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IT'c Relays in all shapes and sizes to cover the whole industrial electrical/ 
electronic field- that's the measure of the Keyswitch product range 

KEYSWITCH- which includes the whole set of Omron minia- 
tures. All Keyswitch Relays are winners be- 

WINNING cause they each combine competitive price and high 
quality. When you go for Keyswitch quality and economy 

RELAYS ON you'll get speedy service too- Keyswitch will pro- 
duce a prototype relay in 24 hours, deliver a large 

EVERYorder of standards in under a week and any specialist order 
within a month. So whatever type of relays you need, when 

CIRCUIT you 
want quality, good prices and prompt delivery, 

contact Keyswitch Relays Limited, Cricklewood Lane, 
London NW2; telephcne 01 -452 3344; telex 262754. 

KEYSWITCH RELAYS -WHERE THE ACTION IS 

i;. RELAYS FROM- 

WW -001 FOR FURTHER DETAILS 
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Fifty -ninth year of publication 

Electronic ignition Syrter 
Microcircuit rationalization 

The macrophotograph on this month's 
cover shows wires being bonded on to 
integrated circuits at the Mullard 
Southampton works. On page 6 the 
future of linear i.cs is discussed. 

OUR NEXT ISSUE 

Loudspeaker performance: Paul 
Klipsch, originator of the Klipsch 
horn, compares horns and direct 
radiators 
Ceramic pickups and transistor 
pre -amplifiers: are they incompatible? 
Matching: what is meant by this term? 
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Dorset House, Stamford Street, London, SE1 
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Brief extracts or comments are allowed provided 
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made to measurer 
oroffthepeg? 
Open the BRIMAR Industrial Cathode Ray Tube 
catalogue and you will find just about the widest 
range of tubes in the business, one of which is likely 
to be a 'perfect fit' for your requi'ement. But, if you 
have something unusual in mind, talk it over with us. 

BRIMAR can provide the tube you need, either 'made 
to measure' or 'off the peg', whether it be for measur- 
ing instruments, picture monitors, radar, alphanu- 
meric or graphical displays. 
Through the uiparalleled BRIMAR capability in 

chemistry, election optics anc vacuum physics 
the widest design diversity is offered, backed by a 

personalised customer service. 
This service, provided by engineers with extensive 

experience of the electronics industry covers advice 
on tube characteristics, operating conditions and 
associated components. 
Tailored packaging and reliable delivery to meet pro- 
duction schedules are also part of the BRIMAR 

Service. 
Want to know more about the BRIMAR range of 
Industrial Cathode Ray Tubes? - send for our latest 
catalogue. 

WW-066 FOR FURTHER DETAILS 

Thorn Radio Valves 

and Tubes Limited THORN 

7 Soho Square, London, W1 V 6DN. 
Telephone: 01 -437 5233 
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Wireless World 

"Explosion in communications" 

This was the expression used by Mr. Stonehouse, Minister of Posts and Telecom- 
munications, when he announced in the House of Commons that he was considering 
setting up an independent enquiry into the long -term future of broadcasting in 
the U.K. He referred to the need to examine the implications of new technologies, 
e.g. the possibility of 100 or more communication channels going into every home 
in Britain via a single wire or microwave link, "which would bring about an 
explosion in telecommunications ". 

One's immediate reaction to the proposed broadcasting enquiry is "what, another 
one!" It will be recalled that very few of the recommendations in the Pilkington report 
of 1962 were implemented and over the years there have been many proposals made 
by the various committees of enquiry or commissions which, maybe because they 
were too sweeping, have been turned down. It would, however, appear from the 
Minister's latest statement that if the proposed committee is set up it will be asked 
to look at the long -term future of internal telecommunications generally and not 
just broadcasting. If so, this is going to be a gargantuan task calling for technological 
forecasting. Incidentally, Professor W. H. G. Armytage, of the University of Sheffield, 
speaking recently to members of the Institution of Mechanical Engineers, said it now 
seems that "technological forecasting is, like weather forecasting, very respectable ". 
He pointed out, however, that technological forecasting must not be confused with 
"the inspired doodling that has characterized science and engineering through its 
history ... nor the intuitive forecasts that enabled writers like ... Hugo Gernsback 
to predict radar or Arthur C. Clarke to predict the earth satellite ". Professor 
Armytage defined it as "the application of scientific method -or objective, almost 
clinical method -to the analysis and forecasting of technological change ". 

Bearing this in mind the proposed committee could produce a really far -seeing 
forecast of telecommunications into the '80s and beyond; but the members will need 
to be supermen or they will find themselves bogged down by tradition and vested 
interests. 

What are the prospects? The idea of a super telecommunications grid covering the 
whole country has frequently been suggested and with the growing use of telemetry 
and control systems, as evidenced by a contribution in this issue, it is fast becoming 
a necessity. 

Such a super grid will be an amalgam of radio and cable techniques. Despite our 
title we are not so bigoted as to be blind to the potentialities of cable for distribution 
networks. It is, however, worth recalling that in the early days of this journal there 
was a fierce war waged between cable and wireless (apocryphal stories are told of 
the sabotage of cable systems in order to show that wireless was inviolable!) but a 
marriage was arranged. It is, of course, true to say that without radio devices 
(amplifiers, repeaters, and the like) the present cable networks could not have 
materialized. 

We do not intend to gaze into our crystal ball, engage in inspired doodling or 
make intuitive forecasts, but the future for the electronics and radio engineers is 
certainly exciting. 
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Capacitor-discharge Ignition System 

An electronic ignition system, suitable for any car, which offers 
a large number of advantages over conventional ignition 

by R. M. Marston 

When this unit is wired up to a car's existing ignition system 
it greatly improves the shape of the ignition voltage wave- 
forms, and enables a more stable flame -front to be generated 
in the engine's cylinders. Better combustion is thus obtained, 
and engine performance is considerably . mproved. 

The unit, which is known as a capacitor -discharge 
ignition system, confers an impressive list of benefits in 
terms of engine performance. It gives easy starting, even 
under sub -zero conditions, and also gives immunity to 
performance deterioration due to contact -breaker bounce. 
In addition it gives quicker engine warm -up, improved 
acceleration, better high -speed performance, and improved 
fuel economy (2 - 5% ). Even more important, it virtually 
eliminates contact -breaker point burning and wear, gives 
greatly improved spark -plug life (typically 3 to 5 times 
longer than in conventional ignition systems), and over- 
comes the need to adjust contact -breaker and spark -plug 
gaps with precision. 

The ignition unit can be added to any car fitted with a 

conventional 12 -V coil ignition system irrespective of the 
number of engine cylinders. 

Fig. 1 shows the circuit of a convertional, or inductive - 
discharge ignition system. The contact -breaker (c.b.) points 
are opened and closed by an engine -driven cam. When the 
points are closed, current from the battery builds up in the 
coil primary, to a maximum value of about 4.5A exponenti- 
ally, with a time constant of L/R seconds, typical time 
constants are between 2 knd 10ms. As the current builds 
up, it stores an energy `packet' of (L.Py2 joules, or watt - 
seconds, in the coil primary. 

When the points open, the primary current collapses 
rapidly via C and induces a peak potential of about 300V 
across the coil primary; this voltage is increased to about 
30kV at the secondary winding, and this energy is trans- 
ferred to the spark -plugs by the vehicles distributor. C, and 
the coil form a resonant circuit when the points are open, 
and the secondary voltage takes about 125µs to build up to 
its peak value. 

Fig. 2 shows typical inductive discharge ignition perfor- 
mance characteristics and ignition requirements at different 
engine speeds; the early part of the graph, up to about 100 

r.p.m., indicates typical sub -zero starting conditions, when 
battery voltage falls to about 10 V, compared to a normal 
value of 13.5 V when under dynamo charge. Note that the 
system operates with very little safety margin under cold - 

start conditions, and that the available secondary energy 
becomes inadequate when engine speeds reach 5,900 r.p.m., 
so that misfiring starts to occur above this speed. 

Finally, the relatively long secondary voltage rise times 
of the inductive system (typically about 125µs) make the 
ignition system very vulnerable to high energy losses due to 

fouling of the spark -plug gaps by carbon and oil deposits. 
These deposits act as a resistance (typically about 2M 51 in 
cases of bad fouling) across the points. These deposits 
inevitably absorb some of the applied energy (power- time), 
and total energy absorption increases in proportion to 
voltage rise time and fouling resistance. 

Capacitor -discharge ignition systems, on the other hand, 
suffer from hardly any of the snags outlined above. Fig. 3 

shows the block diagram of the particular ignition system 
described here. A self -regulating voltage converter is used 
to charge storage capacitor C, to 400 V, almost irrespective 
of actual battery potential. When fully charged, this 
capacitor stores 0.08 joule. 

When the c.b. is closed, zero input is applied to the pulse 
shaper, and the thyristor is off; a standing current of about 
250mA is passed through the c.b. via R, under this conch - 
tion, to keep the points `clean'. The converter is operating, 
and charges C, to 400 V; the capacitor has a charging time 
constant of about 1.6ms. 

Si r----t 

Bt _ 
12V = 

Contact 
breaker 

Chassis 

Fig. 1. Circuit of a conventional inductive discharge ignition 
system. 
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Fig. 2. Typical performance of the circuit of Fig. 1 together 
with engine energy requirements. The curves assume 
that battery voltage is normally 13.5V falling to 

10V at cold start. 
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When the c.b. points first open, the pulse shaper oper- 
ates and turns the thyristor on in about 2,us. This short 
circuits the output of the converter, and turns it off. 
Simultaneously, one side of C, is connected to ground and 
discharges rapidly into the primary of the coil; the coil 
steps the resulting primary voltage up to about 40kV, and 
the stored energy of C, is transferred to the spark -plugs. 
The secondary voltage has a rise time of only a few micro- 
seconds. C, and the coil form a resonant circuit when the 
thyristor is on, and have a typical resonant frequency of 
1600Hz, giving a period of roughly 600µs. At the instant 
the thyristor fires, the coil's primary voltage rises (in about 
2,us) to 400 V, but 300µs later the voltage falls to zero as 
the circuit oscillates and the thyristor turns off, preventing 
further oscillation. Once this happens the voltage converter 
re- starts and begins to re- charge C even though the c.b. 
points may still be open. The process is repeated when the 
c.b. opens initially again. Note that the primary coil 
voltage is isolated from the vehicle's c.b. terminals, which 
are thus subjected only to the moderately low voltages 
and currents. 

Fig. 4 (a) shows the actual spark voltage performance of 

12V 

S1 
Ignition switch 

Cl 
+400V 1u 

To 
spark -plugs 

via 
distributor 

SW 

R1 
50 

250mA 

Contact 
breaker 

D7 I 

C I 

Chassis Engine- driven 
cam 

Fig. 3. Block diagram of the capacitive 
system described in the article. 
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der -` 
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ignition 
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Fig. 4. Curves showing the measure performance of the 
capacitive discharge ignition system with the same 
battery voltage conditions as Fig. 2. 

the prototype system at different engine speeds, when 
fitted to different types of engine, together with worst -case 
ignition voltage requirements, and Fig. 4 (b) shows the 
system's energy generating performance. Note that both the 
available voltage and energy are well in excess of engine 
needs under all operating conditions. 

The full circuit of the negative ground version of the 
ignition system is shown in Fig. 5. C,a and C,b form the 
1µF energy storage capacitor. Tr, -Tr2, T, and the D3 -D6 
bridge form the self -regulating voltage converter. Tr, and its 
associated network form the bounce- suppressing pulse 
shaper, which fires the thyristor via C3. 

The voltage converter section operates as follows: Tr 
and TrZ are an astable multivibrator which uses the halves of 
the centre -tapped primary of T, as collector loads and which 
generates a series of 24 V (approximately) square waves at 
each collector, at a frequency of roughly 50Hz. The 
inductive nature of T, causes the early part of each square 
wave to shoot above the normal flat top; R -RI 2 and zener 
diodes ZD, and ZD2 are used to limit this overshoot to 28 V 
peak. T, steps the square waves up to 400 V peak at the 
secondary winding. This voltage is then converted to d.c. 
via the D1 -D6 bridge rectifier, and used to charge C,. It is 
this overshoot regulation that gives the ignition system its 
good cold- starting characteristics. R6 gives the circuit a 

degree of protection in the event of the battery voltage 
(under dynamo charge) rising above 15 V, and at the same 
time reduces the C, voltage at high engine speeds. 

It should be noted that, although the converter oscillates 
at a natural frequency of only 50Hz, it is in fact capable of 
giving good spark generation at c.b. frequencies in excess 
of 660Hz, i.e., above 20,000 r.p.m. in a four -cylinder, 
and above 10,000 r.p.m. in an eight -cylinder engine. 

At the moment that the c.b. points first open in each 
ignition cycle the thyristor is triggered, so Tr, and Tr2 

stop oscillating; 300µs later, the thyristor then turns off, 
so the multivibrator starts oscillating again. The start of the 
first half cycle of each converter operation is thus syn- 
chronized by the c.b. At c.b. frequencies above about 100Hz, 
therefore, the converter starts into a half cycle each time the 
thyristor turns off, but the half cycle is ended prematurely 
when the thyristor goes on again as the c.b. opens. 

The operating frequency of the converter thus synchro- 
nizes automatically to half that of the c.b. under this 
condition. Only a fraction of one natural half cycle is 
needed to charge C, to a useful value, so good sparks are 
generated up to very high engine speeds. 

The c.b. bounce- suppressing and pulse shaping section 
of the unit operates as follows: When the c.b. points are 
closed, a standing current of about 250mA is passed through 

COMPONENTS LIST 
Resistors 
In the list below the prefix R and the suffix 

1 -50' 4-470 
2 -68k 5 -3.3M 
3 -1k 6 -1' 
'5-watt wire -wound 
12 -watt 
remainder all 0.5 watt 

'1have been omitted for clarity. 
7 -2701 10 -220 
8 -270t 11-100 
9 -220 12-100 

Capacitors 
C,a and C,b- O 59F. 600V working. paper or Mylar. 
C3-O.02 IF. 50V working, Mylar. 
C, -0.22pF. 50V working, Mylar. 

Semi -conductors 

Tr, - 
Tr, - 
Tra - 
D, - 
D, 
0,-D - 
D, - 
ZD,-ZD, - 
Transformer T, 

positive earth 
2N3055 
2N3055 
2N3702 
1N4001 
1N4001 
1N4005 
2N3525 
27V, 5 %. 400mW zener diodes 

negative earth 
2N3055 
2N3055 
2N3704 
1N4001 

1N4005 
2N3525 

Modified I.t. or battery charger transformer rated at least 30VA. A 240V primary. 
17V secondary, 2A tranformer is suitable when modified as per text. 
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Contact 
breaker 

Tr2 

Two views of the prototype positive earth version. 

the points via R,; the R1 -D, -C2 junction is at ground, and 
the R2 -C2 junction is grounded via Tr, base -emitter junc- 
tion. Assume that C2 and C3 are fully discharged. 

At the instant that the c.b. points open, 12 V appear 
across the points, and C3 charges rapidly via R, -D, and the 
thyristor gate which turns on. Simultaneously, C2 charges 
rapidly via R, and Tr, base so that Tr, turns on. 

At the instant that the points close again, the R1 -D, -C2 

junction once more drops to ground volts; C, is still fully 
charged, however, and remains so, since D, is reverse biased 
under this condition; C2 is also fully charged, but, since its 
R1 -D, side has been pulled down to ground volts, it drives 

Standard 
f_C.B.capacitor 

Fig. 5. Circuit of the 

negative earth version. 

Tr, base sharply negative, so Tr, is cut off. C3 thus has no 
discharge path at this stage, and retains full charge. 
Consequently, should the points bounce open again at this 
stage (point bounce only occurs within the first two or three 
hundred micro-seconds of initial point closure), the thyristor 
will not be triggered back on again. Now, as soon as the 
points close, the C2 charge starts to leak away via R2, and 
eventually, after about 600µs, the charge falls to near -zero 
and Tr, is biased on via R2. Once it is turned on, Tr, pro- 
vides a discharge path for C3 via its collector and R, and R4; 

C, then discharges rapidly, with a time constant of about 
35µs. At the end of this period, C2 and C3 are once more 
fully discharged, and the thyristor is ready to be triggered 
on again. 

Thus, the thyristor is triggered on as soon as the points 
open, but can not be operated again until the points open 
again after being fully closed for at least 600µs. The 
thyristor is thus immune to false triggering by c.b. point 
bounce. 

The positive ground version of the ignition system is 

shown in Fig. 6. This is similar to that described above, 
except that a few circuit polarities are changed and the 
thyristor is triggered on with a negative pulse applied to its 
cathode via D2. 

The only problem involved in the construction of the unit 
is that of finding transformer T,. This is an iron -cored 
unit with a turns ratio of 15:1 at a power rating of 30VA 
or greater, and with a centre -tapped low- voltage winding. 
The easiest way to obtain this unit is to re -wind an existing 
1.t. or battery- charger transformer. The winding procedure 
is very simple, and the following is an account of that used 
on the prototype: - 

The transformer is required, before modification, to 
have a basic turns ratio of 15:1 or less. Any l.t. or battery- 
charger transformer that meets this and the 30VA power 
requirement can thus be used. The prototype unit started 
life as a 240 V:17 V, 2 A battery- charger transformer, and 
thus satisfied the above specification. Once selected, the low - 

voltage winding of the unit must be re -wound and centre - 

tapped to give an exact 15:1 ratio, i.e., a ratio of 240 V:16 V 
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in this particular case. 
To rewind the transformer, remove its securing clamp 

and dismantle its iron core laminations (making note of 
their method of assembly), and then remove the coil bobbin. 
Next, unwind the entire low- voltage winding (which is 
invariably the outer winding on the bobbin), and carefully 
note the total number of turns used; now divide the number 
of turns by the original value of l.t. voltage, to give the 
transformers basic turns -per -volt value. On the prototype, 
total turns were 134, and the original voltage was 17, 
giving a turns -per -volt value of 7.9. Now calculate the l.t. 
voltage needed to satisfy the 15:1 final turns ratio of the 
transformer (16 V in this case) and multiply by the turns - 
per -volt value (7.9) to give the total number of turns to be 
rewound (128); now re -wind this number of turns on the 
bobbin to form the primary of the ignition unit trans- 
former, taking care to make a tap at the half way mark. 
Finally, re- assemble the core laminations and re -fit the 
transformer clamp; the transformer is then complete and 
ready for use. The original mains primary is now of course 
the secondary of the new transformer. 

Construction of the rest of the unit should present no 
problems, and it can be wired -up direct from the circuit 
diagram. The prototype positive ground version of the unit 
(see photographs) is mounted in an 8 X 6 X 2-1-in metal 
box; the two power transistors (Tri and Tr2) and the thyris- 
tor are mounted, via insulating washers, to the box surface 
(which acts as a heat sink); most of the remaining 
components are mounted on a piece of Veroboard Panel; 
external connections to the unit are made via a 4-way 
terminal block. 

When construction is complete, give the unit a simple 
functional check by connecting terminal O to chassis and 
terminal O to the `hot' side of the car's battery; a "humming" 
noise should now come from the unit, indicating that the 
converter section is operating, and total current consump- 
tion should be roughly 800mA; approximately 400 V 
should be available between the anode and cathode of the 
thyristor when tested with a 20,000 n /volt meter. If this 
test is satisfactory, the unit can now be fitted to the car. 
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Fig. 7. Plug and socket connections required for fitting the 
unit to a vehicle. Unplugging the plug (c) and 
inserting the plug (b) into socket (a) changes from 
conventional to capacitive discharge ignition system. 

The complete unit can be either mounted in the glove 
compartment (as in the case of the prototype), or can be 
fixed to the rear fire -wall of the engine compartment 
(but not close to the exhaust system). The unit can be 
either wired directly to the existing coil and c.b. assembly, 
or, preferably, can be wired to these components via a 5 -way 
plug and sockets (Fig. 7), in which case the driver can 
change from conventional to capacitor discharge ignition 
by simply fitting an alternative plug into the socket. 

Once wiring is complete, turn on the ignition, operate the 
starter, and check that the system functions well under 
actual driving conditions; there is no need to re- adjust c.b. 
or spark -plug gaps, etc. 

Results vary from one car to another, but improvements 
are particularly evident in cars that have covered a con- 
siderable mileage since their last tune -up. 

Finally, once the unit has been found to perform 
satisfactorily over a reasonable mileage, it is recommended 
that the entire circuit be covered with an electrically 
insulating coat of water -proof paint or varnish, to exclude 
the harmful effects of moisture. The unit can then be 
expected to operate correctly for the life of the vehicle. 
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The Future of Linear I . C . s 

A few simple integrated circuits, with guaranteed long -term 
availability, could meet nearly all the needs of the industrial 
manufacturer 

by R. Hirst* 

Linear integrated circuit packages have 
been available for a relatively short period 
in Britain. By virtue of the techniques 
employed and the expense incurred in 
developing and manufacturing monolithic 
circuitry reasonably large production 
quantities are required to make the sell- 
ing price compatible with circuits manu- 
factured from discrete components. This 
fact in itself restricts the market to which 
the initial product may be tendered as the 
industrial design engineer, with a rela- 
tively small piece -part requirement, is 
unable to incorporate devices that are 
essentially made for the domestic sphere. 
While the majority of linear integrated 
circuits will meet industrial require- 
ments, it is the fear of an abrupt cessation 
in supply at the end of two or three years, 
due to the biennial change in the require- 
ments of the mass radio and television 
market, that causes the main concern to 
the long -term industrial user. 

Linear integrated circuit manufac- 
turers seem unable to grasp this 
situation and continue to pour into the 
market complex, incompatible and non - 
interchangeable units mounted in a mul- 
titude of mechanical assemblies as can be 
seen from Table 1. 

Based upon a simple survey it would 
seem reasonable to maintain production 01 

one or two devices that at the present time 
have more than paid for their tooling 
costs by virtue of large -scale distribution. 
It would be necessary to inform the 
industrial equipment manufacturer 
which devices would be available for a 
relatively long time. The consumption, 
based upon this type of selling, could be 
surprisingly large and the risk to semi- 
conductor manufacturers spread over a 

much greater number of customers. 
To show how simple linear integrated 

circuitry could be, the following excur- 
sionary appraisal of the requirements of a 
substantial portion of the industrial con- 
sumer has been presented. There would 
appear to be four main areas in which 
integrated circuitry could be used to 
great advantage, these are: switching, 

l.f. amplification, h.f. amplification, 
frequency conversion. 
Switching: This appears to have been 
adequately covered by the majority of 

TABLE 1 

Characteristics of some i.c. amplifiers 

typa 
response 
at 3dB 

gain 
(dB) 

supply 
volts pack 

SN777 
SN7510 
SN7510L 
TAA111 
TAA121 
TAA131 
TAA141 
TAA300 
TAA310 
TAA293 
TAA263 
TAA350 
TAA231 
F 104 
F104B 

CA3011 
CA3020 
CA3021 
CA3023 

" Flatpack 

d.c. - 100kHz 
d.c. - 40MHz 
d.c. - 40MHz 
d.c. - 150kHz 
d.c. - 150kHz 
d.c. - 20kHz 
d.c. - 20kHz 
d.c. - 25kHz 
d.c. - 15kHz 
d.c. - 600kHz 
d.c. - 600kHz 
d.c. - 12MHz 
d.c. - 30MHz 
d.c. - 35MHz 
d.c. - 45MHz 
0.1 - 20MHz 
d.c. - 6MHz 
d.c. - 2.4MHz 
d.c. - 18MHz 

70 4.5 
42 +8 & 8 
42 +8 & 8 10-99 
62 7 10-76 
74 7 10-76 
58 5 
56 5 10-76 
50 9 TO-74 

100 7 TO-74 
80 6 TO-74 
77 8 TO-72 
80 6 TO-74 
20 12 TO-78 
20 20 TO-74 
20 20 TO- 74 
60 10 TO-74 
58 9 TO-74 
56 +18& 6 TO-74 
53 +18& 6 TO-74 

semiconductor manufacturers and it is 
possible to obtain devices from different 
manufacturers that are directly inter- 
changeable. The presentation has 
stabilized in the shape of fourteen -lead 
dual -in -line packages, usually epoxy 
encapsulated. The cost of the pack 
approaches or improves upon the cost that 
may be achieved by discrete techniques 
and the only aspect that now remains is to 
have more standardization and inter- 
changeability. 

L.F. amplification: As the majority of 
integrated circuits are d.c.- coupled, it 

would seem reasonable to lump together 
the l.f. and h.f. requirements thus reduc- 
ing the consideration of linear amplifica- 
tion to a single unit. This device is 
described under the heading of h.f. 
amplification. 

H.F. amplification: There is an inte- 
grated circuit available on the market 
with a flat frequency response up to 
45MHz which is entirely d.c. -coupled. 
This device is being used in large quanti- 
ties in the manufacture of domestic radio 
and television. It is a Mullard unit type 
F104B and is mounted in a 12 -pin 
TO -5 can. The internal circuit of this 
device is shown at the left -hand -side of 
Fig. 1 and it can be seen to be very simple 
in design but nevertheless adequate in 
performance. A variety of response curves 
may be obtained by changing the value of 

6 5 

Fig. 1. The Mullard F109A /B is shown on 
the left which can fulfil nearly all 
the industrial manufacturers needs 
for l.f. and h.f. amplification. The 
shaded area contains an emitter - 
follower circuit which can be added 
so that the circuit can be made to 
drive long coaxial lines. 

C, as shown in the graph of Fig. 2. The 
circuit in the shaded portion of Fig. 1 is a 
directly coupled emitter -follower which 
can be used to reduce the output impe- 
dance so that the unit may be terminated 
in a coaxial lead to feed a further unit 
which could be some distance from the 
amplifier. 

This circuit has been used in a num- 
ber of assemblies operating from 100Hz 
to 30MHz and it was found that by 
substantially increasing the value of C, 
that the gain at 100kHz could be 
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increased from 20dB to 30dB if some 
increase in harmonic distortion could be 
tolerated. From the curves in Fig. 2 it is 
obvious that, if the amplifier is used in a 
relatively narrow band, the value of C, 
may be altered to accurately provide a 
given level of gain. For instance with C, 
in the order of 25pF the gain at 50MHz ?1 

would be approximately 26dB. However, if 20 
the value of C, was reduced to 12pF the 19 

gain would have decreased to something 18 
in the order of 19dB. As C, is an external 17 
component it is an easy task to use a 
ceramic trimmer adjustable from 5pF to 
25pF to take up the gain spreads of the 
integrated circuit. 

Obviously this package does not deliver 
a great deal of power but it may be 
terminated in one or more stages to give 
the required output level. It may also be 
preceded by an emitter -follower in order 
to increase the input impedance should 
the need arise. At frequencies below 
10MHz the small value of C, is unlikely 
to promote sufficient change in gain to 
enable the variable capacitor to take up 
the spreads from circuit to circuit and it 
is probable that if a considerable gain 
change is required at the lower frequen- 
cies it will be necessary to alter the value 
of the series input resistor. However, as 
previously indicated, if C, is replaced by a 
fixed large value of capacitor the gain can 
be adjusted over a considerable range, 
but it then becomes necessary to change a 
capacitor physically, rather than make a 
simple adjustment. This amplifier has 
now been produced by Newmarket Tran- 
sistors Ltd, under the title MC 809 and is 
a thick film device mounted in a dual - 
in -line package. 

27 
26 
25 
24 
23 

v 22 

Frequency conversion: Fig. 3 shows a 
simple ring modulator circuit using four 
diodes and two transformers. This unit 
may be manufactured from discrete com- 
ponents but the degree of balance 
required for industrial applications, over 
a wide temperature range, cannot be 
easily achieved unless the diodes are care- 
fully matched and mounted in a common 
heat -simulating device. With the aid of 
standard monolithic techniques this type 
of modulator may be readily presented on 
one chip thus ensuring that the elements 
have a similar temperature coefficient and 
are mounted in close proximity. 

At the present time transistor mono- 
lithic ring modulators are available on the 
market as standard units but unfor- 
tunately the frequency range is very 
limited and cannot be considered for high - 
frequency work. 

The circuit of Fig. 3 is not the only 
method of obtaining balanced frequency 
conversion but it is a simple device that 
can have a very wide and flat frequency 
response providing that the transformers 
are designed correctly. A unit of this 
nature has a considerable field of applica- 
tion throughout the military and indus- 
trial manufacturing industry. 

Conclusion: Little has been done to 
establish the needs of industrial manu- 
facturers as far as integrated circuits are 

2 3 4 5 6 8 10 
MHz 

Fig. 2. Frequency response of the F 104 B 
with different values for C,. 

Fig. 3. Basic ring modulator circuit. 

concerned. If just one or two of the more 
simple integrated circuits, at present 
available to the domestic consumer, were 
to be classified as devices with long -term 
availability, the military and industrial 
manufacturer would undoubtedly 
respond by including such units in 
future designs. 

During some recent observations into 
designs promoted by just one industrial 
manufacturing company it was noted 
that during the past three years, sixteen 
totally different amplifiers had been 
designed to achieve a small signal gain of 
between 20 and 30dB at 100kHz. Each 
one of these amplifiers could easily have 
been replaced by the circuit indicated in 
Fig. 2 without any detriment to the per- 
formance. Some startling but accurate 
conclusions were reached when cost esti- 
mates were prepared for the development 
and manufacturing cost of the discrete 
assembly on one hand, and the integrated 
assembly, on the other. 

In the instance of the sixteen amplifiers 
designed around discrete components, it 
was ascertained that a total of 2 man - 
years were involved in the engineering, 
drawing and planning. The total annual 
consumption of the final amplifiers was 
small in the order of 500 units, costing 
approximately £5 each. The total cost 
over a manufacturing period of five years 
was as follows: development -£8,000; 
2,500 units -£12,500; giving a total 
expenditure of £20,500. 

Replacing these sixteen different 
designs with a common integrated circuit 
the development period could be reduced 
to one half man -year costing about 
£2,000 leaving a total of £18,500 to be 
spread over 2,500 integrated units giving 
a unit price of £7 8s for a simple three - 
stage device. There is no reason why a 
semiconductor manufacturer could not 
make a substantial profit at such an 
elevated unit price. The advantage to be 
gained by the industrial manufacturer at 
such a price would not be directly finan- 
cial but a reflection in the substantial 

20 30 40 60 80 100 

period of time that a skilled engineer 
would now have to devote to the more 
elaborate task of system design. 

The modern circuit engineer is now 
likely to find that his services are more 
and more in demand in the laboratory of 
the semiconductor manufacturer where, 
chemistry, physics and electronics come 
close together. There is a vast shortage of 
skilled engineers in every country and it 
has to come that the majority of skills 
available will be employed in the design of 
systems using integrated circuitry as the 
basic building blocks. This does not det- 
ract from the skill of the circuit engineer 
but to the contrary indicates that a much 
higher degree of skill must be used in 
planning the minimum number of confi- 
gurations to be used over a very wide and 
varied market. 

Communication Division, S.T.C. Ltd. 

Corrections 
J. Dinsdale, author of "A Design in Retro- 
spect" in the November issue, writes: "There 
is an unfortunate ambiguity in Fig. 5 which 
does not make it clear whether the mk I or 
mk II design is being discussed. It is important 
that the earphone- loading network (shown 
in the dotted box) is connected in place of the 
loudspeaker in whichever design is being used. 
On no account should there be a direct d.c. 
path from the collector of Tr6 to ground, as 
Fig. 5 could imply." Also for May read April 
in ref. 9. 

The values of two resistors in the Wien 
Bridge Oscillator on page 575, December 
issue, were incorrect in the diagram. For 68k 
and 33k, read 6.8k and 3.3k. 
See also page 11 for addendum to last month's 
"Letters". 
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News of the Month 

American radio and 
TV production 
It would appear from the latest figures 
issued by the U.S. Electronic Industries 
Association that there is a grave decline in 
the indigenous radio industry. Not that 
the sales of domestic receivers have 
declined but that there has been a 
growing influx of imported sets while the 
number of home -produced models has 
decreased. 

The total sales of domestic a.m. and 
f.m. receivers produced in the U.S. during 
the first nine months of 1969 was 3.58M 
compared with 4.15M during the same 
period in 1968. Imports, however, rose by 
about 5M to 24.6M of which some 4M 
eventually bore U.S. company labels. The 
picture in car radio is very different. Of a 
total of 8.87M units (a slight increase on 
the 1968 figure for the same period) just 
over 1.2M were imported. 

Of a total of 9.85M television receivers 
sold during January- September 1969 (of 
which over 4.6M were colour) 1.23M 
imported sets bore U.S. labels and a 
further 1.58M carried foreign labels. 
Incidentally, about 13% of the colour 
receivers sold in the U.SA. during the 
first nine months of 1969 were imported. 

Figures for the disposal of receivers in 
the U.K. (supplied by the British Radio 
Equipment Manufacturers' Assoc.) do 
not show imported equipment. Disposals 
of domestic radio receivers declined from 
762,000 for the first nine months of 1968 
to 547,000 for the same period in 1969. 
Car radio sets dropped from 309,000 to 
262,000. Monochrome television receiver 
deliveries declined from 1,220,000 in 
1968 to 1,172,000 in 1969 and colour 
sets from 89,000 to 77,000. 

German satellite earth 
station 
Germany's earth station at Raisting, near 
Munich, now has a second paraboloid 
aerial. This, like its counterpart at the 
U.K. Goonhilly station, will enable 
communication to be maintained via 
satellites in both the eastern and western 
hemispheres. 

The main physical difference between 
Raisting's aerials I and II is that the 

designers have dispensed with the use of 

Raisting's second 
paraboloid. In the 
background is the 
radome of the first 
aerial 
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the radome cover in the latest installation. 
Although this gave protection from the 
weather it also created a problem -a film 
of water or ice on the radome caused 
background noise. Aerial II is fitted with 
5000 infra -red radiators to prevent icing. 
The dish is 28.5m in diameter and the 
gain 60dB which corresponds to a power 
gain of one million as compared with an 
isotropic radiator operating at 
4GHz. Maser pre -amplifiers with a 

25 -MHz bandwidth were originally used 
in the receiving section of the earth 
station, but parametric amplifiers with a 
500 -MHz bandwidth and a gain of 10,000 
have now been installed by Siemens who 
undertook the refurbishing of the station. 

Information service for 
engineers 
INSPEC the Institution of Electrical 
Engineer's information service in physics, 
electrotechnology and control, is to 
launch a selective dissemination of 
information (SDI) service in electronics in 
January. It will be available on an 
individual or group subscription basis in 
the United Kingdom only. Periodical 
articles on all aspects of electronics, 
published in English or English 
translation, will form the basis of the 
service. The institution plans to start a 
comprehensive SDI service covering all 
languages and the complete subject range 
of INSPEC in 1971. This service is part 
of the overall plan for the development of 
a comprehensive information service, 
which is being supported by the Office for 
Scientific & Technical Information of the 
Department of Education & Science. For 
the past year the SDI service in 
electronics has been limited to some 600 

research workers as part of a government - 
supported information research project. 
Further information and details may be 
obtained from the manager, INSPEC SDI 
Investigation, I.E.E. 26 Park Place, 
Stevenage, Hens. 

