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An opportunity for re- thinking 
SOME people in the domestic equipment industry see their current recession in the 
simple terms of a temporary, unpleasant episode which sooner or later will be followed 
by a return to normality. Meanwhile there are some obvious scapegoats on which 
to vent one's feelings, notably the Government, with its indecisive economic and 
broadcasting policies, and the importers of cheap transistor receivers. Other, perhaps 
more thoughtful, people see the recession as a phenomenon that calls for a re- appraisal 
of the whole structure and mode of operation of the receiver manufacturing business. 
One of the fundamental questions that might be asked is whether the set -making 
industry should necessarily continue to be- indeed whether it can afford to be- largely 
a mass -production industry dedicated to maximum -size markets and minimum -price 
products. 

A revealing illustration has been the response of the industry to stereo records and 
broadcasting. The consumer magazine Which? in its November issue looked at 
stereo radiograms on the British market. The essence of its report (with which few 
of our readers will disagree) was that, while almost everybody considered the music 
reproduced on such stereograms to be more realistic and pleasant than with mono 
reproduction, the actual stereo effect achieved was poor, mainly because the loud- - 
speakers were inadequate in quality, not properly matched and too close together. 
No doubt if one taxed the makers with these shortcomings they would reply : 

" Well, what do you expect for £70? " (One radiogram tested actually cost as little 
as £40.) And one tends to accept this view because the mass -production premise of 

" manufacturing down to a price " has become almost a law of nature. But one 
has only to look at the small, successful hi -fi equipment and quality receiver manufac- 
turers to see that this is not the only way. 

Again, when the B.B.C. substantially increased its stereo broadcasts in July, 
not one of the big set -making firms had any equipment on the market capable of 

receiving them. When we enquired the reason for this extraordinary lack of response 
we were told that stereo broadcasting was regarded as a minority interest, for the 
hi -fi enthusiasts only, and represented too small a market to be worth bothering about. 
(This reaction contrasts strangely with the big firms' enthusiasm for colour television, 
which might be equally a minority interest to begin with, considering the initial high 
price of sets and dearth of programmes.) Meanwhile the small manufacturers and 
the Continental compe Lion marched on. 

The industry which engendered this kind of outlook was, as " Vector " pointed 
out last month, built on two booms -the sound broadcasting boom of the 1920s 

and 30s and the television boom after World War II. Its markets did not have to be 
patiently built up like those of many other manufacturers of consumer goods : the 

demand was largely created by the broadcast programmes, initially pa'd for by public 
money. When, after a glorious all-time sales peak in 1959, the television market began 
to saturate, and competition from abroad began to bite, the industry rationalized 
itself and by various mergers coagulated its 25 companies into six maior groups. 
The question now is whether the large mass -production units so formed are really 

the best means of coping with the market conditions to be expected in the U.K. 
Foreign competition, Government machinations and minority interests (e.g. people 
who want better sound from their television sets) will always be with us. Perhaps 

the time has come, not for further coagulation, but for some degree of fragmentation 
into smaller, more flexible set -making companies. The industry might then be better 
able to cope with the complex pattern of opportunities and obstacles presented by 

the market today. 
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Operational Weather Satellites 
RECEIVING CLOUD COVER PICTURES 

DURING the past year progress in satellite meteor- 
ology has made noteworthy strides. On February 
28th ESSA 2, the first operational weather satellite 

equipped with two automatic picture transmission 
(A.P.T.) systems was launched from Cape Kennedy by 
N.A.S.A. in collaboration with the Environmental 
Science Services Administration (E.S.S.A.). On May 
15th the second NIMBUS satellite, also equipped with 
A.P.T. and infra -red direct readout, was sent into orbit. 

These two satellites are now broadcasting cloud cover 
pictures to many national weather services which have 
the simple ground equipment necessary to receive them. 

ESSA 2 is the latest in a long series of weather satel- 
lites and is based on the design of early TIROS satellites. 
It is drum shaped, having a diameter of 42 in and a 
height of 22f in. One side and its periphery are covered 
with 9,000 solar cells which, when illuminated by the 
sun, provide power to operate the satellite equipment 
and charge storage batteries. On the underside of 
ESSA 2 are mounted four transmitting whip aerials 
and on the other side is a command telemetry aerial. 
Projecting through the periphery at diametrically oppo- 
site apertures are the lenses of two independent A.P.T. 
camera systems. When the satellite is in orbit it rolls 
along like a wheel so that on each revolution there are 
two positions in which a camera points vertically to the 
earth's surface. Since the satellite is spin stabilized at 
8 -12 r.p.m., there are 16 -24 suitable occasions per 
minute when photography is possible. The orientation 
of these cameras with respect to local vertical is sensed 
by horizon sensors mounted at right angles to the 
cameras. At the appropriate time the horizon sensor 
senses the dividing line between space and earth and 
the camera shutter is opened. Thus a picture is obtained 
while the camera lens is pointing directly towards the 
earth's surface. 

ESSA 2 contains other telemetering equipment and 
carries the normal TIROS satellite fin stabilization 
system which includes spin -up rockets controlled from 
the ground and a cunning attitude controlling device. 
This magnetic attitude control consists of a few loops of 
wire circling the satellite. When an electric current flows 

Distribution throughout the world of stations for the reception of the 
automatic picture transmissions from weather satellites. 
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By C. E. GOODiSON, A.M.LE.R.E 

C. E. GOODISON has been on the staff of the Meteoro- 
logical Office since 1948 and is an experimental officer 
in the Instrument Development Branch at Bracknell, 
Berks. He is mainly concerned with the design and 
development of electrical equipment. On leaving school 
in 1945 he served in the Royal Navy for three years 
as a petty officer radio mechanic 

through the loop a magnetic field is produced which in- 
teracts with the earth's magnetic field to produce a torque 
on the satellite. The current flow is also controlled by 
telemetry from the ground and by adjusting it, the - 

attitude of the space craft can be altered. It is by this 
means that the " rolling wheel " position of ESSA 2 
is achieved and maintained. 

