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Points of view

IN THIS YEAR of ' Quality and Reliability ', it is appropriate to reflect on
equipments and systems that have proven these features for 40 years of
operational service, namely, the original ‘Swabs’ and the °Beam
System .

A new era in world-wide communications was started when Mr C. S.
Franklin demonstrated the advantages of using ‘ short waves ', compared
with the ‘ long waves " of the Imperial Wireless Chain, then under con-
struction but never completed. He proved that at these higher frequen-
cies, 4 MHz to 20 MHz, aerials of considerably higher efficiency could
be constructed at a relatively low cost and the bulk of the radiated power
concentrated into a * beam ' in the desired direction. The increase in effec-
tive radiated power (e.r.p) was obtained by using Franklin “uniform’
arrays of stacked dipoles, known as ‘ beam " antennae.

The transmitters designed for feeding these “beam " antennae were
called * short-wave beam ', type SWBI1, later editions of this series being
known universally as * Marconi Swab Transmitters " or just *Swabs ". Be-
cause of the high-efficiency antennae and the increased e.r.p in the
desired direction, the actual transmitter output required, about 11 kW,
was only of the order of one-twentieth of that of the *long-wave " trans-
mitters. Thus considerable economies were effected in the cost of an-
tennae, transmitters, power supplies and buildings, but the greatest
advantage was operational, in that telegraph traffic could be handled
at very much higher speeds.

In 1925 the Company, then Marconi’s Wireless Telegraph Company
Ltd, started to construct a series of two transmitting and two receiving
stations for the GPO, as part of their programme to establish a chain
of Empire short-wave wireless links. Two SWB1 transmitters were in-
stalled at Bodmin for communication with Canada and South Africa,
and two at Grimsby for the Far East, Australia and Singapore, with
reciprocal receiving stations at Bridgwater and Skegness.
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The original SWEBr transmitters at Dorchester in 1928

At the same time the Company built two stations as a private venture,
for setting up commercial links with North America. SWB1 transmitters
were installed at Dorchester with the receiving station at Somerton.
Later the same type of transmitters were installed at Ongar, with the
receiving station at Brentwood, for commercial links with the Middle
East. This enterprise was so highly successful that the Government of
the day decided that such vital communication links must not be in the
hands of a private company, so the stations were taken over by a new
organization, Imperial and International Communications Company
Ltd (later Cable and Wireless Limited). Could there be a greater tribute
to the quality of the ‘beam system’? Eventually the GPO took over all
the beam stations, of which Bodmin, Dorchester, Ongar, Brentwood
and Somerton are still in operation.
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At the invitation of the Engineer-in-Charge, Mr H. Snell, a visit was
made recently to Dorchester. The construction of this station started
in 1925 and services were opened to North America in 1927, using two
SWB1 transmitters. Two more were added later and the station was
extended in 1928 by the addition of a new transmitter hall to accom-
modate eight SWB1's. The associated antennae were Franklin beam
types which were arranged to fire either over the direct short route or
the long route round the world to North America, for day and night
operation.

The original transmitters used paraffin to cool the anodes of the CAT2
and CATz3 power valves, which were the first to use copper to glass
seals. In 1958/59 these valves were changed to CATg's and modifica-
tions made to use water for anode cooling. The transmitters are now
encased in steel panelling and rendered safer by an extensive system
of interlocks to comply with present-day standards. But although the
outward appearance has changed considerably, on opening the doors
the basic SWBI1 is revealed. Closer inspection shows that the Franklin
master oscillator and absorber type keying have been replaced by a
crystal oscillator and HD61 keying unit.

The staff at Dorchester are justly proud of their SWB1's which are
still operational after 40 years of continuous service. A remarkable
proof of design reliability in theory and practice, and an example of the
wealth of available experience on which Marconi engineers can draw.
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Apollo Communications—
The Installation on
Ascension Island

K. U. BOLWELL, B.Sc, C.Eng, M.LLE.E

The Apollo-Ascension satellite communication ground station
was sel up to ink Ascension Istand with Andover Maine via the
INTELSAT 11 synchranous sateliite. The station was completed
in +1 months from contruct to handover, The article gives the
background to the project and describes how the equipment
was first assembled ond tested in the UK then transported
to site, instulled, commissioned and handed over and irs sub-
sequent operations with the fiest INTELSAT II satellite.

1 APOLLO SUPPORT COMMUNICATIONS

FOR THE Apollo man-on-the-moon project, NASA decided to set up a
network of spacecraft-tracking stations, so that the Apollo spacecraft
would be in continuous radio contact with at least two stations during
all the phases of its flight. These tracking stations would need reliable
communications with the Apollo Mission Control Centre in Houston,
Texas, USA, in order that telemetry, command, orbital data and the
voice link could be centrally controlled. In the Mercury and Gemini
projects this problem was met by the use of all forms of available circuit,
including h.f, scatter, cable and microwave links, but the Apollo mission
was more complex and new tracking stations were to be built, including
ships to operate in mid ocean. In 1965, NASA approached the Com-
munications Satellite Corporation (COMSAT) for communication links
to be set up using synchronous satellites based on the proven Early Bird
design, with capacity for a number of simultaneous transmissions. Hence
the Apollo satellite-communications support programme came into
being.

Two communications networks were to be established. The Pacific
network would link two ships and Carnarvon (W. Australia) back to
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Paumalu, Hawaii, while the Atlantic network would link two ships,
Grand Canary Island and Ascension Island with Andover, Maine.

For each fixed site, a separate satellite communication ground station
would be set up close to the tracking station. For the Ascension Island
site, Cable and Wireless Ltd were asked to provide a ground station.

On 14th October 1965 The Marconi Company was awarded the con-
tract with a completion time of 10 months.

2 REQUIREMENT FOR THE ASCENSION ISLAND STATION
The initial target for the Ascension Island station was for two-way com-
munications to be established with Andover by 3oth September, 1966,
when COMSAT hoped to have both satellites (INTELSAT I1) and the
other stations operational.

The basic communications requirements were transmission in the
6 GHz band and reception in the 4 GHz band of frequency modulated
carriers with information bandwidths of 28 kHz (seven telephone chan-
nels) and 56 kHz (14 telephone channels) respectively.

Power levels, antenna gain, receiver noise temperature and other
parameters were specified to give an adequate traffic signal to noise
ratio. Mechanical and servo-control performance was specified on the
basis of acquiring and tracking the satellite under the worst wind con-
ditions without significant degradation of communication performance.
Baseband equipment was not included in the contract.

Emphasis was placed on reliable operation, for which vital equipment
blocks were to be duplicated, with either parallel feed arrangements
or manual changeover.

In November 1964 an extra COMSAT requirement was added involv-
ing the transmission or reception of a common network frequency for
order wire speech and teletype channels.

It was required that the whole station had to be designed, built and
tested in the UK before transportation to site. At the outset transport
by air was assumed thereby imposing limits on the design, size and
weight of individual packages. Later it was found necessary to use a
charter vessel and at that time the target handover date was revised to
215t September 1966.
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3 TECHNICAL DESCRIPTION
A simplified block diagram of the station equipment is shown in Fig.1.
I'his serves to indicate the complexity of the installation and to emphas-
ize how much had to be accomplished within the limited time available.

3.1 PHYSICAL CONSTRUCTION

I'he Company was already engaged on a project for three transportable
40 ft ground stations for the UK Government and in view of the trans-
portation limits it was natural to use similar design concepts for the
Apollo project.

The antenna consists of a 15-ft high tripod gantry fixed into a con-
crete base and carrying at its apex a pivot mount, which provides the
azimuth axis of motion. A large ' U’ shaped fabrication fits on to the
mount and has pivot points at the extremities of its arms. The 8-ft dia-
meter centre hub of the reflector fits into the *U" frame to form the
elevation axis, the drive being provided by screw jacks with a differen-
tial gearbox. The reflector back structure is built out in sections from
the centre hub and preformed aluminium-skinned reflector panels are
fitted on to it.

