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Errata 
The undermentioned errors are regretted: 
Page 5. 2.2.3, line 6, 'Ford Estate saloon' should read 'Ford 
Escort saloon'. 
Page 11, column one, the section beginning 'The results are 
given in Table 8' to',,. questionnaires completed by listeners 
on reception in their homes' should appear on page 12 at the 
end of section 5.6, paragraph one. 

The cover photograph shows an operator typing a demon-
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Editorial 

The External Services of the BBC 

The publication in this issue of an article on the use of single­
sideba□d transmission for programme feeds to overseas trans­
mitters marks a convenient moment to review the history of 
BBC External Broadcasting which started as the BBC 
Empire Service over forty years ago and has undergone a 
number of major changes since its inception. 

The BBC was one of the first broadcasting authorities to 
realise the possibiJities of long-distance broadcasting by 
short waves and in 1927 started a service to the British Empire, 
using a transmitter at Che1msford, working initially on 
12·5 MHz and later on 11 ·75 MHz. This service proved very 
popular but indicated the desirability of using directional 
transmitting aerials and of broadcasting simu1taneously on 
different short wavebands to overcome short-term variations 
in transmission via the ionosphere. In 1932 the 'Empire· 
station at Daventry was brought into operation, initially with 
two 15kW transmitters. Vertically polarised directional 
aerials oriented towards five zones and suitable for winter and 
summer frequencies were installed initially. Tests showed that 
horizontal polarisation gave better results than vertical and 
that optimum results were obtained with a directional aerial 
consisting of four horizontal radiators stacked vertically at 
half-wavelength intervals. The height of the bottom radiator 
above ground was also found to be critical. As a result of 
these tests, a new aerial system was installed at Daventry and 
it proved so successful that it remained substantia1ly unaltered 
for the next twenty years. The HRRS 4/4/1 * array became the 
BBC's standard short-wave aerial. This phase of the overseas 
service lasted until 1939, during which time the number of 
transmitters was increased to eight. 

From 1938 and throughout the war years the external 
services were required to change their policy. The Empire 
service was in English but it had now become necessary to 
counter enemy propaganda and this meant broadcasting to 
Europe in a number of languages, to the Middle East in 
Arabic, and to the Latin American countries in Spanish and 
Portuguese. A new studio complex was set up in the south­
east \\'ing of Bush House in London and powerful medium­
\!,ave and long-iwave transmitters were built to put strong 
signals into Europe. A high average level of modulation was 

• Thi~ is, the code for an aerial array with a driven curtain consisting 
of sixteen half-waveJength radiators arranged in the vertical plane 
as four rows of four, the bottom row being one wavelength above 
the ground. A similar parallel curtain is used as a reflector. The 
letters signify that the array is horizontally poJarised, has a 
reflector, is reversible, and is slewable. 

2 

essential to maintain intelligibility in spite of jamming, and 
sudden increases in modulation which might betray clandes­
tine listeners had to be avoided. The number of short-wave 
transmitters at Daventry and other sites was increased to 
forty-two. Flexibility in the scheduling of operational fre­
quencies for this large number of transmitters was helped 
by the development in early 1940 of a highly successful 
variable-frequency LC drive unit which adequately met 
the modest international carrier-frequency stability stan­
dards of the period and remained in active service for twenty 
years. 

Many BBC engineers joined the armed forces and other 
services during the war and the operationa1 needs of the 
Corporation were met by the recruitment of young people of 
both sexes, usually straight from school, together with some 
older peop]e. After a minimum of essential training given at 
studio centres or transmitter stations, these new staff, with a 
small number of experienced staff to lead them, did excel1ent 
service throughout the war. They showed themselves capable 
of carrying out a Jarge number of tasks, previously under­
taken by qualified staff, and this highlighted the possibility 
of automatic operation which has since been introduced 
in a number of areas such as programme and aerial 
switching. 
Duri □g the period 1949 to 1963, the communist powers 

used jamming: in an attempt to prevent reception in their 
territories of programmes broadcast by the western democra­
cies. Much ingenuity was displayed by BBC engineers 
in devising counter-measures: for example, the western 
powers sometimes combined all the available transmitters 
in a simultaneous 'barrage' directed towards a single 
country. 

A significant event in 1950 was the inauguration of the 
BBC Far-Eastern relay station to serve South-East Asia. This 
greatly reduced the propagational difficulties encountered in 
direct transmissions from the UK to these areas. During the 
1950s many of the British territories achieved self-govern­
ment and a natural consequence or their newly acquired 
independence was a reduction in the extent to which they re­
broadcast BBC programmes. During the same period, inex­
pensive transistor receivers became available; these had 
limited sensitivity and their wavelength ranges tended to 
favour the lower frequencies. Effective coverage thus required 
the establishment of powerful medium-wave and short-wave 
relay bases situated in or near the service areas. 

Nearer home, medium-wave transmitters in Germany and 
in Austria became available in 1953 and were fed from the 



UK by landline to supplement the short-\vave services. A fevv 
years ]ater Central and Eastern Mediterranean relay stations 
were used to relay BBC programmes locally. 

Since 1961 the main developments have been the replace­
ment of the short-wave transmitters (some twenty-five years 
old) by more modern types with lOOkW or 250kW output, 
the modernisation of the aerial arrays to carry higher power 
and have wider bandwidth, and the replacement of manual 
aerial switching by remotely controlled switching. More 
recently point-to-point feeds to the overseas re]ay stations 
using single-sideband short-wave transmission have been 
introduced. This is the method used for feeding the short­
wave transmitters which were set up on Ascension Island in 
1966 to improve reception of BBC programmes in Latin 

America and in West and South Africa. High-gain rhombic 
aerials are used to transmit and to receive the single-sideband 
signals so that a 30kW p.e.p. * transmitter can be used for this 
programme feed instead of a broadcasting transmitter rated 
at 250kW carrier power (I000kW p.e.p.). 

Experience over three solar cycles has given the scheduling 
engineers a wealth of information on propagation and they 
are now able to predict the most suitable frequency for any 
path with accuracy. This, together wHh the establishment of 
relay stations, is increasing the audibility of BBC external 
broadcasting in many parts of the world, and the external 
services therefore enter the 'seventies well equipped to serve 
Britain's interests throughout the world by international 
broadcasting in a total of forty languages. 

• Peak envelope power. 
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1 Introduction 

Jn common with other broadcasting organisations the HBC 
makes use of overseas relay stations to reinforce h.f. broadcast 
transmissions direct from the country of origin. The propor­
tion of BBC h.f. broadcasting carried by relay stations is 
currently about 40 per cent and is like]y to increase in the 
future. Until quite recently these stations depended on broad­
cast reception from the United Kingdom for their programme 
feeds but in 1964 an s.s.b. point-to-point service was estab­
]ished for the relay station in South-East Asia using a con­
verted broadcast transmitter at Daventry. 

Practical experience with this equipment confirmed that an 
h.f. s.s.b. system could be used for broadcast quality circuits 
without losing any of the jnherent advantages of s.s.b. trans­
mission. A parallel increase in relay facilities led to a steady 
expansion of s.s.b. utmsation and by the end of 1969 three 
new transmitters in the United Kingdom were providing 
programme feeds to relay stations. The new transmitters are 
modified 30kW p.e.p. self-tuning communications equip­
ments, their transmission characteristics being generally as 
described in the fo11owing sections. 