Cranfield Institute 
of Technology 
Cranfield College of Aeronautics, which 
was founded at Cranfield, Bedford, in 
1947, has been granted a Royal Charter to 
become the Cranfield Institute of 
Technology with power to award its own 
higher degrees. As its original title implies 
it has been concerned principally with 
aeronautics but in future its object will 
be "to advance, disseminate and apply 
learning and knowledge in the disciplines 
of the sciences, engineering, technology 
and management ". The Institute will also 
pay particular attention to "the 
educational needs of industry, commerce 
and the public services ". 

Laser space 
communication 
The first laser communications system to 
be used in a satellite is to be developed by 
Aerojet-General Corp., of Azusa, Calif., 
under contract to NASA. The equipment 
is to be used aboard the Applications 
Technology Satellite -F (ATS) which is 

scheduled for launching from Cape 
Kennedy into a synchronous orbit in 
1972. The contractors will develop both 
the spacecraft equipment and the 
associated ground equipment. When 
ATS --G is launched in 1974 the laser 
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communications experiment may be 
extended to include spacecraft - 
to-spacecraft links. 

Conferences on tape 
"Cassette Colloquia" is the name of a 
programme begun by the Institute of 
Electrical and Electronics Engineers to 
keep its members technically up to date. 
Cassette recordings of special seminars, 
workshops, sessions etc, conducted by the 
I.E.E.E. will be available to members and 
non -members. The recording technique 
for the cassettes involves speech 
compression without pitch change. This, 
in conjunction with editing, allows 21 
hours of material to be converted to 75 
minutes in the cassette of a recent meeting. 
A cassette containing this length of record- 
ing costs $10. 

V.H.F. complaints 
The B.B.C. has completed an analysis of 
reports of unsatisfactory v.h.f. reception 
(during 1968 /69) which shows that more 
than 50% of the complaints were due to 
the use of inadequate aerials or to faulty 
or maladjusted receivers. A great deal of 
dissatisfaction could be avoided, it is said, 
if dealers would advise when an external 
aerial is necessary and would also make 
sure that customers know how to tune 
their receivers. 

Full colour spectrum from 
infra -red 
New phosphors, employing rare earth 
elements in crystals, have been found by 
workers at Bell Telephone Laboratories to 
convert infra -red radiation into any 
colour of the rainbow. The source of 
infra -red energy is a gallium arsenide 
diode. The initial use of the combination 
of GaAs diodes and infra -red -to-visible 
phosphors was reported by General 
Electric. The phosphors can be painted on 
the diodes -green or red light is 
produced by certain crystals containing 
erbium or holmium, and blue light 
using thulium. With one of the 
phosphors, colours gradually change 
from green through yellow, off -white, 
and orange, and finally to red, as power is 
increased. The red light so produced is as 
bright as that emitted directly by other 
solid -state lamps. 

WWV standard frequency 
transmissions 
The National Bureau of Standards (U.S. 
Department of Commerce) in Boulder, 
Colo., is responsible for the operation of 
four radio stations (WWV, WWVB and 
WWVL at Fort Collins, Colo., and 
WWVH, Hawaii) that transmit accurate 
time and frequency information. The 
formats of two of these stations, WWV 
and WWVH, are being reviewed for 
possible changes and modification. A 
questionnaire has been sent to many 
known users of the broadcast services and 

any other users (government, military, 
industrial, scientific or private individu- 
als) who wish to receive the questionnaire 
are asked to write to WWV 1969, 
National Bureau of Standards, Boulder, 
Colo. 80302. 

For the record, station WWV has been 
transmitting standard radio frequencies 
on a regularly announced schedule since 
March 1923 and WWVH began 
supplementing the broadcast services of 
WWV from a site on Maui, Hawaii, in 
1948. Both stations broadcast the same 
services on high- frequency carrier waves. 
Stations WWVB and WWVL at Fort 
Collins transmit on I.f. and v.l.f. The 
services of all four stations are described 
in publication 236, NBS Frequency and 
Time Broadcast Services, available from 
the Superintendent of Documents, U.S. 
Government Printing Office, Washington, 
D.C. 20402, for 25 cents. 

TV camera for low -light 
levels 
A television camera, type G1NV -1 
capable of producing pictures from 
scenes illuminated at light levels 
equivalent to starlight, has been 
introduced by STC. Minimum scene - 
illumination requirement for the camera, 
is about 2 x 10 ' ft. candles so that it can 
respond to scenes that are invisible to the 
human eye. A vidicon tube is used in 
conjunction with a three -stage image 
intensifier having a very high overall gain. 
Typical brightness magnification is 
35,000 times. No especially contrived 
illumination such as infra -red beams, or 
reliance on self-emitted infra -red is 
necessary. For use underwater, where 
there is very little light, a clearer picture 
is obtained by using the natural light 
available rather than an artificial source, 
the light from which tends to be scattered 
back to the camera and so degrading the 
picture. 

The STC low -light television camera 
with cover removed 

W.W. Diary 
The larger -page size 1970 Wireless World 
Diary (5 x 3 inches) has enabled a more 
readable type to be used for the information 
section which includes those features found 
to be most acceptable to users. They include 
formulae, circuits, aerial data, colour 
television and stereo broadcasting characteris- 
tics, transistor data, frequency allocations, 
addresses of organizations and many other 
facts and figures. 

The Diar which has a week- . , 

at-an-opening, costs lOs (leather) or 7s 

(rexine). 

American incentive licen- 
sing allocations 
Although the 11.S. Federal Communica- 
tions Commission recently suspended the 
application of proposals for increasing the 
sub -allocations of h.f. bands available 
only to amateurs holding Extra Class 
licences, there remain substantial 
portions of the bands available only to 
those holding Extra Class and Advanced 
Class licences, as part of the policy of 
encouraging American amateurs to study 
for the more advanced licence 
examinations, in a scheme introduced in 
November 1969. The first 25 kHz of the 
3.5, 7, 14 and 21 -MHz bands are 
available only to Extra Class telegraphy; 
the frequencies 3.8 to 3.9, 7.2 to 
7.25, 14.2 to 14.275 and 21.25 
to 21.35MHz are now all subject to 
reservations for either Extra Class only or 
for Extra Class and Advanced Class 
telephony. Our correspondent Pat Hawker 
says British amateurs have expressed 
opposition to an A.R.R.L. proposal 
that American telephony operation should 
be authorized in the band 14.1 to 14.2MHz. 

Mysterious generation of 
u.h.f. exploited 
An unexplained phenomenon, discovered 
at RCA Laboratories in 1967, has been 
harnessed by RCA to produce the most 
powerful pulses of radio energy in the 
u.h.f. range yet achieved by a solid -state 
device. The effect occurs in avalanche 
diodes, when they are placed in a circuit 
tuned to oscillate at frequencies lower 
than those at which the diodes are 
supposed to be able to oscillate. For 
reasons that are still not fully 
understood, when electrical pulses are 
now applied to the diodes, they abruptly 
enter an "anomalous mode" of 
operation and begin to produce 
microwave oscillations with powers and 
efficiencies substantially higher than 
normal. It is reported that by combining 
five such devices in a single tiny package 
and operating them in the anomalous 
mode, microwave pulses with peak 
powers above 1,200\X' have been 
produced with efficiencies above 25 . 
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Letters to the Editor 

The Editor does not necessarily endorse opinions expressed by his correspondents 

Transistor Distortion 
Characteristics 
Mr. Linsley Hood's results (given in 
his November article) are rather un- 
expected, in one respect. A perfect 
transistor would exhibit a voltage gain 
independent of hfr, and, in his particular 
test circuits, independent of the load 
resistance as well. Yet the reported 
figures, even allowing for the imperfec- 
tions of the transistors, are at variance 
with this expectation. They are also at 
variance with my own measurements. 

In a practical circuit, the voltage gain 
is very nearly gm . RL, for a planar transis- 
tor with low "extrinsic base resistance ". 
Now gm is a function of the collector 
current, not the current amplification 
factor. It is about 4o lc. Thus a transis- 
tor operating at /c =1 mA has a gm of 
about 4omA /V. 

The voltage gain is therefore 4o . /c . RL. 
In Mr. Hood's tests, I c . RL was kept 
constant, so one would have expected 
the voltage gain to be constant, to a first 
approximation, irrespective of the varia- 
tions in hfe, Ic, and RL. In circuit A, for 
example, le. RL was fixed at 5, so the 
expected voltage gain is 200, not 40-140 
as reported. 

My own quick tests on a silicon planar 
transistor (BFY5t) produced the ex- 
pected results: the voltage gain with 5V 
dropped across the load was 185 -210 for 
loads of I- 82kil; i.e., and 8 to variation 
in collector current. There is clearly 
something wrong somewhere. 

In the case of alloy transistors, the 
extrinsic base resistance is comparatively 
high, and changes the performance 
appreciably. At the higher collector 
currents and lower values of hie, this 
resistance (perhaps a few hundred ohms) 
is comparable with the "true" input 
resistance 25 . hfe//E. Its effect is to re- 
duce the apparent gm and also to make 
the transistor operate, not as a purely 
voltage- driven stage, but in a mode 
between voltage drive and current drive. 
This latter effect improves the linearity 
It follows that the linearity of any voltage 
amplifier stage can be improved by in- 
serting base resistance. The price you 
pay is in reduced gain and increased 

noise. (Much the same effects are ob- 
tained by the use of an unbypassed 
emitter resistance.) 

If large output voltage swings are 
taken, distortion due to Early Effect may 
become important. (This was reported 
by Dr. Bailey in connection with one of 
his power amplifiers, where the driver 
stage had to deliver large swings.) It 
may well be that a low -hfe transistor 
shows less of this distortion than a high - 
Jfe one, though correct selection of types 
is perhaps better than selecting for low 
hfe. 

G. W. SHORT, 
South Croydon, 
Surrey. 

The author replies 

I was pleased to read Mr. Short's letter, 
and I note with interest, his argument 
that a transistor should, ideally, always 
give an identical stage gain, as a voltage 
amplifier. However, this is not the 
situation one finds in practice, nor is it 
the conclusion one draws from gain calcu- 
lations made using the classical formula,' 
using the conventional h parameters, for 
a common emitter configuration. 

M= 
hie 1+hoeZL1 

hr` ZL I h e J 

assuming ZQen = o. 
Taking the transistor type which he 

quotes, and obtaining the typical values 
for the h parameters, hie, hoe, hre and hfe 

from the Mullard data sheets, the calcu- 
lated stage gains for a BFY5t, under 
ideal conditions of zero source and 
emitter impedance, vary from 210 to 319 
over the range of collector loads t to 
toka 

However, there is a less complex 
formula quoted by Manassez, using the 
concept of the "h determinant" On, (One 
is equal to hte.hoe- hfe.hre), 

M 
RL. Ane +hie 

hfe. RL 

Since over the range of loads in question 
with a BFY5t, 'he is very small, this 

.-i.cc wf,..0 ia...,9.., io7n 

approximates to- 
M1hfe.RL 

h{e 

So, if the input impedance of the transis- 
tor increases linearly with the product 
hfe. RL (and hfe may remain nearly 
constant), the theoretical condition could 
be met. Normal device shortcomings, 
such as doping inhomogeneity, carrier 
trapping and the base -emitter spreading 
resistance presumably give rise to the 
failure of the theoretical model. 

However, with regard to the gain 
figures I quoted for the devices I ex- 
amined, it had not been my intention 
that these values for gain should be taken 
as the voltage gain of such devices under 
ideal voltage amplifier conditions. Alas, 
low- distortion signal generators do not 
have zero output impedance. My inten- 
tion was, rather, to establish a form of 
"figure of merit" for such devices, and 
to determine the comparative perform- 
ance, say, of germanium versus silicon 
and n -p -n versus p -n -p. In this context 
the fact that the signal generator had not 
a zero impedance output was not of 
importance. 

In fact, the apparatus used was a 
Solartron VF252 precision millivolt - 
meter, a Radiometer BKFSH distortion 
meter and a Marconi TFttot low -dis- 
tortion oscillator, with IkHz output 
filter. (The modulus of the output 
impedance of the Marconi oscillator is 
66o ohms, which accounts for the actual 
stage gain being lower than the calcu- 
lated zero input impedance value.) It 
was remiss of me not to mention in the 
article the source impedance used, but, 
surely, if one really wanted to know 
what the typical stage gain of a particular 
device would be under zero input and 
zero emitter resistance conditions, one 
would calculate it from the formulae, 
rather than try to measure it with a pos- 
sibly very untypical component. 

With regard to the point raised by 
Mr. Engstrom in his letter in the De- 
cember issue, may I say that the points 
he raises are agreed. The treatment of 
transistor voltage amplifier non -linearities 
on the basis of variation in the input 
admittance is, indeed, the classical ap- 
proach. However, I quote Mr. P. J. 
Baxandall's observation that in transistor 
circuit design it is much more fruitful to 
consider the devices as voltage amplifiers; 
and treat their non -linearities on that 
basis, rather than to endeavour to swamp 
the input impedance changes by the 
inclusion of massive input or emitter 
circuit impedance. 

J. L. LINSLEY HOOD 

References 
t. "Transistor Circuit Design ", Walston 

and Miller, pp. 98-99. 

Z. "Modern Transistor Electronics, 
Analysis and Design ", Mariasse et al, 
(Prentice Hall), pp. 46-49. 

www.americanradiohistory.com

www.americanradiohistory.com


Wireless World, January 1970 11 

Stereo gramophone pickups 
The most interesting and timely article 
by Mr. Stanley Kelly on stereo gramo- 
phone pickups in the December issue 
prompts me to raise two points. First, 
although in reviewing the dynamics of 
the transducer- stylus -groove system, 
Mr. Kelly does assume a compliance for 
the disc material of 3 X 10- 8cm/dyne, 
neither he, nor any other authority that 
I am aware of, tells us very much about 
the behaviour of disc material. What, for 
example is the effect of temperature upon 
it and are there significant differences 
between various record manufacturers' 
products in this respect. I have long 
felt that the characteristics of record 
material and, above all, resonances 
which occur within the disc and the 
effect that different modes of bedding 
records on the turntable have upon this, 
are worthy of close examination. 

Secondly, Mr. Kelly's reference to 
novel principles for pickups (strain - 
gauge and photo -electric) recalls another 
possibility which must be of particular 
appeal to readers of Wireless World, 
because its life -force is h.f. The mono 
version of this type of pickup uses a 
conventional stylus flexibly anchored at 
the rear end carrying, instead of coils 
or magnets, a simple vane of quite 
negligible mass. The movements of the 
stylus due to the groove modulation 
causes relative movement between the 
vane and a fixed plate or electrode 
which is continuously energized to 
emit a constant high frequency e.m.f. 
The stylus -driven vane is connected to 
a tiny "receiver " - merely a tuned 
miniature pot -core inductance, and 
semiconductor diode. The amount of 
h.f. energy reaching this receiver at 
any instant depends upon the in- 
stantaneous position -hence impedance 
-which the vane forms with the fixed 
plate or pole; in short the h.f. energy 
input is amplitude modulated by the 
movements of the vane. The diode 
delivers an audio-frequency product 
to a load resistance of 100k0, or so, 
and this is conducted away to the input 
of the record player amplifier. 

The system is readily adapted to 
stereo by the employment of two vanes 
at right angles. The same h.f. pole is 
easily adapted to energize both vanes; 
the receiver and diode are, of course, 
duplicated -one for each vane; and 
the a.f. currents from them are the two 
inputs to the stereo channels. Unaffected 
by d.c. or 50 -cycle a.c. fields- magnetic 
or electrostatic -and potentially capable 
of outputs normally met with in 
crystal pickups, the advantages are 
evident and more than overcome the 
need for the oscillator necessary to 
energize the "pole ". Such an oscillator 
can easily be housed within the pickup 
arm if need be. Indeed, why should we 
not go the whole way to achieve the 
ideal completely conductorless pickup 
arm -no filamentary wires, no mercury 
baths -just two oscillators in the 
pickup head, frequency -modulated by 

the same two moving vanes and one 
common fixed plate; two transmitters, 
in fact, transmitting over a few inches 
to two miniature f.m. receivers strategic- 
ally placed at the side of the turntable. 
H. J. N. RIDDLE, 
Sherborne, 
Dorset. 

The author replies 
With reference to Mr. H. J. N. Riddle's 
letter, the values quoted for disc 
material were obtained by direct 
measurement by myself, and are indica- 
tive of present day vinyl products. For 
any given record material the absolute 
value of compliance is a function not 
only of the record material, but also of 
stylus radius, stylus pressure, the 
mechanical impedance with reference 
to the stylus tip, and temperature; it not 
only varies between record manufacturers 
but to a second order from batch to 
batch of record material. 

Additionally, a given record does tend 
to harden with time and over a period 
of years the effective compliance de- 
creases. Although one tacitly assumes 
that the impedance of the record as 
seen by the stylus tip is a pure compliance, 
this is more of a pious hope than fact. 
There are the inevitable loss components 
and the variation of impedance with 
frequency suggests a more complex struc- 
ture than a simple RC combination. 

I agree with Mr. Riddle that the 
characteristics of the disc material 
are taken too much for granted and 
although at various times I have 
investigated particular facets of this 
interesting problem, the finances of a 
private laboratory cannot unfortunately 
accommodate the detailed investigation 
that this subject requires. 

With reference to the stereo capacitor 
type of pickup, one such unit has been 
produced in Japan and during the past 
few years I have received samples of 
this device. Unfortunately, the first was 
damaged in transit, and the second 
unit exhibited lack of stability, pre- 

ADAPTOR 

sumably due to frequency variation of 
the h.f. oscillators. Additionally, the 
setting up of the two transmitters 
and receivers was critical if audible 
beat noises between the two systems 
were to be eliminated. The mechanical 
characteristics of the moving vane are 
not simple, acceptable signal -to-noise 
ratio controls the minimum change of 
capacitance and this in turn determines 
the vane's dimensions, which are larger 
than would have been expected. 

I agree that on paper at least the 
variable capacitance type of pickup is 
very attractive, expecially if one can fit 
the complete transmitter within the 
pickup head shell. My own thoughts on 
the matter are to use a single r.f. 
transmitter phase modulated by each 
channel with suitable decoding systems. 
STANLEY KELLY 

Stereo decoder adaptor 
We regret that the circuit was omitted 
from the letter under the above heading 
on p. 565 in the December issue. To avoid 
ambiguity we are reprinting the letter 
with the diagram. 
Having seen the circuit for a stereo decoder 
adaptor in "Circuit Ideas" in the September 
issue I am prompted to send you a much 
simpler circuit which I have been using for 
several months. 

' Instead of having a variable gain 
amplifier on each channel a 0.5 attenuator 
is placed before the decoding matrix when 
a mono programme is being received. 
With a mono signal Tr, saturates and earths 
one end of the attenuator chain formed 
by the two 10k Q resistors. Thus only 
half the mono sign is applied to the matrix. 
On stereo Tr9 is off and the full signal is 
applied to the matrix. The 100k Q resistor 
ensures that the 1,uF capacitor does not 
have to change its charge when going 
from mono to stereo. 
A. ROYSTON, 
University of Warwick, 
Coventry. 

I NDICATOR 

Matrix 

Tr10 
BC1O8 

33k 
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Circuit Ideas 

Constant current 
generator 
Dual transistors are used to ensure can- 
cellation of thermally variant transistor 
parameters in the simple constant 
current generator shown. 

By suitably proportioning the resistor 
values the drift of the constant current 
due to variation of transistor base-to- 
emitter junction voltage, collector-to- 
base leakage current, and current gain 
are cancelled out. 

For cancellation of base -to- emitter 
voltages the necessary circuit relation- 
ship is: 

R3 = R4. 

To assist stable operation with change 
of leakage current and gain the remaining 
resistors are proportioned to satisfy the 
equality: 

R1R2 

R5 Rl -}- Rz 

The output current is given, with 
good accuracy, by: 

V Cc 

R2 

1 
ICC =RS l Rl+R2 

The transistors should be operated 
with equal emitter currents to ensure 
tracking of the two base -to-emitter 
voltages with temperature. 

The resistors should be wire -wound 
types with low temperature coefficients. 
The differential temperature coefficient 
of the resistor pairs R,, R, and R R4 is 

more important than the absolute 
temperature coefficient. 

The measured temperature coefficient 
of I is typically 0.0015 % / °C over the 
temperature range 0 to 100 °C. 

As shown the constant current is 

directly proportional to the supply 
voltage. To make the constant current 
independent of the supply, resistor R, 
may be replaced by a temperature - 
compensated zener diode. An additional 
resistor (R1,) is then required in series 
with the base of transistor Tr such that 
Rb = R5. 
M. CADWALLADER, 
London N.W.3 

A M.O.S.T. frequency- 
doubler chain 
The high impedance of m.o.s. transistors 
allows tuned frequency doublers to be 
cascaded without requiring impedance 
transformation. The use of enhancement 
devices eliminates the need for a separate 
bias supply. The arrangement is shown 
in the diagram. The potentiometer is 

adjusted to provide the required bias 

for maximum efficiency. Since C/sS is not 
highly dependent on the applied gate 

voltage, adjustment of VR, does not de- 
tune the preceding circuit. Doublers 
are not prone to feedback and interaction 
problems so that dual m.o.s. devices 

such as the Marconi -Elliott E6029 could 
be used. The circuit will operate up to 

150MHz with the high g, devices of the 
E6019, E6029 series. 

J. A. ROBERTS, 
University College, 
Swansea. 
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Negative resistance of 
transistor junction 
If the emitter -base junction of a silicon 
planar transistor is reverse biased, it 
behaves as a zener diode, with a typical 
breakdown voltage of 7 -10V. If the base 
is left open -circuit and connection is 

made to the collector instead, the "zener 
diode" has a negative resistance charac- 
teristic. The effect is exhibited by most 

12V 

o 

Fig. 1. Test circuit giving ramp waveform. 

Fig. 2. Thyristor firing circuit. 

Ok 1k 

047/,1 
St pl onor 

transistor 

N 

n -p-n silicon planar transistors, but by 

few p-n -p types. The relaxation oscillator 
in Fig. 1 can be used as a test circuit. 

The device is also useful for firing 
thyristors. Fig. 2 shows a simple half - 
wave lamp-dimming circuit which can be 

controlled manually, by VR or by a 

d.c. input 0 and 10V at (a) or an a.c. 

input 0 to 10V peal -to-peak at (b). 

J. A. H. EDWARDS, 

Leicester. 

Low -distortion 30Hz -20kHz 
oscillator 
The circuit is a Wien bridge oscillator 
employing an f.e.t. to reduce damping on 
the bridge and allow the use of a 

500k Q twin potentiometer. Harmonic 
distortion of the prototype was reduced 
to less than 0.05% over the whole band 
with the aid of the 22k Q preset resistor. 
C. A. PYE, 
Exhall, 
Warwickshire. 

+16V 

Wien bridge oscillator covering audio 
range with no capacitor switching. 
(C. A. Pye) 
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Amorphous Semiconductors 
An electronic engineer's view after a recent conference 
at Cambridge 

by J. E. Carroll. Ph.D. 

About 350 pure and applied physicists 
with a sprinkling of electronic engineers 
were in the Cavendish Laboratory, 
Cambridge, from September 24th to 
27th, to discuss the amorphous and 
liquid state. Amorphous materials with 
their lack of obvious structure have for 
a long time posed fundamental problems 
of description to the pure physicist, 
but the applied physicist and engineer 
are not attracted to a field unless they 
have a whiff of a practical application. 
Although negative resistance and switch- 
ing effects have been reported as long 
ago as 1962',this whiff of practical utility 
was not scented by the technical hounds 
until 1968 when Ovshinsky2 published 
a letter entitled `Reversible electrical 
phenomena in disordered structures'. 
The title appears harmless but the con- 
tents suggested the use of amorphous 
semiconductor material in the applica- 
tion of switches with a high ratio of 
`on' to `off impedance and also in the 
application of memory devices. Applica- 
tions to the communications industry and 
logic functions in computers are then 
obvious if the device is a success. At 
first sight there appear to be several 
useful technological features: apparent 
lack of sensitivity of the material to small 
amounts of impurity, the devices can be 
used in thin film form that would be 
compatible with modern integrated 
circuit technology, no power consumption 
to maintain the memory, to name a few of 
the more obvious advantages. This then 
accounts for a small technical explosion 
of interest in this field. This article 
attempts to give a simple account of 
these amorphous semiconductors and 
their associated potential devices in the 
light of the recent Cambridge conference. 

The amorphous state 
First, let us ask the question, what is an 
amorphous material? An initial definition 
would be a material that exhibited no 
structure or order. So no matter where 
we looked, we should see a random 
spacing of atoms in the material. 

International Conference on Amorphous and 
Liquid Semiconductors, sponsored by the Royal 
Society. The proceedings to be published in a 
special volume of the Journal of Non- crystalline 
Solids, published by North- Holland Publishing 
Company, Amsterdam. 

Although partially true, this is too naive. 
The solid material has to be bound 
together by some cohesive force. This 
cohesive force can then impose con- 
straints on the extent of the disorder. It 
is well known that the outermost 
electrons (valence electrons) of any atom 
determine the chemical properties of the 
atom, or in other words determine how 
one atom binds itself to any other. One 
type of binding together of atoms is 
called covalent binding. The valence 
electrons are shared between pairs of 
neighbouring atoms, lowering the poten- 
tial energy of the pair and so binding 
them together. This binding can extend 
throughout the crystal. Fig. 1(a) indicates 
such a scheme for say crystalline 
germanium. Each atom shares four 
electrons with neighbouring atoms and 
this completes a relatively stable con- 
figuration. In Fig. 1 (b) the same scheme 
is shown in a disordered array but to 
preserve the binding the bonds are still 
linked. The technical jargon says that the 
co-ordination number of each atom is 
preserved. This imposes constraints on 
the short-range order (say over a couple 
or so of atoms spacing). To appreciate 

(a) 

this fully one needs to go to quantum 
theory of electron orbitals, but this is 
not necessary here. However, over larger 
distances disorder prevails and the atom 
spacing and positioning become quite 
random. A slightly more realistic model is 
obtained by allowing for several of the 
valence bonds to be broken, or dangling 
as they are often referred to. This is 
shown schematically in Fig. 1(c). It is 
such covalent amorphous materials, 
but with more complex structures, that 
have been causing most interest since 
in many ways they behave like intrinsic 
conventional semiconductors. There are, 
of course, other amorphous materials 
such as amorphous metals. In this latter 
case the atoms are bound together by a 
sea or jellium of almost free electrons 
shared between a large number of atoms. 
The binding imposes no long- or short- 
range order and the conduction is not 
significantly changed between the crysta- 
line and amorphous states. At present 
these latter materials are not of interest. 

Returning to the covalent amorphous 
semiconductors, we find further evidence 
for the short -range order in the absorp- 
tion of certain wavelengths of light. If a 

_- 
1%'t4(r "40 

\ 1 Dangling bonds 

(c) 

Fig. 1. Covalent binding (schematic) 
(a) crystalline state (b) amorphous state 
(c) amorphous state indicating dangling 
bonds. 

Fig. 2. Absorption edge (schematic). 
Absorption of light by a crystal against 
light frequency. 

(b) 

I 

tAbsorptIon edge 

(Photon energy) 
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photon of light has sufficient energy to 
break a valence electron bond in a semi- 
conductor then it can become strongly 
absorbed by the material. Thus if the 
absorption of light shows a marked edge 
to it as the wavelength of light is changed 
(Fig. 2) then this is evidence of a uniform 
binding energy throughout the body of 
the crystal. Qualitatively similar optical 
effects are found in amorphous and 
crystalline material, though often with 
different magnitudes. From the existence 
of these effects it can be inferred that 
there is considerable uniformity of the 
electronic structure close to each atom. In 

other words there is indeed a short- 
range order in the amorphous material. 
Now as one of the speakers at the con- 
ference asked `what is a forbidden gap 
but the binding energy of the valence 
electrons ?' The absorption edge energy is 

indeed one of the ways of measuring the 
gap between the valence and conduction 
band energies in conventional semi- 
conductors. Thus we still expect to find a 

similar gap in amorphous semiconductors. 
However, although all gaps are forbidden, 
some are more forbidden than others! In 

amorphous material there are lots of 
broken valence bonds. Although annealing 
the material can reduce their number, 
their density is still very high. It is so 

high in fact that any `free' electrons, 
introduced by impurities (on the 
classical semiconductor basis of creating 
electrons) become trapped in these 
dangling bonds. As a consequence the 
conductivity of the material is not 
altered even by an appreciable amount of 
impurity in the material. This is in com- 
plete contrast to conventional semi- 
conductors. These traps have a continuum 
of energies and can in some cases fill up 
the conventional energy gap. Thus the 
density of electron states available to 
electrons with different energies can be 
drawn schematically as in Fig. 3(a). 

There is a continuum of states as found 
in conventional semiconductors but also a 

high density of localized states forming 
tails to the continuum. These localized 
states are in effect the broken valence 

bonds discussed above. To the electrical 
engineer who uses frequency filters 

these tails (or tales) appear most plausible! 
If one randomly alters the inductances 
and capacitances of the periodic chain 

(Left). Fig. 3. Density of electron states in 

amorphous semiconductor (a) non - 
overlapping localized states (b) overlapping 
localized states. 

(Below). Fig. 4. Electron mobility against 
energy. 

Hopping -I 
Ec 

Energy 

..,100 cm2 V/s 

of these elements that form a frequency 
filter, then one finds that the cut -off 
frequencies become diffuse and propaga- 
tion is possible for regions extending into 
the formal stop band of the filter. Thus 
changing the periodic structure of the 
crystal in a random way would be 
expected to allow a certain amount of 
propagation of the quantum electron 
waves outside their normal permitted 
range of frequencies or energies. The 
farther away from the formal permitted 
energies the more likely are the states to 
be localized (in the filter analogy the 
states are a result of local resonances in 
the filter structure). These tails of 
localized states extend both from the 
band of valence electron energies and the 
conduction band energies. In some 

materials these tails can overlap (Fig. 
3(b)) so that the whole gap is filled with 
traps. This latter picture is believed to 
be the relevant one for the glasses that 
exhibit switching and memory'. 

Conduction can occur as in a con- 
ventional semiconductor. The electron 
moves in an electric field and gains 
energy, thus moving to a higher energy 
state. This is readily possible for elec- 
trons in the conduction band where there 
is a continuum of empty states above the 
electrons' particular state. It is also 
possible in the valence band provided 
that there are vacancies, or holes as 

they are called, in the occupation of the 
upper electron states in that band. These 
holes then permit the electrons to gain 
energy in an electric field and so allow 
conduction. An important difference 
between the amorphous and crystalline 
state is the magnitude of the mobility. 
The increase in disorder implies that the 
electrons have many more collisions as 

they move. For a given field the electrons' 
drift velocity is a good order of magnitude 
lower than in the useful crystalline 
semiconductors. The mobility is then 
around 100 cmV /s2 for these amorphous 
materials. There is a second mechanism 
that is called `hopping'. In the high 

density of localized electron states in the 
gap, electrons can hop from one state 
to another under the action of an electric 
field. However, this hopping process 
results in a negligible mobility. We there- 
fore arrive at the picture of a `mobility 
gap'. Although there may be a high 
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density of electron states throughout 
the energy `gap' in amorphous materials, 
none the less the mobility of any electrons 
filling those states can probably be 
ignored. The idea is shown schematically 
in Fig. 4. 

Since any free electrons become trapped 
by the unfilled valence bonds one is not 
surprised to find that these semicon- 
ductors only exhibit what is termed an 
intrinsic conduction. Conduction only 
occurs in proportion to the amount that 
the thermal agitation can free electrons 
from their bonds. The addition of impuri- 
ties makes little effect on this process. The 
classical behaviour of an intrinsic semi- 
conductor's conductivity is given by 
tr = t7p exp. -(p E /2kT) where A E is 

the band gap energy, or close to this 
value. This result is also found for 
amorphous semiconductors of the covalent 
type. An important consequence of this 
intrinsic behaviour is that the resistance 
of any specimen decreases as the tempera- 
ture increases (more electrons produced 
to conduct electricity by more bonds 

breaking). This leads to thermal runaway 
under some conditions and in turn can 
lead to negative resistance and switching. 

Practical devices 
Let us now describe two types of device 
that were being demonstrated in experi- 
mental form by Energy Conversion 
Devices at the Cambridge conference. 
They both use films (circa 1 micrometre 
thick) of an amorphous semiconductor 
known as a chalcogenide glass. The first 
type of device is the Ovonic Threshold 
Switch, or O.T.S., named after Ovshinsky 
who first reported it in 1968. The 
threshold voltage is around ten volts 
and the off resistance can be as high as 

tens of megohms. As the threshold 
voltage is reached so the current rises to 
a few microamps and then switches to 
many milliamps. The switching time can 
be extraordinarily fast and this leads to 
problems in surge currents through the 
device that can degrade the performance 
if they are not limited. In the `on' state 
the device impedance drops to around 100 
ohms (all these figures depend on geo- 
metry and so must only be taken as 
indicating orders of magnitude). The 
device then remains in the on state 
provided that the current is above a mini- 
mum sustaining value of around 10 mA, 
or equally the device voltage does not 

fall below about a volt. If the current 
does fall below this sustaining level then 
the device reverts to its high resistance 
state. Provided that surge currents are 
limited it is claimed that these switches 
can be recycled almost indefinitely. The 
characteristics for the O.T.S. are shown 
schematically in Fig. 5(a). It should be 

pointed out that there is evidence against 
the existence of a closely defined 
threshold voltage since some workers 
find that this varies statistically from one 
switching operation to another6. This 
point was hardly made at the Conference. 

Closely allied to the O.T.S. is the 
O.M.S. or Ovonic Memory Switch. 
Energy Conversion Devices were exhibit- 
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ing an experimental thin film array of 
these devices. In this type of device the 
conducting state of the glass is per- 
manently, although reversibly, changed by 
the application of the switching voltage, 
which must be maintained for a time 
measured in milliseconds. The switch 
will then move to its low resistance state 
and remain in this state even though the 
current and voltage are removed. The 
device can then form part of a memory 
store. The low resistance state may be 
changed back by applying a current of 
around an ampere for about 100 micro- 
seconds. This then restores the device to 
its high impedance state. Fig. 5(b) 
indicates schematically the action of this 
device. To read the state of the memory 
one applies a voltage from a source with a 
medium impedance. In the low impedance 
state the fraction of the voltage dropped 
across the switch is negligible and so a 
voltage sensor across the switch can 
register zero. In the off state the full 
voltage appears across the switch so the 
voltage sensor indicates a unity value. 
This 'read' process can be made extremely 
rapid so that at present the memory 
could find applications in a 'read mostly' 
or 'read only' type of memory store. 
Ovshinsky used a material with a compo- 
sition of Te, As,,,Si 1 2Ge, o for his switches 
and reduced the arsenic content to 
around 5% for the memory devices. 
However. it is not known or, at least, 
reported what determines whether a 
device will be a memory, a threshold 
switch, both or neither! 