The 42-ft diameter reflector is paraboloidal in shape with a focal
length of 12 ft and a surface tolerance of 0.034 in r.m.s or better.

The Cassegrain sub reflector is a hyperboloid of go-in diameter with
a surface tolerance of 0.004 in r.m.s. It is supported on a tripod structure
which picks up the back structure through the main reflector. The sub
reflector is mounted on an axis inclined to that of the main reflector
so that when rotated by a hydraulic motor, the antenna beam describes
a conical pattern.

Two transmitter cabins are mounted on the rear of the back struc-
ture, one on each side of the centre hub. These are aligned with the cabin
floor horizontal when the antenna is at its normal elevation angle of
76°. Access is via ladders pivoted from the wings of the azimuth plat-
form, which is built out from the * U' frame and used to support cooling
equipment for the transmitters.

The low-noise amplifiers and turn-round mixer are fitted on to the
back structure above the platform. Hanging loops of cables, anchored
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at clamping points on the structure. are used to allow connections to
cross the axes of motion.

Two power-supply cabins are fitted on the ground between the legs
of the gantry. One contains the three racks of servo-motor drives in
addition to the power supply for the transmitter.

Permanent buildings are used to house all other equipment including
i.f and baseband communications equipment, the antenna control system
and operational control console, Interconnections are made with durable
multicore cable and connectors between termination plates at appro-
priate points.

7.2 ANTENNA SUB SYSTEM
The antenna is fully steerable with a range of movement nominally
+1370° to —270° in azimuth and —2° to +94° in elevation. Three
sets of limits are imposed at the extremities of travel to protect the
structure. The azimuth movement is only restricted by the arrange-
ments for cable banding.

The antenna feed consists of a horn tapering into a 2-in circular wave-
guide with a vane for changing the angle of linear polarization and a
diplexer for isolating transmit and receive paths.

The electrical design is such that the bandwidth is 150 MHz centred
on 6 350 MHz for transmit and 4 120 MHz for receive, with a centre
frequency gain of 53.5 dB referred to the transmitter dummy load and
2.7 dB referred to the low-noise amplifier input.

2.3 TRANSMITTER SUB SYSTEM

Two identical transmitters are supplied so that the description applies
equally to both. The baseband multiplexed signal is fed in parallel into
each 70 MHz frequency modulator, which is set up for a peak test-tone
deviation of 103 kHz. The output signal is relayed to the transmitter
drive contained in the r.f cabin on the structure, where it is up-conver-
ted to the working frequency of 6 325 MHz.

The order wire baseband signal is amplified and split into each e.o.w
transmit drive, where it is phase modulated on to a carrier at approxi-
mately 49.3 MHz, which is then multiplied up to the final frequency of
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6 315 MHz. The two carriers are combined and amplified in a t.w.t and
fed to the power klystron input, through a motorized waveguide-vane
attenuator.

The klystron is capable of producing an output power of 15 kW with
a gain greater than 40dB and a 1 dB bandwidth greater than 70 MHz.
[t has a permanent magnet mount which, together with all output wave-
guide components, is water cooled.

The transmitter output is connected through various power monitor-
ing couplers, safety devices and a harmonic filter into a waveguide
switch, which can either direct the output signal into the antenna feed,
or into a dummy load in conjunction with another switch adjacent to
the diplexer. The 18KV e.h.t for the klystron is generated in the power
supply cabin on the ground and supplied through the cable banding.

7.4 RECEIVER SUB SYSTEM
The receiver sub system is designed to handle four carriers, though in
practice there are only three, a duplicate chain being used for the main
communications.

A protection filter connects from the diplexer into the input of the
duplicated parametric amplifier system. This comprises a two-stage
parametric amplifier, which is cryogenically cooled to 15° K by a
closed-cycle gaseous-helium refrigerator, and is followed by a tunnel-
diode amplifier and branching network. The system noise temperature
can be measured by built-in calibrated equipment and is typically 80° K
with the antenna at zenith under clear weather conditions.

Each communications chain has its own down-converter, i.f amplifier
and threshhold-extension frequency demodulator. This enables adequate
telephone channel performance to be achieved with carrier to noise
ratios as low as 4 dB. The e.o.w carrier is treated in a similar manner.

The tracking receiver consists of an a.f.c unit to lock on to the beacon
carrier, and a tracking error detector to process the satellite-misalign-
ment modulation, due to the conical-scan feed, into d.c error voltages.

3.5 ANTENNA CONTROL
The main modes of antenna control are manual and autotrack.
For autotrack, the servo loop is closed by the tracking receiver and



APOLLO COMMUNICATIONS 243

integral control and velocity feedback are applied. For the manual posi-
tion mode, digital control is used to compare the antenna position, from
the 16-bit optical-shaft encoder against a position command, and derive
an error to drive the servo. This system allows future extension to a
computer mode. Manual velocity control is provided by the injection
of voltages derived from a joystick.

An expanding square-scarch pattern (maximum size + 0.5 degree) is
provided for acquisition.

Independent three-phase thyristor drives are used for each 7 h.p d.c
motor. There are two motors per axis driving through a differential and
this allows the selection of:

* 1 motor control "—one motor operates, the second is braked,

‘2 motor control '—the second motor is slaved to the first by high

loop gain velocity control,
or ‘2 motor bias '—the second motor becomes an independent velocity

control and acts as a positive or negative bias to the speed of the first
motor. This flexibility allows a wide range of antenna velocity.

7.6 OPERATIONAL CONTROL CONSOLE

The control console contains the essential control elements for operat-
ing the whole station from the operations room but does not necessarily
duplicate those on nearby equipment racks. It contains panels for the
transmitters, receivers, antenna control and servo metering. In addition
it contains a standard oscillator, digital clock and oscilloscope which
are used to generate and align an accurate time reference readout. A
miscellaneous panel is used to provide access to the station intercom-
munication telephone system and the satellite network e.o.w. A joy-
stick is provided on the table top.

4 RIVENHALL TRIALS
The site for the assembly and test of the station was at Rivenhall in
Essex, where a 25-ft gantry and pivot mount were already erected.
In March 1966 preparatory work began by laying concrete hard
standing around the gantry, erecting two huts (one for an operations
room, the other as an office) and putting up two marquee tents for stores
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Fig.2, The site during consteuction with the antenna in course of erection

and staff premises. On zoth April the first major component, the 'U”’
frame, arrived and the construction began in earnest. Despite very bad
weather the antenna was complete within two weeks and measurements
of the polar diagrams began.

A system and acceptance test schedule was drawn up listing the tests
to be performed starting on a sub-system basis and finishing with the
complete operational station. This formed the basis for the trials with
joint inspection by customer and contractor as the programme pro-
gressed.

The first tests, on the mechanical sub system, were completed on the
zoth May 1966 and the last tests on 6th July. In between was a period
of hectic activity which embraced all hours of the day and night.

The culmination occurred during the final week. On 2nd July 1966,
using predicted data from the GPO station at Goonhilly as a guide, the
Early Bird satellite was successfully acquired a number of times and
tracking tests were performed. Continuous track was held for a period
in excess of 12 hours. during which time the satellite beacon power
varied by a considerable amount due to the change in traffic through
the transponder.

In the early hours of gth July, satellite loop-round tests were carried
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out, using Early Bird, for which special authorization from COMSAT
was obtained. These tests consisted of plotting the input/output charac-
teristic of the transponder, by varying the ground station transmitter
power, recording the received carrier strength, and measuring the base-
band noise power ratios (n.p.r) on a white noise test. Results were
highly encouraging. The trials aroused a lot of public interest with a
visit to Rivenhall of H.R.H The Duke of Edinburgh and an official Press
Day.

5 PREPARATION ON ASCENSION ISLAND
In parallel with the Rivenhall trials preparations were being made on

Ascension Island.
Ascension is an extinct volcano, 75 miles long, mostly covered with
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volcanic clinker, rock and scrub vegetation. Fig.2 shows the site during
construction with the antenna in course of erection.