Relay stations were equipped for s.s.b. reception well before 
the commencement of the first point-to-point service. This was 
because the ability to select either sideband of the received 
broadcast signal and thus reject adjacent channel interference 
is invaluab]e in the more congested broadcast bands, but the 
s.s.b. receivers also have the advantage that the demodulation 
process is more linear at high modulation leve]s and does not 
produce the objectionable audio distortion of an envelope 
detector with carrier-selective fading. The receivers currently 
provided are dual path diversity termina1s used with UK-
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orientated aerial systems and no additional expenditure was 
required at these stations for point-to-point reception. 

2 Benefits 

From the point of view of the broadcasting engineer the 
advantages of s.s.b. programme feeds are both operational 
and economic. The main factors are: 

(a) Flexibility. Point-to-point transmissions are not adver­
tised to the general public as are broadcast services, so 
operating schedules can be changed at short notice to ac­
commodate unforeseen interference or ionospheric varia­
tions. Schedules can exploit the rapid frequency-changing 
capabilities of the equipment wjthout causing inconve­
nience to the listener, and can switch from one language, 
programme, or relay station to another as often as is ex:­
pedient jn p]anning a world-wide service. 

(b) Aerials. More directional transmitting aerials designed for 
optimum reception at individual stations can be used. In 
h.f. broadcasting large territories frequently have to be 
covered from a single aerial. 

(c) New faci]ities. Special devices or modes of transmission 
can be introdu.ced to improve reception in abnormal 
ionospheric conditions. 

(d) Spectrum conservation. 1n pdnciple, system flexibility 
allows a srna11er number of transmitters to be used for a 
given circuit reliability. Apart from the obvious financial 
implications an overall reduction in occupied bandwidth 
may sometimes be attained in addition to the inherent 
s.s.b. spectrum economy. 

(e) Equipment cost. Since the primary functions of broadcast 
and s.s.b. transmitters are not the same, valid cost com­
parisons can only be made where they are justified by 
circumstances. Where comparison can be justified, how­
ever, an equivalent servke would be provided by an s.s.b. 
transmitter at roughly one-third of the capital cost of the 
broadcast insta11ation. 

(f) Running cost. Operating costs of the s.s.b. equipment are 
also a fraction of those for the broadcast transmitter, a 
major factor here being that they require comparatively 
little operational effort due to their se1f-tuning capability. 
Power consumption and valve replacement cost are 
lower and maintenance rel(uirernents are reduced by the 
absence of high-level modulation equipment, lower peak 
r.f. voltages, and comparatively simple power supply and 
cooling systems. 
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Fig. 1 Receiver carrier chain protection curves 
A 20dB protection curve for-16dB carrier 
B: Modulation frequency response without a.f. filter 
C · Response with a.f receiver protection filter 

3 Performance Considerations 

Modem developments in i.s.b. working have led to the avail­
ability of communications transmitters with stable perfor­
mance characteristics and good modulation linearity. Syn­
thesised* master oscillators provide for rapid frequency 
changing with excellent frequency stabiJity. However, it 
should be remembered that good communications equipment 
is not necessarily suitable for carrying speech and music in 
programme circuits and a number of special factors have to be 
considered. 

Communication systems are normally designed for an 
audio passband of 250 to 3000Hz1 and transmitter sideband 
filters for a baseband of 250 to 6000Hz, so that two speech 
channels may be accommodated on each side of the carrier 
frequency. The significance of the low-frequency limit in 
relation to music is that transmission of fundamentals below 
middle C is fortuitous and a wider passband must be specified. 
Required band limits are determined by considerations of 
accepted practice in h.f. broadcasting, possible economic 
factors, international recommendations, 2 compatibility with 
direct broadcast reception from the United Kingdom, and the 
prospective operation of links in tandem, and these have Jed 
to a passband of 90 to 6000Hz being specified for the BBC 
uansmitters. 3 Since the lmver frequency ]imit is normally 
determined by the sideband filter a special filter wi11 be re­
quired. 

Extension of the transmitted bandwidth ca□, however, have 
unfortunate results at the receiver. This is because the s.s.b. 
receivers used in programme circuits use the s.s.b. pilot 
carrier to operate their a.g.c. and a.f.c. systems, and in many 
cases for final demodulation, and it is necessary to protect the 
receiver carrier chain from interference from relativeJy high­
level sideband components near to carrier frequency. The 

* A synthesiser 1s a device which generates any single frequency 
from a clostlY spaced series (e.g. at lO0Hz intervals) within a 
specified range, all frequencies nonnally being derived from a 
single high-stability reference oscillator. 

D: Protection curve for double sideband full-carrier 
signal 

E. Response with typical communicat1on type 
sideband filter 

simplest method of protection is to provide a suitable high­
pass audio filter at the transmitter input to supplement the 
sideband filter selectivity. The effect is illustrated in flg. 1, in 
which the protection limit curve A is calculated from the 
carrier filter characteristic of a typical receiver design, as­
suming a transmitted carrier level 16dB below p.e.p. and a 
carrier to interference ratio of 20dB. Curves D and£ show 
why no protection is required when receiving normal broad­
cast or s.s.b. signals. 

At the other end of the passband additional audio filters 
are required to minimise out-of-band radiation. Continuous 
programme modulation is more Jikely to cause harmful 
adjacent channel interference than is the case with normal 
speech communication, particularly when audio pre-empha­
sis and volume compression are incorporated in the pro­
gramme chain, and a sharp cut-off low-pass fiJter at the trans­
mitter input provides the most convenient safeguard. Tn order 
to cover band allocations of less than 6 kHz two or more 
filters can be provided with appropriate cut-off frequencies 
and these can be switched into circuitautomaticaJly according 
to the channel in use. 

Also associated with the low-frequency extension of the 
transmitted bandwidth is theeffecto□ transmittermodu]ation 
linearity of close tone spacings such as occur naturally in 
music. While not significant in speech transmission it is 
desirab]e in programme circuits for the Jinearity to be main­
tained with frequency separations down to about 20Hz, and 
the regulation of the power supplies to the class-B r.f. ampli­
fiers in a communications transmitter is likely to produce a 
sharp rise in intermodulation distortion when the difference 
frequency is reduced below about SO Hz. The effect of chang­
ing the h.t. supply impedance is shown in Fig. 2, curve A 
being the measured performance of a standard unit and curve 
B the result of adding an extra main h. t. smoothing capacitor. 
Further reduction was attained in this case by reducing the 
main grid bias supply impedance. 

Communications circuits commonly \\.·Ork ,vith the carrier 
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A: Performance of standard transmitter 
B: With additional h.t. smoothing capacitor 

completely suppressed at the s.s.b. transmitter ~ .. hile in the 
receiver an accurate locally-generated carrier is used for 
demodulation. Fading variations are sufficiently reduced by a 
combination of sideband a.g.c. and audio volume compres­
sors, but the system has the disadvantage of introducing an 
indeterminate amount of unwanted compression into the 
circuit. This is avoided in programme circuits by using a 
reduced carrier system in which the pilot carrier operates fast­
acting receiver a.g.c. to hold the circuit gain constant, and 
also provides the receiver with a frequency and phase reference 
for the sideband signals. The conventional carrier ]evel of 
16dB below p.e.p.- has been found to be an effective compro­
mise between receiver requirements (Fig. 1) and limitations 
of transmitter sideband power. 

