in Section 3, to the
use of propagation curves derived from measurements.

An extensive series of measurements over paths between
Europe and North America, and over paths between North
and South America, was made between 1934 and 1937. The
two sets of measurements were used to produce separate
curves for east-west and north—south propagation, shown in
Fig. 8; these curves were agreed at the Cairo Conference in
1938. The curves shown in Fig. 8 are in fact 9dB lower than
the original Cairo curves because the latter give quasi- maxi-
mum values; the curves shown in Fig. 8 therefore represent
median field-strengths when 1kW is radiated from a short
vertical aerial.

A further series of measurements was organised within
Europe by the EBU between 1952 and 1960, The resulting
propagation curves, also shown in Fig. 8, were adopted by the
CCIR as Report 264, with a recommendation that they be
used in the European Broadcasting Area. Other curves con-
tained in Report 264 give corrections for the greater ionos-
phericloss near the auroral zone, and for the vertical radiation
patterns and gains of typical transmitting aerials.

The CCIR curves apply to distances between 300 and
3500km. Measurements made in Ewrope at shorter distances
show that the maximum field-strength which is likely to be
observed during the night may be calculated by assuming
that the ionosphere has a reflection coefficient of —10dB at
m.f. and —15dB at 1.f,, at the high angles of incidence corre-
sponding to short-distance propagation. Two curves for m.f.
calculated on this basis are included in Fig. 8. One curve
applies to a short vertical aerial radiating 1kW; the corre-
sponding curve for 1.f. would be 5dB lower. The other curve
applies to a hypothetical semi-isotropic source producing the
same field-strength, in all directions, as that produced by the
short vertical aerialin the horizontal direction. Similar curves
for asemi-isotropicsource calculated on thesame basis, which
extend the CCIR curves to distances less than 300km, are
given in Fig. 8 of CCIR Report 4317; slightly different exten-
sions were used at the African Broadcasting Conference.
Although a semi-isotropic scurce cannot be realised in prac-
tice it forms a convenient reference, especially when field-
strengths at very short distances, due to high angle radiation,
are being calculated.

At distances greater than 300km it is immaterial whether
the source is a short vertical aerial, a semi-isotropic source or
a vertical aerial up to 0-25X high. If the transmitting aerial is
higher than 0-25A, or if the aerial has horizontal directivity,
the field-strengths given by the curves should be increased by
the aerial gain in the direction of interest; the resulting field-
strength then corresponds to the expected value when 1kW
is radiated.

Fig. 8 shows that there are certain discrepancies between
the three sets of curves and the question which arises is: which
curves should be used ? For planning purposes, curves repre-
senatative of average conditions are the most convenient ; cor-
rections such as those shown in Figs. 3 and 5 can then be
applied in special circumstances.

For distances less than 300km, in temperate latitudes,
propagation curves calculated by assuming that the iono-
sphere has reflection coefficients of — 10dB at m.f, and—15dB
at 1.f, give reasonable estimates of the highest median field-
strengths which are likely to be observed, and are therefore
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useful for predicting maximum interference levels. If the
curves are used for planning a sky-wave broadcasting service,
however, account should be taken of the fact that field-
strengths may, at times, be considerably less than the values
given by the propagation curves. Field-strengths may be up
to 20dB lower if the wave is about Lo penetrate the E-layer,
or about 6 dB lower if it is reflected from the F-layer.

The CCIR curves apply to distances between 300 and 3500
km and were derived from measurements made within this
range. There is no justification for extrapolating them to
greater distances, and it has been shown that serious errors
result if thisis done.” The variation of field-strength with fre-
quency shown by the CCLR curves is now thought to be too
great; it is possible that the variation with frequency is unim-
portant, at least within the m.f. band.

The Cairo curves were derived entirely from measurements
made at m.f. and there is therefore no justification for using
them for I.f., although they may not be seriously in error at
Lf. No dependence on frequency within the m.f, band was
observed. The north-south curve may not represent average
conditions because one of the rerminals used for the measure-
ments was situated near the sea; a more representative north—
south curve would perhaps be 10dB lower. The east-west
curve does not represent average conditions either because all
the paths measured were across the North Atlantic and were
close to the auroral zone, More recent measurements suggest
that the difference between north-south and east—west paths,
away from the auroral zone, is much less than the Cairo
curves indicate.