Because of its geographical position in the middle of the south Atlan-
tic Ocean Ascension has been a relay station for cable telegraphy since
1899, is now a centre for a variety of communications and navigational
aids and is associated with the American Atlantic missile range. A map
is shown in Fig.3.

NASA chose Devil’s Ashpit, towards the castern end of the island, as
the site of its spacecraft tracking station, Cable and Wircless Ltd choos-
ing Donkey Plain in the centre of the island as the site for their com-
munications station. The site is flat and clear but screened on all sides
by hills giving natural protection from radio interference from the other
installations, which tend to be situated around the coastline. It is con-
veniently located, roughly equidistant between Georgetown and Devil's
Ashpit off the linking road.

The provision of buildings. civil works and power was not part of the
contract— Cable and Wireless Ltd undertook this task themselves. Two
advance planning visits were paid to the island and as a result plans
were agreed for the site arrangements and gantry foundations. A plan
of the site is shown in Fig.4.

The main power supply is brought over land on a 11kV line from
the new power station at English Bay, with a local 250 kW standby
diesel generating set. Providing an adequate electrical earth on the station
presented a problem due to the high resistivity of the bedrock and the
long power line. This was solved by using large quantities of copper
sheets, connected together, and buried below the volcanic clinker at
bedrock level.

The Deputy Site Engineer, fresh from the bustle of activity of the
Rivenhall trials, left Gatwick on 4th July for Ascension Island. His first
task was to check the civil works and in particular the concrete footings
for the gantry. Then followed a period of preparation for the main in-
stallation party: making arrangements for the use of cranes and labour,
checking the equipment that had already arrived by boat, including the
gantry and pivot mount, checking tools, and generally ensuring that the
preliminaries to installation were complete.
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6 TRANSPORTATION
Dismantling at Rivenhall commenced at lunchtime on Thursday, 6th
July. and by Tuesday morning 11th July the last item, the ‘U’ frame,
was removed from the structure. In the meantime the cabins, platforms,
reflector, back structure and other parts had all been taken down against
a programmed schedule and despatched to another area for cleaning,
painting and packing.

At the same time a similar exercise was taking place on the electronic
equipment with workmen carrying out the many odd jobs that had
accumulated during the hectic testing phase prior to packing. The inter-
site cables were disconnected, sorted and carefully coiled in a logical
sequence for packing, whilst in another area the test equipment, spares
and installation equipment were being assembled and packed.

On Wednesday, 20th July 1966 the * MV Flut’, on private charter to
Cable and Wireless Ltd, docked at Felixstowe. Loading of the equip-
ment began immediately and continued until all the 40 tons of equip-
ment had been handled.

*MV Flut ' sailed on the evening tide on 22nd July, three days earlier
than anticipated, bound non-stop for Ascension Island on her maiden
voyage. On 4th August she anchored off Georgetown and the task of
unloading began. Because of the high rise and fall in the tide and large
Atlantic swell, boats cannot dock alongside the jetty. The practice is
to discharge cargo onto large, flat, tank pontoons using the ship’s own
crane. The pontoons are then towed to the jetty for unloading by the
jetty crane. This method was used for the Apollo equipment but with
some anxious moments, for the German crew had little experience of
using the ship's crane, especially in that sort of situation. However, all
went well and the equipment landed safely. A fleet of lorries waited to
take the equipment to site where a handling bay had been set up to sort
the cases into the right order for unpacking or storage.

The construction party of eight mechanical engineers and riggers
had arrived on Ascension on 26th July. By the 29th July the gantry had
been erected and the pivot mount fitted on top, ready for the arrival of

the main equipment.
Travelling by charter aircraft the main installation party of 17 men
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Fig.5, The completed antenna shown in its operational attitude with the transmitter cabiny
horizontal under the reflector und the power-supply cobins under the gantry legs
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Fig.6. Equipment cabinets in the aperations room

(including the Site Engineer) arrived at Wideawake Airfield at 17.54
on sth August 1966 to learn that the last item of cargo had been landed
only 15 minutes previously. At 18.00 that evening * MV Flut " sailed from
Georgetown after a stay of only 25 hours, and her part in the project
was over.
7 INSTALLATION

The programme allowed just over six weeks to handover, with nomi-
nally three weeks for the construction and installation and three weeks
for the commissioning. During this time a two-way telex circuit was
set up from Ascension to Cable and Wireless Ltd, London, and the Pro-
ject Manager in Chelmsford to provide the site team with help and
advice as required.

The whole party, engineers, riggers, wiremen, hired labourers from
St Helena and Cable and Wireless Ltd personnel enthusiastically set
about the immediate task of unpacking, sorting, storing and installing.
Activity could take place in a number of areas at the same time and full
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use was made of this fact with all personnel joining in to create the
station, their normal special expertise forgotten for the time being,

The first fortnight was one of remarkable progress. True the antenna
had been built before, but not in the same sequence, site conditions or
with such a small team. An 8o-ft mobile crane with driver was borrowed
from the USAF base on the island and this proved invaluable for the
task. By r1th August the ‘U’ frame, hub and back frame had been
fitted and the reflector petals were being dropped into place. By 14th
August the two transmitter cabins were being hung. Two days later
the whole mechanical structure was complete and the crane was re-
turned. Fig.4 shows the completed antenna structure,

At the same time the operations room was being fitted with the
control console and cabinets of equipment. Minor modifications had
to be made to cabling arrangements but by 14th August the installation
was complete, including the connection of mains power, and several
cabinets were being individually checked. Fig.6 shows the equipment
cabinets in the operations room.

The laying of the underground inter-site cables between the opera-
tions room and the gantry proved a difficult task. A concrete cable duct
had been made about 2 ft below the surface, but because of the loose
clinker through which it had been cut the slightest movement in the
vicinity caused the duct to fill. In consequence, cables were spread out
some distance away and laid very carefully with continuous cleaning
operations until the job was completed and the duct could be covered.

The power-supply cabins were positioned under the gantry and
cabling to them and to the gantry junction boxes began. As the antenna
was completed, the azimuth and elevation cable bands were fitted and
made up. Fig.7 shows power supply cabin No. 1 with the servomotor
drive equipment and Fig.8 shows the station control console with some
of the teleprinter equipment.

The boresight tower installation, on Command Hill about a mile
away, was another scene of activity as the beacon simulator with its
dish aerial was installed and commissioned.

Gradually all the individual activities were brought together and with
the fitting of all the smaller pieces of equipment the station as a whole
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Fig.z, Power supply cabin No. 1. showing the servo equipment throush the door
g jaif 4

took shape. On 23rd August the construction and installation of both
mechanical and electrical items were complete, the antenna was turned
in azimuth under power for the first time, and pumping down to tem-
perature of the parametric amplifier cryogenic systems began.

8 COMMISSIONING
With the completion of the installation phase the riggers left site and
the system and acceptance test schedule commenced. The site tests were
basically the same as those at Rivenhall but with emphasis placed on
demonstration of overall performance. Again engineers from contrac-
tor and customer worked together to carry out the tests.

The first section of tests was concerned with the cabling and connec-
tors, which proved to be straightforward, as considerable work had been
done in this area at Rivenhall.

The next section concerned the antenna mechanics. Many tests and
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checks had been carried out as the antenna was constructed. Now it
was necessary to record these formally and perform other tests to show
that the antenna worked to specification. Such tests involved checking
the ranges of movement of the main axes, safety limits, brakes, gear-
boxes, Cassegrain sub-reflector mounting and drive mechanism and the
profile of the main reflector.

The third section involved the acrial feed, the measurement of v.s.w.r
and loss of the waveguide runs and the alignment of the boresight tele-
scope.

The fourth series concerned the transmitter sub system with tests on
the modulators, transmitter drives (communications and e.o.w) and
power amplifiers, leading to overall operation both from the local con-
trol panel and from the console. Tests included the measurement of
waveguide nitrogen pressure, radiation leakage levels, and performance
of the power Klystrons with both communication and order wire
carriers.