Necessary transmitter frequency stability is effectively 
determined by receiver requirements. Receivers \Vith a.f.c. 
can fo]low quite large frequency excursions bur the a.f.c. 
capture range is limited to the effective bandwidth of the 
carrier filter. Receivers without frequency compensation 
require the transmitter to remain within about 2Hz of nomi­
nal frequency in order that the accuracy of the musical scale 
can be retained, bur this presents no difficulty with synthesiser 
techniques. 

4 Monitoring 

Programme circuits are essentialJy one-way systems in which 
repetition of missed items is not normally possible, and effec­
tive local monitoring of transmitted programme and carrier 
level is necessary to give immediate fault warning and thus 
minimise Joss of service. Adequate carrier monitoring can be 
provided by an alarm relay energised from a sample of trans­
mitter output, but more elaborate equipment is required to 
convert the sideband signals back to audio frequency for 
programme monitoring. While a suitable receiver could be 
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provided for s.s.b. monitoring, receivers with the necessary 
stability and performance are expensive and a better solution 
is to provide a second synthesiser to feed carrier frequency to 
an audio demodulator, the monitoring synthesiser then acting 
as a spare for the transmitter. A simplified scheme for a semi­
attended installation is shown in Fig. 3; the audio comparator 
or 'automatic monitor' is used to detect major deficiencies in 
transmitter output and is backed up by routine loudspeaker 
checking for minor imperfections of audio quality. 

An elaboration of this arrangement, shown in Fig. 4, 
allows a single synthesiser to act as spare for more than on~ 
transmitter in multip]e insta11ations. Here the overall moni­
toring is done in two stages, the audio signals being derived 
from the s.s.b. input to the synt~esiser while a comparatively 
simple envelope comparator checktjhe operation of the rest 
of the system. Since there is no audio output which includes 
distortion in the linear amp]ifier circuits, the spare synthesiser 
is again used for routine quality checking by switching its 
audio demodulator to the appropriate transmitter. ln both 
this case and the previous one the audio comparator may not 
be required when the transmitting station has existing facili­
ties for transmitter monitoring. 

The test equipment required for s.s.b. transmitters is more 
complex than for broadcasting installations. Means of check­
ing the radiated spectrum and measuring in-band inter­
modulation productswiJlnormally be required if transmission 
standards are to be maintained and interference \.\.·ith low­
]evel communication circuits in nearby channels avoided. The 
accepted method of doing this is to use an h.f. spectrum 
analyser in conjunction with a pair of audio-frequency tone 
generators/ and since the spectrum analyser is a re]atively 
expensive item it is economic and practical to combine the 
equipment in a troJley-mounted unit with arrangements for 
connecting to test points on the transmitters. 

Setting up and checking the transmitter self-tuning system 
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while other co-sited transmitters are operating requires access 
to a non-radiating test Joad, which s.houJd preferably jn­
corporate provision for calorimetri~ measurement of trans­
mitter output power. A test load of suitable power rating can, 
of course, be shared Qy a number of transmitters. 

5 Hazards 

S.s.b. transmitters used in programme circuits are likely for 
economic reasons to be installed at existing broadcasting 
stations alongside transmitters of very much higher output 
power, and although the point-to-point and broadcast trans­
mitters do not operate in precisely the same frequency bands, 
initial difficulties are ]ikely to arise from spurious h.f. pickup, 
either through aerial cross-coupling or on the equipment 

' 
, 

comparator (carrier frequency J 

Hself. Fortunately h.f. aerial systems are designed with con­
siderable care to minimise coupling and consequent intract­
able intermodulation between transmitters, and the s.s.b. 
linear amplifiers are inherently less susceptible to this than 
are most broadcast transmitters. Trouble is most likely to 
occur in the self-tuning system and good design here is essen­
tial for it to function reliably in a hostile environment. 

Direct induction into the equipment can result in damage or 
impaired performance in the low-level signal and control 
circuits. Special care is required during installation, therefore, 
to ensure that the integrity of cable and equipment screening 
is maintained and that test leads or other temporary corrnec­
tions do not inject harmful r.f. pickup into the equipment. 

Safety- requirements are generally similar in all high-power 
_transmitters and effective means must be provided to exclude 
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operational staff from high-voltage circuits and to protect 
equipment from consequential damage in fault conditions. 
Before commissioning a new type of transmitter at an existing 
station it is also necessary to ensure that its design is com­
patible with the established system of aerial and transmitter 
interlocks. and safety procedures. One requirement at high­
power transmittjng stations is provision for convenient 
isolation of the transmitter from its aerial feeder, so that 
maintenance work can be done without hazard to staff or test 
equipment from r.f. power fed back through the aerial 
system. 

6 System Description 

It will be evident from the previous sections that given a good 
basic transmitter design the changes required for use in pro­
gramme circuits are not of a fundamental nature, and can 
readily be incorporated during installation provided they are 
planned in advance. Although installations vary in detail, 
particularly in respect of control and monitoring arrange­
ments, the elements of the transmitter signal path are as out­
lined in Fig. 5, which may be taken as typkal for a station with 
centralised control and supervision of programme, transmit­
ter, and aerial switching. 

Audio input signals are band limited before being applied to 
the channel A (u.s.b.) modulator and the resulting sideband 
output from the extended range u.s.b. filter is combined with 
the JOO kHz carrier in the usual way, before being passed to the 
transmitter synthesiser for conversion to final frequency. The 
standard channel B modulator and l.s.b. filter, although not 
normally used, are retained for the sake of versatility. 

Apart from the minor modification to maintain modulation 
linearity with closely spaced tones, the 30kW self-tuning 
amplifier is a standard product which has been described 
elsewhere.• The v.h.f. output filter is a normal precaution in 
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the United Kingdom to prevent interference with teJevision 
and other v.h.f. services by residual amplifier harmonics, and 
the wideband r.f. transformer is used to match the unbalanced 
transmitter output to the existing station aerial and feeder 
system. 

A simple monitoring arrangement feeds demodulated 
signals back to the control centre for checking and sounds an 
alarm in the event of inadequate carrier level, the monitoring 
synthesiser being switched automatically to the correct 
frequency. The whole system is controJled remotely and no 
operator attendance is required at the transmitter. 

7 Results 

The BBC transmitters are in regular use in programme cir­
cuits to relay stations in Ascension Island, the Middle East 
and South-East Asia, and their overall performance has been 
most satisfactory. With full bandwidth operation the audio 
quality produced at receiver output compares favourably with 
that from broadcast transmissions and in normal ionospheric 
conditions is better than that obtainable from available cable 
circuits. The self-tuning and remote-control faciJities are 
effective and provide flexibility of operation with a minimum 
of supervision and wavechange time. 

Maintenance staff have remarked that communications 
equipment design is less amenable to rapid fault tracing than 
is generally the case with broadcasting equipment. However, 
the initial maintenance problems v,,ere less than had been 
anticipated, and current returns show the m.t.b.f. to be equal 
to that for the h.f. broadcast transmitters. Since two of the 
s.s.b. transmitters are relative]y new a further improvement is 
expected in subsequent figures. Occasional malfunctions have 
been experienced with the self-tunlng systems but these ha,.,e 
generally been non-persistent or self-clearing and are not 
considered troublesome. 