The chalcogenide glasses used for these 
devices are covalent amorphous semi- 
conductors and so exhibit a negative 
temperature coefficient for their resis- 
tivity. It is natural to think of the switch- 
ing as possibly being caused by thermal 
runaway. Indeed at the Cambridge 
conference evidence was presented that 
showed the thermal runaway model 
fitted several experimental facts. It may, 
at first sight, be thought that such a 
mechanism could not account for switch- 
ing in the subnanosecond speeds that are 
observed with these devices. However, 
although the speed of switching is fast, 
there is a delay of the order of a micro- 
second before the actual switching occurs. 
Moreover, it is known that a device with 
a negative temperature coefficient of 
resistivity will form a current -controlled 
negative resistance and in these types 
of negative resistances the current tends 
to flow in filaments. This bit of physics 
can be qualitatively understood by con- 
sidering a set of parallel and equal 
negative value resistors. If one resistor 
takes slightly more than its fair share of 
current then its resistance falls and it will 
take more current and so on until all the 
current is going into the one resistor. 
Filament formation can imply that the 
heat required for increasing the con- 
ductivity in the filament need only be very 
small. However, although the thermal 
runaway theory fits many facts, Pro- 
fessor H. Fritzshe maintained that even 
with filament formation there was not 
enough heat for the filament to reach the 

required temperature to explain its low 
resistance, as measured experimentally. 
It may be that heat causes some slight 
reversible structural change so that the 
conduction is no longer intrinsic. 
Professor H. K. Henisch in another paper 
suggested that electrical charge effects 
of the carriers could account for the 
switching with the current maintaining 
a plasma in the switch when in the on 
state. The neutral plasma of charge 
carriers could imply a high current but 
low voltage while recombination of the 
holes and electrons would imply that a 
minimum sustaining current was required 
for the plasma. Elsewhere Professor Sir 
Nevi11 Mott has suggested that 
tunnelling of charge carriers through 
Schottky barriers set up at the electrodes 
could result in switching. It is safe to 
say that at present there is no definitive 
theory on the switching effects in these 
glasses and indeed it may be a combina- 
tion of effects is required to explain the 
facts. 

The memory type of device is almost 
certainly connected with a structural 
change of the amorphous material caused 
by heating in a filament. A very beautiful 
bit of evidence for this theory was given 
by Dr. C. Sie of Energy Conversion 
Devices in a film shown to the conference 
delegates. In a particular material 
(As5,Te35Ge,o) the switching time is 
very slow and Dr. Sie filmed the device 
under a microscope and showed the 
filament growing from the anode. On 
first applying the voltage, in excess of the 
switching threshold, the surface of the 
semiconductor changed its reflectivity 
slightly accompanied by a current rise. 
But then one saw (Fig. 6) a filament 
growing slowly from the anode towards 
the cathode contact of the device. As 
the filament moved towards the cathode 
the threshold voltage for current 
switching decreased until, when the 
filament had fully formed, the threshold 
voltage was zero and the device was 
perfectly ohmic in a low resistance state. 
A microprobe analysis of the composition 
of the filament showed that it had 
changed its composition from As55Te,5 
Ge,,, to As3K I'e, Ge,. Temperature 
analysis with a micro-radiometer showed 
that the material heated as the current 
initially started but that as the filament 
passed under the radiometer the tempera- 
ture dropped. The velocity of propagation 
of these filaments could vary depending 
on material. Rough orders of magnitude 
suggested the variation was between 
100 cm/sec to 10 -2 cm/sec. 

Conclusions 
It is clear that much technical, techno- 
logical, and theoretical work remains to 
be done with many elegant experiments 
along the way. Some elementary ideas 
are clear for the amorphous semicon- 
ductors but the rigorous theory on which 
to base quantitative work is lacking. For 
the practical devices the mechanisms by 
which they work are only just emerging. 
The memory device is almost certainly 
made possible by a change of phase along 
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Fig. 5. Ovonic switches (a) the ovonic 
threshold switch: O.T.S. (b) the ovonic 
memory switch: O.M.S. 

Cathode Anode 

ti 

Filament 'crystalizing' out 

t2 
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t3 
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Time 

Fig. 6. Schematic of filament formation 
in memory device. When the voltage 
exceeds the threshold the current increases 
(switches on) but the filament takes time to 
form travelling from the anode. When fully 
formed the device resistance is lowest. 
This is termed locked on. 

a filament; this change being induced by 
heating. The switching device is 
possibly tied up with a number of effects 
such as space charge, heating and contact 
conditions. But as one speaker at the 
conference said 'although we look through 
a glass, we look through a glass darkly'. 
This leaves lots of fascinating questions to 
be answered. Indeed switching and 
memory devices may not be the only 
uses that more knowledge about these 
materials could bring. It may be possible 
to develop specific glasses to absorb 
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harmful wavelengths of radiation or 
indeed respond electrically to other wave- 
lengths of light that existing technology 
does not permit. The biggest question for 
the industrialist is perhaps whether it 
will be worth the cost. The Cambridge 
conference probably ensured that firms 
with a current programme will maintain a 

holding programme of work. Then at 
least they have a hand in the field to pluck 
the flowers if they suddenly bloom in the 
spring. The lack of technological know - 
how is unlikely to encourage many new 
firms to undertake their own research. 
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Amateur h.f. band 
For many years, amateurs in Europe and 
Africa have been encouraged by the I.A.R.U. 
Region 1 Bureau to observe voluntarily an 
international "band plan" on the h.f. bands 
in order to reduce mutual interference 
between amateurs using different modes. 
While, at times, infringements of the plan 
can be heard (particularly the intrusion of 
'phone operation into the c.w. segments), 
the plan has undoubtedly played a major 
role in maintaining orderly operation. The 
band plan was modified slightly at the 
Brussels I.A.R.U. Conference a few 
months ago, and is now as follows: 3.5 to 

3.6MHz c.w. only; 3.6 to 3.8 c.w. and 
'phone; 7.0 to 7.04 c.w. only; 7.04 to 7.1 c.w. 
and 'phone; 14.0 to 14.1 c.w. only; 14.1 to 
14.35 c.w. and 'phone; 21.0 to 21.15 c.w. 

only; 21.15 to 21.45 c.w. and 'phone; 
28.0 to 28.2 c.w. only; and 28.2 to 29.7 c.v.. 

and 'phone. Radio teleprinter operation 
is recommended around 14.09 MHz. 

Wireless World, January 1970 

Application Notes 

Circuitry selected from device manufacturers' literature 

Square -wave generator 
The circuit given below operates 
over the following five frequency 
ranges: 2 -20Hz, 20- 200Hz, 
200Hz -2kHz, 2- 20kHz, and > 20kHz. 
Pt is a coarse frequency control 
and P, is a fine frequency control 

BAY 7, 

which operates by varying the 
hysteresis cycle. Extracted from 
"The Application of Linear 
Microcircuits ", Vol.', SGS Ltd. 

General - Purpose Amplifier 
The gain of this amplifier is set by 
the resistor Rf. 10, R f = 9k (4 
x 20, R1 = 19k x 50, Rf = 

50k 12, X 100, Rf = 101k O. Typical 
drift is quoted as 151íV / °C. 
Extracted from Plessey Technical 
Communication No. 7. 

D.C. microammeter 
Below is the circuit of a low 
voltage -drop microammeter which 
will give an accuracy of 1% at 
ambient temperature if a good 
quality meter and accurate 
resistor values are used. Variation 

of accuracy with temperature is 

given as 0.2`7, °C. Extracted 
from: "The Application of Linear 
Microcircuits ", Vol.1, SGS Ltd. 
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Magnetoresistance and its Application 

Mean-square ammeter and d.c. transformer 

by B. E. Jones *, ,U..Si., Ph.D. 

The magnetoresistance effect and the related Hall effect displayed 
by a semiconductor under a magnetic field have become of interest 
in recent years with the advent of extremely high- mobility 
materials.12 Both effects arise from the action of the externally - 
applied magnetic field in producing a sideways deflection of the 
mobile carriers taking part in the conduction process. 

The magnetoresistance effect is a phenomenon in which the 
resistivity of a semiconductor material is considerably increased by 
a magnetic field whenever the carrier mobility has a large value, for 
example in indium antimonide or indium arsenide intermetallic 
compound semiconductors. It has been shown that the total 
resistance of a rectangular specimen of such a semiconductor 
shows a square -law increase at small magnetic fields (up to about 
0.3 Tt) and a linear increase at high magnetic fields (Fig. t and 
Table t). The magnitude and characteristics of the effect depend 
largely on the geometry as well as the material itself.3 For suitably 
designed components the typical dependence of RB /Ro on magnetic 
flux density B applies to frequencies well into the gigahertz range. 
Wafer -shaped configurations exhibit their greatest sensitivity with 
the field perpendicular to the plane surface. 

The electrical properties of a semiconductor are usually sensitive 
to temperature, and the magtetoresistance effect is no exception. 
Resistivity usually decreases with temperature and the larger the 
semiconductor surface area, the smaller the temperature coefficient 
In Table i, one device has a temperature coefficient of - t8 " I C, 
while a slightly bigger and less sensitive device has a smaller 
temperature coefficient of -o. x2 ° / C, both figures at B o, and 
temperature 25 C (these coefficients increase with B). 

The linear magnetoresistance effect at relatively high magnetic 
fields has been used to produce a multiplying action, particularly for 
power measurement from direct current to microwaves.3 A 
transducer for displacement measurement based on the effect gave a 
large output of 5 V d.c. at 50o pm displacement, without using 
electronic amplifiers, over a working temperature range -- 320 F to 

zoo F.2 A magnetoresistance can obviously be used for mag- 
netic -field measurement, particularly weak fields, and has been 
employed as a modulator of d.c. currents and voltages, as a contact - 
less variable resistor and been applied to a brushless d.c. motor.' 

Two further application of magnetoresistances are described 
below. In the first case use is made of the square -law characteristic 
at low values of magnetic -flux density, to produce a simple clip -on 
mean- square ammeter (o-25 A) of very low input impedance 
suitable for measuring practically any current waveform. In the 

°Electrical Engineering laboratory of Manchester University 
fT is the symbol of the tesla, the SI unit for magnetic flux density (_- to' gauss) 

Table 1 

Characteristics of Magnetoresistance Elements 

Type R.at25C(LI) 
Re /R, factor 

B= . 0.3T.25C 
Temp. coeff. at 

B= 0,25'C("4 C) 

FP28D470 
FP17L100 

470 
100 

3 
1.9 

-1.8 
-0.12 

Note. The magnetoresistance elements are indium antimonide type made by 
Siemans & Halske A.G. and are obtainable in the U.K. from R. H. Cole Electronics 
Ltd., 7 -15 Lansdowne Road, Croydon, CR9 2HB. 
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Fig. 1. Magnetoresistance relation Rn Ra as a function of the 
magnetic flux density B for two commercial devices. 

second case, magnetoresistance is used as a magnetic -flux error 
detector in a feedback circuit to provide a simple d.c. transformer 
(o-I A) for clip -on purposes. 

Mean- square ammeter 
The circuit used to test the mean- square ammeter scheme employ- 
ing magnetoresistance is shown in Fig. 2. A gap is cut in one half of 
the small ferrite ring sufficient to take magnetoresistance R, 
mounted with silicon grease on a thin copper plate (the airgap also 
linearises the relation between magnetic flux and cable current; 
actually flux density in the ring 

B 
(NFL + 

where I is cable current, 1i and Ip are mean length of magnetic 
circuit and airgap width respectively in metres, and µ is the ferrite 
magnetic relative permeability). To allow temperature compensa- 
tion a second magnetoresistance R2 is similarly mounted on the 
plate, but situated outside the magnetic circuit. To provide a 
meter deflection linearly related to change in Rt caused by flux 
changes, both R, and R2 are connected in a bridge circuit whose 
other two arms are current sources and the choice of out -of- 
balance detector (resistance Rd) depends on accuracy and rugged- 
ness required. The current sources are provided by two silicon 
transistors in a long- tailed pair arrangement with a well- defined 
voltage on the bases. With flux at zero (I = o), potentiometer Pt 
can be adjusted to balance the bridge. 

For low flux densities R, = R KI2, and for the case I - i 
sin wt, it has been shown4 that, considering only first -order terms, 
the mean detector current is given by the expression 

KI, i2 3K i2 ll 

Id 
Rd + R2 + Re 2 I 2 ' 2 /(Rd + R2 -r Ro)J 

assuming I, = I2R2!R0, where I, and 4 are the collector currents of 
transistors Trf and Tr2 respectively. It is evident that the detector 
current is proportional to the mean- square current P/z in the 

I26 / 
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M 

Fig. 2. Mean -square ammeter circuit. F, = type A, 
manganese zinc ferrite (Ferroxcube toroid FX 1322) 

(i.d. = 6.35 mm, 11 = 2.76 cm, lg = 0.59 mm, µmtn = loo). 
Tr1, Tr2 = type C444 transistors (SGS Fairchild). R1, R2 = type 

FP28D47o magnetoresistances (see Fig. 1 and Table 1). 

Fig. 3. Bridge containing compensating resistor Rk. 

cable, provided the term after the minus sign in the expression for Id 

is small. With R2 Ro 47o S2, K 0.04 S2 /A2, so that for 2 ° 
accuracy when i2 /2 = 25 A, Rd should have a value of about goo Q 

and Id - 15 µA if I, I mA (this value for I, restricts magneto - 
resistance dissipation to about I /2 mW). 

To check accuracy and linearity of the magnetic circuit a high 
impedance d.c. galvanometer (Rd = 12 ki2, 2 f.s.d.) was used as 

detector in the circuit of Fig. 2. There was less than t ° inaccuracy 
in the overall square -law characteristic for full -scale deflection 
when Ir.m.s. = 25 A at 5o Hz (the maximum flux density was only 

0.07 T). The impedance of the ammeter is inductive, given by that 
of a single -turn on the magnetic core. With the core of Fig. 2, at 

5o Hz, ~ 6µS2. 

Alternative arrangement 
If it was desired to use a cheap standard rugged moving -coil meter 
as indicator at some distance from the point of measurement, the 
arrangement of Fig. 3 could be used. In this, Rk is a fixed 

compensating resistor in the branch of the bridge which contains 
the active element R,; Rk is also connected to the output circuit of 
the d.c. amplifier. The input of this amplifier is connected to 

the output of the bridge and the amplifier output current im passes 

through Rk. 
When a cable current (I) is present, the bridge is unbalanced, a 

voltage e is produced at the amplifier input and generates the 

current im. This current causes a compensating voltage at the 

terminals of Rk which is opposed to the error voltage generated by 

the change of resistance R1. The current im increases until these 

two voltages balance. It has been shown' that 

im = VKI2 /2Rk(Rk + Ro) 

provided 

[2(Rk + R0) + K/2J /A < Rk(Rk + R0) 

R1 = R0 -- KI2, V is the battery voltage across the bridge and 

A = i,,,;e is the amplifier gain. Thus im is independent of A and 

linearly related to Iz so that a milliameter M will indicate the mean- 

square of the cable current. It is clear that Rk can be used as a 

range change control. 

D.C. transformer 
The alternating current transformer employs a large number of 

turns to keep small the magnetizing current required to produce the 

magnetic flux that opposes the flux produced by the current to be 

Wireless World, January 1970 

measured. Thus overall the current ratio of the transformer is 

accurately defined in terms of the turns ratio of the windings. The 
principle of minimum flux change has the advantage of operating 
the magnetic core material in a small fixed region of its magnetic 
characteristic, so that nonlinearity in this characteristic has 

negligible effect on performance. The principle has been used for 

direct -current measurement by employing magnetoresistance to 

measure d.c. flux. 
The basic circuit employed to test the idea is shown in Fig. 4. A 

square ferromagnetic circuit containing an airgap and winding 

surrounds the insulated cable whose direct current is to be measured. 
Two magnetoresistances (Re' and Re) are attached with silicon 
grease to a thin copper plate to equalize their temperatures. They 
are connected in series and driven by a diode low -voltage source 
(Vd) to restrict dissipation. The active resistance Re' is in the 
airgap, while the temperature compensating resistance Re remains 
outside the gap. Because of the square -law characteristic of Re' it is 

necessary to operate it at a constant bias flux density (Bk), and this 

is produced by a stable fixed current (Ik) in the feedback winding 

(W). 
If a direct current (I) occurs in the cable, a change of flux will 

occur in the magnetic circuit, Re' resistance will change, as will the 
voltage (V) at the connecting point of Re' and Re. This voltage on 

being amplified by A and applied to resistance Rm, will produce a 

current (If) in the feedback winding (W) so as to produce a flux in 

the magnetic circuit to oppose the original flux produced by I. 

If the gain in the flux detector circuit and the voltage gain (A) are 
high, then the resultant flux change in the magnetic circuit will be 

very small, and I and If will be simply connected by the expression 
I NI!, where N is the number of turns of the feedback winding. 
The current If can be measured by means of a d.c. ammeter in 

series with the output of the amplifier. 
The integrated amplifier has high gain (about 45,000) and 

produces a noise voltage of about o5 µV referred to its input, so it is 

necessary to use a 0.50 µA meter in a low -pass filter circuit. When 
I = o, zero meter deflection is obtained by adjustment of a stable 
offset current I,. 

It has been shown' that 1 and If are in fact related by the 
expression 

where 

K VdRmRe'(l1 /µ + lg) x 397 ' 

the open -loop gain, P is the dissipation in Re', 1; and lg are mean 
magnetic- circuit length and airgap width respectively, and µ is the 
ferrite magnetic relative permeability. With values N 500, 
A 45,000, Re Re' ~ loo Q, P I mW, Bk - oo6 T, 
Vd ~ 0.7 V, Rm 500 Q, l' 181 cm, ig = o89 mm and 
p I,000, K has a value of about to. 

The amplifier gain fall -off is arranged to start at about 20 Hz 

If 1 1 

I NEI + 1/K] 

NARePBk 

The magnetic circuits for the mean -square ammeter (left) and the d.c. 

transformer (right) are shown here. The magnetoresistances are 

also visible, but in operation one would be in the air gap. 
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toOmA 
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Fig. 4. Direct- current transformer. The basic circuit diagram 
(a) has R,', R. = type FP17L1oo magnetoresistances (see Fig. r 
and Table r). All diodes = silicon, type ZS72 (Ferranti). 
F = manganese -zinc ferrite, grade A5 /l, = o89 mm, 
If 18.7 cm, µ - 1,000 (Ferroxcube U -cores FX1795). 
W 500 turn (N) winding of 24 s.w.g. A -= 45,000 ±So 
(MCr7o9CP integrated amplifier, Motorola). 

to reduce noise and avoid instability problems. With full -scale 
deflection on. the meter when I t A, linearity is much better 
than t " above I 0.2 A; below this value amplifier nonlinearity at 
low signal levels has some effect. Wide variation in the cable 
diameter and position of cables in the magnetic circuit has no 
noticeable effect on readings. The input impedance of the trans- 
former is very low by virtue of the effective high reluctance of the 
magnetic circuit. The current indicator could be at a considerable 
distance from the Test of the circuits. 

If 

Current 
nd cator 

Temperature effects 
In both the experimental circuits utilizing magnetoresistances 
described above, the limit to current sensitivity and measurement 
accuracy is primarily fixed by drift, due to amplifier drift and 
magnetoresistance temperature dependence. Low temperature 
coefficient magnetoresistances, operated with minimum self - 
heating in compensating balanced arrangements should be used, 
and if necessary further temperature compensation can be achieved 
by a series thermistor or a parallel metal resistor. Amplifier drift 
can be reduced by using a d.c. chopper amplifier arrangement. 

The experimental circuits described indicate two further useful 
applications of magnetoresistances. Both circuits are relatively 
simple and are useful for measuring currents in insulated cables by 
clipping a measuring head on to the cable. The mean -square 
ammeter is suitable for measuring practically any current waveform, 
while the direct -current transformer will measure low- frequency 
currents (for example, less than to Hz) where ordinary current 
transformers are inadequate. 
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Announcements 

"U.H.F./S.H.F. Techniques" is the title of a course 
of six evening lectures to be held at Norwood Technical 
College, Knight's Hill, London S.E.27, commencing 
February 3rd. Fee 15s. 
M.E.C.- Electrosil Merger. Miniature Electronic 
Components Ltd, of Woking, has been merged with the 
Electrosil Group and all future enquiries and orders 
should be placed with Electrosil Ltd, P.O. Box 37, 
Pallion, Sunderland, Co. Durham. 
Compat Telecommunications, a wholly owned 
subsidiary of Compat Corporation of New York, has 
established offices in Woolmead House, Woolmead, 
Farnham, Surrey, to handle all of the business of its 
parent company outside the U.S.A. Compat are 
manufacturers of computer -controlled data communi- 
cations equipment. 
Radiatron Components Ltd has been formed to 
operate in association with Radiatron Ltd and to deal 
with a wide range of components. It will handle the 
Elma range of collet knobs, stud switches, Elmaset 
instrument cases and readout counters. Both 
companies will operate from 76 Crown Road, 
Twickenham, Middx. 
Racal Electronics and Kelvin Hughes have agreed to 
work in partnership on a range of h.f., s.s.b. marine 
radiotelephones. Racal have a contract from Kelvin 
Hughes for the design and manufacture; Kelvin 
Hughes the world -wide marketing of the products. 
Industrial Control Systems Ltd have moved to 
78 -90 Clarke Road, Northampton. (Tel: Northampton 
32417). 
The Crawley offices and laboratories of Pye Unicam 
Ltd have been transferred to the company's head 
office at York Street, Cambridge, CB1 2PX. 
Microwave & Electronic Systems Ltd, of 
Midlothian, Scotland, has moved its sales office to 66 
Tilehurst Road, Reading, Berks. (Tel: Reading 
581937 /8.) 
G. A. Stanley Palmer Ltd have been appointed sole 
U.K. agents for the range of miniature electrolytic 
aluminium capacitors manufactured by the 
International Electronics Corporation of Long 
Island, N.Y. 
Hayden Laboratories Ltd, East House, Chiltern 
Avenue, Amersham, Bucks, have been appointed 
exclusive U.K. agents for Spinner GmbH, of Munich, 
W. Germany, manufacturers of radio frequency 
connectors, directional couplers and other specialized 
items associated with radio-frequency cables and 
waveguides. 
Nobel Electronics, of Welling, Kent has signed a 
three -year agreement as sole U.K. and European agents 
for Plastic Capacitors Ltd, Maydown, Co. London- 
derry, N. Ireland. 
Montclair Electronics Inc, of New York, have appointed 
G. A. Stanley Palmer Ltd as sole U.K. agents for a 
range of magnetic reed relays and switches from the 
General Reed Company. 
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Low -distortion Bias and Erase Oscillator 

Evolving a current switching design to give a predictable and stable 
output level and with no trimming requirement for low distortion 

by D. Griffiths, Ph.D. 

The design of a good bias and erase 
oscillator for a tape recorder is not easy. 

For stable biasing a constant output 
voltage is required, yet any limiting 
action in the oscillator must not be 

allowed to distort the sine -wave drive 
since this would increase the background 
tape noise. The circuit should be 
efficient so that the least expensive 
semiconductors can be used and, ideally, 
it ought to be designed to work straight 
off without any complex setting -up 
procedures, especially those required to 

minimize the distortion. 
The oscillator was required to operate 

a Ferrograph Series 6 tape deck but using 
the procedure outlined below it should 
be possible to alter the component 
values to make it suit almost any other 
recorder. 

Specification 
The Ferrograph handbook gives the 

inductance of the two -track FE16 erase 
head as I.5mH (per track), requiring 
SomA at 27 -30V and 68kHz; the record 
head only requires about 5mA at 15V. 

The power required from the drive 
circuit is fortunately not oo8 x 3o = 2.4 
watt but depends only on the losses in the 
heads; a perfect inductor can not have a 

net dissipation of energy. Since the 
erase head has a mu -metal core it is only 
useful to measure its loss under actual 
working conditions, for it is quite 
hopeless to try to extrapolate data on 
iron -cored inductors. 

In the absence of a suitable measuring 
bridge the losses in this head were 
assessed by observing their damping 
effect on a tuned circuit resonating at 
68kHz with 3oV across it. 

The inductance of this test circuit 
should be less than, say, one fifth of that 
of the tape head so that the resonant 
frequency is not too greatly changed by 
the extra head inductance, but the wave- 
form need only be roughly sinusoidal. 

It was found that each winding of the 
FE DS head introduced the same damping 
effect on the test circuit as did a 3.3kí2 
resistor. Under operating conditions in a 

parallel resonant circuit the head could 
thus be thought of as a perfect 1.5mH 
inductor in parallel with a 3.3kí2 

resistor, resulting in power dissipation 
of about 0.25 watt. 

At this point one has to face firmly 
the problem of ensuring a constant out- 
put voltage. The necessary limiting 
action can use the "curvature of the 
characteristics" of the active circuit 
elements but designability is sacrificed 
and well stabilized power supplies are 

required to maintain operation in the 
critical region. Some form of a.g.c. 
could be employed but amplitude over- 
shoot at switch on must be avoided. 
This is also a problem with thermistor 
stabilization. The alternative scheme 
chosen here is to send constant current 
pulses of a suitable shape through a tuned 
circuit coupled to the tape heads and 
rely on a reasonable Q value to reduce 
the harmonics sufficiently. This filtering 
is more effective than one might imagine 
since the harmonic amplitudes decrease 
with increasing order, while the attenua- 
tion of the tuned circuit also rapidly 
increases with rising frequency. With 
transistors or valves it is a simple matter 
to generate well enough regulated driving 
pulses for this application but the 
feasibility of the scheme depends entirely 
on maintaining a good Q in the filter 
despite the loading of the losses in the 
tape heads. 

Current switching 
Ideally the reader should now turn up 

Wireless World for November and 
December 1962 to an article by R. C. 
Foss and M. F. Sizmur which gives an 
admirably lucid account of current 

Volts at 
(A) 

Current 
in coil 

switching sine wave oscillators. Their 
first diagram is reproduced here as 

Fig. I and is a good starting point. 
When the current generator is first 
connected to the tuned circuit the voltage 
at point (A) will swing below -E with a 

period governed by the resonant fre- 
quency. The size of this swing depends 
on the losses in the LC circuit, as well 
as the magnitude of the drive current. 
Eventually the voltage at (A) swings 
back up towards - E, even with the 
constant current generator still con- 
nected. When the voltage across the 
resonant circuit is zero (i.e. when the 
point (A) is at +E again) we choose to 

switch the current supply into a bypass 
resistor Rb,,. The point (A) then 
continues its upward voltage swing and 
but for the losses this would take it as far 
positive above -1 -E as it had been below 

-1 -E half a cycle earlier; the current 
generator has infinite output impedance 
and cannot load the LC circuit. When 
the voltage at (A) eventually falls to +E 
again we reconnect the current supply 
to the tuned circuit and the cycle repeats. 

As a step to a practical realization 
Fig. 2 shows the next stage of complica- 
tion and is also from Foss & Sizmur's 
article. Here the tail current It is 

alternately switched between the transis- 
tor and the diode by the action of the 
voltage induced in the base winding Nb 
which is coupled to the tuned circuit. 
As indicated, a phase reversing con- 
nection is necessary so that when the 
point (A) is below +E the base end of 
Nb is positive with respect to ground and 
the transistor conducts as required. 
But for this base winding voltage and 

-- +E 

o 

Fig. r. Principle of a current switched 
LC oscillator. 

htg..-'. I nil current u swucllcd 
between the transistor and the diode. 

E 

E 
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Vbe, the tail current driving the LC 
resonator would be E /R1. The tuned 
circuit is only lightly damped by the 
transistor as the collector is a high 
impedance point. 

In Fig. 3 the diode is replaced by 
another transistor with its collector 
connected to a similar LCR circuit as 
that on the left hand side. Except for the 
brief instant of current changeover, the 
tail current flows only through either 
Tr, or Tr2. Whichever transistor is off 
will have its collector above +E while 
the other collector is equally below +E. 
That is, the voltages at (A) and (B) see- 
saw about the positive supply rail. 

It is now only a small step to the final 
arrangement shown in Fig. 4. A single 
tuning capacitor is employed across a 
centre tapped inductor which has an 
additional winding to provide the 
required bias and erase voltages. As 
only a positive supply rail was available, 
the bottom of the tail resistor is connected 
to ground and the centre tap of the base 
winding supplied with a suitable potential 
stabilized with a zener diode. A pair of 
plastic encapsulated transistors is used 
for each switch to give the collector 
dissipation required when both erase 
heads are simultaneously connected in 
two channel operation. The t5í2 emitter 
resistors help to equalize the current 
in each pair and are useful inspection 
points at which to observe the individual 
current waveforms. The 2.2k2 base 
resistors are a personal whim to reduce 
possible excessive base currents when 
trying out the prototype. 

We choose to make the reference volt- 
age defining the tail current about 2.5V 
above common. There are two reasons 
for using such a small value. First, that 
the collector voltages can have a large 
excursion which will entail a lower step - 
up ratio to achieve the desired output 
volts and hence a lower reflected loss 
from the heads, giving a better Q factor 
in the filter. The second reason is 
connected with reducing the output 
distortion, as discussed later. 

To see if the negative going excursions 
are bottoming the transistors one does 
not check the voltage waveform at the 
collectors (!) since the flywheel effect of 
the high Q tuned circuit dominates the 
response; it is more useful to examine the 
tail voltage across Ri as shown in Fig. 5 
and look for the `dents' indicated. It 
must be remembered that during the off 
half cycle the transistor experiences a 
maximum collector voltage equal to the 
supply plus the amplitude of the down- 
ward swing. 12V r.m.s. is about the 
maximum reasonable collector excursion 
with the circuit values shown in Fig. 4. 
The maximum collector voltage is thus 
about 22 + (12 x I.4) V. Even allowing 
for a peak emitter voltage of 3V (see 
Fig. 5), this uncomfortably exceeds the 
maximum recommended Ve, = 3oV of 
the 2N37704 transistors used in the 
prototype. 

If the tail current is assumed to be 
constant during each cycle, the collector 
dissipation can be easily calculated once 

the mean collector- emitter voltage is 
known over the conducting half cycle. 
Since the average value of a half - 
sinewave is o64 times its peak value and 
if the collector peak swing is 12 < V2 
volts, then the collectors are on average 
12 x V2 x o64 = s IV below 22V 
when conducting, i.e. I IV. When 
operating, an Iwo indicated 2.6V d.c. 
across the tail resistor, giving a tail 
current of 52mA. On average, 
Vrr = I I - 2.6 = 8.4V and if the 
current is equally shared between each 
pair of transistors, the mean collector 
dissipation is 8.4 / 0.052 x 0.5 x 0.5 
IIomW, with the second factor of o5 
arising from the on -off time ratio. 

If the two erase tracks are in use 
together, the extra drive can be achieved 
by suitably reducing the tail resistor and 
there is still a reasonable margin of 
collector dissipation in hand. This 
circuit is not very efficient in terms of 
power consumption; the four transistors 
dissipate z 45omW to overcome a head 
loss of 25omW. 

Although a good L/C ratio is needed 
to minimize losses in the tuned circuit 
primary, the maximum allowable primary 
inductance is set by the Q value which 
has to be maintained in spite of the 
damping effect of the tape head losses. 
With a t :2 step -up ratio between 
primary and secondary the equivalent 
loss resistance of 3.3kû looks like 82oí2 
across the primary circuit. If the circuit 

+E 

Tri 
Tr2 

Oft 1 On 

On Off 

(AY 

Tri 

shows a Q value of Q f at resonant 
frequency (of, the dynamic resistance of 
the circuit is Q f«fL. Clearly, in this 
case, we need Q f«fL 82oû. 

Now how much Qf is needed? Foss 
and Sizmur show that with square 
current pulses the ratio of the nth 
harmonic voltage V,, to the fundamental 
V, is given by: 

V. 1 

VI (n2 - 1).Qí 
As a square wave can only generate 

odd harmonics, the third order one will 
be the principal component and with 
Q = Io its amplitude will be I.25 °% of 
the fundamental. Since it is planned to 
use something a little less brutal than 
square driving pulses, this Q value 
should suffice. For operation at 68kHz 
this fixes L at o25mH. A 3omm 
diameter ferrite pot core, Mullard 
LA 2202, was used (with a permeability 
of 63) giving imH for 6o turns. The 
primary was wound in bifilar fashion to 
give 3o turns centre -tapped, with 6o turns 
on the secondary. 28 s.w.g. enamelled 
copper wire was used for both windings. 
The working flux density in this applica- 
tion is in the region of 50-too gauss. 

The tuning capacitor has to be larger 
than the value required to tune the 
o25mH primary inductance to 68kHz 
since the inductance of the tape head is 
reflected into the resonant circuit with a 
magnitude reduced by the square of the 

+E 

Fig. 3. Diode of Fig. 2 replaced by second transistor. 

30V r.m.s. 

LA2202 
9QOQQ QQpo 9óó 

E 

+22V 

Tri 
2N3704 5 

Tr2 
2N3704 

Fig. 4. Practical oscillator circuit. 
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step -down turns ratio; the total induct- 
ance is thus lowered since "inductors in 
parallel add like resistors in parallel ". 
The secondary winding itself does not 
behave as a separate inductor since the 
induction in it is solely determined by 
that needed to balance the primary 
applied voltage. If the a.c. voltage 
across a coil does not depend on the 
rate of current change through it, then it 
does not have inductive properties. 

Although Ferrograph quote a nominal 
erase inductance of 1.5mH, their 
suggested operating point of 8omA and 
3oV r.m.s. indicates a working induct- 
ance more like o9mH. As the Vinkor 
pot core was used without an adjuster, its 
inductance would be about 10 ° below 
nominal. Together with the slight 
contribution from the recording head, 
the total effective inductance would thus 
require about 51,000pF to tune it to 
68kHz; in practice Io ", tolerance 
47,o0opF and 1o,000pF capacitors were 
used in parallel. If tuned filters are used 
as bias rejectors in the recording 
amplifiers, it will be important to keep 
the same bias frequency on single and 
two track operation. The extra 
inductance of the second head would 
lower the frequency further and a 

suitable extra tuning capacitor would 
have to be switched in. 

It must be confessed that there is a 
little bit more complication in Fig. 4 

than was admitted in earlier paragraphs 
and this concerns the shape of the 
current pulses. A square pulse with its 
sharp edges is obviously a rather poor 
approximation to the required output 
waveform and something a little more 
sinewave -like would ease the filtering 
problem. Now one cannot go to the 
limit and use an exactly sinewave 
current drive derived from the output 
waveform as there is then no limiting 
action, other than unintentional clipping 
and bottoming, etc. As a compromise 
we use a current pulse which is "partly 
square and partly sine ". This is 

illustrated in Fig. 5 which shows the 
alternating voltage waveform across the 
5o S2 resistor, superimposed on the 
calculated d.c. level which could not be 
observed with the a.c. coupled scope 
available. 

The squarewave part of the current 
waveform is developed by the long tail 
switching action; the sinewave part has a 

similar amplitude and is derived from 
the filtered output. This is achieved by 
giving the base windings a suitable 
number of turns so as to inject an 
appropriate amount of sinewave signal 
in series with the steady d.c. reference 
level. However, one must be careful in 
selecting the amplitude of this a.c. 
component otherwise the maximum 
reverse bias rating of the emitter -base 
junctions will be exceeded and extra 
protective diodes will be needed; the 
reverse emitter -base rating for the 
2N3704 is given as 5 volts. It is 

important to recognize that the `off' 
base junction sees both base windings in 
series generating the reverse voltage. 

1.8V 

1-55V (cal) 

One output cycle 

oV 

Fig. 5. Waveform across tail resistor. 
'Dents' in the peaks indicate that the 
collectors are bottoming. 

I30 p 

1M 
voltmeter 
0.25/lsec 
rise time 

Fig. 7. Twin -T filter for 68kHz. 

Fig. 6 shows the base of Tr_ 1- Vb above 
Vref derived from the zener diode. 
But for the Vbr of this `on' transistor 
and the voltage drop across its 15 S2 

emitter resistor the top of the tail 
resistor would also be + Vb above its 
d.c. level, taking the emitter of Tr, with 
it (in the positive going direction). 
Meanwhile the voltage - Vs on the left 
hand base winding is holding the base of 
this transistor down -- Vb below Vref. 