Fig.8. The station control console with some of the teleprinter equipment
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The next section dealt with the parametric amplifier and cryogenic
cooling. Each amplifier was pumped down to temperature and measure-
ments made of system gain and bandwidth,

The sixth section covered the communications receiver and was
mainly concerned with setting up the frequency feedback demodula-
tors and checking their performance with injected signals.

The tracking receiver and its peripherals were the subject of the
seventh section. The tracking receiver was first tested on its own and
then integrated with the antenna and acquisition, alignment and beam-
width tests performed using the boresight beacon.

Section eight, manual and closed-loop servos, covered checks on the
antenna control equipment. Initial tests were aimed at establishing the
electro-mechanical characteristics of the structure and the operation
of the encoder and limits. Checks on the various motor modes of motion
followed and the manual command of antenna position. Operation in
the auto-track mode was then tested using the beacon simulator and
tracking receiver.

Most of the above tests were completed by 7th September, when
attention was concentrated on the complete operation of the station.
Section nine of the test schedule contained overall system tests. The
most important of these were overall performance through the trans-
mitter, turn-round mixer and receiver, measuring frequency response,
n.p.r and spurious outputs. Other overall checks covered telephone inter-
communications, interference, system noise temperature and low ele-
vation limit, Performance was satisfactory on all counts.

On 7th September 1966 an attempt was made to acquire and track
Early Bird. The beacon frequencies of INTELSAT 11 and Early Bird are
different, so this necessitated a change of frequency for the tracking
receiver, as at Rivenhall. At 09.30 lock-on was achieved and held solid
whilst Early Bird was not passing traffic. Later that day with traffic
przsent the lock-on was marginal. It should be explained that the antenna
polar diagrams of Early Bird are orientated towards the Northern hemis-
phere with quite a loss below the equator, i.e towards Ascension Island,
but that the patterns are not constant with frequency. As a result of
this success, permission was requested from COMSAT for communica-



APOLLO COMMUNICATIONS 260

tion trials and o8.00 to 09.00 on the 17th September was allocated.
During the hour, tests were made on tracking, e.r.p. receive level, and
n.p.r. The results compared favourably with those obtained at Riven-
hall, although the path loss was greater by 4.2 dB for communications
and 4.5 dB for the beacon. These tests provided a fitting climax to the
commissioning of the station, especially in the absence of INTELSAT I1.

9 HANDOVER
On 19th September 1966 two days in advance of the planned target date,
the Apollo Ascension Satellite Communications Earth Station was
handed over to the customer. It was complete apart from the order wire
receiver, which arrived later. This, together with a number of minor
observations, was left for the Site Engineer and some assistants to clear
while the installation party departed.

The main task for the remaining engineers was to train customers’
staff on site in the operation and maintenance of the station. Due to the
late launching of the satellite, the traffic requirement for zoth Septem-
ber had receded and the extra time was put to good use.

10 OPERATION

On 23rd October 1966 the order wire receiver arrived and was in-
stalled.

On 26th October NASA launched its first INTELSAT II satellite, ir-
tended for the Pacific Ocean position. However, a fault occurred and the
satellite did not achieve the correct orbit, being left in a highly elliptical
transfer orbit (220 X 23 000 miles) of approximately a 12-hour period.
Predicted data was sent to Ascension by COMSAT with a request that
network tests commence with the rogue satellite as soon as possible.

On roth November 1966 at 13,10 the station locked on to the satel-
lite beacon. First attempts to contact Andover on the order wire failed
although loop-round tests via the satellite were successful. The Andover
station then came through on the communications carrier and a speech
circuit was established on channel 1. Later, communications were also
established via the order wire. Lock was lost about 18.30 that day when
the satellite had moved out of sight, but contact was established the next
day and faultless teletype messages passed.
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The Canary Island station also transmitted on the order wire that
day, but two-way contact was not established due to malfunction of
their receiver,

There followed a period of inter-station testing with Andover via the
rogue satellite, when the characteristics of the station were measured.

The last Marconi engineer left on 18th December after a period of
three months” maintenance and staff training, leaving the station in the
capable hands of its operators to play its role in the NASA man-on-the-
moon project.
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A 100kW L.F Linear Amplifier
40kHz—160kHz

C.E.BROWN, B.Sc(Eng), C.Eng, M.LE.E
A.T.CURTIS

Comrnunication in the frequency range of qo to 160 kHz offers
a number of advantages over communication at other fre-
quencies, but the numhber ol channels which can be used is
limited by the aveilable spectrum and antenna characteristics.
Alter discussing the features associated with the greater use
of the Lf spectrum, o description is given of a high-power
linear amplifier of compact design for muiti-chonnel operation.
made possible by the full use of modern techniques.

1 INTRODUCTION

IT1s A wellknown characteristic of low-frequency propagation in the
40 to 160 kHz band that, relative to frequencies in the h.f band, both
ground-wave attenuation and ionospheric reflection are lower. The
combination of these two effects means that deep and rapid fading is
practically non existent and slow fading predictable and less severe.
Another important feature of the use of low frequencies is that reception
is less affected by ionospheric storms, even in the polar regions.

These characteristics enable low frequencies to be used as a reliable
medium for long-range communication circuits, in which multi-channel
operation is desirable for their full exploitation. Unfortunately the band-
width is limited both by the available spectrum and by the antenna
characteristics. Consequently for multi-channel circuits, the channels
must be closely spaced and have narrow bandwidth, which in turn
means a high order of frequency stability.

A drive unit with channels having these features has been described
previously'. This drive provides a number of services, for some of
which subsequent amplification must be linear, so the high-power
amplifier must be linear. Another useful feature of the final stage being
linear is that valves operating in or near class A condition provide some
damping on the antenna circuit, thereby reducing the effective Q factor
and increasing the bandwidth.
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Fig.r. Block diagram of radio-frequency circuits

It is neither practical nor economic to make high-efficiency antennac
for Lf operation, neither is it possible to obtain any appreciable gain in
a desired direction by concentrating the power in a beam. Therefore
the output power of an Lf amplifier for communications must be con-
siderably greater than its h.f counterpart. For these reasons, combined
with economic considerations, the power output of the amplifier has
been specified at 100 kW p.e.p.

Low-frequency transmission systems having a high order of frequency
stability offer several advantages over other systems, particularly in
the ficld of navigation. In the form of radio beacons they provide a very
accurate means of long-range position determination, which is available
throughout 24 hours of every day. This is an extremely important
fzature for modern air and marine navigation, both civil and military,
especially in the polar regions, where severe ionospheric disturbances
make h.f systems unreliable. Another important advantage is that com-
munication can be established with submerged submarines from remote
land stations.

2 GENERAL CONSIDERATIONS
There are a number of interesting features in the design of a 100 kW
p-c.p linear amplifier for a low-frequency transmission system, the radio-
frequency stages of which are shown in Fig.1.
It will be seen that only two amplifier stages are used to raise the
power level to roo kW from the drive power of § W, a gain of 43 d8,
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including the loss introduced by the attenuator for adjusting the output
power. This has been made possible by the use of a high-gain pentode
valve for the penultimate stage and a pair of high-gain tetrode valves in
the final stage. Furthermore, adequate gain and power output are ob-
tained without grid current in either stage, thus avoiding the debase-
ment of linearity associated with positive grid excursion. As the final
stage is in a grounded-cathode arrangement, it is necessary to provide
an output load for the penultimate stage, in order to operate the pentode
on its optimum load line for linearity.

The main source of non-linearity is the curvature of the valve charac-
teristics in the final stage. The linearity performance is improved by
the application of radio-frequency feedback over this stage to a figure
well within the specified —35dB level for intermodulation products.
Even with feedback the effective gain of this stage is 25 dB. Feedback alo
reduces the harmonic content produced in the stage, but a second har-
monic filter is included to ensure compliance with international regula-
tions.