8 Conclusions 

S.s.b. point-to-point circuits provide an economic means of 
sending programmes to distant broadcast relay stations, and 
given suitable frequency allocations and transmitter design 
the resulting relay quality is genera11y equal or superior to that 
obtained at realistic cost by other methods. The success of the 
s.s.b. programme links in a field where circuit reliability and 
audio quality are of prime importance reflects credit on all 
concerned in the provision and operation of the equipment 
and is likely to result in further demands for this type of 
system. 

Foreseeable developments include completely automatic 
instal1ations operated from time switches, and the provision 
of i.s.b. systems carrying two programmes simultaneously. 
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1 Introduction 

In the BBC's business of broadcasting, an essential element is 
the control of the use of resources such as money, equipment, 
artists, and staff; to assist in this control the BBC is using 
data-processing computers to an increasing extent. The main 
applications for computers in the BBC are at present: 

Management Control 
Engineering Research and Design Calcu]ations 
Audience Research 
Programme P]anning 
Accountancy and Payrol1 
Storing and Forwarding of Teleprinter Messages including 

Telex. 

To meet the increasing demand for computing capacity 
throughout the world, computers have been developing in 
size and complexity, and as a resu1t, earher machines have 
become obsolescent and progressively inadequate for meeting 
the more sophisticated demands. At the same time, the hard­
ware necessary to do a specific job has been becoming Jess 
costly. At various points in time, therefore, decisions have 
had to be taken to change from one size and/or make of 
corn_puter to another. These decisions have been made diffi­
cult because the various manufacturers' equipments and 
philosophies are in many cases not compatible. 

Compatibility in this sense means the ability to run pro­
grams written in a language suitable for one machine on 
a different type of machine. Incompatibility may have 
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stemmed originally from the way in which the electronics (the 
hardware) was designed but has continued into the field of 
computer languages and is now a software problem. BBC 
experience has confirmed that this is a major problem and one 
which is familiar to many organisations. 

2 History 

Jn 1962 a cornparative]y small machine (an Elliott 803) was 
insta11ed in The Langham* to handle Audience Research 
returns and a few engineering prob]ems. Later a simple 
system for scheduling studios was introduced for radio and 
by 1966 the total load had outgrown the capacity of t11.e 803; 
it was replaced by an ICL 1909 computer which has since 
been extensively modified and enhanced to meet increasing 
demands. The 803 was transferred to Research Department 
and is still doing good service on engineering problems such 
as the predictions of field strengths from transmitter power 
and terrain information. 

In parallel with this activity, by 1963 the problems of 
accounting for the BBC's income and expenditure were in­
creasing. To avoid increasing the number of staff required to 
handle the mounting work load, an ICT (□ow ICL) 1500 
computer was installed. In 1964 a second ICT 1500 was added 
and the pair were moved to a new location. These machines 
are now obsolescent: maintenance is becoming a problem 
and it is difficult to find operators willing to work on the 
machines for long because of the lack of career prospects. 

3 Present Installation 

As an interim measure an lCL 1901A was acquired in Febru­
ary 1970, and installed alongside the 1500s. The !CL 1901A 
consists of a processor with a core store of approximately 
J 6000 words (of twenty-four bits each), a card reader operat­
ing at 600 cards per minute, a line printer operating at 600 
lines per minute, four tape decks transferring data at 20000 
characters per second, a twin magnetic disc unit holding 3·2 
million six-bit characters, and an operator's console for con­
trolling the programs. This has taken over part of the load 
from the 1500s and is assisting in developing new systems. it 
will be used for checking rewritten computer programs and 
will allow for certain routines to be handled within Finance 
Division. These routines are mainly concerned with ensuring 

"' A former hotel near Broadcasting House, now used as BBC 
premises. 
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the validity of data that will be used in subsequent routines 
that call for more powerful computer facilities. 

To cover the remainder of Finance Division's work and to 
meet the increasing demand for computer capacity from the 
rest of the corporation, a decision w-as made in July 1969 to 
acquire an ICL 1904A computer. This was installed at 
Shepherd's Bush together with the ICL 1909 (formerlyin the 
Broadcasting House area) in a bui1ding known as Sulgrave 
House. The configuration of the equipment that is housed 
there is shown in Hg. 1. 

A note of urgency was added to the situation by predictions 
based on known developments that the total computer capa­
city available within the BBC by mid-1970 would be seriously 
overloaded. It was necessary therefore to carry out the agreed 
plan as soon as possible and Sulgrave House was acquired in 
December 1969, the inst.'Jllation of the computer being 
scheduled for June 1970. 

Data-processing computers with associated magnetic tapes 
and magnetic discs have stringent environmental require­
ments. Moreover, it is essential for effidency that all the sup­
porting equipment, offices, and staff should be available in 
areas adjacent to the computer. In all a floor area of 10000 
sq. ft was required and to carry out the necessary building, 
wiring, and installation in the time set was a difficult opera­
tion. 

The layout of the new computer area, which is shown in 
Fig. 2, has been carefully designed to facilitate the smooth 
flow of work between the various areas. 

The complete installation comes from the ICL 1900 range 

and consists of the type 1909 processor, with a core store of 
approximately 32000 words (of twenty-four bits each) and 
cycle time of two microseconds together with the necessary 
peripherals which include: 

four exchangeable disc transports holding 8 millioncharacters 
each, 
four magnetic tape decks, 
an eighty-column card reader (300 cards per minute), 
two paper-tape readers (1000 characters per second), 
two paper-tape punches (110 characters per second), 
a slow line printer (300 lines per minute), 
a fast line printer (1350 lines per minute), and 
a multiplexer for handling teleprinter out-stations connected 
over Post Office lines. 

The new equipment, which shares some of the peripherals 
on a switched basis with the 1909, consists of the 1904A pro­
cessor with approximately 64000 words of core and a cycle 
time of 750 nanoseconds, together with four exchangeable 
disc transports! two groups or four tape decks, an eighty­
column card punch capable or operating at 1600 cards per 
minute, an additional paper-tape reader and punch, and 
another fast line printer (1350 Jines per minute). Fig. 3 shows 
an operator at the control console of the 1904A computer, 
and Fig. 4 gives a general view of the computer room. 

* These exchangeable disc transports will be traded in for five disc 
transports, each with a storage capacity of 30 million characters, 
in about eighteen months' time. 
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Fig. 3 An operator at the control console of the 1904A 
computer. The control console of the 1909 computer 
is in the background 

4 Applications of Present Installation 

The facilities provided by this new installation can be used for 
three main purposes: 

(a) Management Control 
(b) Stock Control 
(c) Engineering. 
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4.1 Management Control 

4.1.1 Television Management Information System 

The Television Management Information System has been 
evolved to assist the Controllers ofBBC-1 and BBC-2 and the 
Heads of various Output Departments in planning television 
programmes and in costing them against a budget. 

The files of information for the transmission plans, pro­
grammes to be produced, loading and scheduling of re­
sources against available facilities are all held on the central 
computer discs or magnetic tapes. The up-dating information 
is prepared on punched tape which is delivered physically to 
the computer centre and read on the paper-tape readers 
attached to the computer. 

About six months before the start of a transmission year, 
Channel Controllers up-date the already existing broad trans­
mission plans for that year. Programme Planning translate 
these plans into production plans and ensure that the plans 
are practica l in relation to major resource availability, using 
a wealth of experience and past 'actuals' as basic yardsticks. 