The solar cells which form the primary power supply 
feed into a battery of nickel iron cells which supplies 
all the satellite electrical power. 

NIMBUS 2 is a rather large 800 lb satellite which is 
the second in a series of research and development 
weather satellites developed by N.A.S.A. The first was 
launched in the autumn of 1964, but it had a complete 
power failure because of seizures of the solar paddles 
which could not then supply power to the storage 
batteries. Its configuration is completely different from 
ESSA 2 and is basically a two tier structure joined by a 
framework. The lower ring structure contains the radio 
transmitters, aerials, A.P.T. camera, infra -red radiometer, 
storage batteries and other instruments. The upper box- 
like structure contains a gas reservoir used to power 
stabilization jets, horizon sensors, and a control mech- 
anism which keeps the solar cell paddles normal o the 
sun as the satellite progresses round the earth on its 
orbit. These paddles are covered on one side by solar 
cells which provide 450 watts when fully illuminated. 

NIMBUS 2 is stabilized in an " upright" attitude, 
that is, the centre line of the two main structures always 
points to the centre of the earth. This attitude is main- 
tained by the use of spinning fly -wheels mounted in the 
lower ring and gas jets projecting from the upper box. 
There are louvre -like flaps, black on one side and white 
on the other, mounted around the outside of the lower 
ring. The position of these flaps is governed by a control 
system which is sensitive to the internal temperature 
of the satellite. By this method of radiative cooling or 
heating, the temperature is controlled within the range 
12 -27 'C. 

The most suitable orbit for a weather satellite may be 
generally described as one from which as much of the 
earth's cloud mantle may be observed as frequently as 
possible. These requirements may be met by a retro- 
grade quasi -polar orbit, that is an orbit inclined at 
approximately 99` to the equator (in this context east is 0° 
and north 90 ) and an orbital height of around 1,400 km. 
Such an orbit has certain very desirable characteristics 
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for a weather observing satellite if launched during day- 
light hours. The orbital period of the satellite would be 
about 110 minutes and since the earth would rotate about 
26° in longitude in that time then with the satellite at 
1,400 km and an appropriate camera lens angle, picture 
swathes would entirely cover the earth's surface during 
one diurnal rotation of the earth. Also the retrograde 
angle of 99° and specified orbital height ensure that the 
orbital precession rate is 360° per year. One half of the 
orbit is always in daylight providing that the launch is 
carried out during the precise " launch window. "' This 
type of orbit is called sun synchronous and the satellite 
will be in sight of any particular place about the same 
sun time every day. 

Since the drum shape of ESSA type satellites has one 
side which is covered with solar cells whilst the opposite 

side has none, the satellite is injected into orbit either 
in the morning or afternoon so that the cells are fully 
illuminated. If it was launched at local noon then only 
the cells on its circumference would be illuminated. 

Another advantage of a quasi -polar orbit is that recep- 
tion of telemetry data and transmission of commands 
for such purposes as attitude control is also easily 
achieved by placing a Command and Data Acquisition 
station near the Pole. The American C.D.A. station 
at Greenbanks, Alaska, is well situated for such purposes. 

A.P.T. camera system 
The early weather satellites were equipped with tele- 
visior type vidicon cameras which, after taking a picture, 
were scanned and the line by line charge pattern read 

Cloud cover picture from NIMBUS received at Bracknell, The British Isles have been outlined and the lines of latitude and longitude added. 

The data coding on the right gives details of date and time of picture exposure plus information on future orbits. 
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into a tape recorder. This recorder was rapidly read out 
when the satellite was within range of an American 
C.D.A. station. 

One of the disadvantages of this system was that the 
pictures were delivered to the C.D.A. station only and 
because of delays in transmission the picture of the area 
relevant to any one particular weather forecaster might 
reach him after a delay of up to 24 hours. This could 
invalidate its usefulness and usually did. 

It was to overcome this problem, which is essentially 
a communications one, that the automatic picture trans- 
mission system, was used. This gives the space craft the 
dual role of observation and communication satellite. 

After each cloud cover picture is taken it is broadcast 
by a narrow band v.h.f. facsimile radio transmitter and 
may be received by meteorological stations as far apart 
as Turkey in the East, Ocean Weather Ships in mid 
Atlantic in the West, Norway in the North and Morocco 
in the South. 

On both satellites the A.P.T. camera is mounted so 
that as its shutter opens for 40 cosec the lens is pointed 
vertically downwards. This exposure time does not 
cause visible deterioration of the picture since the satel- 
lite, which is moving at approximately 4.5 miles per 
second, will have covered 0.2 mile. With NIMBUS 
orbiting at 1,180 km the resulting picture is of 1,400 
nautical miles square while ESSA 2 in a higher orbit of 
1,410 km has a picture size of 1,700nm square. 

At the centre of the picture the definition extends 
down to objects 1.5 miles across and at the edge of 
the picture 4.5 miles. There is also a distortion at the 
edges and corners of the picture due to the earth's 
sphericity. 

One of the helical aerials made by Hawker Siddeley Dynamics for 
the ground receiving stations. 
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After the cloud cover image has been imprinted on 
the vidicon screen a charge transfer process is carried 
out in the camera and a polystyrene plate inside the 
camera holds the equivalent electrostatic charge image. 
This plate is then scanned at four lines per second for 
200 seconds by an electron beam. As each element is 
discharged by the beam, the current flows in a common 
load resistor producing a voltage which amplitude 
modulates a 2,400 c/s sub carrier audio tone which in 
turn frequency modulates a 5 -watt v.h.f. transmitter 
(NIMBUS 2 radiates on 137.5 Mc /s and ESSA 2 on 
136.95 Mc /s). 