For amplifiers in this application rapid frequency changing is not an
operational feature, so they are designed for fixed frequency only, but
a complete frequency change can be made in only 30 minutes. Thus the
variable tuning elements need not be the very large capacitors or in-
ductors which would be required for continuously-variable coverage a
these [requencies. The use of a relatively small variable capacitor for
tuning has obvious advantages, both constructional and economic, but
there is one disadvantage. The proportional frequency change covered
by the tuning capacitor means a very flat frequency response, particu-
larly at the lower frequencies. This has been overcome by the use of a
phase discriminator which gives a much clearer indication of tune, The
addition of the discriminator is advantageous in itself, for it enables
tuning adjustments to be made with feedback on, an unusual but useful
feature.

The amplifier output is fed into a §o-ohm coaxial cable fitted with a
directional coupler, which provides indications of forward power and
reflection coefficient. The coupler also contains trip facilities, should the
v.s.w.r exceed a predetermined value,
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The impedance characteristics of the various antennae used in this
frequency band cover a wide range, so a matching unit is necessary
between antenna and feeder, which can only be correctly set up on site
to suit a specific antenna and frequency. Therefore an external 50-ohm
dummy load is provided to check the amplifier performance without
a matching unit and antenna, both in the factory and on site.

3 FREQUENCY STABILITY
It will be seen from Fig.1 that all frequencies radiated are derived from
a 1 MHz master source, thus the stability of the output frequencies is
the same as the source. A number of master oscillators are available, the
choice of which depends on the type of service required, the cost in-
creasing as the required stability increases. For standard time signals
and accurate information for navigation, short term stabilities of the
order of 1 part in 10" (.0000004 Hz in 40 kHz) are obtainable, such
as those based on the rubidium gas cell or the ceasium beam. For general
purposes less expensive oscillators are suitable with a stability of the
order of 1 in 10" per month (.co04 Hz in 40 kHz).

4 THE PENULTIMATE STAGE

The output from the drive is fed through a 75-ohm coaxial cable, adjust-
able attenuator and ferrite transformer, directly on to the grid of the
pentode valve. When drive is not required, such as when setting the
static feed of the valves, the drive is switched to a dummy load in front
of the attenuator. This switching function is performed by a relay, con-
trolled by push buttons on the front panel. The 75-ohm cable also car-
ries a d.c interlock command signal, which causes the drive to be re-
moved if the actual drive setting is readjusted after initially setting up
the system. This prevents the amplifier from being overdriven by mal-
adjustment when the drive equipment is remote from the power ampli-
fier.

I'he anode circuit is in the form of a 7 network with a variable capaci-
tor at the anode for tuning and a number of fixed capacitors at the out-
put for loading. The h.t supply is fed via an r.f choke into a point of
low r.f potential along the inductor, thereby reducing the amount of
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decoupling required and allowing the use of physically small decoupling
capacitors. A d.c blocking capacitor is fitted in series with the inductor
at the output end to remove the d.c from the loading capacitors, allow-
ing a more compact loading arrangement. The loading capacitors are
monolithic, high-temperature, high-current ceramic types. As the out-
put is terminated in a load resistor of fixed value, the capacitance value
for any frequency can be preset from charts, leaving the anode variable
capacitor as the only element requiring adjustment during the tuning
process. Due to the small frequency range covered by the variable capa-
citor, the tuning response is very flat, so a phase discriminator is fitted
as a tuning indicator.

The linearity of this stage is good, but has been improved by the use
of 3dB of r.f feedback. The feedback voltage, which is obtained from
a capacitance potentiometer between anode and earth is fed into the
earthy end of the input transformer where the phase is correct for
negative feedback.

The 1 oo watt pentode valve and associated circuitry are forced-air-
cooled by a separate blower contained within the penultimate stage
assembly. Loss of air flow in the stage and excessive pressure drop across
the inlet air filter are monitored by switches, the operation of which
remove the power from the amplifier before the equipment suffers
damage.

5 THE FINAL STAGE
The input circuit consists of a wideband ferrite transformer, the primary
being connected in parallel with the load resistor of the penultimate
stage. The secondary is provided with a number of tapping points, which
can be preset to give the same cathode current to each of the two valves
by providing the appropriate grid voltage.

As in the previous stage, the anode circuit is a = network for match-
ing the anode impedance to the output impedance, with allowance for
a mismatch of 2:1 v.s.w.r on the go-ohm feeder. The main inductor
is interesting in that it is made of 1-in diameter copper tube, thereby
departing from the conventional use of litz-wire conductors for these
frequencies. Fig.2. There are a number of advantages in the use of cop-
per tube; construction and tapping points are simplified, rigidity is much
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Fig.2. Final stage inductor Fig.z. R.F enclosure with doors open

better (an important feature in the reduction of phase modulation), the
cost is considerably reduced and the slight increase in loss increases the
bandwidth. The copper tube is mounted on a fibreglass comb frams,
the whole inductor being fitted around the main air duct to save space.
This is shown in Fig.3, which is a view of the r.f amplifiers with the
doors open. The penultimate stage is in the compartment underneath
the final stage valves.

'he anode tuning capacitance consists of a number of oil-immersed
mica capacitors, which are linked in circuit as required, in parallel with
a motor-driven nitrogen-filled variable capacitor. The loading capaci-
tance is made up of a number of oil-immersed mica capacitors in paral-
lel with banks of ceramic capacitors for fine loading. The switching of
these capacitors is controlled from the front panel and can be operated
with the transmitter on power. This stage also has a tuning indicator
based on information derived from a phase discriminator.

Radio-frequency feedback is an important feature of this stage for
linearity improvement. The basic circuit is shown in Fig.4. A sample
of the anode r.f voltage, derived from a capacitance potentiometer be-
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tween anode and earth, is fed into the earthy end of the input trans-
former secondary, where it is in the correct phase for negative feedback.
Feedback of 12 dB is applied. giving an improvement in intermodulation
product in excess of this level, due to some upgrading of the input. With
this amount of feedback, disturbing transient conditions are liable to
be set up if the d.c supplies are applied with feedback on, so feedback
is applied after the power supplies by means of an r.f vacuum switch.
This switch is interlocked with another in the input attenuator, which
increases the input level as feedback is applied, thereby maintaining the
same power output with feedback on or off.

The inherently large input capacitance of high-power tetrodes effec-
tively changes the phase in the feedback loop from the required anti-
phase condition. This difficulty has been overcome by tuning out this
capacitance with a shunt r.f choke. The Q factor of the input circuit is
relatively low, due to the reflected load of the penultimate stage, so the
tuning is not at all critical.

The air supply for cooling the valves in the final stage is also used
to cool other items in the enclosure. On entering the power cabinet via
air filters, it passes over the main h.t silicon-rectifier banks then over
and around the transformer. By this means it has been possible to reduce
the size of the transformer, for the flow of air is considerable. From the
power cabinet the air passes over various r.f components before enter-
ing the valves, after which it is exhausted to atmosphere via the top of
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Fig.4. Basic circuit for r.f feedback ( patent applied for)
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the amplifier. Adequate air monitoring is provided which takes execu-
tive action before damage can be caused to the valves or other equipment.
6 TUNING DISCRIMINATORS
The use of feedback in both amplifier stages prevents the use of normal
indications of tune when feedback is on. In addition the circuits have
very flat tuning responses, especially at the lower frequencies. Phase
discriminators are fitted in both stages to overcome these difficulties
by providing an accurate indication of tune position. The two discrimi-
nators are identical, the difference in stage voltages being covered by
adjustment of the pick-up capacitance probes. These probes deliver
samples of anode and grid r.f voltages to the discriminators, where they
are applied to a wideband ferrite transformer and vectorially added to
produce an incremental error voltage. This voltage is proportional to
the phase difference between the anode and grid voltage. The error
voltage is applied to a centre-zero meter, giving an indication of tune
position, accurate to within §°. The detector circuits are linearized in
order to maintain an accurate ‘on tune’ indication at various power
levels.
7 DIRECTIONAL COUPLER

Power output is measured by means of a directional coupler, the design
of which is based on the proven technique used for higher frequencies,
giving meter indications of forward power and reflection coefficient. In
addition the amplified output is fed into a control unit for protection
of the output circuit if the v.s.w.r exceeds 2.3: 1. If this value is ex-
ceeded, the three-shot sequence of h.t restoration is initiated and lock-
out occurs if the fault is maintained.