The effect of transmission plans on the programme stock­
pile (either existing or ' in the pipeline') is considered, pro­
posals are made for replenishing the stockpile, and the total 
output required from Output Departments is calculated. 
There are, of course, numerous other calculations which are 
required to exercise Management Control. In general the 
procedure is as follows: 

(1) Channel Controllers inform Heads of Output Depart­
ments of the quantities and types of programmes required 
as a result of which programme offers are made. 
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Fig. 4 General view of the computer room show ing the control consoles (right), card readers (left). and tape decks in 
the background 

(2) Output Departments prepare a Programme Budget 
Estimate (P.B.E.) for each programme or programme 
strand (i.e. series or similar grouping) offered. 

(3) The P.B.E. indicates the most likely source requirements 
in unit terms and states the total cost of the programme 
proposal. This forms the basis of bartering between 
Channel Controllers and Output Departments. 

(4) Programme Planning carries out a detailed analysis of all 
accepted P.B.E.s. The aim now is to use the computer to 
assist in comparing major resource demands on a weekly 
and daily basis against resource capacities to rearrange 
production plans in order to smooth out peak-demand 
periods and to prepare production schedules for Service 
and Engineering Departments, which will enable detailed 
resource scheduling and deployment to be carried out. 

4.1.2 Radio Production Planning 

rn radio the aid of the computer has been enlisted for some 
years to assist in drawing up, on a day-to-day basis, schedules 
for transmitted programmes from information received in a 
random manner over a period of time in the Production 
Planning office. The computer is used to sort this information 
into suitable formats for the departments concerned. Further 
developments and greater sophistication are being actively 
considered. 

4.1.3 Audience Research 

Viewing and listening data obtained either from street inter­
views or special questionnaires are punched on to paper tape, 

sorted using the computer, and printed out in a variety of 
forms, either to indicate general trends in viewing and listen­
ing habits or to estimate the size of audiences for a given 
programme. The volume of returns dealt with has grown to 
1 ¼ million per annum since the early days when the Elliott 803 
was used. 

4.1.4 Accountancy and Payroll 

Finance Division is responsible for the overall accounting 
for the BBC's income (£81 million in 1969). To do this without 
an army of clerks, to get information quickly enough to be 
useful to management, and in order to satisfy artists, staff, 
and others requiring rapid payment. Finance Division has 
progressed through the various stages of using punched-card 
machines, TCL 1500 computers, and now the ICL 1900 range. 
This is the area in which the problems encountered in trans­
ferring from one type of machine to another have been most 
acute; they stem from technological developments which are 
reflected in the way systems are designed and the programs 
written. For instance, programs written in a language that 
can be understood by the ICL 1500 computer cannot be 
understood by the ICL 1900 range. The cost of rewriting 
these programs is a significant factor in the total cost of 
acquiring new computers and underlines the need for a com­
mon approach to computers within an organisation such as 
the BBC. 

Data processing in Publications is currently in a transitional 
stage, from a mechanical punched-card system, to a computer 
system. The work load is being transferred during a period 
when both systems will operate in parallel. Six Mohawk 
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magnetic tape encoders have been installed recently which 
enables the computer input to be keyed direct on the magnetic 
tape, th.us speeding up the reading of the input data. 

Input js designed to give Management information over 
the whole spectrum of Publications Operations: cost and 
revenue in advertising; journal circulation figures for the 
Audit Bureau of Circulations; subscription information; 
stock recording with minimum holding levels; and Finance 
budgetary control - all are accommodated by daily or weekly 
batch-processing cycles. 

Computer time for the period 1970-71 has been estimated 
at a total of I J 92 hours, of which 942 hours is actual program­
running time, the remaining 250 hours being set aside for 
systems development. 

4.1.5 Capital Expenditure and Manpower 
Recording for Engineering Division 

For some time engineering effort expended on insta1lation and 
building work has been recorded against approved schemes 
and other jobs on a weekly basis, using the ICL 1909 com­
puter. This information is being incorporated in a wider 
system for the better control of capital projects, a system that 
will stem from the capital budget through the carrying out and 
progressing of the work implied by that budget. The volume 
and complexity of the data, coupled with the need for reason­
ably rapid returns, require the speed and storage capacity of a 
computer. 

4.2 Stock Control 

CEMAST (the Control of Engineering Materials, their Acqui­
sition, Storage, and Transport) is a stock-control system 
being introduced to assist in handling components, equip­
ment, and material in Engineering Stores including the in­
voicing and associated ordering procedures. 

Valve Store at Motspur Park has been operating a batch­
processing system on a weekly basis for some time and is now 
using an on-line system (i.e. using teleprinters directly coupled 
over Post Office lines to the computer) for four hours per day. 
This is backed up by some batch processing overnight for non­
urgent housekeeping purposes. 

lt is technically possible to extend this system to other 
Engineering and Technical Stores, using the same four hours 
per day, on a time-sharing basis and the benefits of such an 
extension are being assessed. A booklet on CEMAST is 
available from Technical Publications Section. 

4.3 Engineering 

The computer has been, and is being, used for many small 
engineering jobs involving calculations as opposed to jobs 
for assisting jn the management of Engineering Division 
prevjously mentioned under 'Management Control'. Some 
engineering calculations can be done in a batch-processing 
mode, i.e. the data are handed in overnight to be run against 
an existing: program and the result produced the next day. 
Other calculations, however, require a 'conversational' mode 
of working: the engineer sits at a teleprinter keyboard in 'con­
versation' wjth the computer and enters initially the program 
for the computer to follow and then the data against \\'hich the 
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calculations will be made. The answer then appears on the 
teleprinter for immediate assessment and a reappraisal of the 
problem by the engineer jf necessary. Such a system is 
available for one hour per day for Designs Department. 

5 Possible Future Developments 

Computers are improving steadily in their speed of operation, 
in the complexity of the jobs that they can tackle, and in the 
quantity of data that can be stored. 

Two major areas in which it is anticipated that the BBC will 
need to improve and expand its central data-processing 
capacity in the next few years are: 

(a) in the amount of storage directly attached to the central 
processor, and 

(b) in the facilities provided to user departments for putting 
data into and receiving information from the computer. 

For the first requirement, the amount of data that can be 
packed on to magnetic oxide surfaces is increasing together 
\1,ith the speed at which the data can be written or read. An 
increase in the number of transports for holding magnetic­
coated discs could meet the storage needs, although other 
technological devices may be imminent. Several hundreds of 
millions of six-bit characters can easily be stored on devices 
currently available. 

To provide improved facilities to the user, typewriter-like 
keyboards associated with cathode-ray-tu be displays and page 
printers local to the user are currently available. Teleprinters 
are, of course, \videly used for projects such as CE MAST and 
the first cathode-ray-tube display in use in the BBC is opera­
ting on the Automatic Message Switching System.* 

An improved relationship between man and machine is an 
obvious necessity but this is unfortunately the area which has 
been slowest to develop. Facilities for the direct reading of 
documents could, for some requirements, give a speedier and 
cheaper service. It may be possible, for instance, to introduce 
a document reader for scanning returns recejved by Audience 
Research. The speed at which these devices work would mean 
that there would be considerable spare capacity for other 
jobs, thus giving some encouragement to the introduction of 
this sort of technique. 

6 Conclusion 

The purpose of this article has been to cover the development 
in central data processing in the BBC. The ne\v installation at 
Sulgrave House is a significant step for,vard and iwill give a 
better and more flexible service, together with the possibility 
of expansion for systems in development stages. 