There are various control and synchronizing wave- 
forms also transmitted such as a 5 sec phasing signal 
and a 3 sec start tone which activates the ground receiv- 
ing equipment. 

During the picture transmission at the start of each 
line there is a 12.5 millisecond phasing pulse. The end 
of the 3 second start tone provides a time reference for 
the opening of the camera shutter which operates 
21 seconds later and thus provides a check of the satel- 
lite position. The cycle of operations of the A.P.T. 
system runs thus : -3 seconds start tone -5 second hori- 
zontal phasing pulses -200 seconds picture readout. 

In NIMBUS which is in a lower orbit the pictures 
are taken in immediate succession, while with ESSA 2 
there is a 120 second interval between pictures. The 
interval between pictures limits the overlap between 
adjacent pictures to approximately 30'l,. 

For the reception of these cloud cover photographs all 
that is necessary is elementary receiving equipment. 
On consideration of the most distant transmission path 
when the satellite appears over the horizon it can be 
shown that the criteria for reception are an aerial system 
of 10 dB gain and a receiver noise factor of less than 
4 dB. 

By the use of an 8 turn helix aerial, a pre -amplifier 
with a noise factor of 3 dB (easily achievable with 
present -day transistors) and a simple receiver, signals 
are received which can drive a standard facsimile 
recorder. 

A.P.T. ground station 

The Meteorological Office has built two prototype 
sets of ground receiving equipment for assessment and 
operational use at Bracknell. The aerials used are 
helices with dimensions suitable for a mid -frequency 
of 137.5 Mc /s, i.e., a diameter of 27.5 in and 21 in between 
turns. The ground plane is 5 ft in diameter and is 
made of expanded aluminium mesh. The helical aerial 
structure is fabricated from aluminium tubing and was 
initially supported at four points on each turn of the 
helix. It was found that in spite of Tufnol insulators 
on these supports the performance of the aerial was 
not to specification and it was only by removing every 
second support and using p.t.f.e. insulators on the others 
that the performance came up to standard. The aerial 
feed requirements were also found to be very critical 
and a type of stub matching improved the aerial gain 
considerably. 

One of the aerial mounts is motor driven in elevation 
and azimuth and is remotely controlled,_ while the other 
is steered by hand at the aerial. 

Different types of pre -amplifiers are used on each set. 
Both are mounted on the aerials and are powered 
through the feeder cables linking them to their respec- 
tive receivers. While both pre -amplifiers are two -stage 
low -noise transistor designs, one of them is a proprietary 
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model made in U.S.A. by Vitro Electronics and the 
other has been produced by Thorn Electronics Ltd. to 
a Meteorological Office specification. 

Various types of communications receivers have been 
assessed as potentially useful for satellite signal reception. 
The one at present in use in the U.K. is a Pye air traffic 
communication set, type F.M.R.X. Its local oscillator is 
crystal controlled and is completely tranistorized. The 
f.m. carrier from the satellite is detected and the 
amplitude modulated sub -carrier of 2,400 c/s is fed to a 
Muirhead D900S1 facsimile recorder. 

This recorder uses electro sensitive paper which 
blackens when an electric current is passed through it. 
In the machine this paper passes between a stainless 
steel blade and a writing helix. Like a lawn mower's 
helix, as it turns the point of contact between plate and 
helix moves along the stationary blade. In this manner 
a line scanning action is produced. 

The D900S1 recorder is based on commercial docu- 
ment machines and produces a 9 x 98 in picture. The 
300 c/s start tone from the satellite transmission starts 
the machine running. Then the 5 seconds transmission 
of 12.5 milliseconds phasing pulses which precede the 
actual cloud picture set the writing helix rotating. These 
pulses of 100% modulation of the sub -carrier produce 
a half -inch wide margin at the sides of the paper. If 
the machine were not phased properly the half -inch 
blank would appear down the centre of a split picture. 

In order to be able to adjust the picture contrast range 
to compensate for deficiencies in the linearity of the 
transfer function of the paper, or contrast range of the 
satellite signal, a special circuit is interposed between 
the line amplifier and the writing amplifier. 

A twin -track tape recorder working in parallel with 
the facsimile recorder obtains a magnetic tape record of 
each picture. The amplitude modulated 2,400 c/s 
sub -carrier from the radio receiver is recorded on 
one track and the 1,200 c/s reference tone is recor- 
ded on the second track. This tone is generated intern- 
ally in the facsimile recorder. It is tuning fork con- 
trolled and is used to keep the speed of the writing helix 
accurately synchronized. 

When playback from the magnetic tape is required 
the first track produces the picture information and 
the control of the facsimile machine helix is switched 
from the internal generator to the tone produced from 
the second track of the tape recorder. Since the picture 
signal and reference tone are correlated correctly on the 
magnetic tape then the correct relationship is maintaind 
in the manner described. This method of playback 
prevents any picture slipping caused by unsynchronized 
mains frequency. 

The waveform of the synchronizing 1,200 c/s tone 
has to be as near sinusoidal as possible since distortion 
of its shape produces harmonics which are detrimental 
to the operation of the helix drive circuits. The actual 
type of tape recorder used at Bracknell is a Vortexion 
CBL and the tape speed is 31 in /sec. Slower speeds 
have been used with success. 

At present the accurate timing for satellite pictures 
(in one second the satellite covers approximately 4.5 
miles) is derived from a crystal driven digital clock. 

The description given above applies to two assessment 
prototype stations built by the Meteorological Office and 
installed at the Bracknell, Berks, headquarters. 

A contract was placed with Hawker Siddeley Dyna- 
mics, of Coventry, some months ago for five self -con- 
tained ground stations for use at various overseas 
outstations of the British Meteorological Office. The 
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Rack- mounted receiving equipment produced by Hawker Siddeley. 
The bottom section includes duplicate pre -amplifiers and a.m. /f.m. 
receivers made by Dynatel. The power supply unit and electronic 
control equipment for the Muirhead facsimile recorder are in the 
centre sections. 

design of the stations follows that of the Meteorological 
Office prototypes but the aerial mount and drive system 
have been engineered for production. The radio recei- 
vers and pre -amplifiers are also new designs by Dynatel 
of Feltham 

The first two stations will be installed at Singapore 
and at Gan in the Maldive Islands. 