Although the dircctional coupler is an integral part of the amplifier,
it is a discrete component and may be used separately. In the 40 kHz to
160 kHz frequency range the coupling factor is — 50 + 2 dB and direc-
tivity better than — 44 dB.

8 CONTROL CIRCUITS
Control of the amplifier is effected by using a combination of heavy-
duty relays, operating a.c contractors, high-speed light-duty relays for
low-level switching and interface isolation, and thermal relays for fila-
ment heating delay and air-hold facilities.
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Hybrid-trip circuits are used for amplifier protection, giving both a
visual indication and lockout in cases of more severe faults. They con-
sist of solid-state switches for performing voltage-sensing, logic func-
tions, drive high-speed hermetically-sealed relays and may be divided
into two groups. The first group, giving screen overload, cathode over-
load and v.s.w.r protection, initiates a three-shot cycle of h.t restoration
for fault conditions. The timing circuit producing the ‘h.t off " time is
solid-state, while the number of h.t restorations are counted by a thermal
relay, which operates after the final count to place the amplifier in the
lackout condition. The cecond group provides h.t over-current, har-
monic-rejector circuit and valve over-dissipation protection. Each trip
circuit places the amplifier in a lockout condition immediately a fault
is sensed and is individually protected against surges by a serizs-resistor
zener-diode circuit and ‘L’ section low-pass filter where necessary.
These filters, together with decoupling capacitors, remove the possibility
of circuit malfunction due to r.f pick up in the wiring.

The protection circuit for valve over dissipation incorporates a pre-
cision thermistor for temperature sensing, situated directly in the out-
put air duct. A further two thermistors in the control unit provide
rationalization of this sensed temperature for wide variations in environ-
mental temperature.

The main d.c power is applied in a step-start mode to reduce switch-on
surges and so eliminate pseudo trips on starting. The delay time for the
step-start sequence is achieved clectronically with simple solid-state
timing circuits.

The mains supply is controlled by a built-in automatic-voltage regu-
lator with a solid-state control unit and a variable transformer, which
drives a “buck and boost " transformer in series with the supply line.
The three-phase voltages are controlled individually to within + 19,
for incoming variation of +6%,. This has the effect of reducing the
ripple on rectified supplies by reducing phase-voltage unbalance, allow-
ing the use of smaller smoothing components. Protection is provided
against mains failure of up to three seconds duration, so that the ampli-
fier returns to its fully operational condition immediately after a failure.,

Extended control is provided with similar facilities to the local con-
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Fig.s. The complete 100 KW amplifier

trol, together with bell, visual lockout alarms and indications of forward
power and reflection coefficient.

9 ANTENNA TUNING

In the frequency range of 40 kHz to 160 kHz, several types of antenna
may be used, such as a top capacitance-loaded delta array, umbrella array
or a ‘T arrangement. The antenna tuning unit has to be capable of
matching the impedance of any selected antenna to the go-ohm feeder,
within the limiting 2 : 1 v.s.w.r condition. For this purpose it contains in-
ductors and capacitors which can be linked into any configuration which
may be required. This unit can be tuned automatically.

Normally this tuning unit is situated at the base of the antenna and
provided with an enclosure for personnel and weather protection as
very high r.f voltages are developed, often 100 kV across the matching
inductor.
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10 PHYSICAL ARRANGEMENT

The complete equipment is housed in two adjacent cabinets, each 10-ft
long, 4-ft deep and 7-ft high. covering a total floor area of 8o sq ft. All
units are completely accessible from the front, so no back access is
required. The combination of these two features means that space re-
quired for accommodation is considerably less than with previous Lf
equipments of similar power. The only external item of the amplifier
is the blower, which can be a weatherproof type for mounting outside
the main building. Fig.5 shows the two cabinets which comprise the
amplifier. Each is mounted on a rigid steel-framed base with facilities
for transportation, thereby reducing the amount of dismantling required
before despatch and simplitying installation, hoth of which are time
consuming and costly operations.

The left-hand cabinet contains the power supplies including the main
h.t rectifier, transformer and automatic voltage regulator. Silicon rec-
tifiers are employed throughout and where possible use has been made
of silicon avalanche diodes, which require less protection. All power
controls are on the central panel with meter indications on the right,
Provision is made for incoming cables to enter from either overhead or
underfloor ducting, with the air supply entering the top of the cabinet
via readily removable filters.

The right-hand cabinet houses all items of the radio-frequency section
with the exception of the antenna matching unit which must be near
the antenna. Within this cabinet there is a movable deck carrying the
two amplifier stages and associated circuitry. This facilitates construc-
tion, simplifies valve changing and adds to the compactness of the over-
all design. All r.f controls and meter indications are mounted on the
front, in the layout of which considerable attention has been paid to
ergonomics and general appearance. The outlet of the air system is at
the top of this cabinet.

11 CONCLUSION
Although the long-range advantages of low-frequency propagation have
been realized for many years, little attention was given to it largely
because of the limited channel capacity and the high cost of equipment
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per channel. Recently there has been a resurgence of interest in this
field, due to the facilities offered which are not possible with propaga-
tion in other frequency bands, particularly for navigation. By the use
of modern techniques a compact low-frequency equipment has been
developed which makes multi-channel operation practical, thereby
enabling better use to be made of this valuable frequency spectrum.
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Scatter Links in Tandem

G. C. RIDER, B.Sc, and D. S. PALMER, M.A, F.F.A

The correlation between transmission loss over successive links
in o communications circuit is a very important planning para-
meter.

Measurements are presented of the cross-correlation between
the signals on two contiguous over the horizon links on 186,235
MHz, Cross correlations of daily and hourly means are given
ard the interesting forms shown by the hourly-lag correlo-
grams are discussed with relerence 1o mereorology.

1 GENERAL PICTURE

THE BASIC physical model on which prediction of tropospheric scatter
signals is based depends upon a division of the signal variations into
two classes. The fast fading, having periods measured in seconds, is
considered to be due to interference between the vectors which are
random in phase, contributed by individual scattering or reflecting
sources. This fading has a Rayleigh-type amplitude distribution, is un-
correlated over quite small intervals of space, time or frequency. and
can be dealt with by diversity techniques.

The slower signal variations, due to changes in the intensity of the
scattering mechanism or in its polar diagram, or to changes in scatter-
ing angle caused by ray bending effects, are considered to be related to
weather and climate. These variations are usually shown in plots and
distributions of hourly, daily or monthly mean signal and some success
has been achieved in correlating these signals,'* more especially the
monthly means, with surface refractive index, so that the prediction
methods currently used often employ this conveniently available para-
meter in order to estimate signal variation.™*

Little is known about the correlation functions of these slower-signal
variations, and the results of some cross-correlation measurements
made on two ‘over the horizon ™ paths in tandem are now presented.
This is important for the design of multi-hop systems, since the neces-
sity to assume a high correlation, with its implication that the worst
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Fig.1. Map of propagation paths

days or hours may be coincident on the various component links in
the system, has to be paid for with reserve system gain.

2 PROPAGATION PATHS
Figure 1 shows the paths which were used. The ITA Lichfield transmit-
ter was used for both paths radiating on 186.26 MHz; and standard
survey type receivers and recorders’ were installed at Onchan, Isle of
Man and at Bushy Hill in Essex. The two paths are almost co-linear in
a NW-SE direction, as is Aughton, the upper air sounding station, from
which meteorological observations have been used.
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Fig.2, Propugation path profiles

Figure 2 shows the path profiles, drawn with 4/3 carth radius to
allow for standard refraction. The longer path of 154 miles, half over
the Irish Sea, has a scatter angle of 1.09°, and the shorter path of 119
miles a scatter angle of 0.72°. In each case the signal was well in the
scatter region. The transmitter radiated for 14 hours each day from
about 10 a.m. until midnight, and 61 days of satisfactory simultaneous
recording were available for analysis through March, April and May of
1964. At least a year of recording would clearly be desirable, but it will
be shown that the available sample of days is by no means atypical of a

full year,
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3 WEATHER TYPES
The classification of weather types suggested by Gold® has been used,
taken in a simplified form from Bilham’s book ‘The Climate of the
British Isles .” Seven basic weather types are shown in Table 1.