There are many other areas in the BBC into which compu­
ters may be introduced in the next few years for the better 
control of broadcasting plant and other process-control appli­
cations. Although. some of these developments may appear to 
be totally unrelated to the central data-processing equipment 
described here it is essential that compatibility is maintained 
and much work will need to be done to achieve this. 

The author would like to express sincere thanks to his many 
colleagues who have been responsible for the systems 
described. 

,i, Described in BBC ENGlNEERl"-IG, No. 83 (July 1970). 



ANCHOR-an electronic character generator 

R. J. Taylor, B.Sc .. M.1.E.E .. and R. H. Spencer, Grad. I.E.R.E. 
Designs Department 

Summary: A new type of electronic character generator is described which produces an improved character 
shape over ex,st,ng matrix type electronic character generators. Use is made of analogue waveforms to build the 
characters up from bars and curves and this gives a much more pleasing result. 

The basic generator can be used with various pieces of peripheral equipment to provide a versatile caption 
generator. 
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4 Conclusions 

1 Introduction 

At present almost aJI television captions are produced by 
caption artists "'hose work is converted to a television signal 
by a studio camera or through a photographic process and 
slide scanner. However, the possibility of generating alpha 
numeric characters e[ectronica lly and then typing the captions 
directly on to the television screen from a keyboard is very 
attractive so far as time saving and flexibility are concerned. 

Electronic alpha numeric character generators are now 
quite widely used in the computer industry in video display 
units for rapidly presenting information from a computer. 
Various systems, including the standard television scanning 
system, are used at the cathode-ray tu be to write the characters 
on to the screen. Some of the techniques used here have been 
applied to broadcast television although the requirements for 
broadcast captions are somewhat different from those of the 
computer display. 

ln television a large range of type founts are used with an 
almost infinitely variable number of character sizes. On the 
other hand the computer display generally has to present as 
much information as possible consistent with reasonable 
legibility. The characters therefore tend to be small with a 
fixed size and the shape sufficiently good for legibility only. 

So far the only method used for generating characters for 
standard television type displays has been the dot matrix 
method. Here each character is built up from dots or squares 
in a fixed matrix. The dot matrix equipment at present used 
on some current-affairs programmes within the BBC uses a 
matrix of nine divisions in the horizontal direction by eleven 

in the vertical direction, corresponding to eleven lines on each 
field. The limitations on this type of equipment are such that 
the requirements for broadcast captions are far from being 
fulfilled. Character shape is very limited and on some char­
acters good shape is impossible to achieve. Upper-case 
characters only of one size are generated and since each 
character occupies the same width, optimum character size 
and spacing cannot always be achieved. 

Present developments in the matrix-type character genera­
tor are overcoming some of these limitations and should give 
better character shape, improved character spacing, and 
lower-case lettering. 

The character generator described here, however, uses a 
completely different technique for building up the letters, 
since the original aim of the project was to produce characters 
which would be aesthetically acceptable when viewed on the 
home receiver. 

2 The Generator 
2.1 General 

Each character is built up from straight bars and curves, all of 
equal thickness, which are joined together electronically to 
form the complete character. The component shapes may 
be divided up into three groups: vertical and horizontal bars, 
bars at an angle to the vertical, and curves. These are generated 
from repetitive square, sawtooth, and parabolic waveforms 
respectively, having the same repetition rate as each other and 
locked to the television synchronising waveforms. Each shape 
is generated over the whole screen area in a matrix. of imagi­
nary boxes so that the characters are available over the whole 
screen at any one time, rather than by generating the indivi­
dual shapes as they are required for a set of characters in a 
given caption. It is in fact simpler to generate the characters 
continuously over the whole screen and then to select the 
particular character out of the 'page' by addressing each page 
from a data store. The synchronising pulse waveform is used 
to generate a set of master timing waveforms which define 
how many character 'boxes' appear on the screen. In the 
present case this is thirty-two across by seventeen rows down 
over the whole screen area, although the usable number is 
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limited to twenty-five across by fourteen down to be within 
the safe viewing area. One of the master timing waveforms 
runs at forty times line rate (625kHz) and determines the 
number of boxes across the screen and another runs at one­
seventeenth line rate (slightly over 919 Hz) and sets the num­
ber of rows of characters per field. As the latter waveform 
does not run at an exact multiple of the field frequency, it must 
be reset at the start of each field. Fig. 1 shows the relation­
ship of these two waveforms to the box. 

All the other waveforms have the same frequency as one or 
other of these two master waveforms. 

2.2 Characters with Horizontal and Vertical Bars 

Each bar is generated by gating a pulse generated from the 
clock waveform of Fig. 1 with a vertical gating waveform 
which corresponds with the position and height oft he bar in 
the box. The width and timing of the pulse also define the 
width and position of the bar in the horizontal direction. Use 
is made of quite simple monostable circuits in cascade to delay 
and form thepulsewaveform,andgatingofthe pulses is carried 
outwithstandard integrated circuit logic gates. The bars, which 
are formed separately, are then added together in another 
logic gate to make the appropriate character. Fig. 2 shows the 
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Fig. 2 Bar generation and gating arrangements for the letters 
L,E,andF 
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arrangement for generating the letters L, E, and F and illus­
trates the fact that many of the component bars and curves 
are common to a number of characters, which simplifies the 
circuitry considerably. 

The waveforms at the three outputs in Fig. 2 are the video 
waveforms which would display a full screen or the letters L, 
E, or F. Further gating, controlled by a data store, then takes 
place to select single characters from the full screen so that 
words and captions may be built up as illustrated in Fig. 3. 

A 
• f--+--------j ' 

•I------~ 

A unblank,ng pulse 

n 
B 

'•1--+---------J, 
&,)------>--➔ 

8 unblonk,ng pulse 

n 
C 

&1--+--------J, 
•. f------<o 

etc. 

to sync and blonk,ng mi~er 

Fig. 3 Gating to select single characters 

2.3 Characters with Sloping Bars 

Rather different techniLl_ues are employed to ge□erate the 
sloping bars although processing of the bars is similar to the 
above. 

Each sloping bar is generated from two sawtooth wave­
forms, one running at the clock waveform rate and one at the 
vertical box repetition waveform rate. These two waveforms 
are connected to a differential level detector (see Fig. 4) which 
produces a step at the collector ofTR2, at the instant when the 
two input waveforms sweep through the same potential. The 
positive-going edge of the output waveform is thus phase­
modulated in time and fo11ows a slanting line across the box. 
This edge drives a monostable circuit to produce a slanting bar. 
The position of the bar in the box is determined by the relative 
d.c. levels of the waveforms at the inputs of the level detector 
and the slope of the bar by the relative amplitudes of the tw@ 
waveforms. By inverting one of the waveforms to the detector 
the opposite slope can be obtained. The vertical sawtooth 
waveform is 'interlaced', i.e. there is a half-line timi□g differ­
ence on alternate fields with respect to line rate pulses and this 
ensures that the diagonal bar has smooth interlaced edges. 

The bars are then added together as required to form vari­
ous characters. 