The problem of producing simplified propagation curves
or formulae valid for all distances is being actively pursued by
the CCIR. One possibility, which has been propoesed by the
USSR.? and which is being studied further, is the derivation
from measurements of a formula in the following form:

E =115 — 20tog,of -7 — kd
unattenuated terminatl path
field-strength losses attenuation

where E is the field-strength in dB relative to 1uV/m and d is
the distance in km via the ionosphere, approximately equal
to the path length for distances greater than 1000km, The
terminal loss T would be of the order of 10dB except on east—
west paths near the magnetic equator, where polarisation
coupling loss is large. The constant & will probably be a
function of geomagnetic Jatitude, direction of propagation,
frequency and sunspot number. Corrections of the form shown
in Fig. 3 would then be applied if the transmitter or receiver
is situated near the sea.
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Another possibility would be the use of the wave-hop
method® developed by the BBC. Tn this methed all the losses
which arise as the wave propagates from transmitter to re-
ceiver are calculated separately and are subtracted fromthe
unattenuated field-strength. The calculation is performed for
for afl the propagation modes which are likely to contribute
to the received signal ; if two or more modes are found to be of
comparable strength, their powers are added. Although the
wave-hop methed is laborious to use in its present form, its
adaptation to a digital computer is thought to be feasible. For
the time being its use should be confined to paths which are
cutside the range of validity of propagation curves or formu-
lae, or where their accuracy is doubtful,

One situation where propagation curves would not be
expected to apply arises when horizontal transmitting aerials
are used for short-distance broadcasting via the ionosphere.
Although radiation at the Jow angles corresponding to long-
distance propagation is greatly reduced, waves can propagate
to considerable distances by high-angle multi-hop modes,
which are strongly excited. Recent EBU measurements of a
particular horizontally-polarised transmission have shown
that these modes can in fact produce field-strengths compar-
able with those due to a vertical aerial radiating the same
power, and this has been confirmed by wave-hop calculations.
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Summary: A computing method for obtaining c.m.f. and average ground conductivity values from sets of
ground-wave measurements taken on radials from an m.f. aerial should be valuable in assessing the performance
of new arrays in the future. A suitable optimisation technigue which can be employed for this purpose and

be realised as a computer program is described.
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1 Introduction

A rule-of-thumb method has been in general use for estimat-
ing the ground-wave c.m.f.# and mean ground conductivity
from sets of radial field measurements within a distance of
about Skm from an m.f. aerial. If E is the field measured at
distance d, the method is to plot log (£d) against  on graph
paper and to obtain the required results from the best-fit
straight line drawn through the plotted points. This procedure
can lead to very poor estimates of c.nt.l., especially when the
effective ground conductivity is low and the frequency is at the
top of the band. The purpose of this report is to describe an
improved method suitable for the assessment of aerial per-
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Fig.1 Theoretical curve fitting to measured results
(&) £d {volts) as a function of distance
Approximate formula - - - - - More exact formula
{6) £ {mV/m™") as a function of distance
Approximate formula

* c.n f, = cymo-motive force. For the purpose of this report it can
be identified with the constant C in Equation (3).
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formance. It uses a non-iterative optimisation technique
which can readily be realised as a computer program. This
method can use any known theoretical attenuation function
and optimises a scaling factor (equivalent to c.m.f.) and the
ground conductivity value to give the minimum value of
accumulated squared difference from the measured values of
field-strength. The final values of these quantities are obtained
by interpolation.

It is assumed that fields will be measured over the ground
{not at sea) and therefore it is possible to limit the expected
values of conductivity and dielectric constant,

2 The attenuation function

The ground-wave field-strength for short distances (but
greater than about 5A) can be expressed approximately as

Ee ZTE“A(p) (V1) M

where A(p), the attenuation function,

2+03p

= - ~6218 gin b
2+p(l +06p)

2
— [—¢

2.
In this approximation p is a2 numerical distance and b is a
parameter. Both are defined below. This empirical function,
due to Norton!® gives a good approximation to a more exact

function as can be seen by reference to Fig, 1{a). A more
exact expression derived from the theory of Sommerfield is

A(s) = |1 + ja/75 . e exfe (— j/5)

where erfc(z) s the complex error function complement which
is tabulated,? and § = pei®.