A.P.T. operations 

The cloud photographs received at Bracknell havo been 
in use operationally as an aid to weather forecasting 
for some time now. The areas covered during any one 
day of operation usually extends from the Black Sea in 
the east t) the Labrador Coast in the west and the North 
Pole to the 20th parallel of latitude. 

The first pass of either satellite usually occurs at about 
0600 local time and is an easterly transverse whilst after- 
noon passes are usually west of Greenland. 

The two satellites are travelling in opposite directions 
in that NIMBUS is travelling from south to north whilst 
ESSA 2 is travelling from north to south during the 
daylight part of the orbits. 

The orbits which are suitable for reception at Brack- 
nell are detailed in regular messages from the U.S.A. 
These satellite prediction messages " A.P.T. predicts" 
give the sub -satellite points, i.e., the point on the earth's 
surface directly below the satellite in latitude and longi- 
tude every two minutes for daily reference orbits which 
are then used to deduce local orbital information. 
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By the use of special tracking diagrams a daily pro- 
gramme of operations is worked out and individual 
sheets of aerial steering data are prepared for each 
satellite pass. The satellite is not followed continuously 
but use is made of the 35 beamwidth of the receiving 
aerial and the elevation and azimuth angles of the aerial 
are changed at two minute steps to set values as indi- 
cated on the aerial steering programme of each particu- 
lar pass. 

Another aid to aerial steering is computed data pro- 
vided by the Radio and Space Research Station at 
Slough. On each pass the number of complete pictures 
received varies according to how well favoured the orbit 
is in terms of maximum elevation angle from the receiv- 
ing station. The overhead passes give the maximum 
number of pictures whilst those low on the horizon may 
give only partial. pictures. An average of 20 pictures 
each day is received at Bracknell from the two satellites. 

Identification of land masses when these are not cloud 
covered gives the quickest and most certain positional 
fix to the picture centre. (Fiducial marks are imprinted 
on each satellite picture, the centre of the picture being 
marked with a cross.) However, in mid -Atlantic and 
in totally cloud covered pictures the time of picture 
taking precisely fixes the picture centre. The " Predict " 
message is like a super timetables in this respect and, if 
the time is known and because of the absolutely constant 
orbital speed of the satellite, the position of the satellite 
can be very accurately known. 

The cloud cover photographs produced by these satel- 
lites have now become a commonplace feature in the 
forecasting centre at Bracknell and are used to watch the 
movements of weather systems approaching U.K. The 
tropical storm "Dorothy " was identified on A.P.T. pic- 
tures received in U.K. before conventional methods 
spotted it. 

When stations are set up in the Indian Ocean area at 
Gan and Singapore they will provide weather observa- 
tions in these predominantly ocean areas where there 
is a natural paucity of weather information. 

In the NIMBUS research and development satellite 

two other interesting experiments are installed viz Data - 
code and D.R.I.R. 

The Datacode experiment is an attempt to further 
supplement the role of NIMBUS as a communications 
satellite. Along one edge of the A.P.T. photograph a 
coded strip gives orbital details which enables A.P.T. 
stations to work out future aerial steering data,- etc., 
without the necessity of receiving frequent " predict " 
messages. Also included in Datacode is the time of 
picture taking. This facility, if included in operational 
weather satellites, would allow A.P.T. ground stations to 
operate without the need for high accuracy clocks. 

The other satellite borne instrument associated with 
A.P.T. is the Direct Readout Infra Red system. This 
uses the infra -red emission from clouds to photograph 
cloud formations at night. 

The earliest of weather observation satellites used the 
progress of the satellite along its orbital path to provide 
one dimension of a scanning system for photographic 
purposes. The transverse scan was provided by a mech- 
anical device in the satellite. In D.R.I.R. this type of 
scanning is once again employed for night -time photo- 
graphy of clouds and the resulting signal from the infra- 
red sensor modulates the A.P.T. transmitter. The 
mechanical scanning is considerably slower than that 
used on the daytime A.P.T. system and the circuits and 
helix speed of the facsimile recorder must be adjusted 
for these special purposes. To date at Bracknell recep- 
tion on an experimental basis only has been obtained. 

Automatic picture transmission is providing novel 
observations on a gigantic scale for meteorologists and 
will become increasingly an indispensable aid to weather 
forecasters who have to forecast the movement of large 
weather systems. The improvement in forecasting by 
the use of this new aid will, as always, be a very difficult 
factor to measure but already daily weather forecasts 
have been altered in the light of information received 
from these satellites. 

The author thanks the Director -General of the Meteoro- 
logical Office for permission to publish this article. 