The 1.55V d.c. level in Fig. 5 assumes 
a Vbr of 07V and allows for the two 
15 S2 resistors in parallel. The mean 
level of the a.c. component is 
1.8 x o64 = 115V and thus an Mop on 
a d.c. range across the tail resistor 
should register (I55 + 1.15) 27V. 
This agrees well with the 2.6V observed. 
Evidently the steady current component 
is 32mA and the r.m.s. a.c. contribution 
is 25mA. In a Fourier representation of a 
square wave, the first harmonic has an 
amplitude of 4 /7t times the amplitude of 
the square wave. Adding these two 
contributions to the voltage developed 
across the dynamic resistance seen in the 
primary circuit, one can estimate the 
loss resistance at 57oí2, corresponding to 
a working Q of 6 -which is rather 
below the design figure. 

The soo1F reservoir capacitor in 
Fig. 4 ensures that the oscillations decay 
smoothly when the circuit is switched 
off, thus helping to keep the tape heads 
demagnetized. The decay time is 

0.5 -Is. Switch S, is controlled by the 
deck selector knob and operates via the 
series 2N3704 to minimize peak current 
through the switch contacts. The 22 i2 

resistor ensures that the initial charging 
current of the Soo /F capacitor does not 
greatly exceed the maximum transistor 
current rating of 800mA. 

Performance 
After all that story, how does it do its 

job? The amplitude of the output 

Off 

Tr 
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big. o. How base -winding voltages add 
to build up reverse emitter -base 
voltage. 

ir 
i 

One cycle 

\ 0.06% input 

_ Z 

Fig. 8. Residual waveform at the base 
winding after passing through the 
twin -T filter. 

slowly increases by 2 -3 " during the first 
half minute or so after switch on and this 
is probably due to heating of the transis- 
tors. A 4o °C rise in junction temperature 
would lower Vbe by about 9omV and 
thus increase the standing tail current 
enough to account for this observed rise 
in output. This effect could be reduced 
by increasing the tail voltage, remember- 
ing to add diodes to protect the base - 
emitter junctions from excessive reverse 
voltages arising from the necessary 
accompanying increase in sine wave 
drive. It is doubtful if the present small 
change in biasing could possibly be 
detected by its effect on the recorded 
signal. Changes in the supply voltage 
only slightly affect the oscillator output 
as might be expected; a 10°, reduction 
in supply potential reduced a 28V output 
by just under i5o, 

In the absence of a wave analyser, a 

simple passive twin -T rejector was used 
to filter out the fundamental to see what 
was left. Fig. 7 shows the filter circuit, 
and Fig. 8 shows a sketch of the residual 
signal from the 16V bias at a recording 
head on single channel operation. The 
amplitude of this residual is oo6/ of the 
input level and appears to be largely 3rd 
harmonic as expected. A sine wave 
input of 3 x 68kHz to the filter was 
attenuated by about 7dB as seen on the 
voltmeter, so it seems likely that these 
distortion products do not have an 
amplitude exceeding, say, 0.2°. of the 
fundamental. This seems quite satis- 
factory and shows that the idea of using 
current pulses with the "edges rounded 
off" does indeed greatly reduce the 
output distortion while still retaining an 
adequate stability of output level. With a 

working Q of 6, square drive pulses 
would have given a 3rd harmonic com- 
ponent an order of magnitude greater 
at 2e of full output. Judged audibly, the 
tape hiss is very low and BASF double 
play tape on the Ferrograph appears to 
give a peak signal -to -hiss ratio in the 
upper fifties of decibels. 
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Industrial Telemetry 
Some recent supervisory and control schemes 

by R. E. Young 

The early 1960s saw major developments 
take place in industrial telemetry', largely 
as the result of the wide introduction of 
solid -state equipment and digital 
techniques. Rapid expansion then 
followed in step with the accelerating 
demand for these forms of automation 
backed by the extremely high reliability 
that they had been shown to give. 

Much of this expansion occurred in 
the public utility field, authorities being 
strongly influenced in their policy by the 
almost overwhelming growth of "service" 
distribution networks, e.g. for electricity 
and water, and the increasing cost of 
manning them in the conventional way. 

In general, the economy shown by the 
adoption of supervisory telemetry 
methods increases with the size and 
complexity of the project. Furthermore, 
the most favourable conditions for setting 
up such remote control systems are 
usually found with high concentrations 
of population and industry. 

Thus in a large scale installation for 
electricity supply in the Far East control 
is exercised over the distribution network 
for the urban area of Kuala Lumpur2, 
three bulk supply stations and a total of 
fifteen substations being covered by the 
first phase of the scheme. 

Recently commissioned, this is a 
dassical digital supervisory system with 
time-division multiplexed telemetering 
and telecontrol, and employing the 
interrogation /reply, or responder, tech- 
niques which are used almost exclusively 
for this work'. With time -division 
operation, each information source is 
scanned in turn, and in these systems this 
is achieved by interrogating each source 
in terms of the unique (digital) address 
allocated to it. 

Measurement or equivalent data 
points are grouped in blocks of addresses 
according to priority, so that the period 
which elapses between successive scans of 
a given point represents the "updating" 
time for its particular address block. With 
the exception of control functions, the 
various groups of addresses are 
interrogated in accordance with a 
pre- determined scan cycle, system 
programming being arranged to interlace 
these addresses within the overall scan 
period. Typically, an updating period of 
11 seconds is realized for some 80 

Control room at the Shell shore terminal at Bacton for their North Seas gas project. 

measurement addresses; while alarm 
indication (e.g. for abnormal transformer 
oil temperature), carrying more urgency, 
is given a block updating time of 5 

seconds. 
Control instructions are also sent out 

by interlacing, but this is done by 
interrupting the routine scan cycle and 
thereby extending it for the additional 
time- sharing to take place. The same 
system word format is used for the 
control "way" addresses as for 
monitoring, and also in both cases the 
encoded replies sent back from the 
outstation follow the same pattern. 

Obviously, measurements and moni- 
toring information generally must be 
presented as far as is possible without any 
likelihood of there being any ambiguity 
or misinterpretation of the intelligence. It 
is of interest that the network electrical 
measurements, viz. voltage, power, 
reactive power and current, are displayed 
in analogue form on conventional d.c. 
moving -coil meters. This involves the use 
of an individual digital -analogue 
convertor for each meter as the incoming 
signals are handled digitally throughout 
the logic system. It may be taken that the 
factor of additional cost is considered 

more than offset by the advantages 
accruing from working with a familiar 
form of display. Also it may be noted that 
the eight -bit binary number d.a.c.s which 
are employed, and are of the "successive 
approximation" type, act as information 
stores over the measurement updating 
period. 

Communication between master and 
outstations is by "four- wire" working 
using special modems* developed to give 
maximum speed data transmission over 
nominal 3kHz bandwidth circuits. These 
links are set up either in existing pilot 
cables where suitable spare cores are 
available or in the main communication 
cables run along the power network 
routes. Protection against extraneously 
induced high voltages is provided at all 
station line terminations by lightning 
arrestors and isolation transformers. 

The other main area of application for 
supervisory telemetry systems is the 
monitoring and control of oil and natural 
gas pipe line schemes. Here inaccessibility 
of wellheads and pumping stations is a 

* modulator -demodulator (unit), "four-wire" 
working demands two conductor pairs, one for "go ", 
one for "return ". 
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Helical aerial supplied by C & S Antennas Ltd for the North Sea gas radio links. 

major driving force in the adoption of 
such schemes; these conditions, compared 
with those associated with most public 
utility networks, tend to impose more 
severe restrictions on the choices open to 
the telemetry system designer. Thus with 
projects such as the North Sea 
installations, the virtually inescapable use 
of radio links produces a "design 
constraint" which affects the whole 
system. 

The same basic time -division digital 
techniques are employed, however, for 
these installations as for the public utility 
networks; and logic circuit blocks and 
address -reply methods are essentially the 
same. The telemetry installation for the 
B.P. group of wells in the West Sole field' 
is typical of such practice for North Sea 
operations, the outstations on the 
project's three wellhead platforms -"A ", 
"B" and "E1" -being under the 
supervisory control of the shore station at 
Essington, Yorks. As commissioned, the 
system capacity is 22 measurements, 120 
monitor and alarm indications, together 
with 41 well control functions; the 
routine scan updating time is 25 seconds. 

One of the main system operational 
requirements arising from its production 
control function is the calculation of 
mass flow for each of the eleven wellheads 
involved. These corrected values have to 
be obtained in terms of differential 
pressure type flow measurements and 
corresponding manifold pressures; and 
initially a study was made of using an 
individual analogue computer at each 
wellhead. However, it proved possible to 
centre this function on a single digital 
computer which is fed with the data in 
digitized form, and which gives flow rates 
as a 3-digit numerical indication up to a 
maximum per wellhead of 59.9 million 
cult. /day. 

In general, measurements are displayed 
on the mimic control panel with 
three-digit representation for temperature 
and four for pressure, a "scaling" facility 
being incorporated in the transfer from 
binary code input to the decimal reading 
output. Accompanying this implied 
degree of resolution, a 12-bit format is 

used for both addresses and replies, each 
carrying three additional parity bits for 
error checking. With the system 
parameters obtaining in this case, the 
address /reply cycle time becomes 570 
milliseconds. For transmission over the 
radio links, the address and reply pulse 

trains are converted in a frequency shift 
keying modem to a "tone" input for the 
transmitter- 2.3kHz for binary '0' and 
2.7kHz for binary '1'. 

The u.h.f. radio link scheme adopted 
for this project operates in the 460 -MHz 
band and inevitably invites comparison 
with the offshore wellhead control scheme 
at Das Island in the Arabian Gulf (Umm 
Shaif oilfield). Described originally in 
19643, this employs a microwave, 3cm ('X' 
band) link based on a commercially 
available transmitter magnetron with a 
rated peak power output of 2.5 kW in the 
centre of the band. The main point of 
interest in the present context is that in 
this earlier scheme a single transmitter is 

used with radiation from a "cheese" 
reflector giving a half power beamwidth 
of about 40° in azimuth to cover the 
fan-like sector in which the wellheads are 
grouped. 

In contrast the North Sea u.h.f. system 
utilizes a two stage "hand -on" 
arrangement for signal transmission 
between wellhead platforms. The primary 
link is established between the Easington 
master and the outstation on platform A, 
working between this platform and both 
platforms B and El being on a 
"broadcast" as distinct from a beamed 
mode. Thus the transmitters on B and El 
operate on a shared frequency, and, in 
order to avoid radiating together, "come 
on the air" only when their own plant 
addresses are received. 

Helical aerials mounted on 200-ft 
towers are used for transmission and 
reception on shore and at the platforms. 
The 11 -turn helical elements, made by C 
& S Antennas Ltd, have a rated 
beamwidth of 30" to half power points 
with a v.s.w.r. of 1.5 over the operating 
bandwidth of 400 -500 MHz. 

The radio link equipment itself is 

solid -state throughout; Standard Tele- 
phones and Cables type HTR20 f.m. 
transmitter /receivers being employed with 
a nominal transmitter power output of 5 

watts. This output is obtained from a 
varactor tuned to act as a trebler stage 
fed at 133.3- 163.3MHz from two 
preceding trebler stages which have a 
modulated input at 14.8- 17.8MHz. 
This latter input is obtained from a 
two -stage phase modulator with crystal 
oscillator reference drive. Two stages of 
amplification are interposed between the 
modulator and the first set of treblers 
which is followed by three more stages of 
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amplification to give the input to the final 
varactor trebler. A tunable bandpass filter 
is placed in the output from this varactor 
stage to act as a harmonic suppressor. 

In the double superheterodyne 
receiver the first mixer is preceded by a 
two section bandpass filter and two stages 
of r.f. amplification. The bandpass filter is 

largely responsible for the degree of r.f. 
selectivity and second channel rejection 
achieved. A single crystal oscillator feeds 
both mixer stages, the higher local 
oscillator frequency required for the first 
mixer being obtained by multiplication by 
six (doubler followed by trebler). This 
avoids the production of spurious beats 
which is possible with two separate 
oscillators, "spurious responses" being 
given as below -80dB. Intermediate 
frequencies are 70MHz and 10.7MHz 
with an initial local oscillator frequency 
of 55- 68MHz, fed to the second mixer, 
and multiplied to 330-408MHz for the 
first mixer. The output of the second 
mixer, nominally at 10.7MHz, is fed into 
a crystal filter to give selectivity at this 
frequency and thence to a wideband 
amplifier which provides the input to the 
limiter and discriminator stages. Both the 
wideband amplifier and these stages are 
constructed as linear integrated circuits. 
Performance criteria are based on a 
minimum acceptable signal /noise ratio of 
20dB; while, for the individual radiation 
requirement of the broadcast mode, 
carrier "on" switching time is given as not 
more than 1mS. 

"Telegrid" master programming 
control System 
As already indicated for the two schemes 
described, system working speed (data 
handling speed) is kept relatively low, i.e. 
the equivalent of a narrow -band 
telephony channel is generally employed 
for communication in present generation 
supervisory telemetry projects. Neverthe- 
less, these communication links must be 
highly "secure" and, equally important, 
economic in the full sense of the word; 
and with the ever growing demand for 
telecommunication channels, this latter 
condition is becoming increasingly 
difficult to meet. This difficulty is 

encountered whether line or radio 
working is adopted because of limited 
capacity scarcity of installed cables, 
particularly in built -up areas, and on the 
radio side, severely restricted channel 
allocations for such applications. 

It is with this background that the 
Telegrid proposals were put forward as a 
means of "multiplying" the number of 
existing communication channels by what 
may be called supra -multiplexing under 
the control of a master programming 
source. The scheme, proposed by G. S. 
Kermack, managing director of Serck 
Controls, makes specific communication 
channels available to users, grouped on a 
network basis, in °accordance with a time 
sharing schedule held in sequence by 
narrow band synchronizing signals. 
Planning of such a scheme would have to 
be on a national scale, although operation 
might be on a regional basis within the 
national framework. 
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In one suggested embodiment of the 
scheme (Figs. 1 and 2), four networks are 
time multiplexed under the control of 
broadcast synchronizing signals. Network 
allocation, as shown, would be electricity, 
gas and water for a distribution group, 
together with an emergency or stand -by 
network available to take over from any 
one of the other three. Alternatively, 
network 4 could be utilized to give a low 
speed data transmission facility over a 
large area in the event of, say, major 
floods occurring. 

The programming of these networks is 
carried out by a combination of imposed 
synchronization and delay timing. For 
this the networks are grouped into two 
pairs, with the first member of the pair 
taking the external synchronizing signals, 
and the second becoming operative after 
a predetermined time delay following the 
commencement of the first network 
scanning cycle or sub -programme. 

The main technical feature of the 
system is the form of coded signals used 
for programming the networks. These 
signals are built up from "pips ", i.e. short 
bursts, of tone which can be broadcast 
from a low- frequency (say 300kHz) 
transmitter to cover a regional area. In 
addition to their task of time division 
synchronization, these master program- 
ming signals perform two other 
functions: - 
(i) Designation and identification of the 
network to be activated; 
(ii) "Start" the individual network 
scanning cycle after receipt of the correct 
combination of signals. 

The latter provision is achieved by 
arranging that the five pips must have 
been preceded by the six pips before the 
"five -pip" group is opened up, and 
conversely. If this sequence is not 
maintained owing to the absence of a 
signal or the presence of spurious signals, 
then the networks are not activated until 
the correct sequence is re -established, i.e. 
the system has been made to "fail- safe ". 

From the diagram it will be seen that 
guard spaces form part of the timing 
pattern. These take care of short -term 
variations and fault condition in 
individual sub -programmes. 

Other developments employing these 
techniques can be envisaged, as, for 
example to arrange for each pip or burst 
of tone to contain a predetermined 
number of cycles, and, by counting at the 
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Fig. 1 "Telegrid" diagrammatic network arrangement. 

receiving end, to obtain further 
complementary checking and possibly 
more precise synchronization. 

One of the main advantages of the 
system is that with an accurately 
maintained pip (tone) frequency, say at 
400 Hz, the signal extraction band -pass 
filters can be made extremely sharp and 
only a "crevasse" is required within the 
synchronizing channel transmission 
spectrum. Furthermore, with such 
band -pass filters (e.g. crystal or 
mechanical type) high rejection of 
spurious signals is obtained. 

Television Link on Low Bandwidth 
Cable 

Television, as a time -division system, is 
part of the telemetry family; and in 
presenting visually inaccessible conven- 
tional gauges and similar instruments 
fulfils a specific telemetering function. 
One of the main attractions of such 
presentation is that effectively there is no 
updating delay, and -often of more 
importance -rapid changes in quantities 
can be seen on analogue displays via a 
television link, whereas they are beyond 
the capability of the comparatively slow 
scanning telemetry system. 

To speed up these telemetry scanning 
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Fig. 2 Overall timing pattern of "Telegrid ". 

rates to give the equivalent of a television 
system, though theoretically possible, 
becomes prohibitive in cost. There are 
instances, therefore, when a television 
scheme provides the most economic way 
of tackling an unconventional instrumen- 
tation problem, this being much more 
marked when it can be used for other 
monitoring duties as well. 

A variant of such a scheme is 
represented by the East Anglian Water 
Company's closed- circuit television 
installation at Lowestoft where the 
emphasis is on surveillance rather than 
instrument monitoring. The outstanding 
feature of this project is the video link. 
As far as is known, this is the first time 
that a link has provided operationally 
acceptable picture quality over a 5.2 mile 
(8.35 km) length of "telephone grade" 
cable without intermediate repeaters. 

This link is of interest on two counts. 
The first is the potential offered by the 
equalization and allied techniques which 
have been developed and shown to be 
effective under these conditions for 
high -speed pulse transmission. This 
aspect bears directly on the problem of 
obtaining maximum data transmission 
speed on restricted bandwidth circuits, 
and also on the improvement in error rate 
produced by equalizer correction of 
signal distortion. 

The second point is that compromise 
on picture standards had to be reached 
but that it proved possible to use a field 
rate of 50 per second instead of the much 
lower rate proposed at first in view of the 
"no-repeater" and other limitations. It 
was clear that a 405 -line interlaced 
structure was the absolute maximum 
that could be attempted in terms of 
frequency and this had the advantage 
that comparatively low -cost U.K. standard 
camera and monitor equipment could be 
employed. 

The S.T.C. ten -pair cable installed by 
the water company between its intake and 
borehole station at Belaugh and the 
Horning master control for both 
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Telemetry and television supervisory control position at the Horning master station of the 

East Anglian Water Company showing monitor picture as received over the low bandwidth 

cable link. 

telemetry and television signal trans- 
mission is of the polythene insulated 
type with outside steel tape armouring 
acting as a screen. Diameter overall is 
some 22mm, individual conductors being of 
0.9mm diameter. Conductor resistance is 

given as 44.2 ohms per mile at 15 °C, with 
attenuation at audio frequencies of 1.20 
dB /mile and crosstalk between pairs 
better than - 80dB measured on site. 
Attenuation reaches a value of some 
80dB down at 1.2MHz with an 
unequalized frequency response approxi- 
mating to the form 1/y trequcncy. 

In the final solution, the video circuit 
was established as two conductor pairs 
diametrically opposite each other in the 
cable and connected in parallel. This was 
found marginally better than a single pair 
circuit; and at the output of the 
receiving end equalizing amplifier a 
uniform response within 2dB is obtained 
up to 1MHz. The overall response is 

about 6dB down at 1.2MHz with 
relatively sharp cut-off thereafter. 

It should be noted that a contribution 
to improved high -frequency response is 

made by including pre -emphasis in the 
transmitting characteristic. This amounts 
to 10dB with a 3dB point at 200kHz. The 
necessary phase equalization is carried 
out at the receiving end, some 0.5 
microsec. correction being given at 

1MHz. 
Finally a "crispener" is incorporated to 

sharpen up fast edges in the video 
waveform by speeding up their rise times 
in a non -linear network. The crispener 
unit embodies an input filter to extract 
the fast edges from the equalized video 
w aveform for feeding to the non -linear 
system. This filter operates by signal 
subtraction referred to a wideband delay 
line to give a Gaussian type response. 
After leaving the non -linear network, the 

artificially sharpened edges are recom- 
bined with the original video waveform, 
the delay time in the filter being 
compensated by introducing a corre- 
sponding delay in the main video path. 

The results obtained in respect of 
signal /noise ratio, better than "dusk" 
camera input level (10 foot -candles), can 
be ascribed to the precautions taken, e.g. 
with regard to common mode rejection 
(receiving head amplifier rejection ratio of 
70dB), and to the maintenance of 
electrical balance about earth at the 
appropriate points in the sytem. The 
picture reproduction gains considerably 
from the crispening technique, although 
quite acceptable without it; a rise time of 
less than 800 nanosec being obtained on a 
10kHz square wave as measured at the 
input to the crispener. The overall 
picture quality also benefits from the use 
of a monitor with a black level clamp. 

Acknowledgement must be made to L. 
G. Davis, of Glenn Sound Services, who 
was responsible for the special television 
link equipment described, and to Serck 
Controls for supplying details of the two 
supervisory schemes covered in the first 
part of the article. 
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Reprints 
from W.W. 

We regret the delay in the publi- 
cation of the reprint of the articles 
covering the Bailey 30-W and 
20 -W amplifiers and pre -amplifier. 
This is now available. For the con- 
venience of new readers we give 
below the full list of W.W. reprints 
obtainable from the Trade Counter, 
Dorset House, Stamford Street, 
London S.E.1. Prices include 
postage and packing. 
No. 1. High -fidelity Amplifiers 
by A. R. Bailey (Nov. and Dec. 1966, 
and May, June and Nov. 1968). 
Contains articles on 20- and 30-W 
amplifiers; a pre -amplifier; and an 
output transistor protection plus 
modifications and relevant cor- 
respondence. Price 5s. 
No. 2. Stereo Decoder and 
Simulator by D. E. O'N. Wadding- 
ton (Jan. and Oct. 1967). Describes 
the construction of a stereo 
decoder for positive or negative 
power supplies and contains details 
of an instrument for producing 
a stereo multiplex signal. Price 3s. 
No. 3. Portable 1 -MHz Frequency 
Standard by L. Nelson -Jones (Feb. 
1968). Presents a design for a fre- 
quency standard which is phase 
locked to the 200kHz Light 
Programme transmissions. Price 3s. 
No. 4. Wide -range General 
Purpose Signal Generator by 
L. Nelson -Jones (April 1968). 
Range 150kHz to 120MHz in 
five bands; output attenuator range 
100dB in 20dB steps (± 0.5dB); 
modulation depth 0 to 50% (can 
be set to within ±5`70 of meter 
indication); max. output 100mV 
(from 75 ). Price 3s. 
No. 5. Low -cost High -quality 
Loudspeaker by P. J. Baxandall 
(Aug. and Sept. 1968). Can be 
built for a few pounds! Excellent 
performance above 100Hz but is 

improved if used with a woofer 
for the low frequencies. Price 5s. 
No. 6. Wireless World Cross- 
hatch and Dot Generator (Sept. 
1968). A pocket sized instrument 
using digital integrated circuits. 
Price 3s. 
In addition, the following reprints 
from earlier issues are still available: 
Wireless World Oscilloscope: 
Main frame, X amplifier, E.H.T. 
unit (March, June, July and 
August 1963), price 5s; No. 1 

(audio) Y amplifier (April 1963), 
price 2s 6d; No. 1 (audio) Timebase 
Unit (May 1963), price 2s 6d; 
Calibration - Alternative E.H.T. 
Unit (Feb. and Oct. 1964), price 
2s 6d; and Wide -band Amplifier 
(March and April 1964), price 2s 6d. 
Wireless World Audio Signal 
Generator (Nov. and Dec. 1963). 
Price 3s. 
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Active Filters 
6. Lead -Lag network and positive gain 
by F. E. J. Girling* and E. F. Good* 

The well -known Sallen- and -Key 
low -pass and high -pass circuits pro- 
vide two of the most useful building 
bricks for applications where only 
low or moderate values of Q factor 
are needed. They are practical 
examples of the second type of 
active system analysed in Part 4, 
a lead -lag or lag -lead network and 
positive gain, with input connections 
changed to give low -pass or high - 
pass response as the case may be. 

A notch (or zero) in the stop band 
is easily obtained by adding a 
parallel path. This gives a section 
with a characteristic useful in the 
realisation of a high -order filter as a 
cascade (or product) of factors. 

Adaptations which give "tuned - 
circuit" response are also described. 

The Sallen- and -Key circuit 
The lead -lag network in a loop with 
positive gain, K, has been analysed in 
general terms in Part 4. This analysis 
can be applied to the Sallen- and -Key 
low -pass circuit, Fig. t(a), by reference 
to Fig. 1(b), which shows the same circuit 
with the input V, shorted out and a 
floating generator V, introduced into 
the feedback path. If now the loop is 
supposed opened at X and the freed end 
of V, earthed, it can be seen that ji is 
given by the transfer function of the 
lead -lag network, equn. (59), Part 3, 
multiplied by K, i.e. 

Kp T2/b 
µ 

l + p(Tt - 2/b) p2T,T.;. 

where 

(I) 

Tl = C1(R1 + R2). 

T2 = C2R2Rl /(R, + R2). 

With the loop closed, therefore, 
since /I - t, 

Vout µ V2 
I -µ 

KpT2/b 
1 + p {T, ± (l - K)T2 /b} + p2T,T2' 

(2) 

Now the argument used in Part 4 for 

deriving equn. (39) from equn. (38) 
gives, if proper note is taken of the 
change of suffixes as between Fig. it(b), 
Part 4, and the present Fig. t, 

V2 1 b 

V, = 
pCzR- 

= ñT2. 

Hence 

Vow K 
V, - 1 + pT /q + p2T2' 

where 

T2 = T,T2 

and 

1 

q 

l 1 2 1 

T2 1 b KT ' (6) 

Alternative analysis as a series - 
feedback system 
The Sallen- and -Key circuits are 
commonly used with K = t (nominally), 
obtained from an amplifier controlled by 
too° series negative feedback. Such an 
amplifier is most simply represented by 
the cathode follower, as explained in 
Part t and as used again in the present 
Part in Fig. 4. Figs. 2(a) and (b) are a 
reminder of the identity between a 
cathode follower and a high -gain sign - 
inverting amplifier with ioo °,, series 
feedback, and show that essentially the 
only difference is in the practical matter 
of where the circuits are earthed. To 
clarify the identity the output- current 
circuit in each case is completed by 
including RL and by drawing a short 
circuit through the h.t. batteries X and 
any other bias supplies, since it must be 
assumed that they show negligible 
impedance to signal frequencies. 
Ordinarily, of course, the cathode 
follower, Fig. 2(b), is drawn with the 
"earthed ", or common, line at the 
bottom. Since 

K = A /(A + 1) (7) 

K -> s only as A -> ')o. 
By using the enhanced emitter 

follower, Fig. 3(a), values of A of several 

* Royal Radar Establishment. 

hundreds are readily obtained; and it 
may sometimes be useful to extend this 
type of connection to triples, etc. If an 
operational amplifier is to be used, one 
with differential input and which can 
take too°° feedback is needed, Fig. 3(b). 
An operational amplifier should give the 
low voltage drift obtainable from a long - 
tailed -pair input stage, which would be 
useful in an l.p. filter required to pass 
zero -frequency (d.c.) signals. 

In the ideal case, K = t, equn. (6) 
reduces to q = (T, /T,) 1, and hence 
T, = qT and T, = T /q. For finite A, 
substitution from equn. (7) into equn. (6) 
gives 

1 

q T21 1 + b(A + 1)T,' (8) 

This is the same as equn. (39) of Part 5, 
and is algebraic proof of the identity of 

(a) 

(b) 

Fig. r. (a) Salien -and -Key 
low -pass filter; (b) the same with V, 
short -circuited and a new source V2 
introduced to facilitate analysis as a 
lead -lag loop with positive gain. 

R 

- 

(a) 

7. 

( b) 

Fig. 2. Example of an active device -a 
valve : (a) in common- cathode 
connection, i.e. as a high -gain 
amplifier, Vo/ Vt = - A; (b) in 
common -anode (cathode follower) 
connection, i.e. with r000ó series 
negative feedback, Vo /V, = A /(A -}- r). 
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the Sallen- and -Key circuit and the lag - 
and- integrator loop with series feedback 
(Fig. 15 of Part 5), which was mentioned 
in Part I. The identity may also be 
demonstrated graphically as shown in 
Fig. 4. This is an application of the 
identity shown in Fig. 2. The only 
difference between the two circuits is 
that in (a) terminal 2 of the output is 
shown earthed, and in (b) terminal s. 
But since in neither -in so far as the 
diagrams tell the whole truth about the 
circuits -does any current flow in the 
earth lead, the change makes no essential 
difference and may be regarded as only a 
device for marking the node which is to 
be taken as the reference point of 
potential. 

The triode valve in Fig. 4, as else- 
where, is intended as a universal symbol 
for a three- terminal amplifier. When 
more complex amplifiers are used, the 
identity may not be seen so clearly. A 
multistage amplifier used as a voltage 
follower will be wired up somewhat 
differently from when it is used as a 
high -gain sign- inverting amplifier, 
because of the practical requirement in 
each case for operation from an earthed 
power supply. Similarly if an operational 
amplifier with differential input is used, 
the internal workings are somewhat 
different in the two connections. But as 
all are close approximations to an ideal 
three -terminal amplifier the essential 
identity remains. The two separate 
drawings of Fig. 4 are, moreover, not 
really needed. The change of earth 
point can be made by the disconnection 
marked X and the reconnection marked 
with an arrow head. 

Compensation for finite internal 
gain 
If A is finite and positive, application of 
too °, feedback gives K < I, since 
K = AKA + I). The theoretically best 
way of making K very closely is to 
make A > x. But in some situations it 
may be helpful to use an amplifier of 
moderate internal gain and reduce the 
feedback, Fig. 5(a), so that 

A r2 + r, 
K - 1, (9) 

which is obtained when 

r2 (10) 

This artifice, which is easily applied 
when the amplifier is, for example, an 
enhanced emitter follower, Fig. 5(b), 
allows the use of the ideal design values. 
It is important to remember, however, 
that K (and consequently q) is just as 
sensitive to changes in A as before. 
Caution is needed, therefore, if this 
method is used to obtain values of q 

much beyond the reach of the same 
amplifier without compensation. There 
is no complete substitute for high 
internal gain. 

In the alternative analysis (or synthesis) 
(i.e., as a lag and an integrator in a 

Fig. 3. Possible amplifier 
configurations for K r. 

o 

negative- feedback loop) the parallel argu- 
ment is that finite gain, A, in the 
integrating amplifier can be compensated 
by applying positive feedback (feedback 
fraction I /A) to the amplifier to make its 
gain apparently infinite, and further that 
the adjustment is no more critical in the 
one case than in the other. 

In both methods of analysis over com- 
pensation produces a regenerative term 
(negative damping) which subtracts from 
the positive damping designed into the 
circuit, and q is higher than intended; 
but only if the magnitude of the negative 
term exceeds the positive will the system 
oscillate, although, of course this is no 
criterion of satisfactory performance. 

It follows also that working the 
Sallen- and -Key circuit with K > t is 
equivalent to working the integrating 
amplifier in the lag- and -integrator circuit 
with A > x (if mathematicians will 
allow the statement), meaning that the 
amplifier gain at zero frequency, -A, 
has gone positive, since A = K(i - K), 
and that the circuit is working in the 
region above the diagonal in Fig. 9, 
Part 5. This further emphasises the 
regenerative nature of the situation 
when K > I. 

Use of Sallen- and -Key circuit with 
K >i 
When K - I, T2 /T, = q2. Hence when 
R, = R2, C2 /C2 = 442. This may give 
an inconveniently large value for C2. By 
using K > I a lower value for the ratio 
T2/ T1, and hence of C2 /C is needed for 
a given q. 

Let Cl = C /x, and C, = xC. Then 
T, = CR /x, T, = xb(I - b)CR, and 
substitution in equn. (6) gives 

1 1 1 

q xb(1 - b) 
_ l 

x(1 - K)(l 
b 

, (11) 

which can be rearranged to give K in 
terms of x, q, and b. Thus, for example, 
the circuit may be designed for C2 = C 
but at the cost of providing components 
(both Cs and Rs) of sufficient accuracy in 
initial selection and in long -term stability 
to meet the increased sensitivity to 
errors in component values (Fig. 9, 

(a) 

(b) 

Fig. 4. By changing only the earth 
point, a Salien- and -Key l.p. filter is 

shown to be a lag -and -integrator loop. 
Also, as the alternative input, V,, has 
one side earthed, the circuit is now 
suitable for use as a ist -order band -pass 
filter. 

r 
(a) (b) 

Fig. 5. Feedback less than roo °-ó. 

Part 4), which can be interpreted as the 
result of balancing negative and positive 
resistance. 

Lead -lag network with resistive 
loading 
The network in the feedback path 
(Fig. s) is as shown in Part 3, Table s, 
diagram (a). As the ratio C2 /C, is 
increased, k I. Hence, when K = t, 
the loop gain at rd, also tends to unity, 
(i.e., kK --> I), and q --> a) (theoretically 
without limit) as shown by the diagonal 
straight line in Fig. 9 of Part 5, q being 
proportional to ß/(C2 /C,).* Up to this 
limit the active circuit behaves like a 
passive circuit: no matter what the 
component values the circuit cannot 
become unstable (oscillate), and errors in 
component values are not magnified. 

When the network is loaded by 
resistance R, as shown in Fig. 6, 
k > R, /(R, + R,), and the limiting case 

It is interesting to notice that increasing 
C2 /C, reduces go, the Q factor of the passive 
network. However, over the useful work- 
ing region (i.e., to the left of the points of 
maximum Q) and always when K > r, the 
increase in k dominates. 
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is therefore reached when K = 
(R3 }- R1) /R3. This may then be con- 
sidered as a practical maximum value for 
K, since in general magnification of 
errors is to be avoided. The presence of 
R3 also alters tor, and design equations 
are given in the appendix. This com- 
pensation for resistance loading by 
increasing K will be most useful when 
the resistances are effectively accurate 
and stable, and the ratio k is therefore 
accurately known. If R, is the input 
resistance of the amplifier, it may be 
subject to considerable uncertainty. It is 
then desirable that R,> R, (and >R2), 
so that if compensation is attempted K 
will be only slightly > t (Fig. 7). 

High -pass filters 
Any low -pass filter can in principle be 
transformed into a high -pass filter by 
substituting t /pT for pT; which means 
changing a lag into a lead, an integrator 
into a differentiator, and so on. Operating 
thus on equn. (4) of Part 5 gives 

pT /q 
µ 1 + pT /qPgT (12) 

and the schematic shown in Fig. 8. The 
transformation does not necessarily yield 
a practical filter however. Fig. 9 is 
formally the h. -p. counterpart of Fig. 13, 
Part 5, and if checked by conventional 
linear circuit analysis gives the expected 
h. -p. transfer function. As it stands, 
however, it is unlikely to give a satis- 
factory performance. At high frequencies 
it is a shunt feedback system with ratio 
arms C, and C1'. As the impedances of 
these fall indefinitely with increasing 
frequency, and as the response is required 
to remain level, indefinitely increasing 
current is called for. An upper limit to 
these currents can be set by padding out 
C, and C1' with r and r' inserted at the 
points X, making C1'r' = C,r. The 
presence of these resistors must however 
to some extent reduce both loop gain and 
loop phase shift in the region of t',,., and 
the circuit is now i, iter treated as a 
two -lead loop, time constants Co- and 
C2R2, with negative gain (R1 /r if A -> x)), 
to which the formulae for two lags and 
negative gain derived in Part 4 can 
easily be adapted. 