We see that the product Edis equalto 2L, at P = 0,(d =0).
2E, can therefore be identified with the aerial ¢.m.f, (Volts).
Given the ground conductivity s (milli Siemen #17"), permit-
tivity « (farad m) and the frequency f{Hz) the following
quantities are required:

x=(1'8 x 107)s/f (farad m™)

(¢ + €)
€4X

tan b =

k13
p=—.cosh.d. =kd

XA
The above formulae refet to vertical polarisation only. Hori-
zontal polarisation is not covered in this report although a
similar set of procedures can be devised for it.

3 Ground permittivity

The permittivity of different types of ground is, of course, not
a well defined function of conductivity. In temperate climates,
however, there is a tendency for permittivity to increase with
conductivity which is probably due toincreasing water content
in the soil. Tn cities and built-up areas ‘real’ conductivities and
permittivities must be replaced by ‘effective’ values both of
which are low. Rather than use a fixed typical or mean value
of permittivity (as is done in CCIR Recommendation 368-1
for example), improved accuracy can be secured by expressing
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the relative permittivity as a single valued function of con-
ductivity, Thus
L =200 — ey 2)
€0

o = conductivity inmS, m™"

This formula will not necessarily give the correct value of
permittivity in a place of a fixed value but its justification is
that on the average smaller errors will be incurred if it is
adopted. Fig. 2 shows a plot of this function together with
some typical examples of points corresponding to varipus
types of terrain.

4 Measured Ed values
Restating the basic formula in a slightly different form:

V =FEd=CA(kd) (Volts) €)]

It will be assumed that a set of measured values of Ed is avail-
able which has been taken on a radial from a vertical trans-
mitting aerial within a range of approximately 5-200 wave-
lengths. The given data are therefore a set of points {d,, V,}
r=1,2...natthe frequency of the test transmission. Owing
to practical measuring difficulties the number of measurement
points may be limited to about a Jozen and often less.
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Fig. 2 Assumed relationship between conductivity and relative
permittivity for overland paths

5 Optimisation method
51 Step1

Choose {cs}, a set of values of conductivity in the range
01 = o = 20, say. Itis convenient, as far as possible, to have
roughly equal increments between the chosen values of « and
a set of about fifteen to twenty is sufficient. Calculate cotre-
sponding values of k giving the set {kq}. From these values a
set of values of the attenuation function can be found from
the formula in Section 2.

{Asr} = {A(kadx)}



These values and the points (d., ¥,) form the arrays on which
the optimisation procedure is based.

b2 Step2
{C5) is next derived where
Py r=n
Com D ALV D (AL
r=1 r=1

This process scales the theoretical V-curves for each of the
conductivity values by adjusting the muitiplying constant C
in expression (3) to minimise the sum of squared differences.

53 Step 3

This step invoives the calculation of the sum of squared
differences between measured and calculated values of V.

Fr=n

£= > [V, CALL

r=1

Thus

giving | &},

6 Functional dependence on conductivity

The multiplier Cin Equation (3) is to be thought of as equiva-
lent to the c.m.f. of the aerial system which is being measured.
In reality this multiplier has a fixed value determined by the
aerial system but in the optimisation process its value changes
as different values of conductivity are assumed. In the present
context it may therefore be considered as dependent upon the
conductivity. It follows that both the multiplier C and the
squared difference variable are functions of the conductivity
only which means that a one-dimensional interpolation may
be used to obtain the best estimate of conductivity and c.m.f.
as explained in the next section.

7 Interpolation

The value of conductivity which corresponds to the minimum
of 82 can be found to good accuracy by means of parabolic
interpolation, The interpolation involves the point (5 o)
giving the minimal calculated value and the neighbouring
points on gither side. Tt can be shown that the interpolated
value of o will be an accurate estimate of that value for which
82 is a minimum, Having found this optimal value of =, the
best estimate for C (the c.m.f.) may be obtained by linear
interpolation or by applying Step 2 (Section 5.2) for thissingle
value of conductivity.