NEW MASTER CONTROL FOR T.W.W. STUDIO 

IN its unique position of having to operate twin major studios 
(Bristol and Cardiff) and a bilingual service (Welsh and 
English), Independent Television for Wales and the West of 
England has t pecial switching problems. It is the only 
regional programme 'aompany operating two separate, simul- 
taneous transmissions -the T.W.W. general service ch. 10, 
and the Teledu Cymru network for \Vales on ch. 7, 8, 10, 
and 11. A new master control for such switching problems 
has been built into the £0.25M extension at the Pontcanna 
studios in Cardiff. This switch complex designed by T.W.W. 
provides continuity and control for the two transmissions 
feeding five transmitters at St. Hilary (10 and 7), Presely 
(8), Arfon (10), and Moel -v -Parc (11). The special switching 
systems provide separate control of the two transmissions 
with a splitting arrangement on the Teledu Cymru trans- 
mission service. This is so that the ch. 7 transmitter at St. 
Hilary (Welsh) can be fed with the commercials that are 
transmitted on ch. 10 for the general service area. The 
switching system includes provision for 8 -event pre -selection 
on both sound and vision for each of the two services. This 
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permits finger tip control of a total of 32 pre -selected events 
that can be held in memory stores. All T.W.W. transmis- 
sions can be controlled from either transmission desk, leaving 
the other suite free to provide more elaborate presentation 
sequences. In front of an engineer, operating from each 
suite is an electronic stop watch (giving a permanent digital 
display of " elapsed time ") which starts a count from 
the moment of " fade up," ensuring correct programme 
timing. The system has provision for automatic control of 
the incoming network circuit, with automatic switching at 
Cardiff and Bristol Post Offices. The whole system has been 
planned for possible computer operation. Overlooking the 
presentation suites is an eight- channel telecine, and two - 
channel slide transmission control desk. Designed and built 
by T.W.W., it has standard control of all telecine channels. 
Above this desk is a 16- monitor bridge displaying the tele- 
cine and slide channel outputs, transmission and preview 
monitors, with provision for colour monitors. Adjoining the 
telecine area is the video tape department with three v.t.r. 
machines. 
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THIS year's amateur radio exhibition sponsored by the 
Radio Society of Great Britain was a compact show 
of thirty-five exhibitors in the Seymour Hall, Lon- 

don W.1. The Armed Forces were represented by the 
Royal Naval Amateur Radio Society, and the Royal 
Signals, who were offering a crystal checking service. 

On the same stand, the Royal Signals interference 
laboratory was demonstrating a technique for checking 
receiver response. It is perhaps significant that the 
Army is carrying out these tests on all receivers now 
being supplied to them. This feature introduced a typical 
front end of a Services' communication receiver which 
was being checked for spurious response. A sweep 
generator and display (Rohde and Schwarz Polyskop) was 
used. When a local crystal oscillator (in the receiver on 
test) was working on a relatively high harmonic, the 
response from 50 -100 Mc /s was shown to be something 
resembling a comb filter response! It was also demon- 
strated that by operating the local crystal oscillator at its 
fundamental frequency, and not at a harmonic, the num- 
ber of spurious responses was reduced to a few. The 
use of a higher i.f. (about 13 Mc /s instead of about 
9 Mc /s) reduced the spurious responses to negligible 
proportions. 

Interference was the main theme of the General Post 
Office stand, where a simulated interior of one of the new 
radio interference vehicles was displayed. One of these 
vans is to be supplied to each of the telephone areas to 
trace and deal with radio interference in the u.h.f. tele- 
vision Bands IV and V. 

Manufacturer's award 
The awards presented at the exhibition were the manu- 
facturer's award, the Horace Freeman Trophy, the 
Thorogood Plaque, and a number of R.S.G.B. distinc- 
tions. The manufacturer's award went to Contactor 
Switchgear (Electronics) Ltd., a newcomer to the Society's 
exhibition. This company, who specialize in industrial 
static switching, entered the communications field earlier 
this year with a silicon transistor top -band transmitter 
intended for mobile use (" New Products," August and 
September issues). A companion receiver was announced 
prior to the exhibition and the award was presented for 
both items. 

The receiver, covering about 1.8 -2 Mc /s, is a single 
conversion superhet with an i.f. of about 511 kc /s. The 
circuit uses 14 silicon transistors and consumes between 
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H.R.H. The Duke of Edinburgh, patron of the 
R.S.G.B. who opened the Exhibition, inspecting 
the display of home- constructed equipment. 

RISIG.8. Radio 

Communications 
Exhibition 

120 and 280 mA, depending on output, from either a 
12 V car battery or a 12 V HP1 (formerly TV1) dry 
battery. The circuit is fairly conventional up to the i.f. 
stages. Two tuned circuits and protection diodes pre- 
cede the controlled r.f. amplifier (BSY95A). (A separate 
Colpitts v.f.o. feeds the mixer, both of which are 
BSY95As.) The first i.f. stage uses two ceramic reson- 
ators (Fig. 2) coupled by a series -tuned LC circuit, feed- 
ing a Darlington pair (BCY42- BSY95A). The second 
i.f. stage uses a similar arrangement, but the following 
circuit is split into two paths, one i.f. amplifier feeding the 
signal demodulator and another feeding the a.g.c. recti- 
fier. This arrangement was chosen so that b.f.o. injec- 
tion does not affect the a.g.c. circuit. The i.f. amplifier 
configuration gives the 3 dB bandwidth of 8 kc /s or 
4 kc /s with a shape factor of 2.5 :1 at 50 dB down, and is 
less costly than using a ceramic ladder filter. The band- 
width switch short -circuits the capacitor in one of the 
series LC circuits. 

The b.f.o. consists of a Colpitts oscillator, tuned by a 
ceramic resonator, directly coupled to a BSY95A ampli- 
fier. This configuration gives a stability which enables 
s.s.b. signals to be received and the b.f.o. switch includes 
upper and lower sideband switch positions, shifting the 

Fig. I. View of top -band silicon transistor mobile receiver developed 
by Contactor Switchgear (Electronics) Ltd. The receiver and com- 
panion transmitter won the annual manufacturer's award. 
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Fig. 2. Schematic of C.S.E. top -band receiver using ceramic resonators. 

oscillator frequency by about ± 2 kc/s. The a.g.c. time 
constant (normally 100 ms attack time and 400 ms delay 
time) is switched to a delay of 1.5 s when the b.f.o. is 

switched in. The a.g.c. voltage is applied to a BSY95A 
transistor (Fig. 2), this controlling the supply voltage 
to the r.f. amplifier. An'r.f. gain control also controls the 
r.f. supply voltage and an " S " meter records the ampli- 
fier a.g.c.- gain -control voltage differential. The four 
transistor audio stage is a 1.5 W class B transformerless 
circuit using a C426 and V410 complementary output 
stage. Receiver sensitivity is 1 uV for 10 dB s/n ratio. 