2.4 Characters with Curved Components 

Similar techniques are used to generate circles as are used for 
the sloping bars except that parabolic waveforms are em­
ployed. Two level detectors are required each receiving the 
same pair of parabolic waveforms but with an offset in the 
relative d.c. levels of the inputs to one of them. One of the 
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level detectors produces an output which appears as a series 
of white discs on the screen (see Fig. 5) and the other detector 
with the offset produces a series of smaller discs concentric 
with the larger circles. By inverting the smaller discs (making 
them black) and mixing them electronically in a DTL nand 
gate, the letter O is formed at the output of the gate. If the 
lower-frequency parabolic waveform were applied directly to 
the level detectors without any processing, the change in the 
instantaneous potential of this waveform during each Jine 
period would cause the pattern of lines forming each character 
to vary slightly at different positions along a row. To avoid 
this effect, and so to produce a tidier display when, say, a row 

919-Hz (approx.) 
sawtooth ■ / ---~-

boxcar 
monostable 

s1opin9 
bar output 

gal, ng wove I Or IT' 

of zeros is set up, the 919 Hz waveform is sampled at the start 
of each line and the sampled value is held throughout the line 
period. 

This forms the basis of other letters such as C, G, and Q by 
suitably gating and adding other straight bars. 

A second series of characters using parabolic waveforms 
are 8, 3, S, etc., which require a double frequency parabola in 
the vertical direction so that two circles, one above the other, 
are formed in each character box. Similar techniques of 
gating out sections of the basic 8 are used to form the 3, S, 
andB. 

The complete range of characters is shown in Fig. 6. 
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2.5 Generating Captions 

As stated above, each character is generated over the whole 
screenarea,sincethe waveforms used are continuous through­
out the picture period. There are about fifty outputs from the · 
character generator (twenty-six capital letters, ni □e numbers, 
and various punctuation marks and other signs) and each 
output can be switched on or off by a control input. All the 
outputs are mixed together and pulses are fed into the control 
inputs which allow the characters to pass to the output. As an 
example, if the word A ND is to be written on the screen a 
control pulse is sent to the A generator and allows one A to 
pass to the output at the position required. Similarly in the 
next box position a control pulse is sent to the N generator 
and so on for the whole word. 

The control pulses are derived from a binary data store, 
which takes the form of recirculating twenty-five-bit MOS 
shift registers. Eight registers store enough information, 
using the standard eight-bit computer code, to display one 
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Fig, 7 Character selection from the data store 
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row of characters across the screen. The shift registers are 
clocked at 25 x line rate so that the data are circulating syn­
chronously with television line rate. This means that the 
stored data can be used directly, after decoding, to feed the 
control inputs of the character generators (Fig. 7). To display 
a full screen of information fourteen rows of storage are 
required, giving a total of 112 (14 x 8) shift registers. 

The store is addressed using standard computer control 
codes, for example STX (Start of Text) sets the address to the 
store to the top left-hand corner. By then feeding a character 
code to the store that character will be stored in the top left­
hand comer. A cursor is displayed on the output picture 
which shows the address position to the store. The cursor 
may be moved vertically or horizontally without affecting the 
data already in the store and hence captions can be written, 
overwritten, or corrected by positioning the cursor using 
control codes and then feeding in the appropriate character 
code. 

Whenever a character code is read into the store, the cursor 
automatically moves on to the next position ready for the 
next character. 

3 Facilities 
The simplest set-up is for the ANCHOR to be connected to a 
computer type keyboard which will generate the standard 
eight-bit code. Captions can then be typed directly on to the 
screen from the keyboard. However, in many cases the con­
tent and format of many of the captions required in a pro­
gramme will be known in advance and it is therefore more 
convenient to record the codes for the captions at leisure 
before the programme and then read into the ANCHOR 
store from the storage medium when required. There are 
various methods of storing the codes and where only a few 
captions are required paper-tape storage is cheap and con­
venient. 

Where access to a large number of stored captions is 
required some other form of storage is required and this 
could well be a magnetic disc, drum, or tape loop with a 
storage capacity of J000rows or more, or equivalent toat least 
seventy full-screen captions. 

This type of electronic caption generator can provide in­
teresting presentation effects, for example individual words 
may be flashed on and off to draw attention or alternatively 



separately coloured using a colour synthesiser. Captions may 
be •crawled' across the screen from right to left and also to 
give the effect of immediacy a caption may be revealed 
character by character and row by row giving a 'zip' effect. 

Editing of captions may be facilitated by the ability to 
justify individual rows of the caption left or right. 

4 Conclusions 

ANCHOR has to some extent bridged the gap between the 
rather 'machine-made' matrix-type characters and captions 
produced by a caption artist. However, there is a long way to 
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go before the electronic circuit could replace the caption 
artist. Correct spacing of the letters in a word is a big obstacle 
and even with new developments claiming proportional 
character spacing the ideal has not been achieved. The genera­
tion of different type faces is a possibility with matrix-type 
generators having a very fine matrix, although the cost ...,ould 
be prohibitive at the present state of the art. A range of char­
acter sizes presents a similar cost barrier. 

However, despite these basic limitations ANCHOR with its 
clean, readable characters and various presentation facilities 
can provide a very useful production facility as was demon­
strated in this year's General Election programme. 
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A Printed Panel Aerial for u.h.f. Relay Stations 

G. H. Millard, B.Sc,A.lnstP. 
Research Department 

Summary: A vertically polarised panel aerial has been designed in order to satisfy a variety of directional require­
ments at low-power u.h.f. relay stations. The aerial uses printed circuit techniques for cheapness and accuracy 
of reproduction. 
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1 Introduction 

The majority of u.h.f. relay stations now in service utilise 
transmitting aerials having a cardioida] horizontal radiation 
pattern (h.r.p.). 1 At a few stations a more directional h.r.p. 
has been required and an aerial normally used for reception2 

has been adapted for transmission. As more JOw-power relay 
stations are required it is expected that the number of direc­
tional aerials wiJI increase, part1y to concentrate the available 
power where it is needed but more especially to minimise co­
channel interference to other areas using the same channel 
allocations. The exact form of the directional requirement will 
vary from station to station so that it will be advantageous to 
use a basic aerial unit (panel), numbers of which may be as­
sembled in different configurations. 

The smallest aerials planned will have a vertical length of 
four wavelengths and, sinceH is normal practice to feed each 
half aerial separately to give reserve facilities, each panel 
should have a radiating length of two wavelengths. 

lt is also desirable that each panel should have a satisfactory 
impedance and radiation pattern over a wide band of frequen­
cies, not only to permit four-channel operation but also to 
minimise the number of versions of the aerial required to 
cover the u.h.f. television bands. 

2 Construction of Panel 

The panel comprises two 'batwing' elements spaced approxi­
mately one wavelength from each other and about one-quarter 
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Fig. 1 Twin-element batwing aerial panel and cover. 
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The batwings are printed on the reverse side of the panel 

wavelength from a reflecting screen (Fig. 1). Each radiating 
element is driven through a 100-ohmdistribution feeder and a 
Pawsey stub balun and thedistribution feeders are paralleled to 
give a 50-ohm input impedance. The 'batwing' elements and 
the associated feed connections are printed on 1 ·6mrn ( "ft in.) 
glass-fibre laminate. Details of the feeding arrangement are 
shown in Fig. 2. The radiating elements are protected from the 
weather and from accidental mechanical damage by means of 
a glass-fibre cover. In the case of the Band V panel only, the 
electrical effect of the glass-fibre cover is reduced by means of 
an inner skin. 