71 Step4d

Min |8} is found and, if this is a single member of the set, 5,
say, the points (57_., m. 1) {3}, o)) and (5], ,, m.,) are noted
and interpolation carried out. The optimal value of s is given
by:
B (C‘T - ‘T?+ 1) (a?—l - Si) - ("?—1 - “:) (ST - 3§+ 1)

(s — U{ﬁ—!)(‘s?—l - 5|2) —(m_1 — o) (Bf - 5? 1)

If there are two sequential members of | &} having the same
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minimal value* either may be chosen as 8}. The likelihood of
more than two sequential members having the same value is
negligible. If the minimal value belongs to either end member
(but not both) it can be taken as the actual minimum. In this
event, however, note should be made of the fact that the range
of conductivity values may be inadequate. If nominally equal
minimal values are possessed by separated members it should
be inferred that the measured results are too erratic for
smoothing to be applied.

7.2 Step b

Given the optimal value of =, obtain the optimal value of C by
linear interpolation or by the application of Step 2 for the
single optimal value of s.

8 Example

Fig. 1 shows the result of applying the process to six radial
field-strength measurements taken from a service broadcast
aerial operating at a frequency of 1457kHz. From the meas-
urements the aerial c.m.{. (in the radial direction) is found to
be 221-9Y and the effective ground conductivity to be
3-07mS m. This is fairly low value of conductivity but the
path of the radial is known to pass over undulating ground
which is well covered with banks of trees and buildings and
this no doubt accounts for this fact at the relatively high
frequency.

The dotted curve in Fig. 1(a) shows a plot of the more exact
function menticned in Section 2 derived from curves given in
Reference 1.

9 C.M.F. ground-wave patterns of aerials

One of the principal applications for the process described in
the preceding sections is the calculation of c.m.f, ground-wave
patterns of vertical m.f. aerials from a series of measurements.
This application will be particularly important when new
directional arrays are being set to work and the amplitude
and phases of their drive currents are being critically adjusted.
The advantage of the process is that it minimises ground
attenuation effects in the estimation of aerial performance.

10 Ground conductivity

In the author's opinion calculation of m.f. ground-wave
services often assume values of effective ground conductivity
which are too high when the operating frequency is at the top
of the m.f. band {(above 1 MHz). Ground undulations, trees,
buildings and other irregularities cause increased attenuation
whereas predictions are often based on surface stratum values
of conductivity and measurements made at low frequencies.
Application of the optimisation process to measured felds
from aerials could lead to improved estimates for the average
conductivity to be assumed in future work.

* The possibility of this occurrence will clearly depend on the
number of significant figures which are available.
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11 Conclusions

An explicit non-iterative optimisation process has been de-
scribed for obtaining the ground-wave c.m.f. values and local
effective ground conductivity of vertical m.f. aerials from
measurements. The accuracy of the method as a curvefitting
process is believed to be good and its application in assessing
the performance of new m.f. arrays in the future will, it is
hoped, be valuable.
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Vision-mixing Equipment for Major Studios

The EP5/512 vision-mixing equipment has been developed
for use in major production studios. It is compact and incor-
porates a number of facilities not found in earlier vision
mixers.

The mixer comprises sixteen channels in two banks of
eight; for normal operation, the inputs to corresponding
channels in the two banks are paralleled to eight signal
sources. The signal in each channel can be controlled either
by a fader or by a ‘cut’ button, the change of mode between
CUT and MIX for the whole bank being made by the opera-
tion of a push-button switch or by ‘topping’ a fader. A gated
fading technique is employed to enable the signals in any or
all of the sixteen mixer channels to be superimposed without
causing distortion of the synchronising wavaform,

The equipment offers the following special effects:

* Either colour-separation or cantion overlay facilities on
both banks.

* The addition of all-round black edges to a monochrome
caption or of contrasting-coloured edges to a coloured
caption. {The equipment includes a colour synthesiser.)

* A comprehensive selection of wipe patterns.

* The addition of ripple to the wipe patterns, with variable
frequency and amplitude,

* The production of multiple (up to = 8) wipe patterns in
cither direction.

* Variation of the position of the wipe pattern on the screen
by means of a joystick control.

Each channel of the mixer includes integral synchronisation
monitoring and provision for automatic colour subcattier
phase correction with a range of + 10 degrees.

The mixer control desk has keys for the selection of com-
monly-used wipe patterns, but a range of small modules that
plug into the control panel alongside the wipe-selection keys
enable the number of wipe patterns available to be expanded
to up to 106 basic patterns, not including multiples. Unlike
most exisiing vision mixers, this new equipment includes a

Left: Prototype vision-mixer electronics bay with front covers
removed to show electronics boards. Shown, top to
bottom, are: power supplies. logic units, coaxial jack-
fields and electronics boards,

Below: Control-desk panels showing typical arrangement of

control panels (prototypes).
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Mixer electronics board with protective screens removed to
show assembly. The board shown is one of the two group mixer
boards.

facility for multiple-iris wipe-patterns. All wipe-patterns are
available with soft-edges of 4 of hardness.