Other awards 

The Horace Freeman Trophy went to M. H. Emmerson 
(G3OQD) for a transistor transceiver; the Thorogood 
Plaque to S. F. Weber (G8ACC) for a 7 W transistor 
transmitter for 70 cm; and the R.S.G.B. awards to D. R. 
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Bowman (G3LUB), M. J. Griffin (G3IIN), E. St. B. 
Sydenham (G3LOK), A. L. Mynett (G3HBW), H. C. 
Hopkins (G3NRI) and W. L. Kinchen (G2DZT). 

The equipments designed by A. L. Mynett were con- 
verters using field -effect transistors, among them a 70 cm 
converter. The circuit of this is given in Fig. 3. Three 
silicon planar transistors (2N3826) are used in the local 
oscillator, the first as a crystal oscillator of 33 Mc /s, the 
second tripling to 99 Mc /s, and the third quadrupling 
to 396 Mc /s. This provides local oscillator injection to 
the common -source mixer which is a 2N3819 f.e.t. device, 
a Texas type costing about £1, which is preceded by 
another 2N3819 functioning as a common -gate r.f. stage. 
The mixer is followed by a 2N3826 common -emitter 
mixer, which converts the first i.f. of 36 -38 Mc /s to 
second i.f. of 3 to 5 Mc /s, using the 33 Mc /s crystal 
oscillator. The converter noise figure is 5dB and the 
strong signal performance is such that several 100 mV 
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Fig. 3. Circuit of 70 cm 
converter developed by A. L. 

Mynett, G3HBW, and using 
Feld effect transistors to re- 
duce cross modulation. 
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input signals simultaneously applied produce negligible 
cross modulation products. 

Electroniques- S.T.C. link 

Of great interest and significance to the home construc- 
tor, whether the hobby is radio communications or any 
other aspect of electronics, was the announcement by 
S.T.C., at the Show, that its recently acquired subsidiary, 
Electroniques (Felixstowe) Ltd., would provide a com- 
prehensive electronic component and equipment supply 
service catering for the most sophisticated as well as 
the most simple needs of radio and electronics enthu- 
siasts. Still using the name Electroniques, this service 
will operate from Edinburgh Way, Harlow, Essex, and 
will be part of the Electronic Services Division of S.T.C. 
at the same location. 

Some items shown at the exhibition were aluminium 
'die cast boxes with slots for component boards, complete 
sub -assemblies in the form of i.f. amplifiers and an aerial 
rotator referred to later. The professional grade i.f. 
amplifiers use silicon planar transistors and are available 
for 455 kc /s and 1.62 Mc /s. For 455 kc /s operation a 
version is available using ceramic resonators. Amplified 
a.g.c. and a stabilized b.f.o. or c.i.o. are included. 
Commercial grade i.f. amplifiers are also available using 
germanium transistors (AF117). 

Other exhibits 
An American company, Davco Electronics Inc., ex- 

hibited for the first time this year. The company showed 
a compact transistor communications receiver which 
has been available in the..U.S.A. for 2 -3 years (Fig. 
4). About a year ago the front end was modified to 
incorporate two field -effect transistors. The set is a 
double conversion type with coverage from 3.5 to 
54 Mc /s. Some of the features of this receiver are that 
toroidal inductors and ceramic resonators are used. A 
noise amplifier -limiter is included, the output from which 
is fed to a detector and used to mute the receiver. Noise 
limiter threshold is, of course, adjustable. Selectivity is 
switchable, diode switches being biased on or off and 
selecting either the relatively broad band i.f. stages alone, 
an additional 2.1 kc /s mechanical filter or a narrow band 
with a crystal and mechanical filter. The U.K. agents 
are expected to be announced shortly. 

Some other items using field -effect transistors were 
shown by Green Electronic & Communication Equip- 
ment Ltd. These were 2- and 4 -metre converters with 
noise factors of 2 and 1.5 dB respectively. Intermodula- 
tion and cross modulation distortion for these converters 
is claimed to be virtually non -existent. This firm also 
showed the new TMR -6 transistor communication 
receiver which uses an f.e.t. front end, again giving good 
cross modulation performance. Coverage is 80 m, 160 m 
and the m.w. band. 

Daystrom have recently introduced two British Heath - 
kit designs. One is a transistor car radio receiver (4 W) 
and the other is a stereo decoder (SDI) for f.m. broad- 
casts. (Fig. 5.) The circuit is similar to that used in the 
TFMT -1S tuner but using 2N3393 transistors ir stead of 

2N2712s. In this design transistor switches are used in 
the subcarrier demodulator, a two transistor indicator 
circuit is included and a packaged RC filter used for 
removing unwanted signals in the output. Channel 
separation is given as 30 dB at 1 kc /s. 

The "hula- hoop" circular aerial has been used 
by quite a number of amateurs in the past but does not 
seem to have found moth favour elsewhere. J -Beam 
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Aerials, who produce a 2 m version, have now introduced 
a television Band 1 model (Fig. 6). This is for high signal- 
strength areas, where dipoles give no discrimination 
against multipath signals. The circular aerial has a direc- 
tional characteristic similar to a figure of eight, and a gain 
4 dB down on a dipole. 

Another recent J -Beam aerial is the Parabeam, fcr u.h.f. 
use (70 cm and television bands). Using this type of 
aerial, which has a skeleton slot type of " driving " ele- 
ment and reflector but normal directors, a wide band- 
width can be obtained (e.g., 100 Mc /s) with a power gain 
of 2 dB over a Yagi array of similar length and using a 
folded dipole and multiple reflector. 

Whilst on the subject of aerials mention might he made 
of another rotator that has become available. This is an 
American design made available through Electroniques. 
The aerial direction is " continuously " variable rather 
than the more common incremental type, and it is claimed 
that positioning to within 1° is possible. 