The theoretical schematic of Fig. 8 
does not show the same. difficulty. At 
high frequencies (well above N) 
Vow Vin, and the "error" 
(Vin - Vora) o. There is therefore 
no call for indefinitely increasing current 
through C1 with increasing to; and the 
same is true for the series -feedback 
arrangements shown in Fig. to. Fig. 
to(a) shows the functional schematic of a 
straight -forward circuit with no buffer 
between the lead and the differentiator; 
c.f. Fig. 15, Part 5. The design values 
given are for the ideal case A xo. 
Reversing the procedure shown in 
Fig. 4, we redraw the circuit with change 
of earth point and obtain the Sallen -and- 
Key high -pass circuit shown in 
Fig. to(b). The only serious doubt the 

V1O 
C2 

V2o 

T2 = R2 R1 

R 
k2 ' R1R1 +R 

Vout 

o 

Tl* = kiC1(Ri +R2) 

k 
R3 

1 R1+R2+R3 

Fig. 6. CR network with resistance 
loading. 

designer should have about these circuits 
is that in theory the amplifier should 
have a level response up to infinite 
frequency. As, however, it can be of the 
voltage -follower type, and as high 
internal gain is of importance only in the 
vicinity of N,., it will generally not be 
difficult to give the amplifier a satis- 
factory performance up to the highest 
intended signal frequency. It may, 
indeed, be thought desirable in these and 
other active high -pass systems, especially 
when the internal gain is high, to define 
the final high- frequency cutoff (with 
added components) rather than leave it 
to the chance values of stray capacitances. 

For finite values of A 

I 
y 

q T1' b(A 

1 

1)Tz' (J3) 

The notation is in conformity with 
Part 3, Fig. 8 and equns. (28) to (31), 
and the primes serve to draw attention 
to the inversion of the positions of the 
suffixes compared with the low -pass case, 
equn. (8). For K > t the appropriate 
substitutions can be made in the low - 
pass results. 

Input impedance 
For low q (say < t) the input impedance 
of a Sallen- and -Key filter is not very 
different from that of the network when 
passive. At higher values of q, because 
T2 /T, or T1' /T2' become > j, at the 
resonant frequency the voltage across the 
element behind the input terminal is 
equal to q times the input voltage 
approximately, and it is necessary to 
take account of the relatively heavy 
current that will flow if the filter itself 
and the preceding circuit are to operate 
satisfactorily. 

Notch factors 
A notch filter with a symmetrical 
amplitude vs. frequency response may be 
used to reject a particular frequency, or 
be combined with others to form a 
broader band -stop filter. One with an 
asymmetrical response may be used as a 
section of a higher -order filter (e.g., 
Fig. I of Part t) to give a sharper 
transition from pass band to stop band. 
In either case the notch is associated with 
a quadratic factor with a numerator zero. 

Passive CR notch networks, with and 
without buffer amplifiers, have been 

Fig. 7. Resistance- loaded network in 
active filter. 

Vin 

C2 
R2 

k 

- 
Vout 

T2' =C2R2= 9 , Tí =C1R1 =qT 

Vout = 
p2 -1-1' 

T2 

Vin 1 +FT2 +p2T1T2 

Fig. 8. Lead -and- differentiator loop as 
h.p. filter. 

(A - m) 

Fig. 9. Practical difficulty in high -pass 
circuit obtained by direct transformation 
of low -pass circuit (Part 5, Fig. 13). 

described in Part 3. For such networks 
q : 1; and Fig. t I (a) shows an example 
which gives a symmetrical notch, 

Vout 1 -j- p2T1T2 
Vin 1 + P(T1 + T21b) + P2T1T2' 

(14) 

with a zero at m,o = t /(T1T2)i, if the 
necessary equal- time -constant condition 
is met, T, = T2; i.e., 

C3R3 = C2R1 R2 /(R1 + R2) (15) 

For q > i the circuit can be made 
active (i.e., feedback can be applied) as 
shown in Fig. t(b). The part of the 
circuit above and to the right of the 
dotted line through X, is the standard 
Sallen- and -Key l.p. circuit (Fig. t), if the 
assumption is made that the output 
impedance of the buffer amplifier (I) is 
negligible; while the circuit to the left of 
the dotted line through X, is the circuit 
of Fig. I I(a), unaltered if the assumption 
is made that the output impedance of the 
amplifier (K) is also effectively zero. 
There must therefore be zero trans- 
mission at the same frequency as for 
equn. (14); while signals once injected 
into the upper part of the circuit, whether 
through R2 or through C1, are subjected 
to the q of this active part of the circuit. 
The complete transfer function is, 
therefore, 

Vout 1 + p2T2 
(16) 

Vin 1 + pT /g + p2T2 

29 
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where T2 = T,T2, and q is given by 
equn. (6). Preferably the amplifier K is 
a high -gain amplifier with ioo ° feed- 
back. Then, as before, K = A /(A + I), 
and q is given by equn. (8). 

For an asymmetrical notch, low -pass 
type, the numerator becomes 
(i + a'p2T2), where a' < I, and 

woo = 1 /V(a'T2) = wo /-Va' (17) 

(w,,, is the frequency of the notch, No 

the undamped natural frequency of the 
system.) The required attenuation in the 
high -pass path is easily added by 
connecting the buffer amplifier I to a 

tap on R3; i.e., the network in box B, is 

replaced by the network shown in 
Fig. I1(d), which has the transfer 
function a'pC3R3 /(1 + pC3R,). 
T3 = C3R3 must of course still = T 
equn. (15). For an asymmetrical notch 
of high -pass type, attenuation can be 
introduced into the low -pass path as in 
Fig. 59 of Part 3, so that, as for the 
passive network, 

woo = ,/a /T = wo.Va (18) 

Fig. 11(b) is the standard Sallen -and- 
Key l.p. filter with an added h.p. path. A 
notch can just as easily be obtained by 
taking a standard Sallen -and -Key h.p. 
filter and adding a 1.p. path, in other 
words by starting from Fig. 15 of Part 3, 
and turning the lower tee into an active 
filter. The result is shown in Fig. 11(c). 
As (theoretically) the gains at zero 
frequency and at infinite frequency are 
equal, the response is a symmetrical 
notch. Fig. 11(e) shows attenuation 
added into box B, of Fig. 11(c) (i.e., 
into the low -pass path) to give asym- 
metrical notch response, high -pass type. 
This arrangement may be slightly prefer- 
able to that described in the previous 
paragraph, as high- frequency signals 
need to pass through only one amplifier. 

It is not essential to have a buffer 
amplifier in the added parallel path. 
The networks of Fig. 22 of Part 3 can be 
turned into active filters (e.g., Fig. 52) 

and the transfer functions are easily 
derived by making use of those for the 
passive networks. It is found, however, 
that for K = I, q = b'(T, /T,)' or 
q = b(T,IT,) '. This results in a greater 
spread of component values, since b' 
and b are <I (often D. Also gmax 
is smaller for a given internal gain A 
when K = I nominally. It seems likely, 
therefore, that the circuits with the 
buffer amplifiers will usually be pre- 
ferred. 

In the filters with a buffer amplifier, 
q is a function of the active part of the 
circuit only, and, as in the simple 1.p. 

and h.p. filters, depends on the ratio of 
two time constants (T, and T,) and on 
the amplifier gain K. T3 is isolated from 
the active part of the circuit, and so 
errors in T;, do not affect q, although 
they do affect the accuracy of the 
required match (T3 = TO and hence the 
depth of the notch. If the gain of the 
buffer amplifier (I) is appreciably > or 
< I, wao is moved accordingly, equns. (57) 

Vin 

(a) 

Vin +Vout 

vin 

(b) 

T2 - (C1 +C2)R2 , T1 ' Cci1C+2cR21 

Tp - T. =gTifA co 

Fig. io. (a) Lead -and- differentiator 
loop with series feedback; (b) the same 
converted by change of earth point to 

Sallen- and -Key h.p. filter. 

and (18), but its gain affects neither q nor 
the depth of the notch (as long as its 
output impedance is effectively zero). 
So in this sense its internal gain is not a 
critical factor. And in the notch filters 
without a buffer amplifier, although T3 

cannot vary independently, still q does 
not depend critically on the balance of 
components or of time constants, at 
least for K < I. This contrasts with the 
behaviour of some rather similar -looking 
circuits based on the CR parallel -tee 
network, which can give higher values of 
q for a given value of the internal gain, A, 
when K = 1 nominally, and which will 
be the subject of a later article. 

Simple bandpass (tuned -circuit) 
response 
As shown at the beginning of this article, 
Fig. x(b) and equn. (I), the standard 
Sallen- and -Key l.p. filter can be arranged 
to give tuned- circuit (1st -order band - 
pass) response by injecting the signal 
voltage in series with C,; and, as shown 
in Fig. 4, for the case K - A /(A + r), 
(i.e., K I), by moving the earth point a 

more convenient arrangement with one 
side of V, earthed is obtained. Similarly 
the h.p. filter, Fig. to, is converted to 
band -pass by injecting the input at the 
point X. The strange appearance of the 
circuits is partly remedied by a change of 
layout as shown in Figs. 13(a) and 14(a), 
which show the circuits as having feed- 
back networks of familiar form (e.g., 
Fig. 3, Part I), only the input con- 
nections being unusual. 

Because of the limitation 

qmax _ 1-/b(A + 1) or A1/b'(A + 1) 

the circuits are likely to be of limited 
application; for band -pass filters usually 
require higher Q factors than low -pass or 

(a) 

e2 

Fig. i1. Modifications for obtaining a 
notch (or zero) : (a) Effectively passive 
symmetrical notch filter with buffer 
amplifier in h.p. path; (b) the same 
made active; (c) similar circuit with 
buffer in the l.p. path; (d) a method of 
putting attenuation An the h.p. path of 
(b); (e) in the l.p. path of (c). 

o11 
-1I II- 

Fig. 12. Notch filter without buffer. 

o 

high -pass. For values of q well below 
gmaï, however, the circuits are interesting 
in being fully "designable" while using 
the minimum possible number of com- 
ponents, one amplifier, two capacitors, 
and two resistors. This very economy, 
however, makes the circuits unaccom- 
modating; e.g. the gain at resonance 
which for K = I is equal to q'/b or 
q2 /b' (i.e., 2q' when b and b' = ¡-) 

cannot be varied independently of q; 
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and to overcome this inflexibility 
additional components must be added. 

An ab initio analysis of the circuits, for 
A = oa, K = I, could be made as 
follows: (a) write down the current flow 
caused by V2, assuming both the input 
of the amplifier (the virtual earth) and the 
output are shorted to ground; (b) write 
down the current flow caused by Vo,a, 
assuming that both the virtual earth and 
Vs are shorted to ground; (c) set the sum 
of the currents converging on the virtual 
earth to zero. 

The useful part of the current flow (a), 
i.e. the equivalent exciting current, is the 
current through R, (in Fig. 13) and 
through C, (in Fig. 14), i.e. 

Iequiv = 
R,(1 + p2T.2) (19) 

VZP.C1 and Iequty - (20) 

where T2 is the time constant given by 
C2 in combination with R, and R2 in 
parallel (Fig. 13), and T2' the time 
constant given by R2 in combination 
with C, and Cs in parallel (Fig. 14). 

These equations, as could be forseen, 
represent the current a voltage source 
would drive through a series CR branch; 
and so the same response will be obtained 
if the source V, is replaced by the source 
V2" feeding in through a branch C 
R of time constant as specified, Figs. 
13(c), 14(c). For the magnitude (gain) 
to be the same, R, should equal R or C, 
should equal C for the two cases 
respectively. But the advantage of 
having the added branch is that now the 
gain can be varied independently by 
varying the impedance of the branch 
while keeping the product C,R, con- 
stant. 

Alternatively the response to an 
input V2' may be calculated. Thus, for 
Fig. 13, 

VoutR1 +R2 1 +qPT 
VQ R3 1 + PT /q + p2T2' 

(21) 

whence by equating currents the 
response to V2" can be obtained, 

rout R1 + R2 qpT 
R3 1 +PT/g+p2T'2 

(22) 

if C,R, = qT = T2 = C2R1R2 /(R, + R5). 
By the same type of argument it is 

easily shown, Fig. 13(d), that low -pass 
response may be obtained by feeding in a 
signal through a low -pass (simple - 
lag) tee network, again of the same time 
constant, T2 = qT. 

From the other circuit similar deriva- 
tions can be made as indicated in Fig. 14. 
Here it is found that 

Ri 
1 + pT /q 23 

Vr2' R3 1 + pT /q + p2T2 (23) 

and consequently that C3R, should now 
equal T/q = T2' = (C1 + C2)R2. 

Although all these derived circuits 
are extravagent in the number of com- 
ponents used, they can be a convenient 
practical choice. The extra components 
cause some reduction in gmnx, but usually 
the effect is slight. Component values 
for C,R, are not critical, since the input 
branch is effectively isolated from the 
resonant feedback loop by the virtual 
earth and has almost no effect on q. 

Appendix 
Tne transfer function giving Vooe /V2 for 
Fig. 6 is readily obtained from equn. (1) 
by substituting the impedance of the 
parallel combination of R, and C1, i.e. 
R, /(I + pC,R,), for 1 /pC,; and by 
making the following convenient sub- 
stitutions : 

k1 = R3/(R1 + R2 + R3), 
k2 = R3/(R1 + R3), 

T1* = 
i.e., Ti* is the CR product formed from 
Cl and (R, + R2) in parallel with R,. 
[Note: k, /k, = k,(I - b) + b]. Thus it 
is found that 

Vout 

V E 1 + p(Tl* + bk 1) -i- 
P2Ti*T2 

k, pT2/b 

(24) 

From this, proceeding as before, 
equns. (t) to (4), the l.p. transfer functon 
for the active circuit, Fig. 7, is obtained 
as 

rout k,K 
V1 1 + PT /q + p2T2' 

where r = Ti *T2, (26) 

1/q = (T5* /T2)1 + 
(k1 /k2)(1 - k2K)(T,1T1 *)e. 

(27) 

In the special case K = I /kgf 

I/q = (T, * /T2)1 and T1* = T /q, 
T, = qT, which have the ideal form of 
the corresponding equations for a simple 
LCR passive prototype. Thus the sensi- 
tivity to errors in capacitor values is the 
same as that of the circuit with an un- 
loaded network, although, since K > 1, 
there is additional sensitivity to errors in 
the values of the resistors that determine 
K and k,. 

(25) 

Corrections to Parts 3 and 4 

In Part 3, October issue, in the caption to 
Fig. i6 CT, was printed instead of CR2. 

In Part 4, November issue, the 
following have been noticed. In Fig. 2, 
in the box representing the passive 
network, only the denominator of the 
transfer function appears. This should 
read I /(the expression printed). In 
Fig. 5(a), r + has been omitted from the 

C3 R3 qT 

v2 

(c) (b) 

'/zR3 

4C3.. 
C3 R3 =qT 

R3 

(a) 

(d) 

Fig. rg. Derivation of band -pass filter 
and an alternative form of low -pass 
filter from the standard l.p. filter 
(Fig. 4). 

C3 R3 = 
q I 

V 

(a) 

(d) 

Fig. zq. Similar derivations from the 
standard h.p. filter (Fig. ro). 

denominator of the transfer function in 
the box representing the passive network; 
and in the last full column (p. 525) 
references to Figs. Io(a) and Io(b) 
should read 11(a) and II(b) respectively. 

www.americanradiohistory.com

www.americanradiohistory.com


32 

Personalities 

Professor C. W. Oatley, O.B.E., 
F.R.S., professor of electrical 
engineering in the University of 
Cambridge, has been awarded one 
of the Royal Society's three Royal 
Medals for 1969 /70 "for his 
distinguished work in the wartime 
development of radar and latterly 
for the design and development of 
a highly successful scanning 
electron microscope." Professor 
Oatley has occupied the chair of 
electrical engineering at Cam- 
bridge since 1960. He was in 
charge of basic work on radar 
transmitters and receivers at the 
Government Radar Research & 

Development Establishment dur- 
ing the war and from 1945 until 
receiving his professorship was 
lecturer in electrical engineering 
at the University. 

The University of Edinburgh has 
appointed P. L. Kirby, D.Sc., 
F.Inst.P., who is research director 
of Welwyn Electric Ltd, of 
Bedlington, Northumberland, as 
its second visiting industrial 
professor in the newly established 
Microelectronics Liaison Unit 
within the School of Engineering 
Science. Dr. Kirby graduated 
from Durham University during 
the war and after two years 
working on radar systems at 
T.R.E., Malvern, returned to the 
North East where he worked on 
the physical properties of glasses. 
During this period in industry he 
took the further degrees of M.Sc., 
and D.Sc. from Durham and then 
in 1956 moved to Welwyn Electric 
Ltd. Professor Kirby has 
maintained a personal interest in 
the measurement and interpreta- 
tion of noise and non -linearity 
effects in resistive materials. 

Peggy Lilian Hodges, head of 
Guided Weapon Simulation and 
System Analysis at the Stanmore 
Laboratories of GEC -AEI (Elec- 
tronics), has been elected to the 
Fellowship of the Royal Aeronaut- 
ical Society in recognition of the 
contribution she has made to 
avionic and guided weapon 
technology. Miss Hodges was born 
in 1921 and educated at Westcliff 
High School, Essex, and Girton 
College, Cambridge. She joined 
GEC -AEI (Electronics) in 1950, 

and her work at Stanmore has 
been centred largely on the 
performance of guided weapons. 
She has worked on many projects, 
notably Seaslug and Sea Dart, 
with a particular interest in 
weapon simulation techniques. 
Miss Hodges is a senior 
vice -president of the Women's 
Engineering Society. 

Charles Kao, B.Sc. (Eng.), Ph.D., 
M.I.E.E., has been appointed an 
honorary senior research fellow at 
Queen Mary College, University 
of London. This is the second 
such appointment from Standard 
Telecommunication Laboratories 
in recent months with a view to 
bringing industrial experience to 
University affairs. From time 
to time Dr. Kao will lecture on his 
specialist subjects including topics 
in optical communications, coher- 
ent wave optics, and electromag- 
netic problems. Dr. Kao, who is 
36, has been with S.T.L. since 
1961, where latterly he has been 
mainly concerned with problems 
associated with the transmission of 
coherent light down optical 
waveguides for future telecom- 
munication systems. 

Alan Hall has joined Oxley 
Developments Company, of Ulver- 
'ston, Lams, as promotional sales 
manager. He was until recently in 
the electronic component division 
of Johnson Matthey, prior to 
which he was with Muirhead. Mr. 
Hall operates an amateur radio 
station with the call G3UWA. 

Alan Hall 

John L. Carroll, who joined Data 
Recognition Ltd in 1966 as 
general manager and has been 
responsible for the development of 
their current range of optical 
document readers, has been 
appointed technical director. Prior 
to joining Data Recognition, Mr. 
Carroll was with English Electric 
Computers where he was 
responsible for the development of 
document handling peripheral 
equipment; and before that he 
worked for Solartron on the 
development of character recogni- 
tion equipment. 

G. Ross Watson appointed by 
the Video Systems Division of Bell 
& Howell as international marketing 
manager, was until recently sales 
engineer responsible for marketing 
television camera tubes with the 
English Electric Valve Company. 
For three years from 1958 Mr. 
Watson, who is 44, was manager 
of a mobile television unit 
frequently used to demonstrate 
the value of closed-circuit colour 
TV at surgical operations. 

Peter Smitham who joined ITT 
Electronic Services, Harlow, 
Essex, in July 1967 has been 
appointed manager. He was 
previously materials manager. He 
studied at University College 
Swansea and spent a post- 
graduate year at Salford 
University. 

William J. Charnley, appointed 
deputy controller of guided 
weapons in the Ministry of 
Technology, was educated at 
Oulton High School, Liverpool, 
and at Liverpool University where 
he obtained a first class honours 
degree in engineering. Mr. 
Charnley, who is 47, joined the 
Civil Service in 1943 at the Royal 
Aircraft Establishment, Farnbor- 
ough. He was appointed 
superintendent of the Blind 
Landing Experimental Unit in 
1955. Six years ago he became 
head of the Instruments and 
Electrical Engineering Depart- 
ment at R.A.E. and two years later 
was appointed head of the 
Weapons Department. Since 1968 
he has been head of the 
Establishment's Research Plan- 
ning Division where he is 
succeeded by Harold G. 
Robinson, O.B.E., who has been 
head of the Avionics Department 
since 1965. Mr. Robinson, who is 
45, was educated at H.M. 
Dockyard School, Portsmouth, 
where he was awarded a 
Whitworth Scholarship to Imper- 
ial College, London University. He. 
obtained a 1st class honours 
degree in electrical engineering, 
and after joining the Civil Service 
at the R.A.E. in 1948 continued 
his post- graduate studies during 
1951 -52 at the Californian 
Institute of Technology. In 1955 
he took charge of the Black 
Knight research rocket project. 
From 1960 until 1965 he was in 
charge of the satellite launcher 
division at Farnborough. 
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Tudor Jones, M.I.E.E., aged 42, 
has joined Cambion Electronic 
Products Ltd, manufacturers of 
electronic components, as sales 
manager. He joins Cambion from 
the English Electric Co., Stafford, 
where he was manager of the 
Production Systems Department. 

Peter L. Mothersole, F.I.E.R.E., 
M.I.E.E., has joined Pye T.V.T. 
Ltd, Weybridge, as engineering 
manager of the Audio & Vision 
Division. Mr. Mothersole, who is 
40, has been with the Mullard 

Petar Mothersole 
Research Laboratories since 1953, 
where he was for some time leader 
of the television receiver group. 
During his National Service he 
was a radar theory instructor at 
R.A.F. Yatesbury and then spent a 
year with E. K. Cole Ltd at 
Malmesbury as a design engineer 
on airborne radar equipment. 

Paul Spring, who joined 
Grundig (Great Britain) Ltd on its 
formation in 1952, has been 
appointed managing director. Mr. 
Spring has successively been chief 
engineer, general works manager 
and, since 1964, technical director. 

Geoffrey E. Beck, B.Sc., 
F.I.E.E., for the past two years 
chief engineer of Marconi's 
Electronics Group is appointed 
technical manager of its Aero- 
nautical Division, based at 
Basildon, Essex. Mr. Beck, who is 
53, graduated at Birmingham 
University in 1938 and joined the 
Marconi Research Division, where 
he worked on the design of naval 
radar equipment thoughout the 
war. In 1949, Mr. Beck began his 
long association with the 
pioneering work into the 
development of Doppler naviga- 
tion equipment, which provides 
pilots with continuous positional 
information without the use of 
ground -based aids. In 1962, 
Geoffrey Beck and Mervyn 
Morgan, who were jointly 
responsible for this work, were 
awarded the Johnston Memorial 
Trophy by the Guild of Air Pilots 
and Air Navigators in recognition 
of their service to aerial 
navigation. From 1965 to 67, Mr. 
Beck was manager of the group 
responsible for the development of 
the television guidance system for 
the Martel guided missile. He is 
vice -president of the Institute of 
Navigation. 
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Progress in 

Tape- recording Techniques 

by Sidney Feldman 

Exhibits at the Audio Engineering Socie- 
ty's 37th Convention, held in New York 
City in October, were predominantly of 
interest to recording studio engineers. 
Several 8 -track one-inch and 16 -track 
two-inch studio. recorders were on opera- 
tional display. Two machines (Gauss and 
Magnetic Recording Systems) employed 
d.c. capstan -drive systems, with the 
motor -speed controlled precisely by a 
magnetic tachometer referred to a high 
stability oscillator. Thus the recorder is 
not affected by power line frequency 
variations. The Magnetic Recording 
machine has a switch -selected speed -range 
of 32 to 1, permitting operation from 1; 
i.p.s. to 60 i.p.s., and also allows any 
intermediate speed to be obtained using 
an external variable -frequency source. 
Fig.1 shows the basic servo -system 
employed. 

In the Gauss recorder, external synchro- 
nization is possible for variable -speed 
operation, with possible pitch changes of 
+ 75 %. This tape machine utilizes the 
"focused gap" system of recording, 
which was marketed, under licence, by 
Fairchild Recording several years ago, in 
a series of tape recorders. The bias fre- 
quency is approximately 1MHz, and 
specifications call for a signal -to-noise 
ratio of 70dB, record input to reproduced 
output, measured with ASA curve A; peak 
record level set for distortion on 3M 
Company 201 tape, at 15 i.ps. 

Of the high -speed tape duplication 
equipment, Gauss utilizes an endless - 
loop tape bin, "focused -gap" head, and a 
bias frequency of 10MHz. Duplication 
takes place at speeds to 240 i.p.s. Running 
from a 1200ft master tape at the highest 
speed, this system can produce 55 copies/ 
hour /slave, utilizing the "stagger load- 
ing" system at the slaves. These copies 
would be at 1; i.p.s. The tape would then 
have to be loaded into the appropriate 
cassette or cartridge. Console designers 
are now using, mainly, operational ampli- 
fiers in their modules. The modules are 
completely wired by the manufacturer, 
saving labour and inter -wiring when a 
system is built -up. These console 
"building- blocks" are usually strips 1.5in 
wide and about 14in long, and they pro- 
vide functions of equalization, reverbera- 
tion level control, main -channel level con- 
trol, input attenuator, and microphone / 

line input switching. A typical module 
will accept microphone level at the input 
and provide up to + 24dBm output with 
less than 0.5% t.h.d. from 20Hz to 
20kHz. 

The large recording consoles in use 
today with loss -less mixing, are only pos- 
sible using operational amplifiers. A typ- 
ical mixing circuit, as shown by Melcor 
(Fig. 2), provides 114dB of isolation 
between inputs at 20kHZ, rising to 
134dB at 1kHz. Distortion is 0.25% from 

20Hz to 20kHz, at full output of 
+ 20dBm. Gain can be adjusted to a 
maximum of 10dB. 

Most tape recorders for the profes- 
sional market are using transistors for 
switching functions, and the Quad -Eight 
Company even have a logic system for 
track switching on their large console 
designs. This logic switching can also be 
interlocked with the tape recorder and the 
monitoring system, so that operating one 
button will switch all functions simul- 
taneously. 

Distortion analyser 

Crown International have developed an 
i.m. distortion analyser to test, on a pro- 
duction basis, the Crown DC -300 dual - 
channel amplifier. Typical im. distortion, 
per channel, (60Hz -7kHz, mixed 4:1) is 
below 0.05(; from 0.01 watt to 150 watts 
r.m.s. into £ i2 . The analyser permits 
rapid measurements of i.m. distortion 
over a wide range of input levels and 
power ratings. Active Butterworth filters 
replace conventional hum -sensitive LC 
filters. The residual distortion in the 
analyser itself is typically 0.003 %. 
Ganged input and output controls are 
employed to facilitate production line 
testing of amplifiers and other equipment. 

Magnetic 
code wheel . 

Code wheel 
amplifier 

D.C. capstan 
motor 

Direct drive f capstan 

A O//Pick -off 
head 

Reference 
oscillator 

Tape 
speed 

selector -+ 

O 
External 

reference input 

Bi- directional 
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Fig. 1. Speed control system employing magnetic tachometer. 
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Fig. 2. Mixer using operational amplifier. 
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World of Amateur Radio 

Licences and "pirates" 
Of every five new British amateur 
licences now being issued, rather more 
than three are for Class B operation on 
v.h.f. telephony only. The licence statistics 
to the end of October show that in the 
previous six months there was an increase 
of 311 Class B licences to a total of 1841, 
compared with an increase of 198 Class A 

licences (permitting h.f. operation and 
requiring the passing of a Morse test) to a 
total of 13,373. Taking into account 
the 180 amateur television licences 
British amateurs now total nearly 15,400. 

That there is still an appreciable 
number of people who attempt to operate 
in the amateur bands without the 
formality of a licence is shown by the fact 
that, in the first nine months of 1969, the 
Post Office successfully prosecuted more 
than 70 persons and warned 50 others for 
offences involving wireless transmitting 
apparatus being used contrary to Section 
1 of the Wireless Telegraphy Act. The 
fines imposed on these "pirate" stations 
ranged up to about £100 and the 
penalties often included forfeiture of the 
apparatus. The Post Office has indicated 
that some of the illicit transmissions are 
regarded as representing a potential 
hazard to safety of life; they are equally 
unpopular with licensed amateurs who 
have sometimes been subjected to 
deliberate interference and embarrassed 
by such tricks as the tape recording of 
genuine amateur "contacts" which are 
then replayed on transmissions outside 
the limits of the amateur bands. The Post 
Office welcomes information which would 
help in tracing and apprehending the 
pirates. 

Good tropospheric "open - 
ings" 
During the spell of pronounced 
tropospheric propagation in mid - 
October- conditions which brought 
many complaints of co-channel interfer- 
ence to broadcasting organizations - 
large numbers of amateur v.h.f. 
contacts were made between stations in 
the U.K. and many countries of Western 
Europe. The contacts extended from 
Sweden and Finland to Austria and 
Switzerland as well as the almost routine 
links with France, Holland and West 

Germany. While most of the contacts 
were made in the 144 -MHz (two -metre) 
band, the conditions extended also to the 
432 -MHz (70 cm) band; many of the con- 
tacts exceeded 1000 miles. Some amateurs 
believe that the "tropo" conditions of the 
1969 Indian summer were among the 
most pronounced yet recorded. Peter 
Blair, G3LTF, of Chelmsford, has 
raised his total of countries worked on 
144 MHz to 28 and on 432 MHz to 19. 
From January 1st the new voluntary 
divisions of the 144 -MHz band are: 
144.0 -144.5 telegraphy only; 144.15- 
144.5 south -west region; 144.5 -145.1 
south -east region; 145.1 -145.5 midlands; 
145.5 -145.95 north, Scotland and 
Northern Ireland; and 145.95 -146 
beacon transmissions. 

R.S.G.B. president for 1970 
Dr. John Saxton, director of the Science 
Research Council's Radio and Space 
Research Station (Slough) and this year's 
chairman of the I.E.E. Electronics 
Division, is to be installed as the 36th 
president of the Radio Society of Great 
Britain during the course of a social 
evening at the Bonnington Hotel, 
London, on Friday, January 16th. Dr. 
Saxton, although not himself the holder 
of an amateur licence, has a keen interest 
in the relationship between meteorology 
and radio propagation, and for a number 
of years has attended many amateur v.h.f. 
functions. 

It is clear from the latest Society 
accounts that the 1970 Council, despite 

Since the war, 
amateur radio in 

Japan has developed 
greatly. Station of 

Yoshio Sameshima, 
JA2CLI, has many 

1.8MHz ( "Top 
Band") achieve- 

ments to its credit; 
contacts include the 

U.S., Hawaii, 
Canada and Aus- 

tralia (photo. courtesy 
of Stewart Perry 

W I BB). 

the recruitment in recent years of several 
thousands of additional members, faces 
problems of the type which are seriously 
affecting many national and local 
societies. In each of the past four yars 
expenditure has exceeded income: to a 
total in the four years of some £8500. 
Fortunately, the Society has substantial 
reserves but nevertheless it faces 
acutely the paradox that even with 
the present record membership, costs are 
still rising faster than revenue. 

In Brief: There has been a good response 
from British amateurs to a proposal 
-"Project Trident " -to design and 
build in the U.K. an amateur radio 
communications satellite capable of 
receiving on the 144 -MHz band and 
retransmitting the signals on the 
432 -MHz band; it is recognized that such 
a project will take a considerable time to 
complete . . . It is now hoped that the 
Australian -built amateur satellite "Aus- 
tralis -Oscar 5" will be launched during 
December or early January on the 
Thor -Delta rocket used to put a Tiros 
weather satellite into orbit; Australis is 
expected to radiate on 144.050MHz and 
29.450MHz for a number of weeks . . . 

The R.S.G.B. 1.8 MHz Affiliated 
Societies' Contest is due to be held on 
January 10th and 11th between 18.00 
and 22.00 G.M.T. each day . . . This 
season's 1.8MHz "Transatlantic Tests" 
will be continued between 05.00 and 
07.30 G.M.T. on December 28th, 
January 11th and February 1st and 15th 
. . . A Boy Scouts station on the 
Caribbean Island of Anguilla, with the 
callsign VP2EQ, is being operated in the 
14-MHz band ... Indian stations have 
recently been using the special prefix VUO 
instead of VU2 as part of the Ghandi 
centenary celebrations . . . Mike 
Matthews, G3JFF, is operating as a 
maritime mobile station on board the Far 
East flagship H.M.S. London and is 
expected to visit many Far East and 
Pacific areas during the next 15 months. 
. . . The Royal Naval Amateur Radio 
Society, with the callsign G3BZU, 
transmits a monthly Morse pro- 
ficiency test at 19.00 G.M.T. on 
the first Tuesday of each month on 
1.875MHz for practice runs and 3.520 
MHz for speed proficiency tests. 

PAT HAWKER, G3VA 

www.americanradiohistory.com

www.americanradiohistory.com


Wireless World, January 1970 

Electronic Metronome 
An efficient circuit giving a speed range 
of 30 to 240 beats per minute 

by D. T. Smith 

The timing pulses are generated by a 

complementary-pair form of multivibra- 
tor Tr Tr2. Both transistors conduct or 
are cut off together and the conduction 
time can be made a very small part of 
each cycle. The conduction time (about 
10ms) is used to generate the "tick" and 
the off time (0.25 to 2s) the interval 

As this form of multivibrator may be 
unfamiliar to some readers, its operating 
cycle is described. During the conduction 
period the base of Tr, is forward biased 
and therefore held near zero volts, while 
Tr2 is conducting hard and charging C2 

via R, towards +4.5V. The conduction 
period of Tr2 is limited by the time C, can 0 - +4.5V 

R1 
)Tr2 

100k 

`=C3 
2511 

R3 
1k 

Tri 

R5 
330 k Tr3 

Tr4 

x 

Complete circuit of metronome. 

between ticks. This form of multivibrator 
is useful in many applications where 
short pulses, relative to their separation, 
are required. Low frequencies can be 
obtained with relatively low capacitor 
values, and a good range of frequencies 
obtained by varying a single resistor. 

Low -Z 
speaker 

supply enough base current to drive Tr2. 
This time is set primarily by C, and R3. 
When Tr, is cut off R6 and R, pull the 
collector of Tr, down to zero so that the 
charge on C2 gives a negative voltage on 
the base of Tr,. Tr, is thus cut off, and 
no base current flows. The off time is that 

CLOCK GENERATOR 
(1/2 MC799P) 

taken for VR, and Rs to discharge C2 and 
then generate a forward bias at the base of 
Tr, to start conduction. As current starts 
to flow in Tr, it feeds current via R3 and 
C, to the base of Tr2 which in turn feeds 
current via R4 and C2 to the base of Tr, 
and so closes a regenerative feedback loop. 
Both transistors are switched hard on, and 
the cycle is repeated. 