Either matrixed or decoded signals can be used for colour-
separation overlay (the mixer includes two internal PAL
decoders), and any of the incoming signals can be used either
as the foreground or as a source of the overlay switching-
signal. The colour synthesiser and all-round black edges can
be controlled by sync pulses from a superlocked generator, so
that coloured and edged captions can be added to a non-sync
picture at the output of the mixer. The mixer uses additive
mixing, limiters being incorporated to ensure that the ampli-
tude of the luminance or chrominance component of the
mixer output signal does not exceed the specified waveform
tolerances.

The equipment comprises a control desk and separate elec-
tronic units for bay mounting. These are the mixer electronics,

the logic and control circuits and the power supplier. The %

mixer electronics unit contains twenty-seven horizontal

Detail of Effects Control-panel showing, left, the colour syn-
thesiser, centre, the caption controls and, right, the wipe-
selection keys. Two of the plug-in wipe-selection modules are
shown at the right-hand carner of the panel.

printed-circuit boards, plugged into a ‘mother’ board at the
rear of the unit and withdrawable from the front. This elec-
tronics unitis 755mm (17 U) high and 425mm deep. The logic
circuits are contained in an Imhof CDX panel, 222mm (5U)
high. Separate power suppliers with independent mains in-
puts are provided for the circuits of the two banks; these are
contained in a unit occupying 445mm of bay height, Also
available is a bay-mounting engineering control panel,
carrying a simplified version of the operational control
facilities,

Time-dependent Video Equaliser

The time-dependent video equaliser type EQ1M/522 has been
developed to solve the difficulty presented, during some inter-
national-relay programmes, by a video signal with syn-
chronising pulses which have been processed at some point
on theroute of the circuit and are therefore well-shaped, while
the picture-information requires L.f. and h.f. correction. Such
correction, if applied in the normal manner, would distort the
synchronising-pulses and possibly render them unacceptable.

In this equipment, the incoming signal is split into three
feeds. Two of these are applied to the inputs of a video
switch-unit after one of them has undergone the necessary
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corrections to the picture-information in a video line equal-
iser. The third signal-feed is applied to a synchronising-pulse
separator and delay-unit, in which are derived pulses which
drive the video switch-unit so as to produce an output-signal
comprising picture-information from the equalised signal-
feed and synchronising-pulses from the unequalised feed.

The equipment comprises ten units constructed as plug-in
modules on 178 mm-high chassis of the binary metric modular
chassis-system. The units occupy one-and-a-half general-
purpose panels of the system, for mounting on a standard
483 mm bay. Those units forming the video line equaliser are
coded collectively EQ5M/537 and can be accommodated in a
single general-purpose panel.



Audio Reference-level Generator

The audio reference-level generator GEI/13 is a battery-
powered portable oscillator with a (nominally) zero-level
output atafrequency of 400 Hz. It has been designed primarily
for use by mobile maintenance-teams for the checking of
peak-programme meters, but is suitable for most applications
in which an accurate zero-level source is required.

The output level of the generator is stabilised against
changes in ambient temperature, time, load-impedance and
battery-potential. The batteries, which are contained within
the unit, are of a high-capacity type which last for approxi-
mately one year of normal use. As a safeguard against pre-
mature discharge of the batteries should the generator in-
advertently be left connected after use, a ‘timed-operation’
facility is incorporated by which it is automatically switched-
off after operating for approximately ten minutes. When this
happens, a new period of operation can be initiated immedi-
ately by means of a push-button. The timing-facility in-
corporates an arrangement to prevent the generator from
working when the battery-potential is not within the correct
range for the operation of the circuits.

Earth-leakage Circuit-breaker Breaking-time
Tester

Most earth-leakage circuit-breakers are designed to open
within 30 milliseconds if an earth-leakage current (e.g. through
the body of a person in accidental contact with a circuit) rises
to 30mA. The TE4/1 tester provides a means of checking the
time taken for a circuit-breaker to operate.
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The generator comprises a printed-circuit board and two
dry-cell batteries in a diecast box measuring 190mm by
120mm by 60mm. The output is delivered via a P.O.-type
jack; the insertion of a plug into this jack is necessary before
the circuits of the generator can be switched on.