Right: Fig. 6. "Hula- hoop" 
Band I aerial for reducing 
multipath effects in high field 
strength areas. 

Above: Fig. 4. Compact communi- 
cations receiver by Davco (U.S.A.) 
using field-effect transistors in the 
front end. 

Left: Fig. 5. Heathkit silicon tran- 
sistor stereo decoder. 
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PART 2: FIVE STAGE 

SILICON TRANSISTOR 

PRE -AMPLIFIER DESIGN 

HIGH -PERFORMANCE TRANSISTOR AMPLIFIER 

By A. R. BAILEY,* Ph.D., M.Sc.(Eng.), A.M.I.E.E. 

Last month the author described a design for a 20W 
power amplifier which has a number of interesting fea- 
tures. Two alternative output stages were given, one 
using germanium transistors for domestic use, and the 
other using silicon transistors for more exacting applica- 
tion. Positive and negative supply lines are used 
eliminating the loudspeaker coupling capacitor. The 
amplifier is stable with any load and may be used to 
drive electrostatic loudspeakers. Load short -circuit pro- 
tection is built -in. The pre -amplifier, described below, 
uses five silicon transistors and apart from the usual 
facilities offers a high overload capacity -23 dB. Speci- 
fications of both the power amplifier and pre -amplifier 
are given on the next page. 

THE input stage of the pre- amplifier provides record- 
ing correction (where necessary) by the use of over- 
all negative feedback. A feedback rumble filter is 

also included. The diagram of this first part of the 
circuit is shown in Fig. 9, where it is seen that a feed- 
back triple circuit is used. This contrasts with the 
more usual feedback pair as shown in Fig. 10. There 
are two reasons for this modification. First, the gain 
of the circuit can be considerably increased by using 
a higher value for the collector load resistor of the 
second transistor. This gives sufficient reserve of gain 
to make overall feedback available below 50 c /s. This 
in turn gives a specified l.f. gain that is little affected 
by transistor variations. 

The second effect is very important, and that is the 
*University of Bradford 
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improvement in the overload capabilities of the circuit. 
The conventional feedback pair suffers badly at the 
extreme high -frequency end of the spectrum when re- 
cording correction is applied owing to the low impedance 
of the feedback network. (See Fig. 10.) This low im- 
pedance places a severe load on the second transistor 
collector and greatly reduces the output voltage available 
without severe distortion. This reduction can be as 

Tr3 

INPUT 

OUTPUT 

RUMBLE FILTER 

8 D.C. 

STABILIZATION 

RECORDING 
CORRECTION 

ZTOTAL =IOk AT 20kcis 

Fig. 9. Feedback- triple circuit for recording correction. 
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great as a factor of 10 times at 20 kc /s with consequent 
overloading. When it is remembered that the recording 
correction boosts these high frequencies, it will be appre- 
ciated that the high- frequency output from the pickup 
can be very far in excess of the rated pickup output. 
For this reason it is felt that the overload capability of 
a pre -amplifier should be over 20 dB over the whole 
of the audio -frequency range -particularly as most 
pickups exceed their rated output by a factor of several 
times when tracing a fully modulated record. 

The circuit described gives an overload capability of 
about 23 dB over the whole of the audio -frequency 
range, the reduction in overload capacity being only 
about 2 dB at 20 kc /s compared with that at 1 kc /s. 
The difference is definitely audible with a fully modu- 
lated record when compared with the feedback pair and 
very noticeable when a 10 mV rated pickup is fed into 
a 3.5 mV rated input. 

No provision has been made for crystal pickups as 
such except in that they normally perform better when 
driven direct into a 47 kit load and then subjected to 
normal recording correction. When using crystal pick- 
ups it is therefore only necessary to curb any high output 
models by a series capacitor or a resistor shunted across 
the amplifier input. In general such a mode of opera- 
tion is preferable as it assists in damping resonances 
within the pickup. 

High -pass filter 
The use of planar epitaxial transistors gives a sufficient 
margin of gain so that some 14 dB of feedback can be 
applied below 50 c /s. This stable l.f. gain gives two 
advantages in that the l.f. recording characteristic can be 
met accurately and also the constant gain can be used 
for a negative- feedback rumble filter. 

With feedback rumble filters the cut -off frequency is 
sensitive to the loop gain in the system, so it is impera- 
tive that the gain is not affected to any degree by tran- 
sistor variations. This is provided by the circuit already 
evolved, so there is no difficulty in fitting a feedback 
rumble filter. The filter is of the two- section type 
having quite wide spacing between the time -constants 
of the sections. A close -tolerance electrolytic is prefer- 
able for the large capacitor, although the cut -off fre- 
quency only shifts by some 5 c/s for a capacitor having 
twice the recommended value. The smaller value 
capacitor can be of the polyester type and acts as a 
peaking capacitor to give maximal flatness to the charac- 
teristic. It is the effect of this capacitor that largely 
offsets the effect on cut -off frequency of the electrolytic 
capacitor. Purists can of course replace the electrolytic 
by a polyester type if they wish to pay the price of space 
and cost. The curve for the rumble filter alone is shown 
in Fig. 12. 

Tone control 
'The gain control follows immediately after the record- 
ing correction amplifier so that overload difficulties are 
reduced to a minimum. This control feeds an emitter - 
follower Tr4 so as to obtain a low output impedance. 
This low impedance feed is necessary for the feedback 
tone control, or the characteristics of the tone control 
will be dependent on the setting of the gain control. 
The 2.2 kiI resistor feeding the tone control is necessary 
to obtain balanced drive to the controls. With the con- 
trols set to their mid positions, the overall pass -band 
is quite flat, as can be seen from the square -wave 
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Fig. 10. Conventional feedback -pair circuit. 