TABLE |
WEATHER TYPES
A B [ D E F G
MEASURED DAYS
MARCH-MAY % 26 1 o 13 19 11 16
EXPECTED — BILHAM
MARCH-MAY % 24 12 7 i8] 11 16 19
YEAR % 11 14 7 7 1 14 16
A Warm westerly (SW) E  South easterly
B Cold westerly (NW) F Anticvclonic
. Northerly G Cydlonic

——~
~

North casterly

Typz A has low pressure to N or NW and high pressure to the S or SE
resulting in a general airflow from the Atlantic with a southerly com-
ponent. (Although the definitions are in terms of the pressure pattern
distribution. the table is marked for ease of reference in terms of the
dominant wind directions.) Type B has low pressure to the NE and
high to the S or SW giving an airflow generally N of W. Type C has
low to the east and high to the west giving north winds. Type D has low
to the SE and high to the NW giving E to NE winds. This is a complete
reversal of the more normal distribution of type A. Type E has low to
the west and high to the E or NE giving S or SE winds. Type F shows an
anticyclone or belt of high pressure covering the British Isles, and type
G a depression centred over the country, or so situated that the associa-
ted rain-belts covered the propagation path during the day. The daily
classification during observation was made from the 1800 hours chart
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in the weather report, with the first line of Table 1 showing the consti-
tuents of the weather in the recording period. Bilham also conveniently
shows an average breakdown of the weather for the same months,
and for the average year, so it may be seen that the period of record-
ing is fairly typical of a year. It would of course be simple to relate
the recorded data to a “typical year’ but the poor meteorological cor-
relation reported below and the fact that the hours from midnight
to midmorning are missing for each day, indicate that this is not justified.

4 THE ANALYSIS

At each receiving terminal the signal was recorded on chart paper,
regularly calibrated with a reliable signal generator, and the hourly
mean signal levels extracted by eye and punched on to cards for
computer analysis. In addition to a straightforward cross-correlation
of the Onchan and Bushy Hill hourly and daily mean signals, lag cor-
relations have been computed for one and two hours time displacement
in each direction. Due to the 10-hour gap each day it would be meaning-
less to have done this with the complete set of data throughout the
recording period, it has therefore been done on a daily basis, producing
a five point lag correlogram for each day.

5 PRESENTATION OF RESULTS— CORRELOGRAM SIGNATURES
Figure 3 summarizes the lag correlation results. After the 14-hourly
signal levels at one station have been displaced in time by two hours
relative to the other, only 12 pairs of values remain and the actual
values of the correlation coefficient mean little. It is of interest however,
to observe the values of time displacement which give the best correla-
tion, and a correlogram was drawn for cach day plotting the correlation
coefficient against the time lag or lead. By taking account of magnitude
only to observe if a point is higher or lower than its neighbour, it may
be seen that cight shapes of correlogram, or signatures, are possible.

Thus, for example, the top signature shows the cross-correlation co-
efficient increasing smoothly as the Onchan signal is delayed from two
hours lead to two hours lag relative to the Bushy Hill signal.
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BUSHY ONCHAN NO OF DAYS

LATE LATE OBSERVED RANDOM
/ 13 18
/\ 12 1.4
/\/ 5 1.4
/\/\ 0 38
\/\/ 2 18
\/\ 3 1.4
\/ 7 114
\ 13 38

Fig.3. Correlogram signatures

This eftect, of the greatest value in correlation when Onchan is de-
layed, might be produced by a change in the properties of the air mass
moving with a component in the direction from Bushy Hill to Onchan,
that is toward the north west. The second signature may have a peak
in one of three positions.

The right hand columns in Fig.3 show the incidence of each class
compared with what might be expected by chance. Only for the first
two and the last may any claim to statistical significance be made, and
the remainder are not considered further.

6 WEATHER CORRELATION FOR SIGNATURES
It is of interest to see if the weather classification, which has already
been used to show the observing sample to be reasonably typical, sub-
stantiates the simple explanation hazarded above for the signature form.
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In Table II the signatures are sub-divided according to the value of lag
or lead showing the greatest correlation coefficient, and according to
the weather type appropriate to the day.

TABLE 11
CORRELATION BETWEEN CORRELOGRAM SIGNATURES AND WEATHER
WEATHER TYPE A B C D E F G
SW NW N NE SE HIGH LOW
LAG FOR
» MAX
BUSHY HILL LATE
2 HRS 1 1 — 1 I 2 1
1 3 — — - 3 1 1
e b ' : - ' 2 — —
1 1 3 il t 2 — —
2 HRS 7 2 —_ ! 3 3 1
ONCHAN LATE

Weather type B, predominantly north westerly winds might be ex-
pected to give a peak in the correlogram when the Bushy Hill signal is
lagging. Bushy Hill being to the SE, and conversely Group E should fall
chiefly in the Onchan lagging squares. There is no trace of either effect in
the table though the data is certainly sparse for such detailed analysis.

A comparison of the first and last signatures in Fig.3, i.e those
smoothly rising to one end or the other, with the wind direction at
Aughton at a height of 9oo and 1 oo metres, showed an equal absence
of correlation.

The histograms in Fig.4 present the magnitudes of some of the cor-
relation coefficients forming the correlograms discussed above. The
histogram (a) shows the number of days on which the indicated cross
correlation coefficients (zero lag) were obtained and histogram (b)
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20, 20,
NO NO r
OF OF
DAYS DAYS [

10- 10-

. l ' ST Y _1

1.0 0 1.0 10 0 L0

CORRELATION COEFFICIENT p CORRELATION COEFFICIENT ¢
(s) ZERO TIME DISPLACEMENT (b) TIME DISPLACEMENT FOR MAXIMUM p

Fig4. Histagram of day by day howrly correlations

shows the distribution of the maximum value of p obtained each day,
for whatever time lag it occurred. It is noticeable that markedly higher
correlations are obtained when the appropriate time lag is used, though
the simple weather approach outlined has not been able to account for
this.

Fortunately though this is not the significant case for link planning
and Fig.g shows the straight correlation of daily mean values through-
out the test period, with no time displacement. The positive correlation,
the value computed is +0.30, appears to be caused by longer period
trends followed by both signals; the daily variation about these trends
is almost random.

Finally, much the same can be said about the cross correlation of the
hourly mean values throughout the test period, the value +0.37 is
substantially the same as for the daily means, and this figure, quite low
when we remember that a value of 1.0 is often used in planning, is the
most valuable outcome of the tests.

7 CORRELATION WITH SURFACE REFRACTIVE INDEX
In connection with the longer period trends, an attempt was made to
correlate the monthly-median signals with the monthly-median surface
refractive-index of the atmosphere at Cardington for the Bushy Hill
recordings, since Cardington is approximately midway between Lich-
ficld and Bushy Hill. No sign of correlation was seen in the points for
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seven months of data tested. This is in marked distinction to the good
correlation obtained on the Bromley-Catterick circuit; a path tested
earlier on goo MHz with low aerials of much higher gain.*

8 CONCLUSIONS
Two points of considerable significance for the planning of links emerge
from the work described. Firstly, there is the absence of a correlation
between monthly-median signal and surface refractive index. This is
important and rather disturbing, but is not new for test circuits of
this nature.