There is no point in having a good 
quality amplifier to drive the loud- 
speaker, so a simple two -stage amplifier 
Tri and Tr4 is used. This is direct 
coupled with both transistors cut off 
when the multivibrator transistors are 
off, and both conducting hard when the 
multivibrator transistors are conducting. 
Any medium- or high -gain silicon planar 
transistors can be used for Tr Tr2 and 
Tri. A medium or high power german- 
ium p-n -p transistor capable of switching 
about 1A- AC128, 0083, 0C25 etc. - 
can be used for Tr4. 

There are no special precautions 
necessary in wiring the circuit, and Vero- 
board is convenient to use. C, should be a 
paper or polyester type and not electro- 
lytic, as variations of capacitance with 
age or leakage would upset the calibration. 
The circuit with loudspeaker and battery 
are fitted in a suitable box. A low value 
variable resistor, say 25 ' , may be 
included in series with the speaker to act 
as a volume control. 

A Digital Christmas Tree 

Using a large number of many coloured 
lamps switched in pseudo-random sequence, 
an elegant and fascinating twinkling 
effect is produced which can be exploited 
by arranging the lamps around a Christ- 
mas tree. In the prototype a 7 -stage shift 
register is used to generate the `M' 
sequence, an exclusive OR gate being used 
to provide feedback to the input from 
stages 6 and 7. The length of the sequence 
is 127 clock periods (2v -1). It is arranged 
that fourteen lamps are controlled by 
transistor switches from the shift register 
stages (7 from the Q and 7 from the Q 
outputs). Transistors can, of course, 
replace the micrologic elements in the 
sequence generator. Small pea lamp bulbs 
(model railway type) are used in the 
original. 

H. N. GRIFFITHS 

E.G+G.F 

r4- 
A 

QA. 

KA QA 

SHIFT REGISTER (4xMC79oP) 

LP 
JF QF 

From register output 

470 

Ground 

C 

4 
Lamp 

VLL(To suit lump voltage) 

2N2926 LAMP 
DRIVER 

CP 

JB Q8 

KB Q8 

411111 

rION111 

Outputs to lamp drivers 

FEEDBACK GATE 
(MC724P) 

Layout for pseudo-random generator. 
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D.C. Bias in Push-Pull Power Amplifiers 
A feedback amplifier controls the working point of a directly coupled 
driver and output pair 
by R. A. Smith 

A bias circuit, conventional to many 
amplifiers, and consisting of d.c. feed- 
back from the collector to the base of the 
driver transistor, is shown in Fig. t. A 
typical practical arrangement is given in 
Fig. 2. However, the circuit is very 
sensitive to changes in the current gain 
of the driver transistor, and hence Rf 
must be adjusted for the particular 
driver transistor used. 

Since the prices of suitable transistors 
are now very low, extra low- current 
transistors in a circuit present no 
problem. Hence a transistor can be used 
whose sole purpose is to stabilize the 
d.c. level of the output. The require- 
ments of this transistor are: - 

(i) High output impedance, so as 
not to shunt the a.c. signal at the base 
of the driver transistor. 

(ii) A positive current gain to ensure 
that the d.c. feedback is negative. (The 
driver transistor changes the sign of the 
signal). 

Its input impedance is not 
important since it is to be driven through 
a filter from the low- impedance output 
of the voltage amplifier, which is 

capable of supplying large currents; i.e., 
its loading effect on the amplifier output 
will be negligible even if the extra 
transistor has a low input impedance. 

In order to satisfy (i), the collector of 
the stabilizer transistor must be con- 
nected to the driver's base ; in order to 
satisfy (ii) a common base circuit must be 
used. For such a transistor to conduct 
at all, it must be of opposite polarity to 
the driver transistor. Also, the a.c. level 
of the output must be filtered from the 
d.c. to prevent excessive a.c. feedback. 
Using a simple RC circuit for this, we 
obtain the arrangement shown in Fig. 3. 

R2 must be chosen so that the potential 
across it is small compared with the 
supply voltage. The current passing 
through this resistor is approximately 
the base current of the driver transistor, 
i.e. t //i multiplied by driver transistor 
collector current which is approxi- 
mately V /2RL/l. 

Thus V » Vr,2 - íR2 -, R2V /2RrII 

ZRc/1 /R2 > I and R2 < 2RL/imtn in the 
worst case. 

With RL as 2kí2, ßmin = 20 and a 
factor 20 for " < ", this gives R, = 4kí2. 

The R2C time constant must be long 
compared with the lowest frequencies 
being used. 

Fig. 4 shows a circuit used as an a.f. 
power amplifier. The values given are 
for a 3 S2 speaker and 25 -V power 
supply. 

Fig. r. Arrangement where driver 
stage Tri controls d.c. level of output 
pair. 

High output impedance amplifier 
With high output impedance amplifiers 
we are trying to drive a current in a load 
irrespective of the potential across it. 
In an inductive load, for example, the 
potential may vary considerably depend- 
ing on the waveform of the input. For 
the output to be at high impedance, the 
drive should be from the collectors of the 

Fig. 2. Typical low- to- med'um power 
output stage. 

Fig. 3. Use of common -base stage to 
control d.c. level of amplifier output. 

-25V 

top. Fig. 4. Practical circuit using p-n -p 
output transistors. 
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(a) 

( b) 

Fig. S. High output impedance power 
stage. (a) Actual configuration, (b) 
Convenient bisection for analysis. 

Fig. 6. Application of bias transistor 
to circuit of Fig. 5. 

transistors, since the currents in these 
are the least sensitive to variations of 
potentials across them. 

To apply feedback, the current in the 
load is passed through a resistor in series 
with the load, as shown in Figs. 5(a) and 
5(b), and hence converted into a voltage 
which is compared with the input 
voltage to the amplifier at the emitter - 
base junctions of one of the driver 
transistors, depending upon which half 
of the circuit is conducting. 

As will be seen from Fig. 5(b) each 
part, upper and lower, is an emitter 
follower across RI; however, the largest 
part of the current in Rf comes from the 
collector of the output transistors (high 
impedance). There is also a small 
current in Rf which flows in the emitter 
of whichever driver transistor is conduct- 
ing and this current is approximately 
the same as the collector current, i.e. 
t /ß times the current through the load in 
series with Rf. 

Rf should be chosen so that the 
maximum current in the load (and hence 
also in Rf) produces a voltage across Rf of, 
say, a tenth of the power supply voltage. 
In this case, there is a maximum potential 
swing of approximately +0.4 of the 
supply voltage across the load, and the 
back e.m.f. of an inductive load must not 
exceed this value if the amplifier is to 
work in its linear region. 

The bias circuit described above can 

+15V 

Load 

Low leakage 
R, St transistor 

C 
1,00 

5k 

+t8V 

Load 

be incorporated in the circuit as shown in 
Fig. 6. 

In a practical circuit, the standing 
current in the output transistors can 
become intolerably large if bias resistors 
are not included as shown in Fig. 7. 
Resistors RA reduce the quiescent 
current of the driver transistors and 
resistors Ru bleed much of the 
remaining driver transistors' current to 
the supply rails rather than through the 
bases of the power transistors. Values 
shown are for an amplifier driving 
0.25A into an inductive load; it was 
for driving the scan coils of a mag- 
netically deflected c.r.o. 

More Announcements 
(see also p.19) 

Hewlett -Packard Ltd have installed a £20,000 
patient monitoring system at Walsgrave 
General Hospital, Coventry. The system 
includes a cardiac catheterization unit, bedside 
monitors for coronary care, defibrillator 
trolleys and two nurse's central stations. 

Pye Telecommunications Ltd, has received 
contracts worth £575,000 for radio telephone 
equipment to be supplied to Government 
departments. The orders indude u.h.f. fixed 
and mobile fat. equipment for airports, v.h.f. 
motorcycle and personal transmitter /receivers, 
and v.h.f., h.f. and m.f. marine 
transmitter /receivers. 

STC Mobile Radio Telephones Ltd has been 
awarded a contract valued at approximately 
£700,000 by the Home Office for the supply 
of several thousand mobile a.m. radio 
telephones for police use. 

Plessey Electronics Group has received an 
order from the North of Scotland 
Hydro-Electric Board for the supply of radio 
relay equipment. Operating in the 1500MHz 
band, the equipment will link the Board's 
head office in Edinburgh with its main control 
room at Port -na- Craig, Pitlochry, and 
communications centres at Burghmuir, Perth 
and Tealing near Dundee. 

A telecommunications project. A contract 
5k worth £1.4M has been awarded to S.T.C. by ? ?? 

the Ministry of Posts, Telegraphs and 
Telephones of Kuwait for the provision of a 
number of broadband microwave and coaxial 
cable links from Basra, Iraq, into the 
telecommunications centre at Kuwait City. 

5k 

Fig. 7. Modification of the previous circuit to limit standing current in the output stage. 

Microwave Associates Ltd, have announced 
an agreement whereby they will provide a 
complete marketing service for the products of 
Microwave Semiconductor Corporation, 
Somerset, New Jersey, U.SA. 

Electron microscopes worth more than S 1M 
have been ordered from AEI Scientific 
Apparatus Ltd for the United States and 
Canada. These orders have been placed by 
Picker Nuclear, the company's associates in 
the United States. 
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1970 U.K. Conferences 
and Exhibitions 

Further details are obtainable from the addresses in parentheses 

LONDON 
Jan. 19 -23 Bloomsbury Centre Hotel 

American Data Communications 
Equipment 
(U.S. Embassy, Grosvenor Sq., London 
W1A 1AE) 

Mar. 2 -5 Alexandra Palace 
Physics Exhibition 
(I.P.P.S., 47 Belgrave Sq., London S.W.1) 

Mar. 10-12 Camden Town Hall 
Sound '70 International 
(Association of Public Address Engineers, 
394 Northolt Rd., South Harrow, Middx.) 

Mar. 17 -19 Savoy Place 
Electrical Methods of Machining, 
Forming and Coating 
(I.E.E., Savoy Pl., London W.C.2) 

Apr. 8 -15 Earls Court 
Electrex '70 
(Electrical Engineers A.S.E.E. Exhibition, 
Museum St., London W.C.11 

Apr. 13 -16 University College 
Atomic and Molecular Physics 
(LP.P.S.. 47 Belgrave Sq., London S.W.11 

Apr. 23 -26 Skyway Hotel 
High Fidelity Exhibition 
(Federation of British Audio, 49 Russell Sq., 
London W.C.1) 

Apr. 28 & 29 Royal Garden Hotel 
Microelectronics Conference 
(Business Conferences & Exhibitions, 
Mercury House, Waterloo Rd., L.oódon S.E.1) 

May 4 -7 Royal Festival Hall 
London Engineering Congress (LECO 70) 
(Council of Engineering Institutions, 
2 Little Smith St., London S.W.1) 

May 5 -15 Earls Court 
Mechanical Handling Exhibition 
(Biffe Exhibitions, Dorset House, Stamford St., 
London S.E.I) 

May 11 -13 Middlesex limp. Med. School 
Television Measuring Techniques 
(I.E.R.E., 8 -9 Bedford Sq., London W.C.1) 

May 11 -16 Olympia 
Instruments, Electronics & 
Automation Show 
(Industrial Exhibitions, 9 Argyll St., 
London W.1) 

May 19 -21 Savoy Place 
Signal Processing Methods for 
Radio Telephony 
(1.E.E., Savoy Pl., London W.C.2) 

June 9 -11 Savoy Place 
Electrical Interference in Instrumentation 
(I.E.E., Savoy Pl., London W.C.2) 

July 13 -17 Olympia 
Ships' Gear International Show 
(Brintex Exhibitions, 3 Clements Inn, 
London W.C.2) 

Sept. 7-11 Grosvenor House 
International Broadcasting Convention 
(International Broadcasting Convention, 
Savoy Pl., London W.C.2) 

Sept. 15 -18 Olympia 
Bio- Medical Engineering Exhibition 
(U.T.P. Exhibitions, 36-37 Furnival St., 
London E.C.4) 

Sept. 15 -IS Savoy Place 
Electrical Discharges in Gas 
(I.E.E., Savoy PI., London W.C.2) 

Sept. 29 -Oct. 2 

Trunk Telecommunications by 
Guided Waves 
(I.E.E., Savoy Pl., London W.C.2) 

Oct. 15 -21 
Audio Festival & Fair 
(International Audio Festivals and Fairs, 
42 Manchester St., London W.1) 

BANGOR 
July 6 -10 

Microwave Spectroscopy 
( I.P.P.S., 47 Belgrave Sq., London S.W.1) 

Savoy Place 

Olympia 

University College 

BIRMINGHAM 
Apr. 14 -16 

Automatic Test Systems 
( 1.E.R.E., 8 -9 Bedford Sq., London W.C.1) 

The University 

BRIGHTON 
Mar. 2 -6 

Engineering Design Show 
(Business Conferences & Exhibitions, 
Mercury House, Waterloo Rd., London S.E.1) 

Exhibition Halls 

CAMBRIDGE 
Mar. 19 -22 Churchill College 

Television Tomorrow 
(Royal Television Society, 166 Shaftesbury Ave., 
London W.C.2) 

CRANFIELD 
Mar. 23 -26 College of Aeronautics 

Aerospace Instrumentation Symposium 
(N. O. Matthews, Dept. of Flight, College of 
Aeronautics, Cranfield, Beds.) 

EDINBURGH 
Mar. 17 -20 The University 

Management and Economics in the 
Electronics Industry 
(D. J. T. Williams, Ferranti Ltd., Ferry Rd., 
Edinburgh 5) 

HARWELL 
Apr. 2 -3 A.E.R.E. 

High Voltage Electron Microscopy 
(I.P.P.S., 47 Belgrave Sq., London S.W.1) 

MANCHESTER 
Jan. 6 -8 The University 

Solid State Physics 
(I.P.P.S., 47 Belgrave Sq., London S.W.1) 

Feb. 23 -27 Belle Vue 

Labe: Northern 
(U.T.P. Exhibitions, 36-37 Furnival St., 
London E.C.4) 

May 19 -22 Belle Vue 
Industrial Training Exhibition & 

Symposium 
(John Clarke (P.R.) Ltd., St. James House, 
44 Brazennose St., Manchester 2) 

OXFORD 
Apr. 6 -1 1 The University 

Biological Engineering Conference 
(J. Gasking, Dept. of Pharmacology, 
St. Bartholomews Hospital Medical School, 
Charterhouse Sq., London E.C.1) 

Wireless World, January 1970 

Sept. 14 -16 The University 
Photo-electron Spectroscopy 
(I.P.P.S., 47 Belgrave Sq., London S.W.1) 

READING 
Apr. 6 -8 The University 

Thin Films Conference 
( I.P.P.S., 47 Belgrave Sq., London S.W.1) 

Apr. 15 -17 The University 
Defects in Semiconductors 
( I.P.P.S., 47 Belgrave Sq., London S.W.1) 

TEDDINGTON 
Feb. 25 -26 

Trends in Diffusion Conference 
( I.P.P.S., 47 Belgrave Sq., London S.W.1) 

N.P.L. 

UXBRIDGE 
Apr. 14 -16 Brunel University 

Computer Graphics International 
Symposium 
(R. Elliot Green, Brunel University, 
Uxbridge, Middx.) 

Overseas 
JANL ARY -APRIL 
Jan. 14 -16 Honolulu 

System Sciences Conference 
(Dr. R. H. Jones, 2565 The Mall, University 
of Hawaii, Honolulu, Hawaii 96822) 

Jan. 20 & 21 Chicago 
Soldering Technology Seminar 
(W. R. Dunbar, Grover M. Hermann Hall, 
Illinois Inst. of Technology, 3241 S. Federal St., 
Chicago, Illinois 60616) 

Feb. 6 -11 Paria 
Audiovisual Techniques, Electroacoustics 
& Electronics Show 
(Fed. Nat. des Ind. Electroniques, 
16 rue de Presles, Paris 15) 

Feb 16-19 lampa Fia. 
Computer -Aided Circuit Optimization 
(Dr. G. W. Zobrist, Dept. of Elect. Eng., 
University of South Florida, Tampa, 
Florida 33620) 

Feb. 18 -20 Philadelphia 
Solid -State Circuits Conference 
(I.E.E.E., 345 E. 47th St., New York, 
N.Y. 10017) 

Feb. 24 -Mar. 5 'lampa, Fla. 
Applied Communication Systems Analysis 
(Dr. G. W. Zobrist, Dept. of Elect. Eng., 
University of S. Florida, Tampa, Fla. 33620) 

Mar. 5 -10 Pans 
Audio Festival 
(Fed. Nat. des Ind. Electroniques, 
16 rue de Presles, Paris 15) 

Mar. 11 -13 Washington 
Scintillation and Semiconductor 
Counter Symposium 
(Louis Costrell, Radiation Physics Inst. Section, 
N.B.S., Washington, D.C. 20234) 

Mar. 18 -21 Nairobi 
Electro 70 Show 
(Electronics Institution of East Africa, 
P.O. Box 9690, Nairobi, Kenya) 

Apr. 3 -8 Paris 
Electronic Components Show 
(Fed. Nat. des Ind. Electroniques, 
16 rue de Presles, Paris 15) 

Apr. 6 -10 Paris 
Advanced Microelectronics Conference 
(Fed. Nat. des Ind. Electroniques, 
16 rue de Presles, Paris 15) 

Apr. 14 -17 Washington 
Geoscience Electronics Symposium 
(I.E.E.E., 345 East 47th St., New York, 
N.Y. 10017) 

Apr. 21 -24 Budapest 
Microwave Communication Colloquium 
(Microcoll -Technica Hiza Budapest, 
V. Szabadsag tir 17, Hungary) 

Apr. 27 -29 Atlantic City 
Frequency Control Symposium 
(Electronic Components Lab., U.S. Army 
Electronics Command, Fort Monmouth, 
New Jersey 07703) 
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New Products 

General Purpose Audio 
Amplifier 
The Elcom GPA general purpose amplifier 
module- available in two different supply 
voltage versions -is a low -power high - 
quality amplifier intended for rack mounting 
and capable of driving a speaker to 4W 
mean power. Output is unbalanced, but an 
external transformer is available for 
balanced loads. Power supplies required are 
50V for the GPA50 and 24V for the 
GPA24. The a.c. coupled output has an 
impedance of 7.5 ' ) (GPA24) and 15 

(GPA50). The transformer coupled output 
has an impedance of 3 ,!, 7.5 ' and 15 'P 
for both voltage versions. At 4W output, 
sensitivity is quoted as 20dBm maximum, 
noise level 100dB, and distortion 0.3% 
(GPA24) and 0.1% (GPA50). Frequency 
response from 30Hz to 20kHz is within 
± 1dB, and the amplifier is provided with 
remote or local gain control facilities. 
Elcom (Northampton) Ltd, Weedon Road 
Industrial Estate, Northampton. 
WW 310 for further details. 

Auto -range Digital 
Voltmeter 
The SM 212 /C digital voltmeter from 
S.E. Laboratories is designed specifically 
for data logging and the automatic testing 
d equipment systems. Selecting "auto" on 

the front panel gives complete automatic 
continuous monitoring over the full range 
of the instrument (from 10ÁN to 1kV1. 
The instrument up- ranges at a reading of 
9,000 and down -ranges at a reading of 800. 
All control switches are front -mounted 
push- buttons. As well as having automatic 
selection, the instrument's ranges can be 
selected manually by five push- buttons, 
and remote ranging for external program- 
ming via the B.C.D. output socket. Maximum 
resolution is 10 uV, input impedance 
> 1000M S2 on direct ranges, and accuracy 

±0.01%. Reading rate is 25 per sec. 
synchronized to mains frequency. Series - 
mode rejection is > 60dB without filter, 
and common -mode rejection > 140dB. 
S.E. Laboratories (Engineering) Ltd, North 
Feltham Trading Estate, Feltham, Middx. 
WW 315 for further details. 

Turns -counting Dial 
R. C. Knight Ltd introduce a range of turns - 
counting dials for use with multi -turn poten- 
tiometers. The model 33 -30 illustrated can be 
used on 10-, 20 -, or 30 -turn potentiometers. 
Mating with the potentiometer shaft is accom- 

plished using a tapered collet arrangement. 
Small quantities of up to 100 off are available 
from stock and prices range from 41s 9d to 47s 
3d each, depending on the quantity ordered. 
R. C. Knight Ltd, 20 Solent Avenue, Lyming- 
ton, Hants. 
WW 336 for further details 

Constant -current 
Power Sources 
Direct currents as small as 1 ,A and as 
large as 500mA are supplied with extreme 
accuracy by two constant -current power 
sources- models 6177B and 6181B- 
from Hewlett- Packard. Current regulation 
is such that the output current changes 
less than 25 p.p.m. (± 5 p.p.m: of range 
setting) with a load change that swings the 
output voltage from zero to maximum. 
Current- setting and voltage- limiting controls 
are independent and can be preset before the 
load is connected. Maximum output for 
Model 6177B is 500mA, with voltage 
limiting continuously adjustable between 
0 and 50V. Model 6181B has a maximum 
output of 250mA with 0-100V limiting. 
Current output is selected with high 
resolution (0.2% of range) by a 10-turn 
control and 3- position x 10 range switch. 
Either of the floating output terminals may 

be grounded to provide current of either 
polarity. For systems use, these instruments 
can be programmed by either external 
voltage or resistance changes. Extremely 
high output impedance is maintained without 
use of reactive elements, resulting in fast 
programming speed: 500 s from 0 to 99% 
of programmed output. Hewlett- Packard Ltd, 
224 Bath Road, Slough, Bucks. 
WW 316 for further details 

Light -emitting Diode 
The MV50 from Monsanto, is a diffused 
planar gallium arsenide phosphide light - 
emitting diode which peaks at 6,500A. It can be 
used in place of incandescent lamps as small as 
the T3 /4 size. The life -time of the unit is said 
to approach 100 years. Light output is 750ft 
lamberts with a forward current of only 
20mA. Turn -on time is Ins. The MV50 is 
available in the U.K. from Semiconductor 
Specialists Inc, Airpark House, 127 Station 
Road, West Drayton, Middx. 
WW 330 for further details 

Electromyograph 
Isleworth Electronics have developed an 
electromyograph suitable for use in clinical 
medicine practice. The type 7 Electromyo- 
graph is a solid -state design, with plug -in 
units. Four plug -in positions are provided: 
two amplifiers, a timebase and a stimulator. 
Two types of amplifier are available -a 
single channel and double channel. With 
various combinations, between two and four 
signals may be displayed simultaneously on 
the cathode -ray tube. Each channel carries 
its own built -in calibration signal. Com- 
prehensive camera recording facilities are 
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provided by a second cathode -ray tube at 
the rear of the instrument. The remote 
cable -operated camera shutter is synchronized 
electrically with the machine. Five modes 
of operation are possible: single sweep, 
continuous, superimpose, scan, and 
autograph. All modes are electrically 
interlocked to prevent overlapping exposure. 
Film wind -on after each exposure is auto- 
matic. Outputs are provided for data recorder, 
external loudspeaker (to supplement the 
unit's own internal sound channel), and trigger 
pulses to synchronize peripheral equipment. 
Isleworth Electronics, Frederick Street, 
Waddesdon, Bucks. 
WW 320 for further details. 

Binary Ladder Networks 
Morganite Resistors have produced two binary 
ladder networks. Model 215 is an eight -bit 
high -speed ladder with a standard resistance of 
10k S2 in the binary R -2R configuration. Set- 
tling time is less than 100ns with a maximum 
output voltage ratio error of - 0.25 bit over 
the temperature range -55 to + 125 °C. Three 
application resistors, ratioed to the ladder, are 
also included for bipolar operation and ampli- 

fier summation. Model 213 is a 10 -bit binary 
resistor array designed to be compatible with 
the Fairchild uA 722 current source for D/A 
and A/D applications. Resistance values cor- 
respond directly with those specified on the 

A 722 data sheet. The resistance tempera- 
ture coefficient is 0 to -200 p.p.m. / °C with 
resistance tolerance of T 2`4 over the temper- 
ature range - 20 to + 85 °C. Morganite Resis- 
tors Ltd, Bede Industrial Estate, Jarrow, Co. 
Durham. 
WW 334 for further details. 

Analogue Computer 
Teaching System 
Analogikit is a system which combines 
digital and analogue techniques and is 

intended for the designer, technician and 
university graduate. The equipment 
includes operational amplifiers, feedback, 
summing, scaling and initial condition 
elements. An introductory handbook explains 

the arithmetical aspects of summing, scaling 
and integration with simple illustrative 
experiments leading to the construction 
of differential equations with practical 
examples of simulated systems. An advanced 
book deals with the mathematical aspects 
for degree course students. A complete 
teaching kit for analogue work, including 
a mounting deck with power supplies, 
costs £165 in the U.K. Feedback Ltd, Park 
Road, Crowborough, Sussex. 
WW 308 for further details. 

Automatic Counter 
All models in the Dana series 8100 auto- 
matic counters measure frequencies from 
0.05Hz to 50 MHz d.c. coupled) and 
5Hz to 50MHz a.c. coupled, but models 
8120, 8130, 8124 and 8134 have an 
additional a.c. coupled range from 10 MHz 
to 500MHz. Models 8110, 8130, 8114, 
8134 have a facility for time interval 
measurement in the range 0.1 s to lOs (up 
to 100s as an option. When using one of 
these automatic counters, all that is 

necessary is to connect the input signal, 
and set an input voltage range switch to 

PRESET. The remainder of the measurement 
process is then controlled by computer 
logic. Automatic resolution during the reading 
time is effected, and decimal points and units 
are automatically indicated. In one second, 
reading accuracy approaches ±2 X 10', 
It is claimed the accuracy of the 8100 is 

better without operator adjustment than 
that of a manually controlled counter 
which requires function selection and period - 
to-frequency calculation. Dana Electronics 
Ltd, Bilton Way, Dallow Road, Luton, 
Bedfordshire. 
WW 305 for further details. 

32 -MHz Counter 
The GR 1192 counter measures time inter- 
vals, frequency and period from d.c. to 
32MHz to a resolution of 0.1 Ns, and fre- 
quency ratio. If the 1157 -B scaler is used, 
the frequency range can be extended to 

500MHz. Models are available with 5, 6 or 
7 digit presentation. When measuring fre- 
quency from d.c. to 32MHz, the counting 
gate times are 100µs to 10s, and Hz, kHz 
and MHz can be displayed with positioned 
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decimal point. Accuracy is ± 1 count 
± time base accuracy. The stability of the 
10MHz time base is less than ± 2 parts in 10-" 

per month. Measurement of period is limited 
by the digit presentation and is up to 100s, 
lOs and is in the 7 -, 6- and 5-digit models, 
respectively. Single and multiple periods up 
to 10' are covered, and time periods can be 

displayed in ms, µs and ns with positioned 
decimal point. The ratio of two frequencies, A 

and B, can be measured from 1 to 10'. 
Frequency A from d.c. to 32MHz is measured 
over 1 to 10` periods of frequency B, 50Hz to 
10MHz. Trigger error in time measurements is 

defined at ± 0.3% of one period divided by 

the number of periods averaged for a 40dB 
input signal -to-noise ratio, and assumes no 
noise internal to the counter. For input 
signals of extremely high signal -to-noise 
ratio, the trigger error in µs is less than 
0.0003 divided by the signal slope in V /µs. 
Price of the three models is D26 (5 digit); 
082 (6 digit) and £437 (7 digit). General 
Radio Company (U.K.) Ltd, Bourne End, 
Buckinghamshire. 
WW 303 for further details. 

3mm Jack Receptacle 
Sealectro have developed a 3mm s.r.m. 
series jack receptacle which prevents r.f. 
radiation. Designated part number 

50- 6454520 -31, the receptacle is con- 
structed of gold plated stainless steel, 
Teflon, and gold -plated beryllium copper. 
It meets all requirements of MIL-C -39012 
regarding contact and dielectric torque and 
captivation. R. F. Components Division, 
Sealectro Ltd, Walton Road, Farlington, 
Portsmouth, PO6 1TB. 
WW 317 for further details. 

DC/DC Converters 
A range of d.c. /d.c. converters for changing 
an available low d.c. voltage (between six 

and sixty volts in multiples of six volts) to 
a much higher d.c. voltage is available from 
Plessey. General use of the component is 

in transistor instruments incorporating a 

cathode -ray tube for display purposes. 
Normal voltages up to 8kV with power up to 
0.5W are available in the unit size of 
12.7 x 5.1 X 3.8cm, and ranging up to 
10kV and 2W in a unit measuring 
13.4 X 5.9 X 4.5cm. Plessey Wound Corn - 
ponents Division, Titchfield, Hants. 
WW 321 for further details. 

Portable Instrumentation 
Recorder 
A portable instrumentation magnetic tape 
recorder, especially designed for use by non - 
skilled personnel, has been introduced by 
Bell & Howell. Suitable for a wide range of 
industrial and research applications, the 
VR -3200 is available in both 4 -track and 
6 -track versions with speed ranges of 
18 to 15 i.p.s. and 31 to 30 i.p.s. respec- 
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tively. Both versions use ¡in tape on a 10 #in 
diameter standard N.A.B. spool. F.M. 
circuitry gives a frequency response of 
d.c. - 10kHz at 30 i.p.s. with a signal - 
noise ratio of 44dB. Recording and playback 
are possible at any speed, the correct centre 
frequency and filter being automatically 
selected from the tape transport speed 
selection switch. Peak detection monitor 
meters are fitted which enable the correct 
modulation to be adapted for any input 
signal level in the range 100mV to 30V. A 
test facility is incorporated to allow setting 
up without running tape. Operation is from 
230V a.c. (50Hz). A remote control unit is 
available as an optional extra. Price from 
D,456. Bell & Howell Ltd, Consolidated 
Electrodynamics Division, Lennox Road, 
Basingstoke, Hants. 
WW 325 for further details. 

Marine Communications 
Receiver 
Marine general- purpose /s.s.b. communica- 
tions receiver type R551, from Redifon, is 
designed to meet the British Post Office 
specification and international requirements for 
a ship's main and s.s.b. receiver. All-solid- 
state it provides unbroken frequency 
coverage from 60kHz to 30MHz. It incor- 
porates a frequency synthesizer as well as 
continuously variable of "free" tuning. 

Frequency of the basic receiver is set on 
three in -line direct- reading decade dials 
which select the digits for MHz tens, 
MHz units and kHz hundreds (e.g. 27.2MHz). 
The tuning process is then completed by 
a continuously variable control which 
sweeps a range 100kHz wide. This control 
is geared to a counter in the same line as the 
decade dials to give a direct read -out of 
frequency down to 100Hz (e.g. 27.2796MHz, 
or 27,279.6kHz). Complete frequency 
synthesis, using the ARU11, provides the 
additional decades to enable operators to 
select precisely the digits for kHz tens, 
kHz units, and Hz hundreds. This permits 
immediate direct setting of known frequencies 
down to increments of 0.1kHz, with instant 

switch selection of free tuning or of com- 
plete synthesis. Another feature is a 
dynamic range of over 120dB. This accom- 
modates a correspondingly wide variation 
in levels of input signals. The use of two 
inter -coupled a.g.c. systems enables the 
R551 to receive wanted signals at sensibly 
constant level despite adjacent unwanted 
signals. A high degree of front-end pro- 
tection, independent of whether the receiver 
is switched on or off, permits the R551 to 
be installed and operated in close proximity 
to high -power transmitters. Redifon Ltd, 
Broomhill Road, London S.W.18. 
WW 312 for further details. 

S.S.B. Manpack 
The TRA.6929 Minical s.s.b. manpack from 
Racal -BCC has a power output of 1W p.e.p. 
and six operating channels covering fre- 
quencies from 2 to 7MHz or 2.6 to 9MHz. 
Complete with batteries, handset, aerial 
and haversack, the manpack measures 
190 X 76 X 210 mm and weighs 3.6 kg. 

Intended for military use, Minical has been 
specifically designed for simplicity of opera- 
tion with a minimum number of controls. 
Changing channel takes only a few seconds, 
and it is claimed that unskilled operators are 
able to use it after a few minutes instruction. 
Tuning is effected with the aid of an internal 
noise generator. By this means, the possibility 
of radiation during tuning is avoided. The 
manpack operates from either U2 /D type dry 
cells or rechargeable NiCad cells. If required, 
a vehicle 12V supply can be used to power 
the manpack or for recharging the NiCad 
cells. Racal -BCC Ltd, Western Road, Brack- 
nell, Berkshire. 
WW301 for further details 

R.F./U.H.F. 
Millivoltmeters 
Millivac r.f. millivoltmeters types MV -828A 
and MV -928A are solid -state instruments 
with full -scale ranges from lmV to 3V, 
extended to 300V by a capacitative divider. 
Frequency range is 10kHz to 1,200MHz. 
Both instruments operate on 115/230V, 
50 -450Hz supplies, whilst the MV -928A 
also operates on internal nickel -cadmium 
batteries and has a built -in battery charger. 
Features of the instruments include tem- 
perature- compensated probe with replacement 
diode cartridge and recorder output. Avail- 

able through Millivac's U.K. agents, 
Lyons Instruments Ltd, Hoddesdon, 
Hens, the MV -828A is priced at 037 lOs 
and the MV -928A at 087 10s. (Duty free). 
W W 326 for further details. 

Integral -cycle Zero -voltage 
Switch 
The CA3059 integral -cycle zero-voltage 
switch is contained within a 14 -lead dual 
in -line plastic package and operates direct 
from the a.c. line. This RCA device is 
capable of driving triac gates directly, and 
by providing a triac gating signal at zero- 
voltage crossings minimizes r.f. inter- 
ference. A fail-safe circuit is incorporated 
to guard against an accidentally opened or 
shorted sensor, and an optional output 
control is available. Electrical characteristics 
include; d.c. gate -trigger current of 40mA 
for VGT of 3V and RGT of 70 SA gate -trigger 
pulse width of 80 us before and after 'O' for 
Cx = 0; a gate -trigger pulse width of 20uß 

before '0' and 17Ous after '0' for C x 

of 0.015M F; an on-off accuracy of 1% and 3i4 
for sensors of 5ka and 100kL2, respectively. 
RCA Ltd, Sunbury=on- Thames, Middlesex. 
WW 309 for further details. 

Dual -trace 10 -MHz 
Oscilloscope 
The D54 is a solid -state -circuit oscilloscope. 
Intended for general purpose laboratory 
and production line testing applications the 
Telequipment D54 solid -state oscilloscope 
has a vertical amplifier bandwidth of d.c. 
to 10 ;MHz within - 3dB when d.c. coupled, 
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and 2Hz to 10MHz within -3dB when a.c. 
coupled. A 12- position frequency compen- 
sated input attenuator calibrated direct in 
V /cm can be set for sensitivities of 10mV /cm 
to 50V /cm in a 1 -2 -5 sequence. The range 
of timebase sweep speeds is 200ns/cm to 
2s/an covered in 22 calibrated steps. A 

variable uncalibrated control provides 
continuous overlap between steps and reduces 
slowest sweep speed to approximately 5s/cm. 
The D54 can be operated in the following 
four modes: channel 1 only; channel 2 only; 
alternate during which the input to the 
vertical output amplifier is synchronously 
switched between channel 1 and channel 2 
during flyback; and chopped during which the 
input to the vertical output amplifier is 
continuously switched between channel 1 

and channel 2 at approximately 100kHz. 
Telequipment Ltd, 313 Chase Road, 
Southgate, London N.14. 

WW 302 for further details. 