General data
Power-requirement : D.C. at 13V-18V, supplied

by two batteries type PP9

Operating temperature-range: 0°C-45°C

Output-frequency : 400Hz + 40Hz

Output level: 0dB (07746 V r.m.s.)
+ 0-25dB

Sinusoidal, with 2nd har-
monic —40dB and 3rd har-
monic — 50dB (approx.)

Qutput-signal waveform:

Dimensions: 190mm * 120mm x 60mm

Weight: I'1Kg

The instrument is portable and self-contained, and is
powered by a small internal sealed secondary battery which is
maintained in a charged condition by means of current drawn
from the mains circuit under test. It is intended primarily for
use with portable equipment, in which earthing failures are
particularly likely to occur, but it is also of value in any situa-
tion where an a.c. mains supply is drawn through an earth-
leakage circuit-breaker. It should be noted, however, that in
the design of the tester it has been assumed that safety regula-
tions relating to the wiring of the mains outlet and circuit-
breaker have been observed.

Before the tester is used, a short check-sequence is initiated
by means of push-buttons on the unit to ensure that an earth
connection exists and that the light-emitting diode indicators
and their drive circuits in the unit are operative. This ensures
that the tester is in order, is correctly connected to the mains
supply, and that its internal battery is charged. The test is then
made by pressing a further button.

The operation of the circuit-breaker is checked against an
internal pre-set timing-circuit which is accurate to within
- 2ms. If the circuit-breaker is satisfactory, one of the diodes
(green) glows for about twenty seconds; if not, a red diode
glows for a similar period after the green diode has flashed
momentarily.

In the tester illustrated above, the test-current and the time-
reference are determined by fixed, internal components. If the
tester were to be used in applications where different currents
and times were necessary, it would be possible to modify the
tester so that both the current and time were adjustable.

As illustrated, the tester is housed in a small plastic case
measuring approximately 200m > 200mm = 110mm deep;
the 1id of the case can be used to shizld the light-emitting
diodes from direct sunlight.
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Publications available from
Engineering Information Department

Information Sheets on the following subjects can be obtained
from Head of Engineering Information Department, Broad-
casting House, London W1A 1AA| and are available free of
charge, except where otherwise indicated.

General

9002 Wavebands and Frequencies Allocated to Broadcast-
ing in the United Kingdom

Television

4006 VUHF Television Reception

9003 Television Channels and Nominal Carrier Frequencies

2701  Television Interference from Distant Transmitting
Stations !

4101 Television Receiving Aerials

4306 Test Card F

2001 Transmitiing Stations, 405-line Services (BBC-1 and
BBC Wales): Channels, Polarisation, and Powers

2901 Transmitting Stations, 405-line Services (BBC-1 and
BBC Wales): Map of Locations

4003 Transmitting Stations, 625-line Services: Channels,
Polarisation, and Powers

4919 Main Transmitting Stations, 625-line Services: Map
of Locations

2020 405-line Television: Nominal Specification of Trans-

mitted Waveform
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4202 625-line Television (Colour and Monochrome): Brief
Specification of Transmitted Waveform
How to receive BBC TV — 625 lines and colour

Radio

1042 BBC Local Radio Transmitting Stations(MF2 VHE):
Frequencies and Powers

1701 Medium-wave Radio Services: Interference

1603 Stereophonic Broadcasting: Brief Description

1604 Stereophonic Broadcasting: Technical Details of
Pilot-tone System

1605 Srereophonic Broadcasting: Test Tone Transmissions

1034 ¥YHF Radio Transmitting Stations: Freguencies and
Powers

1919 VHF Radio Transmitting Stations: Map of Locations

Sarvice Area Maps

Individual maps showing the service areas for many radic and
television transmitters are also available.

Specification of Telavision Standards for
625-Line System | Transmissions

A detailed specification of the 625-line PAL colour-television
signal rransmitted in the United Kingdom is published jointly
by the British Broadcasting Corporation and the Independent
Broadcasting Authority, and can be obtained for 50p post free
from Head of Engineering Information Department, Broad-
casting House, London WIA 1AA.