30
p =03
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£ ® e
.
-
8 ST Ld *
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o 0 b
. *
SIGNAL 48 °.9 . e o
at ONCHAN . o .
o’ L *
o . .. — . . p
0 - e *
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.
. °
.
0 T T 1
10 20 30

SIGNAL dB at BUSHY HILL

Fig.s. Scatter plor of daily mean signal strengths
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Secondly, there is the low correlation between hourly mean signals
on the links in tandem. This of course may not be typical of systems in
other geographical and climatic regions, since it is well known that
British weather changes quickly in both space and time. However,
Gough has shown" that the limiting condition for a scatter system en-
deavouring to meet C.C.LR specifications is likely to be critically depend-
ent on an assumption about this cross correlation. The effect of the
correlation found in these tests, in so far as it may be taken as typical,
is to significantly relax this criterion.
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MST Remote Control

This man is controlling REMOTELY a complete

h.f transmitting and receiving system

Transmitting and Receiving Stations equipped with Marconi
Self-Tuning h.f Systems can be reliably and completely con-
trolled by ane man from any distance over open wire lines,
cable, or radio links.

Complete Remote Control enables stations to be sited in the

most advantageous positions and their control centralized at a
small desk unit which may be located in an otfice in the city
centre

Marconi telecommunications systems

The Marconi Company Limited, Radio Communications Division, Chelmsfard, Essex, England
LTOIMGT
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Eddystone 990S

communications receiver

A fully transistorized professional receiver accepting a.m and f.m signals
in the range of 230 MHz to 870 MHz.

PRIMARY FEATURES:
© Frequency stability of the order of one pant

in 10% per degree Centigrade change in
ambient temperature,

High intermediate frequency of 36.5 N.Hz
ensures excellent image protection.
Low-impedance output at Lf for driving
ancillary equipment,

Qutput both am and fm video
channels at approximately 2.5V peak-to-
peak inte 1,000 chms load.

F.M discriminator accepts deviations up to
250 kHz.

from

@ Audic output

® Independent

@® Operates

® Built-in crystal-controlled calibrator pro-

vides markers at 50 MHz intervals
to maonitor loudspeaker,
600-ahms telephones or external

loudspeaker.

ling,

® Switched carrier level meter for linear.

logarithmic or f.m readings.

r.f and i.f gain controls
calibrated directly in decibels.

from ac mains between
100/125V and 200/250V 40-60 Hz

or any suitable 12V d.c supply.

Comprehensive technical information from:

Eddystone Radio Limited,

Alvechurch Road, Birmingham 31. Telephone: Priory 2231. Telex: 33708

LTDIEDS4
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Marconi

Radio Telephone
Terminal

Type HHH10

For interconnecting h.f

radio circuits with inland

telephone networks.

® FEliminates circuit loop
instability caused by feed-
back from the receive-to-
transmit path,

® Reduces the effects of
fading and high noise level,
characteristic of h.f radio
propagation.

® Controls outgoing speech
so that transmitter loading
is maintained at optimum
level,

® Channel displacement and
privacy equipment can be
incorporated.

® Maximum capacity,
4 channels.

Solid-state circuitry

Plug-in modulator book units

Flexible design

Optional built-in tape recorder

Marconi telecommunications systems

The Marconi Company Limited, Radio Communications Division, Chelmsford, Essex, England
LTD/HED
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copper
Strip
braid

gives you smaller,
cheaper, lighter

COAXIAL
CABLES

Copper strip beaid can now replisco
mialls - endad wire baid on cenain BICC
Coaxiyl Desterbution cables. TV
downleads and R F cables

Cables with coppor stnp brusds are
smaller, neater. hghtor and cheager thm
ware brmded types, yet they possess
sirmlar gleceal and physscal propertes

facts af great imporance o
installaton enginours

The cables on the tar left are shown
atiusl size
Detalls are freply available on recgpeest

EI coaxiaL caBLESs

ERITISH INSULATED CALLENOER'S CARLES LIMITED, #.0. GOX NO

1

2! BLOOMSEURY STREET, LONDON WC!
ani
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Marconi H4000

transistorized T00W h.f
s.s.b transmitter/receiver

suitable for specch, c.w and telegraph signals.

transistorized, apart from high level transmitting stages

6 radio channels 1.6 to 15 MHz, upper or lower sideband
as nominated

100W p.e.p transmitter power | 500W ampiifier available
$5.b or compatible a,m

mobile or static operation

suitable for operation in all parts of the world

% low power consumption

& versions for mains or bm:ery operation

compact width 107 in. 273 mm
height 7 in. 178 mm
depth 131 in. 350 mm
weight (a.c version) 25 Ib. 77.4kg, (d.c version) 22 Ib 10kg

Marconi telecommunications systems

The Marcani Company Limitad, Radio Communications Division Chelmsford, Essax, England LTDIHG0!
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TS MESSAGE IS BEING SENT OVER TWO PTICE FREWUENCY TELEGRAPH
CHANNELS ON THE SAME RADIO LINK. ON ONE CHANNEL THE NORMAL
BOEETUBTOP OELEPRI TER CODE 15 USED. THE OTHER

CHANNEL 1S EIXWL JHRLWITH MARCOOBEFPH
IKD3: 2e7:€ 7'3' -

TEN UNIT SYNCH ENOUS SELF CYECKING CODE TU PrOVDS

L AUTOMAOIC ERKOR CORRCTION ANU DTZCTION
WITHOUT AUTOSPEC

error-proofed by Autospec

THIS MESSAGE 1S BEING S NT OVER TWC VCICE FREQUENCY TELEGRAFH
CHANNELS CN THE SAME RADIC LINK, ON ONE CHANNEL THE NORMAL
FIVE UNIT STAR STCP TELEPRINTER CODE IS USED. THE OTHER
CHANNEL 1S EQUIPPED WIThH MARCCONI AUTOSPEC WriCh USES A

TEN U IT SYNCHRCNOUS SELF CHECKING CODE TC PROVIDE

AUTCMATIC ERRCOR CORRECTION AND DETECTION

WITH AUTOSPEC

An AUTOSPEC terminal at each end

of an h.f. radio link detects and corrects
errors introduced by noise and
intarference. As AUTOSPEC requires no
return path, it is ideal for providing
error proof 1elegraph broadcast services.

Marconi telecommunications systems

The Marconi Company Limited, Line Communlications Divislon, Cheimsford, Essex, England LTD/Hé4
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MARGON l high performance
90 EARTH STATION

Complete system service
Modular construction
Exceptional reliability

® Integration and over-all station design
meet full INTELSAT standard
® Figure of merit G/T: Betterthan 40.7 dB at
5" elevatian
® Cassegraintype feeds—monopulse or
conical scan available
® Unique quasi-paraboloid reflectar for high &
efficiency—aluminium or stainless steal
surfaces
® Mounts: Fully steerablo—alevation over
azimuth. Hour angle declination
covers equatonal satellites
® Transmitters : Either TW.T or Klystrontype  Marconi—space communications systems
wide and narrow instantaneous
bandwidth The Marconi Caompany Limited,
® Receivers: Helium-cooled parametric Space Communications Division,
amplifior. Threshold demodulators, Chelmsford, Essex
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Low cost
7 channel
junction
radio

The Marconi H7060 is a new u.h.f junction radio
relay system with built-in transistorized channelling
equipment providing 6 telephone circuits and one
order wire, and a wide range of signalling facilities
for manual and automatic exchanges and subscribers’
tolephones, Available with or without standby radio
equipment and automatic changeover.

Easy to install and compact—low power con-
sumption—fully tropicalized.

Data summary

Frequency range 440500 MHz

Transmitter output power 5 watts
50 watts with additional
u.h.f amplifier

Signal-to-noise ratio betterthan 50dB in
worst channel

Intermodulation betterthan 50dB

Baseband frequency 0.3—36 KHz

Channel Bandwidth 300—3400 Hz

Power Supplies 11010150,
18010240V a.c
£0—60 Hz

Power Consumption typically 220VA for
installation without
standby

Marconi telecommunications systems

The Marconi Gompany Limited, Hadio Commumcations Division, Chelmsford, Essex, England LTDMHEN