Over -voltage 
Protection Unit 
New from Il] is an over -voltage protection 
unit designed to give semiconductor devices 
protection against voltage surges of 1 us or 
greater duration. The unit employs a 

reference amplifier and variable potential 
divider to sense applied voltage. The trip 
point is continuously variable between 
4.5 and 60V, with resolution better than 
0.1V. An excess voltage triggers a crowbar 

s.c.r. across the supply. In the event of 
a fault the unit will handle 500A peak - 
250A mean half cycle. Provision is made for 
limiting the surge current to lower values if 
desired. Connected across the two supply 
terminals, the unit takes less than IOmA 
drain at all voltages. The unit is compact - 
approximately 65 X 40 X 50mm. Access 
to the voltage adjustment potentiometer is 

through a hole adjacent to the terminals. 
The unit will operate in an ambient tem- 
perature range from -40° to +65 °C. 
ITT Components Group Europe, Rectifier 
Product Division, Edinburgh Way, Harlow, 
Essex. 
WW 319 for further details. 

Colour Monitor Calibrator 
The Grafikon calibrator is a hand -held optical 
instrument that enables the white point of a 
colour monitor or receiver to be visually set. 
The instrument is offered up to the tube face 
and the monitor controls are adjusted to make 
the colour picture match the instrument's 
reference colour. The comparison between the 
monitor and the reference is seen in a Lum- 
mer Brodhun photometer cube. The reference 
colour is obtained from a tungsten halogen 
lamp and glass filter and is diffused to form a 
very even reference field. The lamp current is 
electronically stabilized to ensure that its col- 

our is the same each time it is switched on 
while the tungsten halogen cycle in the lamp 
maintains its long -term colour stability. A 

mechanical iris is incorporated to adjust the 
brightness of the reference field to any grey 
scale step. This ensures that the reference 
colour remains the same for all values of 
brightness. Grafikon Engineers Ltd, 75 South 
Western Road, Twickenham, Middx. 
WW 331 for further details. 

Transportable Insulation 
Tester 
Miles Hivolt offer a transportable insulation 
test set for measuring leakage currents 
down to 0.01 A at up to 30kV d.c. It can 
be driven from the mains or from recharge- 
able 24V batteries which give four hours' use 
at full load, the equivalent of many days' 
normal use. Mains input is 100 -125V or 
200 -250V at 45 -66Hz. The output voltage 
is available in two ranges 0.5 -5kV and 
3 -30kV. The output voltage is measured at 
two ranges 5kV and 30kV with full -scale 
deflections. Maximum output current is 

200 A at full voltage with higher currents 
at lower voltages. The equipment weighs 
11.5kg with either battery or mains power 
unit fitted. Miles Hivolt Ltd, Riverbank 
Works, Old Shoreham Road, Shoreham -by- 
Sea, Sussex. 
WW 313 for further details. 

40 -MHz Counter/Timer 
A solid -state 40-MHz counter /timer, the 
TF2414A, with 10mV sensitivity is avail- 
able from Marconi Instruments. Advantages 
include time interval measurement down 
to 1 Us, period and multi -period measurement, 
1M ' input impedance and display memory. 
Direct frequency measurement is provided up 
to 40MHz. A special version TF2414A/2M 
is designed for use with the M.I. frequency 
converters (TF2400 series) which extend 
the frequency range up to 500MHz. 
Another version, TF2414A/1 provides a 
printer output facility supplying a 1 -2-4 -8 
b.c.d. output code for each digit displayed. 
Stability and accuracy are determined by 
an oven -controlled crystal oscillator. 
Circuits incorporate discrete and integrated 
silicon semiconductors on plug -in printed 
boards. The display memory maintains the 
readout while the count is in progress, 
thus giving a continuous coherent readout. 
The crystal oscillator has stability of 
typically 1 X 10-6 over three months and 
temperature co-efficient of +5 X 10 ' 
per °C. A standard frequency output is 

available from the internal reference 

. ® g'° 
' 
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oscillator through a front panel socket over 
a range from 0.1Hz to 1MHz (selected by 
the range switch). Price Cß98 f.o.b. 
U.K. Marconi Instruments Ltd, Longacres, 
St. Albans, Herts. 
WW 311 for further details. 

Add -on Transmitter 
Amplifier 

A wideband untuned solid -state linear trans- 
mitting amplifier covering the frequency range 
2- 30MHz, intended as an add -on unit to a 

low -power transmitter /receiver such as a pack - 
set, has been developed by The M.E.L. Equip- 
ment Company Ltd. It has an output of 100W 
p.e.p. and is designed for a transmitter, the 

output of which is not less than 5W p.e.p. It 
operates from d.c. supplies of 10-30V without 
need for voltage adjustment. The power sup- 
ply is self- contained, and provides a sup- 
plementary output of 20W at 24V d.c. for the 
associated packset. It is sealed, operable at 
ambient temperatures from - 15°C to + 55 °C 
and meets the durability requirements of 
DEF 133 (L3). Designated type BA.1013 /01 
the amplifier measures 310mm wide by 
300mm deep by 116mm high. The M.E.L. 
Equipment Company Ltd, Manor Royal, 
Crawley, Sussex. 
WW 335 for further details. 

Educational oscilloscope 
An oscilloscope, Mitre type EA0699 -1, 
intended for use in schools, in service 
workshops and in other equipment as a 

built -in monitor, has a Y bandwidth of d.c. 

to 100kHz. The instrument costs ,24. 10s. 
(discount for schools) and features a Y 

sensitivity of approximately 100mV /cm at 
maximum gain with full Y shift. The time - 
base range covers approximately 100ms/cm 
to 1fps/cm and is automatically synchronized. 
The X input required is 1V/cm with full X 
shift when the timebase is switched off. 
Flyback suppression and access to Y plates 
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are also featured. Power supply required 
is 25W at 200 to 250V, 50 to 60Hz. Mitre 
Electronic Products, 22 Powis Terrace, 
London W.11. 
WW 304 for further details. 

Broad -band 
Travelling -wave Amplifier 
The 'l'WS23 travelling -wave amplifier from 
the M-0 Valve Company has an output 
of greater than 10W flat to better than 
3dB and at a gain of at least 26dB in the 
frequency range 2.0 to 4.0GHz, whilst, by 
adjusting helix voltages, it is possible to 

(.5 

obtain power outputs of over 20 watts at 
spot frequencies. The tube is packed in a 
permanent magnet focusing mount, and 
r.f. coupling is by means of a type N 50 
connector. Cooling may be by either con- 
duction or convection, according to 
specification. The M-0 Valve Co. Ltd, 
Brook Green Works, London W.6. 
WW 322 for further details. 

F.E.T -input Op. Amp. 
Advance Industrial Electronics have available 
a low -cost general purpose Zeltex operational 
amplifier, Model 134D which can be used in 
differential, inverting and non -inverting cir- 
cuits. Typical voltage drift is 50 N / °C. Typ- 
ical input bias current is 50pA. Initial offset 
voltage can be adjusted to zero with an exter- 
nal potentiometer. The unit is short -circuit 
proof to ground The amplifier housed in a 

plastic /epoxy case can be mounted directly on 
a p.c. board or plugged into a mating connec- 
tor. Specification includes an output of 
± V at 4mA, a d.c. gain of 50,000, and a gain/ 
bandwidth product of 1.3 MHz. Frequency at 
full output is 100kHz. The slew rate is 
6V/ s and operating temperature -25 to 
+85 °C. Price is £8 5s. Advance Institute Elec- 
tronics, Raynham Road, Bishops Stortford, 
Herts. 
WW 333 for further details 

V.L.F. Third -octave 
Analyser 
AIM Electronics have announced a third - 
octave frequency analyser (TOF 260A) with 
a frequency range extending from 0.5Hz 
up to 100kHz and covering any eight octaves 
in this frequency range. The octaves 

covered are pre -set to customer requirements. 
The unit consists of twenty -four filters, 
each covering one -third of an octave, 
designed in accordance with BS2475:1964 
(which recommends centre frequencies and 
equivalent bandwidth of the filter elements). 
Each filter may be attenuated by 0-100% 
by adjustment of a ten -turn calibrated 
potentiometer. The outputs from all the 
filters are combined at the output socket. 
Thus any combination of filters may be 
selected by adjustment of the attenuators. 
Typical applications include extraction of 
third -octave information from unknown 
waveforms and simulating the characteristic 
noise of any low- frequency excitation 
(e.g. vibrations) by selective filtering of 
white noise. Price £600. AIM Electronics 
Ltd, Bar Hill, Cambridge, CB3 8EZ. 
WW 323 for further details. 

Transistor Amplifier 
for 1 -2 GHz 
Electro/Data Inc. have developed a broad- 
band transistor amplifier for the range 
1 to 2 GHz. The new amplifier, designated 
Model A -12, has a 15dB gain response 
from 1 to 2 GHz with greater than 10dB 
of gain from 700 MHz to 2.2 GHz. The 

amplifier's noise figure is 6dB typical with 
a maximum value of 8dB. It has miniature 
50 ) input and output connectors and a 
shielded d.c. bias input. A single, negative 
12V, 14mA source is required for biasing. 
Two or more units can be cascaded to 
provide increased gain, with minor changes 
in passband ripple and bandwidth. The 
amplifier has linear gain for output signals 
up to - 10dBm. Electro/Data Inc., 1621 
Jupiter Road, Garland, Texas 75040, 
U.S.A. 
WW 314 for further details. 

Modulation Meter 
Type 785 modulation meter from Dymar is a 

solid -state instrument for the measurement 
of the depth of modulation in a.m. trans- 
mitters or the frequency deviation in the case 
of f.m. transmitters. It is specifically 
designed for narrow deviation transmitters 
in mobile and portable v.h.f. radiotelephones, 
the most sensitive deviation range being 
3kHz f.s.d. The frequency range covered is 

30-480 MHz and the sensitivity over the 
whole of this range is better than 2.5mV in 
50 (- 40dBm) which permits loose 
coupling to the transmitter under test. The 
residual f.m. noise of the local oscillator is 
typically -44dB below 3kHz deviation with 
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the a.f. "voice" filter switched in. Auxiliary 
outputs are provided at the i.f. (500kHz) and 
the demodulation audio frequency. This 
permits viewing of the modulation waveforms 
on an oscilloscope or applying it to distortion 
analyzers. Price Cß40. Dymar Electronics Ltd, 
Colonial Way, Radlett Road, Watford, 
Herts. 
WW 327 for further details. 

Analogue Switches 
A range of m.o.s.a.i.c. analogue switches, 
the ML150 series, has been introduced by 
Plessey. The switches, with full gate-control 
isolation and gate -oxide protection, are 
available in 6 -way multiplexer, dual 
sample/hold and 3- bit digital -to-analogue 
configurations. The MP130 series provide 
matching drive circuits for ML150. The 
large negative output voltage swings of these 
circuits (30V) are particularly suited to 
driving m.o.s. analogue switches. Plessey 
Microelectronics, Cheney Manor, Swindon, 
Wilts. 
WW 324 for further details. 

Continuous Tape - 
Transport System 

A continuous magnetic tape -transport sys- 
tem-MTD 10500 -is announced by 
Recording Designs Ltd. The system comprises 
three basic models, write only, read only and 
write /read. Each has variants to suit a range 
of requirements. The same tape -transport 
technique is used for each with modular 
electronics to give particular system charac- 
teristics. Seven- and nine -track versions are 
available each with bi- directional transport 
speeds from 4 to 37.5 i.p.s. as standard, and an 
optional speed -range of between 1 and 75 
i.p.s., if required. Slew -mode speed (for high- 
speed inter -block gap detection) is 120 i.p.s. 
Start and stop speed times are less than 20ms 
in the standard speed range. Recording densi- 
ties of 200, 556 and 800 b.p.i. are available. 
Recording Designs Ltd, Blackwater Station 
Estate, Camberley, Surrey. 
WW 332 for futher details. 

Low -pass Active Filters 
Lionmount are manufacturing low -pass 
active filters which can be varied continuously 
throughout the passband. Two types are 
available; one of which covers the range 
1 to 10kHz in one band; the other covering 
the, frequency range 1Hz -10kHz in four 
switched bands. The designs are based on 

9th order Butterworth or Chebychev 
configuration and can realize 80dB /decade ' 

attenuation at cut off. The filters will 
accept an input voltage of ± 10V peak and 
may be loaded with a minimum of 2,000 ! 1 

Lionmount & Co. Ltd, Bellevue Road, New 
Southgate, London N.11. 
WW 318 for further details. 
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January Meetings 
Tickets are required for some meetings: readers are advised, therefore, 
to communicate with the society concerned 

LONDON 
6th. I.E.E. "Marketing and the component 

engineer" by R. H. W. Burkett at 17.30 at Savoy Pl., 
W.C.2. 

6th. I.ER.E.- Discussion on "The Haslegrave 
report on technician courses and examinations" at 
18.00 at the London School of Hygiene and Tropical 
Medicine, Keppel St., W.C.1. 

7th. R. Soc.- Juvenile lecture "Television at 
school" by Dr. R. C. G. Williams at 14.30 at John 
Adam St., W.C.2. 

7th. 1.E.R.E.- "Positional transducers and 
precision electronic measurements" by P. C. F. 
Wolfendale at 18.00 at 9 Bedford Sq., W.C.1. . 

9th. I.E.E. "Tellegen's Theorem: an unusual 
theorem of wide circuit application" by Dr. R. 
Spence at 17.30 at Savoy Pl., W.C.2. 

12th. I.E.E.- "Phasor diagrams ". Discussion led 
by M. G. Scroggie at 17.30 at Savoy PI., W.C.2. 

13th. I.E.E.- Discussion on "Prospects for 
ultra- high -frequency f.e.ts" at 17.30 at Savoy Pl., 
W.C.2. 

13th. I.E R.E. /I.E.E. "Physiology for engineers 
-control of circulation" by Dr. I. Gabe 
at 18.00 at St. Bartholomew's Hospital Medical 
Coll., E.C.1. 

14th. I.E.E. -"Changing relations between 
science and technology and their effect on 
international co- operation" by Dr. A. P. Speiser at 
17.30 at Savoy Pl., W.C.2. 

14th. I.E.R.E.-"U.HF. television transposer 
equipment" by W. L. Gregory at 18.00 at 9 Bedford 
Sq., W.C.1. 

20th. I.E.E. -"The British Calibration Service" 
by H. E. Barnett at 17.30 at Savoy Pl., W.C.2. 

20th. 1. Electronics. -"Power semiconductor 
electronics" by-R. G. Dancy at 18.30 at the London 
School of Hygiene, Keppel St., W.C.1. 

21st. S.E.R.T. -"The new I.V.C. colour video 

tape recorder" by R. A. Calaz at 19.00 at London 
School of Hygiene, Keppel St., W.C.1. 

22nd. I.E.E. -"Devices using tunnelling 
super currents" by Dr. B. D. Josephson at 17.30 at 
Savoy Pl., W.C.2. 

23rd. Brit. Acons. Soc. -Symposium on 
"Electroacoustics in air and water" at 10.00 at 1 

Birdcage Walk, S.W.1. 
26th. I.E.E. -"Satellite television distribution" 

by A. K. Jeffris, D. G. Pope and P. C. Gilbert 
at 17.30 at Savoy, Pl., W.C.2. 

28th. I.E.R.E.- Colloquium on "Systems 
engineering and its educational impact" at 18.00 at 
9 Bedford Sq., W.C.1. 

30th. I.E.E. -"Radar echoes from clear air in 

relation to refracting -index variations in the 

troposphere" by J. A. Lane at 17.30 at Savoy PI., 

W.C.2. 

BELFAST 
21st. I.ER.E.- "Air traffic control" by David 

Evans at 18.30 at Ashby Institute, Queens 

University, Stranmillis Road. 

BIRMINGHAM 
26th. I.E.E./I.P.O.E.-"Operational experience 

with p.c.m. systems" by D. Cleobury at 18.00 at 

M.E.B., Summer Lane. 

BOLTON 
12th. I.E.E.T.E. -"The origins of electrical 

communications" by J. Dalton at 19.30 at Institute 
of Technology, Deane Rd. 

BRISTOL 
15th. I.ER.E. /RAe.S. /I.E.E.- "BA.C. satellites" 

by G. Crowder at 19.00 at Filton House Con- 
ference Room, Fitton. 

CAMBRIDGE 
29th. I.E.R.E. /I.E.E.- "Tuning of gunn effect 

oscillators" by P. W. Crane at 18.30 at University 
Engineering Laboratories, Trumpington Street. 

CARDIFF 
14th. I.E.R.E.-"Electronics for process control 

instrumentation" by J. Seers at 18.30 at University 
of Wales Institute of Science and Technology. 

16th. S.E.R.T. -"Educational use of C.C.TV" 
by T. Evans at 19.30 at College of Further 
Education, Cyncoed. 

22nd. R.T.S. -"Television transmission equip- 
ment in education" by W. D. Kemp at 19.00 at 
B.B.C., Llandaff. 

CHATHAM 
15th. I.ER.E.- "The engineer in management" 

by F. Oakes at 19.00 at Medway College of 
Technology. 

CHELMSFORD 
19th. I.E.R.E./I.E.E.- "Radar ornithology" by 

Dr. E. Eastwood at 18.30 at the Civic Centre, Duke 
Street. 

EDINBURGH 
7th, I.E.R.E.- "Pulse code modulation for 
point -to-point music transmission" by E. Rout at 
19.00 at Napier College of Science and 
Technology, Colinton Road. 

20th. I.E.E. -"The electronics industry in 
Scotland -past, present Si future" by I. MacDonald 
at 18.00 at the Carlton Hotel. 

FARNBOROUGH 
22nd. I.E.E. / I.E.R.E.- "Speech and vocoders" by 

L. C. Kelly at 19.00 at the Technical College. 

GLASGOW 
8th. I.ER.E.- "Pulse code modulation for 

point -to-point music transmission" by E. Rout at 

19.00 at the Institution of Engineers and 

Shipbuilders, 183 Bath St., C.2. 

LEEDS 
6th. I.E.E. -"The automatic landing of aircraft" 

by S. A. W. Jolliffe at 18.30 at the University. 

LEICESTER 
20th. I.E.R.E.- "Static inverters and their 

applications" by E. W. Porter and R. J. Green at 

18.30 at the University. 
29th. I.E.E. -"The latest techniques in 

computer -aided electronic design" by E. 

Wolfendale at 18.30 at the City Polytechnic. 

LIVERPOOL 
5th. I.E.E. -"Communications for people at 

work and at play" by D. G. Holloway at 18.30 at the 
University. 

7th. I.E.E. (Grads.) -"Low and medium 
frequency noise in transistors" by Dr. K. F. Knott at 
18.30 at M.A.N.W.E.B. Elec. Indus. Development 
Centre. 

19th. I.E.E. -"Electronics in automobiles" by 
W. G. Hill at 18.30 at the University. 

22nd. 1.E.E. (Grads.) -"Developments in radio 
control" by J. R. Francis and R. T. King at 18.30 at 
M.A.N.W.E.B. Elec. Indus. Development Centre. 

29th. I.E.E.- Faraday Lecture "People, 
communications and engineering" by J. H. H. 
Merriman at 10.15 and 14.30 (students) and 18.45 
(public) at the Philharmonic Hall. 

MANCHESTER 
7th. 1.E.E. /I.E.R.E. -"On the future of world 

communications" by Prof. C. Cherry at 18.15 

at UM.I.S.T. 
28th. I.E.E. (Grads.) -"Radio interference from 

high- voltage transmission line conductors" by M. G. 
Faulkner at 18.45 at U.M.1.S.T. 

NEWCASTLE- UPON -TYNE 
7th. S.ER:f.- "Tandberg audio" by A. W. 

Dakin at 19.30 at Charles Trevelyan Technical 
College, Maple Terrace. 

14th. I.E.R.E.-"Electronic telephone exchanges" 
by V. E. Mann at 18.00 at Dept. of Physics and 
Physical Electronics, Rutherford Coll., Ellison Pl. 

14th. 1.E.E.T.E.- "Decca navigational system" 
by A. Brooker -Carey at 19.30 at Rutherford College 
of Technology, Ellison Place. 

26th. I.E.E. -"The application of electronic 
engineering to road safety" by D. G. W. Mace and 
S. Penoyre at 18.30 at the Polytechnic. 

NEWPORT 
21st. I.E.E.T.E. -"Change to metric" by G. 

Esplin at 19.30 at College of Technology, Allt -Yr -Yn 
Avenue. 

NOTTINGHAM 
13th. I.E.E.- Faraday Lecture "People, 

communciations and engineering" by J. H. H. 
Merriman at 14.30 (students) and 19.15 (public) at 
Albert Hall. 

OXFORD 
14th. I.E.E. -"Tomorrow's world -use of 

satellites for communication" by W. J. Bray at 19.00 
at College of Technology, Headington. 

PRESTON 
14th. I.E.E.-"Metrication" by T. C. Campbell at 

19.30 at Yorella Restaurant. 

READING 
22nd. I.E.R.E.-"M.O.S. devices in I.s.i." by 

G. E. Stevenson at 19.30 at J. J. Thomson Physical 
Laboratory, the University, Whiteknights Park. 

RUGBY 
20th. I.E.E. (Grads.)-"Brain cell to microcircuit 

(pattern recognition)" by Dr. I. Aleksander at 18.15 
at the College of Engineering Technology. 

SOUTHAMPTON 
27th. S.E.R.T. -"Field effect transistors" by 

G. A. allcock at 19.30 at the College of Tech- 
nology, East Park Terrace. 

28th. I.E.R.E. -"Electronic character recogni- 
tion" by R. H. Britt at 18.30 at the Lanchester 
Theatre, University. 

STEVENAGE 
12th. 1.E.E.- "Current electronic developments 

in the deep sea fishing industry" by P. J. Hearn at 
19.30 at the College of Further Education. 

STOKE -ON -TRENT 
15th. I.E.E. -Faraday Lecture "People, 

communications and engineering" by J. H. H. 
Merriman at 14.30 (students) and 19.30 (public) at 
Victoria Hall, Hanley. 

SUNDERLAND 
22nd. I.E.E. (Grads.) -"Pulse code modulation" 

by J. Hutton at 18.30 at the Polytechnic. 

WEYMOUTH 
29th. I.E.E. -"Applications of integrated 

circuits" at 18.30 at South dorset Technical 
College. 

WOLVERHAMPTON 
7th. I.Prod.E./IMech.E.- "C.E.I. as a profes- 

sional union" by K. M. Platt at 19.15 at Stafford 
College of Technology, Beacon Side. 
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Test Your Knowledge 

Series devised by L. Ibbotson *, B.Sc., A.Inst.P., M.I.E.E., 

M.I.E. R. E. 

20. Colour 
In all the questions it is assumed that the 
viewer has normal colour vision. 

1. Select from the colours quoted below 
the one which does not appear in the spec- 
trum of white light: 

(a) orange 
(b) yellow 
(c) purple 
(d) violet. 

2. From the spectral colours below select 
the one which is associated with the highest 
frequency of radiation: 

(a) red 
(b) blue 
(c) green 
(d) blue- green. 

3. Three light sources of the same area 
give monochromatic radiation of colours 
red, green and blue respectively, and have 
equal luminosity (appear equally bright). 
The intensity of radiation: 

(a) is the same for all three 
(b) is least for the red 
(c) is least for the green 
(d) is least for the blue. 

4. Evidence suggests that the human brain 
distinguishes between different colours by 
the relative stimulation of optical receptors 
having different frequency responses, in 
the eye. The theory is that: 

(a) each "cone" in the retina has a 
frequency response curve which is 
slightly different from all the others 

(b) a separate type of receptor responds 
to each spectral colour 

(c) only three distinct frequency - 
response characteristics are 
involved 

(d) only two distinct frequency - 
response characteristics are 
involved 

5. Monochromatic light of wavelength 
580níµ is seen as yellow. It therefore 
follows that any light entering the eye 
which appears to have the same hue: 

(a) must consist of monochromatic light 
of wavelength 580mµ 

(b) may contain many frequencies, but 
must have maximum energy flux at 
580mu 

*West Ham College of Technology, London E.15. 

(c) must contain some energy at wave- 
length 580mµ, but not necessarily 
have maximum energy flux at this 
wavelength 

(d) need not contain any energy at 
580mu wavelength 

6. True white light is: 
(a) light with equal energy at all fre- 

quencies in the visible range 
light with a spectral distribution 
the same as that emitted by the sun 

(c) the light emitted by a "black body" 
at a temperature of 5200 °K 

(d) an inexact concept which is defined 
differently in different circum- 
stances. 

(b) 

7. A single monochromatic light can be 
rendered colourless (giving the sensation of 
white) by the addition of a suitable quan- 
tity of another monochromatic light: 

(a) whatever the colour of the original 
light 

(b) unless the original light is in the red 
region of the spectrum 

(c) unless the original light is in the 
green region of the spectrum 

(d) unless the original light is in the 
blue region of the spectrum. 

8. White light falls on an object which 
absorbs in the blue, but reflects other 
frequencies. The colour of the object will 
be seen to be: 

(a) yellow 
(b) green 
(c) red 
(d) purple. 

9. Monochromatic yellow light from a 
sodium lamp falls on an orange (fruit). 
The colour of the orange when viewed in 
this light will be: 

(a) very pale orange 
(b) low intensity orange 
(c) yellow 
(d) black. 

10. If white light is added to light of any 
given colour the result is: 

(a) a change in hue, but no change in 
saturation of the colour 

(b) a change in saturation, but no 
change in hue 

(c) a change in both hue and saturation 

(d) if the original light was mono- 
chromatic a change of saturation 
only, otherwise a change of both 
hue and saturation. 

11. A particular green light has a radiant 
flux density of 1 watt per square metre. 
To this light is now added 1 watt per 
square meter of pure violet light. The 
effect will be: 

(a) a considerable change in colour, but 
little change in luminance 

(b) a large increase in luminance, but 
little change in colour 

(c) little change in either colour or 
luminance 

(d) a large change in both colour and 
luminance. 

12. Discounting luminance information, 
the colour of a light can be specified 
entirely using: 

(a) one variable 
(b) two variables 
(c) three variables 
(d) seven variables. 

13. If three colours are located on the 
chromaticity diagram, then mixtures of 
varying (positive) quantities of light of 
these three colours will produce only: 

(a) all colours within the spectral locus 
(all realisable colours) 

(b) all colours inside the triangle having 
the given three colours at the 
corners 

(c) all colours outside the triangle 
having the given three colours at the 
corners 

(d) all colours on straight lines joining 
the three given colours. 

14. By mixing, in appropriate quantities, 
fully saturated red, green and blue light 
it is possible to produce light: 

(a) of all colours (all hues and satura- 
tions) 

(b) of every hue, but not all saturations 
(c) over a restricted range of hues, but 

with all saturations in that range 
(d) over a restricted range of both 

hues and saturations. 

15. If ideal phosphors could be developed 
which produced monochromatic red 
(700mu), green (520níµ) and blue (450mµ) 
light, these could be used, with advantage, 
at the output of a colour television system. 
The camera filters at the input of the 
system would require: 

(a) to pass bands of frequencies, as 
narrow as possible, at the quoted 
wavelengths 
to have broad overlapping fre- 
quency transmission characteristics 
with maximum transmissions at the 
quoted wavelength values 

(c) to have pass -bands which met but 
did not overlap, so as to divide the 
visible spectrum into three bands 
centred on the three quoted wave- 
lengths 

(d) to have pass -bands between the 
quoted wavelength values. 

Answers and comments, page 47 
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Literature Received 

ACTIVE DEVICES 

"The use of Coaxial -Package Transistors in Microstripline Circuits" is 

the title of Application Note AN -4025 which has been published by RCA 
Electronic Components, Harrison, New Jersey 07029, U.S.A. WW401 

Dickson Electronic Corp's field-effect and bipolar transistors in l.i.d. 

chip assemblies are described in a 19 -page brochure which may be 
obtained from Dage (Great Britain) Ltd, 1 Penn Place, Rickmansworth, 
Herts. WW403 

"Semiconductor Summary 1969 /70" is the title of a short -form 
catalogue available from ITT Electronic Services, Standard Telephones 
and Cables Ltd, Edinburgh Way, Harlow, Essex. WW404 

Ferranti Ltd., Gem Mill, Chadderton, Oldham, Lancs, have produced 
some additions for their Microspot c.r.t. manual. This includes a 

contents sheet and provisional data on the types 1B /97, 12H /40, 14 /08, 
16A /19, 16A /40, 21B /10 cathode -ray tubes, the DY605 electronic 
display equipment and the PD5002 solid -state light source. WW405 

The semiconductor products of SGS (UK) Ltd, Planar House, Walton 
Street, Aylesbury, Bucks, are listed in two catalogues which are 
available price 21s each. 
Consumer devices. Professional discrete devices 

PASSIVE COMPONENTS 
Airpax Electronics, of Cambridge, Maryland 21613, U.S.A., have 
produced the following two leaflets. 

"The Choice of Protection" discusses the use of mechanical methods 
of protecting electrical and electronic circuits from the effects of short 
circuits WW411 

A catalogue listing semiconductor fuses WW412 

A new edition of the Amphenol catalogue describing miniature circular 
connectors has just been released. It is available from Amphenol Ltd, 
"Ihanet Way, Whitstable, Kent WW413 

Programming systems produced by Oxley Developments Co., Priory 
Park, Ulverston, Lancs, are the subject of a new catalogue WW414 

"Professional Communications Antenna Systems" is the title of a 

catalogue available from Antenna Specialists UK Ltd, 1 Euston Road, 
London N.W.1 WW415 

Full details of a range of edge connectors are given in the well 
illustrated catalogue "Metal Plate Connector Guide ", available from 
Elco Corporation, Willow Grove, Pa. 19090, U.S.A. WW416 

An article entitled "Understanding Thermocouples" that originally 
appeared in our sister journal Instrument and Control Engineering has 
now been reprinted and is available from IPC Business Press (Sundry 
Sales Department), 161 -166 Fleet Street, London E.C.4. Price 6s 9d, 
including postage. 

EQUIPMENT 
An effects generator which can be used to produce sound effects for 

radio and TV programme inserts, and public address announcements is 

described in a leaflet from the manufacturers Mellotronics Ltd, 28 -30 
Market Place, London ú'.1 WW433 

Wireless World, January 1970 

"Gramophone- record reproduction: development, performance and 
potential of the stereophonic pickup" is the title of an article reprinted 
from Proceedings I.E.E., Vol. 116, No. 8, August 1969, which is 

available from Shure Electronics Ltd, 84 Blackfriars Road, I.ondon 
S.E.1 WW434 

Photain Controls Ltd, Radalls Road, Leatherhead, Surrey, have produced 
a leaflet which describes their range of photocell lamp modules intended 
for use in automatic gain control circuits, stepless speed control for 
motors and modulation circuits, etc WW435 

The eight digital electronic counters in the Dana series 8100 range of 
automatic counters are described in a brochure from Dana Electronics 
Ltd, Bilton Way, Dallow Road, Luton, Bedfordshire WW436 

The new 7000 -series of oscilloscopes from Tektronix, which includes 
two oscilloscope main -frames with a choice of six vertical amplifiers, four 
timebase units and three sampling units, are described in a booklet 
which may be obtained from Tektronix UK Ltd, Beaverton House, 
Harpenden, Herts WW437 

We have received the following publications from Marconi Instruments 
Ltd, I.ongacres, St. Albans, Herts. 

Catalogue 1969 -70. A very large catalogue which lists a vast range 
of electronic measuring equipment WW438 

"MI Bargain Buys ". This month's special offers WW439 

H.F. Predictions- January 
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Winter season conditions will continue with a large differential between 
day and night frequencies except on some routes which show a secondary 
peak a few hours before dawn. At sunrise and sunset, therefore, the 
rate of change of MUF is at its greatest and it becomes difficult to 

maintain satisfactory communication over these periods. On shorter 
routes, generally less than 2000 km, the daytime MUFs in winter 
may be lower than in summer when propagation is via the E layer. 

The LUFs shown were calculated by Cable and Wireless Ltd for 

reception in the United Kingdom of point -to-point telegraph services. 

For other services the curves would be displaced vertically, the exact 
amount depending on service and equipment parameters. 
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Answers to 
"Test Your 
Knowledge" 

Questions on page 45 

1. (c) No single monochromatic radiation produces 
the sensation purple; it requires a mixture from the 
two ends of the spectrum. If monochromatic red 

light of wavelength 700 nip and monochromatic 
violet of wavelength 400 mft (the normally accepted 
ends of the spectrum) are mixed in various 
proportions, then the range of "pure" purples is 
produced. 

2. (b) 

3. (e) Since the eye is most sensitive to light in the 
green part of the spectrum, far less energy -flux 
density is required to produce a given luminance of 
green light than is required for the same luminance 
of red or blue. Note that the term "monochromatic" 
is used to describe radiation of one single 
wavelength (or, in practice, since this is impossible, 
over a very narrow band) even though in the present 
context it may seem inappropriate. 

4. (c) The details of the mechanism are still not 
known. 

5. (d) Suitable quantities of light of otheP 
wavelengths can produce a similar stimulus in the 
colour receptors. If spectral green and red are used 
the result will have the same saturation as well as 
the same hue. 

6. (d) The lights described in (a), (b) and (c) are all 
forms of white light, although their spectral energy 
distributions are somewhat different. The standard 
of white used in television is the colour of a light 
produced by a particular combination of a tungsten 
lamp and a filter, known as "standard illuminant 

7. (c) The complementary of green is purple, which 
is non -spectral. 

8. (a) Yellow is the complementary of blue, so that 
removing blue from white leaves yellow. 

9. (c) The orange, like most natural coloured 
objects, reflects light over a range of wavelengths, so 
that its colour, when illuminated by white light, is 
determined by the total effect of these on the eye. 
Since the orange is here illuminated with pure 
yellow it can only reflect yellow. 

10. (b) This, and most other properties of colour, are 
well illustrated by the chromaticity diagram. 

11. (a) Although wavelengths at the blue end of the 
spectrum contribute very little to the brightness of 
a light they have a very significant effect on its 
colour. 

12. (b) These can be dominant wavelength and 
purity, or chromaticity coordinates (as in the 
chromaticity diagram). This is why colour 
information in colour television can be carried by 
two signals. 

13. (b) 

14. (b) Reference to the chromaticity diagram shows 
that no triangle with its corners on realisable 
colours, even on the spectral locus, can include the 
whole diagram. 

15. (b) The total transmission characteristics for each 
of the three colour channels in the camera would 
require to be such that any incident radiation 
would produce relative responses in the three 
channels equal to the relative outputs from the 
three phosphors at the receiver required to produce 
its colour as nearly as possible. 
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PIONEERS FOR NEARLY 50 YEARS 
AND TODAY LEADING THE WORLD 
IN NEW ESSENTIAL COMPONENTS 

The Bulgin policy of continued research and development has resulted in the 
introduction of many unique new Electronic Components during the past year. 
A few are illustrated here. B. 16, 17, 18 three -panel mounting Battery 
Holders accepting 1. 2. or 3 U2 -sized cells respectively. SM. 257/2 + 
K. 515. Semi -rotary shaft operated D.P.C.O. moulded body switch rated 
2A. at 250V A.C. D /S. 941/1 and /2. Illuminated Switch with a normally 
biased push action which can be locked in the depressed position. 
L.E.S. lamps. single (/1) or twin V2) S.P.C.O. switch unit. 
SM. 301 /2/PD moulded body. D.P.C.O. 8- contact switch 
for double -pole alternative circuit switching. Rated 
3A. at 250V A.C. P. 537 /Chrome or /Gold. Three 
pole side entry. BS. 666. jack plugs. 
K. 656 /Legend. Collet fixing knob. dial and 
escutcheon unit which can have dial 
legending to customers' requirements. 