J 

PRE -AMPLIFIER SPECIFICATION 
Rated output: 500 mV r.m.s. 
Harmonic distortion 

at rated output: < 0.02% 
Noise: - 60 dB all inputs - 80 dB for tuner and aux. 

inputs 
negligible with good layout. 
23 dB over whole audio range 

(infinite for tuner and aux. 
inputs). 

tuner -250 mV. 
aux. -250 mV. 
disc -3 and 12 mV. 
tape -4 mV. 
mic. -10 mV. 
47 kit for all inputs except tuner 

and aux., these varying between 
60 and 100 ki? depending on 
gain control setting. 

R.I.A.A. characteristic to within 
±1 dB. 

74. in/sec. 
see Fig. 12. 
see Fig. 15. 
see Fig. 14. 

Hum: 
Overload capacity: 

Sensitivity: 

Input impedance: 

Disc equalization: 

Tape equalization: 
Rumble filter: 
Low -pass filters: 
Tone controls: 

*Series resistor in feedback network (39 k12) should be halved for 15 in /sec 
and doubled for 32 in/sec. 

POWER AMPLIFIER SPECIFICATION 

Rated output: 

Harmonic distortion: 

Bandwidth: 
Hum and noise: 
Rise time: 
Rated input: 
Load stability: 
Short -circuit protec- 

tion: 

20 W r.m.s. continuous into 16 £1 

load. 
< 0.1% at 20 W and 1 kc /s rising 

to < 0.4% at 20 kc /s. 
6 c/s -100 kc /s (3 dB points). - 80 dB 

4µs. 
500 mV r.m.s. 
uncondit oral 

automatic current limiting at 
130% of rated peak output; 
over- dissipation prevented by 
quick- acting fuse. 
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Pig. 12. Rumble -filter characteristics. 

90 100 

Fig. 13. Square -wave response at I kcls of the tone control circuit 
set to " flat." 
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ig. 11. Circuit of the complete pre -amplifier. 

response shown in Fig. 13. The maximum lift and cut 
available is shown in Fig. 14, and this is considerably 
more than will be required for normal use. The load 
resistor of the tone -control collector is split so that the 
circuit gives an overall gain of just over two times. This 
was done so that the pre -amplifier can give an output 
of 500 mV with a rated input sensitivity of about 3 mV. 
This output is sufficient for many valve amplifiers, and 
as the tone control will deliver an undistorted output 
of over two volts, the pre -amplifier will in practice drive 
nearly all valve amplifiers quite satisfactorily. If an 
increased output is required, then it is merely necessary 
to tap off a smaller fraction of the collector load resistor 
voltage to the tone control. 

Low -pass filter 
The treble filter presented something of a problem. 
A feedback treble filter is possible over the tone control 
stage, but its performance is then dependent on the 
setting of the treble tone control. This was not felt to 
be satisfactory. Filters with very abrupt cut -off char- 
acteristics may not have a peaking response, but never- 
theless they will ring very considerably at the cut -off 
frequency. The best compromise appears to be that of 
allowing a small amount of overshoot when square -wave 
tested. 

The filter used in practice is an LC filter followed 
by an RC filter. This gives a fairly rapid ultimate rate 
of fall without appreciable transient ringing. The re- 
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sponse of the filter is shown plotted 
in Fig. 15. A choice of two cut -off 
frequencies is provided, capacitor 
switching being used to change the 
cut -off frequency. The transient 
response to a square -wave is shown 
in Figs. 16 and 17, these clearly indi- 
cating the absence of serious ringing. 
The inductor is of the ferrite core 
type and should be sited away from 
strap magnetic hum fields. 

The performance specification of 
the complete pre- ámplifier is given 
in the panel on page 599. 

Practical details 
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The sensitivity of the pre -amplifier -le 
can be changed most readily by -21 
changing the ratio of the two resistors 
in the collector of the tone- control 
transistor Tr5. Providing that the 
total resistance of these is kept to 
about 4.71(14 then the rated output Above: Fig. 14. Tone 
can be decreased to 250 mV or in- control characteris- 
creased to a volt or more. The nearer tics. 
the tapping point is to the supply 
line, the greater will be the gain. 

Although the pre -amplifier is for 
audio frequencies there is apprec- 
iable gain in the radio -frequency 
region so care must be taken to avoid 
spurious r.f. feedback paths. In par- 
ticular all earth leads must be short; 
and any leads, such as the input con- 
nections, which are sensitive to capa- Right: Fig. 15. Treble 
citance pick -up, must be screened. filter characteristics. 

The " flat " position of the tone controls will be almost 
exactly at the electrical centre -point of the controls. 
This can be determined by a meter if in doubt, but the 
quickest check is to use a square -wave into the auxiliary 
input. Using a 500 c/s square -wave the correct settings 
are then immediately obvious. 

The treble filter inductor is not critical, and any "Q" 
value over about 15 will be suitable. Very high -Q 
inductors do not give severe ringing as the circuit is 
arranged to provide the required damping. If ferrite 
pot -cored inductors are used, then the number of turns 
required is 4.5 times the number of turns specified for 
one millihenry. Enamel -coated wire is quite suitable 
and the gauge will be around the 34 s.w.g. mark. The 
wire size is unimportant for this application provided that 
sufficient turns can be accommodated on the bobbin. 

The transistors specified have a high current gain 
and a high cut -off frequency as well as a low noise level. 
The first two stages are the most critical for noise and 
these are the most critical for gain as well. The other 
stages are more tolerant of poorer transistors but the 
author strongly recommends that silicon n -p -n planar 
epitaxial transistors are used throughout. 

The author has had one of these pre -amplifiers and 
the associated power amplifier (described last month) 
running for over a year, and has not found any appre- 
ciable difference in performance compared with a good 
valve amplifier. There is a noticeable gain in extreme 
bass from the transistor amplifier, but this has been 
found to be due to the rumble filter frequency of cut- 
off in the valve amplifier (35 c/s as against 18 c/s in the 
transistor amplifier). Otherwise the pre -amplifier per- 
formance is indistinguishable. 
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