Two models of the panel were made, covering Band IV 
(470MHz-582MHz) and Band V (614MHz-854MHz) re­
spectively. 
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3 Admittance 

At a typical station with a mean aerial height of about 36m 
(120ft), the re]ative amp]itude of radiated de]ayed signa] 
(resulting from mismatch at the transmitting aerial) should be 
arranged to be less than -34dB. 3 Taking losses in the feeders 
and combining networks into account and allowing for lOdB 
reflection loss at the translator,* the maximum permissibJe 
reflection coefficient at the transmitting aerial is 10 per cent. 
The reflection coefficient achieved on the complete aerial will 
be dependent on the distribution transformers, the aerial 
panels, and whether the latter are driven in phase or phase 
quadrature etc. On the simpler arrangements or panels it may 
not be possible to use phase quadrature arrangements and it 
is therefore desirable that the reflection coefficient or a 
single panel should be appreciably less than 10 per cent. The 
level achieved was of the order of 6 per cent over the working 

"'It is hoped that a more typical figure may prove to be I 5dB, but 
at the present lime this is not assured. 
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Fig. 3 Measured reflection coefficient of Band IV aerial 
panel 

20,--------,------,-------,------,----,-----,---------,------,-------,----, 

0 

Bond :::SZ: Cprawnt allocation) 
-,,.!115 • 

~00 550 600 650 700 750 800 850 900 950 1000 
trczquency, MHz 

Fig. 4 Measured reflection coefficient of Band V aerial panel 
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frequency band for both panels. Figs. 3 and 4 give the varia­
tion of reflection coefficient as a function of frequency for 
the Band IV and Band V panels respectively. 

4 Horizontal Radiation Patterns 

The h.r.p.s of the Band IV and Band V panels are shown in 
Figs. 5 and 6 respectively. The beamwidth between half­
power points lies in the range 55'-70c and this is sufficiently 

relative field 
strizngth 

Fig. 5 H.r.p. of single Band IV aerial panel 
------450MHz ----530MHz -------600MHz 

relative fillld 
strength 

Fig. 6 H.r.p. of single Band V aerial panel 
------600MHz ----750MHz --------860MHz 
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wide to enable a single panel per tier to be used for many 
stations. Where the area to be served subtends a greater arc 
than this, combinations of two or more panels may be used. 
Figs. 7 and 8 show the h.r.p.s obtainable with two panels 
mounted at 900 and Figs. 9 and IO the h.r.p.s with two panels 
mounted at 120°. Since these h.r.p.s are highly directional, 
there are arcs in the vicinity of the minima where unacceptable 
differences between channels may arise; these arcs are shown 
on each figure. 

relative field 
strength 

Fig. 7 H.r.p. of two Band IV aerial panels set at 90' 
------450MHz ----530MHz --------600MHz 
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Fig. 8 H.r.p. of two Band V aerial panels set at 90~ 
------600MHz ----750MHz 860MHz 
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5 Vertical Radiation Patterns (v.r.p.s) 

The v.r.p.s oft he individual panels are shown in Figs. 11 and 
12, and those of two panels stacked vertically(giving a vertical 
length of 41'1) are shown in Figs. 13 and 14. 

At some stations it will be desirable to tilt the maximum of 
the v.r.p. below the horizontal. This could be effected by tiJt­
i □ g the panels physically. However, provided that the angle of 
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Fig. 11 V.r.p. of single Band IV aerial panel 
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tilt is srna11 ( <6", say) it wiJI probably be more convenient to 
tilt the beam electrically by retarding the phase of the feed to 
the Jower panel. 
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Fig.13 V.r.p. of two stacked Band IV aerial panels 

------450 MHz ----530 MHz --------600 MHz 

At a few stations it may be necessary to fil] the first minimum 
of the two-stack v.r.p. Although this could be done by physi­
cal1y tilting the upper and ]ower panels in opposite directions, 
it may be more convenient to feed unequal powers to the half 
aerials. 

It is probab]e that aerials of greater radiating length will be 
required For some stations but no special difficulties are 
expected. 

6 Gain 

Gains were deduced by integration of the radiation patterns 
taking into account losses in the UR78 distribution feeder. 
The gains of single panels in the direction of maximum 
radiation are given in Table l, relative to a half-wave dipole. 
In practice, not less than two tiers of panels will be used. 
Gains of two tiers with arrangements of one or two panels in 
each tier are given in Table 2; they refer to the maximum of 
the h.r.p. and are relative to a half-wave dipole. 
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Fig. 14 V.r.p. of two stacked Band V aerial panels 
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TABLE 1 
Gain of Single Panel 

I 

Band IV Panel Band V Panel 

450MHz 9·6dB 600MHz 9·9dB 
530 MHz 9·7dB 750MHz 10·9dB 
600MHz 10·3dB 860MHz ll ·8dB 

7 Power Rating 

The parts of the panel which seemed likely to determine the 
power rating were the printed connection at the drive point, 
the UR78 distribution feeders, and the input connector. The 
distribution feeders are rated at 195W mean at 850MHzfor 
an ambient temperature of 40°C, giving a limit for one panel 
of 390W mean. The input connector to the panel may be 
safely used up to about 400W at 850 MHz. Thus, provided 

TABLE 2 
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Arrangement 

1 Panel per tier 
2 Panels per tier, set at 90~ 
2 Panels per tier, set at 120c 

Gains of Arrangements of Two Tiers of Panels 

Band JV Panels 
450MHz 530MHz 600MHz 600MHz 

12·8dB 13-0dB 13-3 dB 12·6dB 
J0·9dB 10·7dB 10·8dB JO·ldB 
JO·0dB 10·3dB 10·5dB 9·6dB 

Band V Panels 
750MHz 860MHz 

13-7dB 14·7dB 
11·3dB 12·4dB 
10·9dB 12· 1 dB 



the feed-point co□necrion does not overheat, the Band V 
panel should have a power rating of 39OW mean at 850MHz; 
the corresponding figure for the Band lV panel at 580MHz is 
49OW mean. 

Power tests were carried out on one pane] of each type. 
The Band IV paneJ "was tested ata level of 600Watafrequency 
of 545 MHz in an ambient temperature of 15°C and for a 
short period at 1 kW. The Band V panel was tested at a level 
of 300W at a frequency of 750MHz in an ambient tempera­
ture of 20"C, this being the highest power available. These 
tests confirmed that the power rating is determined by the 
distribution feeder. 

The above limits indicate th.at an aerial comprising two or 
more panels will be well within rating when used with trans­
lator pO\\·ers of IOW and 50W peak vision. Should it ever be 
desired to use an aerial comprising only two panels with 
powers of 200W peak vision, this will sti1l be possible, with 
fulJ reserve facilities (i.e. capable of taking all the power in 
one panel under emergency conditions), provided feeder and 
network losses totalling 2·3dB are present. 
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8 Conclusions 

Two vertically polarised aerial panels have been designed, one 
for Band IV and one for Band V. The Band V version covers 
a frequency range of 1-55: 1 with a reflection coefficient not 
exceeding 6 per cent. In the Band IV version some of the 
inherent bandwidth has been sacrificed in order to make the 
panel smaller, but the reflection coefficient does not exceed 
5 per cent over the required frequency range. 

By assembling numbers of the panels in various configura­
tions, it will be possible to satisfy most directional aerial 
requirements at low-power u.h.f. relay stations. 
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