SM. 257/2 
+ K. 515 Knob 

P. 537/Chrome 
or/Gold 

SM 301 2 PD 

F 296'S 

1`'I 
SM. 324/2 

4.4 

K. 556,Legend 

D/S. 941/1 & /2 

f 

F 316/S 

D S. 890 SA 2419 

-,a- 
fl0 

Example of Edge Legendin 

F. 317. 318 

D /S. 890 /SA. 2419 Switched. 
P. 550 Legended Indicator. LE.S. 

Lamps. with a choice of five lens 
colours which can be legended. 

Switching is D.P.C.O. push -push succes- 
sional action rated 2A. 250V A.C. Other 

models have different switching arrangements. 
D. 985, 966 New LE.S. Signal Lamps for direct 

connection to printed circuit boards with choice of 
five lens colours. transparent or translucent. F. 316/S 

Panel mounting fuseholder for 1" xi." °fuses 15A. rating. 
F. 296/S Miniature panel mounting fuseholder for 5 x 20 mm. fuses. 

5A. rating. SM. 324/2 Key operated D.P.C.O. moulded switch 2A. 
250V A.C. rating. P. 550 unique 7 pole + earth inlet/outlet connector 

rated 6A. 250V A.C. F. 317, 318 Flush- fitting panel mounting fuseholder 5A. 
rating. F.317 1" x 1 ". F. 318.11" x 1" fuses. Edge legending. All transparent knobs. 

K. 436 -7 and 472 -4 can have legending around the edges as well as on top surface. 

FOR DETAILS OF THE COMPLETE RANGE SEND FOR BROCHURES REF. W.W. /1. 

A. F. BULGIN & CO. LTD., 
Bye Pass Rd., Barking, Essex. 

Tel: 01-594 5588 (12 lines) 

MANUFACTURERS AND SUPPLIERS OF RADIO 
AND ELECTRONIC COMPONENTS TO 

ADMI MINISTRY OF WORKS 
WAR OFFICE MINISTRY OF AVIATION 
AIR MINISTRY MINISTRY OF TECHNOLOGY 
HOME OFFICE RESEARCH ESTABLISHMENTS 
CROWN AGENTS U N. A. E. A. 

E. C. 

G.F.O. 

I T.A. 
N..L. 

D S.I.A. 

WW -071 FOR FURTHER DETAILS 
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Real & Imaginary 
l l' l 'ec't c»' 

"l ellc, and black. and hale and hectic red," 

As I write, the persuaders have just 
begun their honeyed blandishments in the 
Press, on sound radio and on television. 

Like those purposeful citizens who 
make a crust by robbing strongrooms, the 
colour vendors use an oblique approach. 
Just as cracksmen traditionally begin 
operations in the cellars of the house next 
door to the bank, so do our persuaders 
tunnel into your private strongroom at 
your weakest point, namely the Little 
Woman and to some extent the kids, 
because these, as a generalization, look at 
the box a lot more than you do. 

At present several of the channels are 
hard at it, backed by powerful newspaper 
and magazine campaigns -'it' in this case 
being the task of making you feel a 
second -class citizen if you are still 
viewing in unnatural monochrome. 

Every day now, and far into the night, 
the B.B.C. and I.T.A. are firing continual 
salvoes extolling the merits of colour. 
What does astonish me is that, at the time 
of writing, I haven't seen any 
advertisment emanating from a radio 
manufacturer on any of the channels. 

Should any reader be reaching for his 
pen to remind me that the I.T.A. is the 
only organization permitted to carry ad- 
vertising, stay your hand. While it is true 
that the B.B.C. does not lend itself to the 
sordid business of raking in money in 
return for advertising time, there are 
other, and more gentlemanly, ways of 
going about it, as any press relations 
officer worth his salt could tell you. 

One such is for the would -be advertiser 
to latch on to some national sport or cult. 
One of your first acts is to present a 
handsome trophy which has the name of 
your product indissolubly attached to it; 
all you have to do then is to sit back and 
wait for the event to be televised. 

Another method is to plaster the 
railings of the more dynamic association 
football clubs with advertisements of 
your product. Try as he may, the 
cameraman will have to have the railings 
in the picture for a good deal of the time 
and so, given a little luck, you have a free 
plug both on B.B.C. and I.T.A. for about 
nine months in any given year. 

I see the B.B.C. is making a platform of 
`natural television'. They did something 
similar some years ago in a drive to 
popularize the v.h.f. sound service. `High 

quality' was the torch carried then, but 
this was soon extinguished by the radio 
manufacturers, who shoved cheese -pared 
circuits into a small box, together with a 
tinpot loudspeaker, and tried to sell it as 
hi -fi. 

And what is natural television, pray? If 
the term means anything it signifies that, 
colour -wise, the picture on the home 
screen is identical with the scene in the 
studio. That being so, I must say that I'm 
surprised that the B.B.C's technical boys 
have allowed their advertising colleagues 
to get away with it. For, given an additive 
system with all its registration problems, 
the inclusion of band -saving techniques, 
and colour filters with transmission 
characteristics which only approximate to 
those of the home receiver's phosphors, 
then even the best colour monitors will 
not stand comparison with the actual 
scene. 

It's a pity to have selected such a sales 
story because it looks as if the experience 
of v.h.f. sound is going to be repeated 
with colour television, if the criminally 
maladjusted receivers to be seen all too 
often in dealers' showrooms are anything 
to go by. 

The public will swallow it of course 
for the same reason that, in 1922, it 
subscribed to the belief that an unbiased 
three -valve receiver feeding a `sugar -loaf 
horn loudspeaker was giving perfect 
quality. They believed it because the only 
standard of comparison was the acoustic 
gramophone and the quality of the 
`wireless' was, in its day, marginally 
better than that. By the same token, 
today's standard of comparison with a 
colour set is the monochrome receiver 
and therefore any colour, however 
unreal, is better than no colour at all. 
Provided that the sky is some shade of 
blue and the grass approximates to green, 
who cares about fidelity? Electronics 
engineers, certainly, and artists, perhaps, 
but precious few else. So there was really 
no need for the B.B.C. to oversell on 
fidelity. 

Sticking my neck into the prophet's 
noose, my guess is that colour television 
will take several years to become the norm 
in the average home and that not a few 
manufacturers will catch colds in the 
process. 

What, I wonder, would happen if 

Wireless World, January 1970 

someone came up with a colour system 
that was miles ahead of PAL? If there is 
any such lone inventor reading this, I 

would advise him that he is most unlikely 
to see his brain -child come into general 
use. For, with about £150M already in- 
vested in the present system, nobody is 
going to look kindly upon an invention 
that sets everyone back to square one. 

What are the prospects of such a 
happening? Who knows? What would it 
be like, this super system? This also is 
anybody's guess. Almost certainly, I 

would think, it would embody a 
subtractive colour system. It would also 
employ a translating interface which is 
much more in accord with the human 
eye -brain complex than is today's 
television camera. 

Our present system is a hangover from 
Clerk Maxwell, who was the first to show 
that three black- and -white transparencies 
can, under certain conditions, provide a 
picture in full colour. This is an 
application of the Young -Helmholtz 
trichromatic theory which is generally 
believed to form the basis of human 
colour vision in spite of some anomalies 
which cannot easily be explained away. 
No one, for instance, has positively 
identified three types of cone structure in 
the eye, one red -detecting, one green and 
one blue; all the cones seem pretty much 
the same. Then, a few years ago Dr. 
Edwin ( "Polaroid ") Land demonstrated 
that two colours, or even one red light 
and one white, can interact to provide a 
gamut of colour. Even two monochro- 
matic light sources will produce a wide 
variety of diluted colours. (This in fact 
was no new discovery; colour film 
processes, using two colours only, have 
been patented since the turn of the 
century.) 

There is a growing awareness of the 
extreme complexity of the human eye and 
it is possible that further discoveries in 
this area may provide the electronics 
industry with important new thinking 
about television. We are moving away 
from comfortable concepts where, for 
instance, 500 mu always equates with 
green light to quicksands where a body 
radiating at 500mft appears to the eye as 
brilliant red. (Yes, I know it sounds daft 
but it can be done by interfering with the 
signals which trigger the brain into 
registering colour.) These coded signals 
are the core of the matter; if only the code 
could be broken, all sorts of possibilities 
exist. It might even be feasible to dispense 
with conventional displays and, instead, 
feed signals to the area behind the retina. 

This sounds crackpot until we come to 
terms with the thought that colour 
sensations needn't derive from incident 
light -frequency radiation. The coded 
signals to the brain can be affected in 
various ways; by mechanical vibration; by 
the application of external voltages or 
currents or by hallucinatory drugs. In 
the last -mentioned case manifestations 
occur which have every semblance of 
three-dimensional reality. Given an exact 
control of the input signals, what might 
not be possible? Even a degree of sight to 
the blind seems to be feasible. 
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M M 
why the 

u u LT 
Is 

still 
the 

bear 
ì n m 

M N 0 
It's still an Avometer 

yet fits in the pocket /held 
easily in one hand 

Has a d.c. sensitivity of 
10,000sß / V 

R 

Measures up to 25kV and 25A 
with optional accessories 

Accuracy conforms to 
B.S.S. 89/54. 

m eIer 
Get your own Multimeter 

today (complete with plastic case, 
leads, instruction booklet and 

a full year's guarantee) 
from your local supplier, or ask for 

details direct from Avo. 

THORN 

Avo Limited 
Avocet House, Dover, Kent 
Telephone: Dover 2626 
Telex: 96283 

WW-006 FOR FURTHER DETAILS 
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TRIO's New JR -310 SSB Professional 
Perfection for Amateur Enjoyment 

JR -310 
SSB COMMUNICATIONS RECEIVER 
* High -stability VFO of 2 FET's and 2 transistors and easily handles 

QS0's for hours. * Precision double gear dial -a TRIO innovation 

-with linear frequency variable capacitor. Possible to get finer 

reading 1KHz. One dial rotation covers 25KHz, makes SSB de- 

modulation easier. * Frequency range covers entire amateur band 

from 3.5MHz to 29.7MHz. One -touch selection system switches 

bands. WWV reception of 15MHz possible. * MHz band circuit 
structure patterned on Collins type double conversion system so 

first oscillation is by crystal control, second local oscillation by VFO. 

Model SP -5D 
COMMUNICATION SPEAKER 

ol 

* Communications Speaker which has been designed for 

use with the 9R -59DE. 
* Dimensions: 3- 9 /16 "(W), 7- 1 /8 "(H), 5. 3/16 "(D). 

SPECIFICATIONS OF JR -310 
* FREQUENCY RANGE: 3.5- 29.7MHz (7 Bands) 

* SENSITIVITY: 1µV (at 10dB S /N) 
* IMAGE RATIO: More than 50dB 
* FREQUENCY STABILITY: t 2KHz in 1- 60min. after 

switching on, subsequently within 100 Hz per 30 min. 

* Dimensions: 13 "(W), 7- 3/32 "(H), 12- 3/16 "(D). 

Model° 9R -59DE 
BUILT IN MECHANICAL 
FILTER 8 TUBES COMMUNICATION RECEIVER 
* A mechanical filter enabling superb selectivity with ordinary IF trans- 

formers. * Frequency Range: 550KHz to 30MHz (4 Bands) * Sensi- 

tivity: 21./V for 10dB S/N Ratio (at 10MHz) * Selectivity: t 5KHz at 

- 60 dB (f 1.3'KHz at - 6dB). When using the Mechanical Filter * 
Dimensions: Width 15 ", Height 7 ", Depth 10" 

Ihr vuirtd appruac lr In qnali!r TRIO 
TRIO gLSCTRONICS, INC. 

TO: B.H. Morris & Co., (Radio) Ltd. WW 

Send me information on TRIO COMMUNICATION 
RECEIVERS & name of nearest TRIO retailer. 

NAME: 

ADDRESS: 

AGE: 

TRIO- KENWOOD ELECTRONICS S.A. 160 Ave., Brugmann, Bruxelles 6, Belgium 

Sole Agent for the U.K. B. H. MORRIS & CO., (RADIO) LTD. 84/88, Nelson Street Tower Hamlets. London E. 1, Phone: 01 -790 4824 

WW -007 FOR FURTHER DETAILS 
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If you need power tetrodes at the 
right price look at this EEV range 

Forced -air Cooled 

Type 
Service 
type 

Anode 
dissipation 
max. (kW) 

Output 
power 
(kW) 

Anode 
voltage 
max. (kv) 

Frequency 
(MHz) 

Filament ratings 

(V) (A) 
4CX1000A 
4CX1000K 1.0 3.2 3.0 110 6.0 9.0 
4CX1500B 1.5 2.7 3.0 30 6.0 9.0 

4CX5000A CV8295 5.0 16.0 7.5 30/110 7.5 75 

4CX10,000D CV6184 10.0 16.0 7.5 30/110 7.5 75 

4CX35,000C - 35.0 82.0 20.0 30 10 300 

CR192A (6166A) CV8244 10.0 9.0 6.9 60/220 5.0 175 

Vapour Cooled 

Type 

Anode 
dissipation 
max. (kW) 

Output 
power 
(kW) 

Anode 
voltage 
max. (kv) 

Frequency 
(MHz) 

Filament ratings 
Boiler 
unit (V) (A) 

CY1170J 60 82 15 30 10 300 Integral 

CY1172 (RS 2002V) 150 220 15 30 21 350 CY4120 

t 
4CX1000K 4CX10,000D 4CX35,000C 

Wss 
CY1170J CY1172 

For audio or linear 
single sideband 
amplifiers. 
4CX1000K has a 
solid disc screen 
contact to permit 
use up to 400M Hz. 

Send for full details 
of EEVtetrodes 

For audio, linear, 
single sideband 
or screen 
modulated r.f. 
amplifiers. 

For audio amplifiers, 
r.f. linear amplifiers 
or Class C amplifiers 
or oscillators. 

For audio amplifiers, r.f. linear amplifiers or 
Class C amplifiers or oscillators. Both types 
have a coaxial metal- ceramic envelope. 
A range of glass envelope types is also 
available. 

English Electric Valve Co Ltd 
Chelmsford Essex England Telephone : 61777 
Telex :99103 Grams: Enelectico Chelmsford 

.. 

Please send me full data on your range of forced -air cooled and vapour cooled tetrodes. 
I am also looking for a power tetrode with the following parameters. 
Output Anode voltage Frequency 
power (kW) max (kV) (MHz) 

NAME 

COMPANY 

POSITION 

ADDRESS 

TELEPHONE NUMBER EXTENSION 

WW---008 FOR FURTHER DETAILS 
W W39 

AP 358 
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QUAD 50 is a single channel 50 Watt amplifier 
designed for Broadcast, Recording and other 
applications in the Audio industry, completely 
proof against misuse and giving the highest 
quality of reproduction. 

QUAD 
for the 
closest 
to the 
original 

approach 

sound 

INPUTS -0.5 Vrms unbalanced with provision for an optional 

plug -in transformer for bridging 600 ohms lines. 

OUTPUTS - isolated providing 50 watts into almost any 

impedance from 4 to 200 ohms. 
DIMENSIONS -121" x 6 =" x 42" 

Complete the coupon and post today. 

Please send me full details of the QUAD 50 Amplifier 

NAME 

POSITION 

COMPANY 

ADDRESS 

(BLOCK CAPITALS) 

ACOUSTICAL MANUFACTURING CO. LTD., I 

HUNTINGDON. Telephone: Huntingdon (0480) 2561 2 wti 11----- 
WW -009 FOR FURTHER DETAILS 
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Send for full details of 
the complete range 
of EEV amplifier 
klystrons. 

EEV klystrons 
a wide and 
flexible range 
for UHF TV 

25 
kW 

EEV make amplifier klystrons for UHF TV at power 
levels 5, 7, 10, 25 and 40kW into the aerial. Their 
reliability is established, their operating efficiency 
is good and their design provides a high degree of 
operational flexibility. A 40kW tube can, for 
example, be operated at the same efficiency at 
any power level between 20kW and 40kW. When 
operated at 40kW the tube needs only 135kW 
d.c. input 

English Electric Valve Co Ltd 
Chelmsford Essex England Telephone: 61777 
Telex : 99103 Grams : Enelectico Chelmsford 

Please send me full details of your range of UHF TV amplifier klystrons. 
I am interested in a klystron with the following parameters : 

Frequency Range Bandwidth Power Level 

NAME 

COMPANY 

ADDRESS 

POSITION 

TELEPHONE NUMBER EXTENSION WVV4i) 
WW-010 FOR FURTHER DETAILS AP 354 
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A go( Kid 
ery 

instrument case 

PVC coated materials 

PVC /aluminium for 
front and back panels 
PVC /steel for sides, 
top and bottom 
3 heights of case, 4 
widths, 2 depths 

Low cost 
Modern design 

Good delivery 

Easy ordering by code 
letter 
Economy of size. 24 
sizes, 48 shapes 

Genuine modular 
design 
Stainless steel 
screws used 
throughout 
6 chassis sizes and 
many chassis 
positions on l" centres 

ideal f development.. 
cheaper for production 

No outside paint to be scratched, PVC 
easy to clean, surface is scuff resistant. 
Easy cutting with rigidity. 

Rigidity, low cost and ease of 
assembly. 
24 cases with screws on top and 
24 cases with screws on side, that's 
48 cases. 
Prices include chassis. 
Metal work on front and back and 

chassis is made easier by aluminium. 
with PVC steel cladding for strength. 
Believed to be the first off the shelf 
range of all PVC coated material cases. 
Return of post service. 

70 cubic inches to 2200 cubic inches 
for convenient sizing or layout, no 
wasted space. 
Cases may be mounted together as 
height includes feet. 
Modern Pozidrive screws for good 
appearance and ease of use. Screw- 
driver cannot slip. 
Easier planning and 1 to 4 or more 
chassis can easily be used. 

For other West Hyde products 
please seeprevious advertisements 

Y 

X Y Z COST 1 off 5 off 10 off P. & P. 

A 4.5 3 6.5 29/6 29/- 28/9 3/- 
B 4.5 7 6.5 36/6 35/6 34/6 4/6 
C 4.5 10 6.5 46/6 45/6 44/6 4/6 
D 9 3 6.5 46/6 45/6 44/6 4/6 
E 9 7 6.5 49/6 48/6 47/6 4/6 
F 9 10 6.5 58/6 57/6 56/6 4/6 
G 13 3 6.5 49/6 48/6 47/6 4/6 
i-f 13 7 6.5 58/6 57/6 56/6 4/6 
I 13 10 6.5 69/6 68/6 67/6 6/- 
J 18 3 6.5 58/6 57/6 56/6 4/6 
K 18 7 6.5 79/6 77/6 76/6 6/- 
L 18 10 6.5 106/- 104/- 103/- 6/- 
M 4.5 3 13 36/6 35/6 34/6 4/6 
N 4.5 7 13 49/6 48/6 47/6 4/6 
0 4.5 10 13 69/6 68/6 67/6 6/- 
P 9 3 13 49/6 48/6 47/6 4/6 
Q 9 7 13 69/6 68/6 67/6 6/- 
R 9 10 13 79/6 77/6 76/6 6/- 
S 13 3 13 58/6 57/6 56/6 6/- 
T 13 7 13 79/6 77/6 76/6 6/- 
U 13 10 13 99/6 98/- 97/- 7/6 
V 18 3 13 79/6 77/6 76/6 6/- 
W 18 7 13 106/- 104/- 103/- 7/6 
X 18 10 13 129/6 127/6 126/- 7/6 

5,res ,n inches Er stock. Return of post 

LOW COST -FROM 29/6d. TO 129/6d. 
Laminated PVC Aluminium and PVC Steel. 
Printed circuit chassis will fit into H, I, K, L, T, U, W, X. 

WEST HYDE DEVELOPMENTS LTD. 
30 HIGH STREET NORTHWOOD MIDDX. 
Telephone: Northwood 24941 

WW-011 FOR FURTHER DETAILS 

PLEASE 
NOTE 

All products er- 
stock for normal 
quantities. Re- 
turn of post ser- 
vice. Minimum 
order LI. Fully 
detailed leaflets 
available. 
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Heathkit for Instrumentation 
The Heathkit range of scientific and 
electronic test instruments including the 
latest advances in solid state instrumen- 
tation has been especially prepared for 
the industrial and scientific laboratory 
instrument user. Whatever your require- 
ments, be they Potentiometric Chart 
Recorders, Monochromators, Universal 
Digital Instruments as well as VVMs and 
general test instruments, substantial 
savings against similar specifications of 
other manufacturers can be made by 
using Heathkit instrumentation. 

THE LATEST SOLID -STATE 'VVM' PLUS AC AND DC CURRENT, Model IM -25 
is typical of the Heathkit ultra -functional instrumentation styling. 

9 AC and 9 DC voltage ranges from 150 millivolts 
to 1500 volts full scale. 
7 resistance ranges, 10 ohms centre scale with 
multipliers X1, X10, X100, X1 K, X10K, X100K, and X1 
Meg measures from 1 ohm to 1000 M ohms. 
11 current ranges from 15pA full scale to 1.5A full 
scale. 
11 M ohm input impedance on DC. 

Kit K/IM -25 £36.16.0 Carr. 11/- 

10 Megohm input impedance on A.C. 
A.C. response to 100 kHz. 
6in. 200p A meter with zero -centre for positive and 
negative voltage measurements without switching. 
Internal battery power for 120/240 volt A.C. 50Hz. 
Circuit board construction for extra rugged durability. 

Ready to Use A/IM -25 £47.6.0 Carr. 11/- 

MM-IU RF-IU 10 -18 

NEW RESTYLED TEST, SERVICE AND WORKSHOP INSTRUMENTS 
The Heathkit range of instrumentation can adequately provide engineers with quality 
instruments at lowest cost, whatever your requirements, be they VVMs, Generators, 
Oscilloscopes, Transistor Testers or Power Supplies. 

FOR THE HOME WORKSHOP 
The householder and hobbyist can, by purchasing easy -to -build Heathkits, 
obtain low cost models for testing household appliances, automobile 
circuitry, electrical /electronic models. 

SEND FOR THE 1970 
FREE HEATHKIT CATALOGUE 
and see for yourself the wide range of instruments, 
Hi -Fi, Amateur and Leisure products 

HEATH KIT DAYSTROM LTD, Gloucester Gl2 6EE, England. 

Tel: Glos 29451. Telex: 43216 

\e` 

WW-012 FOR FURTHER DETAILS 
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CATALOGUE 

1970 

UCTOR'S 
CAT 

. NIQUE ELECTRO S 
CONSTRUCTOR 

.- 
II 

II 
Don't read on unless you're feeling really strong. This 
book will start you on a mad, crazy spending spree. 
It's got everything, but everything for the do- it- yourself 
radio and hi -fi man. 
Everything from a vast range of electronic components 
available to the home electronics constructor, to a 

complete range of equipment for the radio "ham ". 
What's the book ? 

The Electroniques Constructors Catalogue. 
Only the most exciting, mouth -watering items are there. 
Carefully placed in 6 sections for easy reference. And 
backed by truly efficient sales service. 
So if you order any of the vast selection of goods, you're 
sure to get it pretty soon. 

All you have to pay for this great big hunk of temptation 
is 13/- (including packaging and postage) 

So fill in the coupon now.If you dare. 

Enclose PO /cheque made out to: 
Electroniques (proprietors Standard Telephones 
and Cables Limited), Edinburgh Way, Harlow, 
Essex. Telephone: Harlow 26811. 

Name 

Address 

WW-013 FOR FURTHER DETAILS 
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Over 3,500 
specific 
types 

0 
For quality, reliability 
and world -wide 
availability you can 
rely on Haltron valves ... 
and on Hall Electric's speed, 
intelligence and reputation. 
Ministry of Technology EID approval 
Air Registration Board approval. 

HALTRON Hall Electric Limited 
Haltron House, Anglers Lane 

1::=9 

London, N.W.5. 
Telephone: 01 -485 8531 (10 lines) Telex: 2 -2573 

Radio Valves and Tubes Cables: Hallectric, London, N.W.5. 

WW-014 FOR FURTHER DETAILS 
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MODEL 2000 
PLINTH SYSTEM 

The SME model 2000 plinth system is more than a 

handsome and convenient housing for your turntable 
and SME precision pick -up arm. It meets the 
mechanical requirements under which the best 
performance will be obtained. High -quality 
workmanship is combined with ease of assembly. 
The basic unit is finished in selected veneers of teak, 

straight -grained walnut, or rosewood. A one -piece 
hinged lid in heavy acrylic is reinforced with a polished 
stainless -steel trim. 

Write for details to: SME LIMITED STEYNING SUSSEX ENGLAND 

o o 

o 

O 

o 

Motor boards in matching 
veneers are ready cut and drilled 
for screwdriver assembly with 
the appropriate pick -up arm and 
turntable. An uncut board is also 
available. 

Four-point spring suspension 
adjustable for height and 
damping protects the motor 
board from acoustic feedback 
and external vibration. 

WW-015 FOR FURTHER DETAILS 
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Our valves' statistics are vital! 
We worry about the vital statistics of our special 

quality valves. Vital? The screen grid wire in Mullard 
industrial receiving valves is the thickness of a human hair 
(9.2 microns) -not much room for error. To ensure this 
standard of accuracy, we set up a special measurements 
department -one of the finest in Britain -making 
measurements down to one millionth of an inch. That's 
the sort of accuracy that ensures Mullard valves' built -in 
reliability. 

The time we spend on measurement control 
cuts your equipment down -time -another reason 
it pays to ask your supplier for Mullard 

Mullard 
Mullard Limited, Industrial Electronics Division, 
Mullard House, Torrington Place, London WC1.01 -580 6633 

New Buyers' Guide 
There's a new wallchart on Mullard special quality receiving valves. 
It gives comprehensive equivalents information, and it's free from any 
Mullard Industrial Distributor, or just use the reader enquiry service. 

all 
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Tektronix Type 556 

DC -to -50 MHz, dual -beam, 

sweep -delay oscilloscope 
The Type 556 and rack -mount Type R556 use any 
combination of Tektronix letter or 1- series plug -ins 

The UPPER BEAM can display a signal 
from either left or right plug-in ; with 
either Time Base A, Time Base B, or exter- 
nal signals ; triggered from a composite 
vertical signal, plug -in single channel 
signal (with 1A1 or 1A2), external, or line. 

The LOWER BEAM can display a signal 
from the right plug -in; with either Time 
Base B or external signals; triggered from 
a composite vertical signal, plug -in 
single channel signal (with 1A1 or 
1A2), external, or line. 

Independent Vertical Systems use Type 
1A1 or 1A2 Plug -in Units for 50 MHz 
operation ; also accept any other 1-series 
or letter- series plug -in units. 
Independent Sweep Systems provide 24 
calibrated steps from 0.1 µs /cm to 5s /cm ; 

the X10 Magnifier extends the fastest 
sweep rates to i Ons /cm. 
Calibrated Sweep Delay extends contin- 
uously from 0.1 microsecond to 50 
seconds. 
Signal -Sweep Operation enables one - 
shot displays of normal or delayed 
sweeps. 
Independent Triggering Systems provide 

stable displays to beyond 50MHz. Either 
input signal can be used to trigger either 
or both time- bases. 
New Dual -Beam CRT (with illuminated 
internal graticule) provides "zero- paral- 
lax" viewing of small spot size and uni- 
form focus over the 8cm by 10cm display 
area. Each beam has 6cm vertical scan, 
with overlap scan of 4cm by 10cm. 
EMI (RF/) Suppression - meets interfer- 
ence specifications of MIL -I -6181 D over 
these frequency ranges : 1 50kHz to1 GHz - Radiated (with CRT mesh filter in- 
stalled), and 150kHz to 25MHz -- Con- 
ducted (power line). 
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Simultaneous Single -shot Displays. 
Current versus voltage display of a 0.75 
ampere, fast -blow fuse during destructive 
overload. Both beams are driven by B 

Time -Base at 5011s /cm which is delayed 
by pre- triggered A Time -Base to provide 
base reference lines before and after the 
event. The upper beam shows the current 
waveform at 30A /cm while the lower 
beam shows the corresponding voltage 
across the fuse at 100V'crn. 

Single -input Dual -beam Displays. 
Upper beam shows bursts of 2.5MHz 
pulses on Time Base A with time varia- 
tion between bursts. This shows up as 
increasing time -litter between the first and 
successive bursts. The lower beam shows 
B Sweep (0.1 us /cm) delayed by A Sweep 
and triggered on the second pulse of the 
last burst to provide a litter -free expanded 
display of the A Sweep intensified zone. 
The use of only one probe and one plug-in 
input simplifies signal connection and 
provides minimum loading on the source. 

Plug -in units shown 
Type 1A1 Dual -trace Unit 
(Dual- Trace- 50mV /cm at DC -to -50 
MHz, 5mV /cm at DC -to -28 MHz. Sin- 
gle- Trace -500µV /cm at 2Hz -to -15 
MHz. 5 Display Modes -Channel 1, 

Channel 2, Alternate, Chopped, Added 
Algebraically. Front -panel signal out put.) 
Type W Differential 

Comparator Unit 
(Conventional Preamplifier- 50mV /cm 
at DC- to -23MHz to 1 mV /cm at DC -to- 
8MHz. Decade Input Attenuator to 
X1000. Differential Input Preamplifier - 
CMRR of 20,000 to 1, DC- to- 20kHz. 
Max Peak Input of ±15V, XI Attenua- 
tion. Calibrated Differential Comparator 
-Vc Supply of 0 to ± 11V. Accuracy 
of 0.15% of output +0.05% FS.) 

Price without plug -in units -f 1,560 

For detailed information on any of our products, please fill 
in reader reply card or write, telephone or telex. 

Tektronix 
U.K. Ltd. 

Beaverton House P.O. Box 69 Harpenden Herts 

Telephone: Harpenden 61251 Telex: 25559 
WW -016 FOR FURTHER DETAILS 

For overseas enquiries: 
Australia: Tektronix Australia Pty. Ltd., 4 -14, Foster Street, 
Sydney. N.S.W. Canada: Tektronix Canada Ltd.. Montreal, 
Toronto & Vancouver. France: Relations Techniques Inter- 
continentales, S.A., 91, Orsay, Z.I. Courtaboeuf, Route de 

Villejust (Boite Postale 13). Switzerland: Tektronix International 
A.G., P.O. Box 57, Zug, Switzerland. Rest of Europe and the 
Middle East: Tektronix Ltd., P.O. Box 36, St. Peter Port, 

Guernsey, C.I. All other territories: Tektronix Inc., P.O. Box 500, 
Beaverton, Oregon, U.S.A. 
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VALUABLE NEW HANDBOOK 

TO AMBITIOUS 

ENGINEERS 
Have you had your copy of "Engineering Opportunities "? 

The new edition of "ENGINEERING OPPOR- 
TUNITIES" is now available- without charge -to 
all who are anxious for a worthwhile post in Engineer- 
ing. Frank, informative and completely up to date, 
the new "ENGINEERING OPPORTUNITIES" 
should be in the hands of every person engaged in 
any branch of the Engineering industry, irrespective 
of age, experience or training. 

On `SATISFACTION OR 
REFUND OF FEE' terms 

This remarkable book gives details of examinations, 
and courses in every branch of Engineering, Building, 
etc., outlines the openings available and describes our 
Special Appointments Department. 

WHICH OF THESE IS 
YOUR PET SUBJECT? 

ELECTRONIC ENG. 
Advanced Electronic Eng. - 
Gen. Electronic Eng. - Applied 
Electronics - Practical Elec- 
tronics - Radar Tech. - 
Frequency Modulation - 
Transistors. 

ELECTRICAL ENG. 
Advanced Electrical Eng. - 
Gen. Electrical Eng. - Instal- 
lations - Draughtsmanship - Illuminating Eng. - Refrig- 
eration - Elem. Electrical 
Science - Electrical Science - 
Electrical Supply - Mining 
Electrical Eng. 

CIVIL ENG. 
Advanced Civil Eng. - Gen. 
Civil Eng.-Municipal Eng. - 
Structural Eng. - Sanitary 
Eng. - Road Eng. - Hy- 
draulics - Mining - Water 
Supply - Petrol Tech. 

RADIO ENG. 
Advanced Radio - Gen. Radio 
Radio & TV Servicing - 
TV Eng. - Telecommunica- 
tions - Sound Recording - 
Automation - Practical Radio 
-Radio Amateurs' Exam. 

MECHANICAL ENG. 
Advanced Mechanical Eng. - 
Gen. Mechanical Eng. - 
Maintenance Eng. - Diesel 
Eng. - Press Tool Design - 
Sheet Metal Work - Welding - Eng. Pattern Making - 
Inspecti on-D raughtsma nship- 
-Metallurgy - Production 
Eng. 

AUTOMOBILE ENG. 
Advanced Automobile Eng. - 
Gen. Automobile Eng. - Auto- 
mobile Maintenance - Repair 
-Automobile Diesel Mainten- 
ance - Automobile Electrical 
Equipment - Garage Manage- 
ment. 

WE HAVE A WIDE RANGE OF COURSES IN OTHER SUBJECTS IN- 
CLUDING CHEMICAL ENG., AERO ENG., MANAGEMENT, INSTRU- 
MENT TECHNOLOGY, WORKS STUDY, MATHEMATICS, ETC. 

Which qualification would increase your earning power( 
A.M.I.E.R.E., B.Sc. (Eng.), A.M.S.E., R.T.E.B., A.M.I.P.E., 
A.M.I.M.I., A.R.I.B.A. A.I.O.B., P.M.G., A.R.I.C.., 
M. R.S.H., A.M.I.E.D., A.M.I.Mun.E., C.ENG., CITY 8 GUILDS, 
GEN. CERT. OF EDUCATION, ETC. 

BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY 
446A ALDERMASTON COURT, ALDERMASTON, BERKSHIRE 

THIS BOOK TELLS YOU 
* HOW to get a better paid, more interesting sob. 

* HOW to qualify for rapid promotion. 
* HOW to put some letters after your name 

and become a key man ... quickly and easily. 
* HOW to benefit from our free Advisory and 

Appointments Depts. 
* HOW you can take advantage of the chances 

you are now missing. 
* HOW, irrespective of your age, education or 

experience, YOU can succeed in any branch of 
Engineering. 

164 PAGES OF EXPERT 
CAREER -GUIDANCE 

PRACTICAL 
EQUIPMENT 

Basic Practical and Theo- 
retic Courses for begin- 
ners in Radio, T.V., Elec- 
tronics, etc. A.M.I.E.R.E. 
City & Guilds Radio 
Amateurs' Esam., R.T.E.B. 
Certificate, P.M.G. Cer- 
tificate, Practical Radio, 
Radio 8 Television Ser- 
vicing, Practical Elec- 
tronics, Electronics 
Engineering, Automation. 

INCLUDING 
TOOLS 

The specialist Elec- 
ironies Division, of 
B.I.E.T. 
NOW offers you a 
real laboratory train- 
ing at home with 
practical equipment. 
Ask for details. 

B.I.E.T. 

You are bound to benefit from reading 
"ENGINEERING OPPORTUNI- 
TIES." Send for your copy non --FREE 
and without obligation. 

POST COUPON NOW! 
TO B.I.E.T., 446A ALDERMASTON COURT, 
ALDERMASTON, BERKSHIRE. 

Please send me a FREE copy of "ENGINEERING 
OPPORTUNITIES." I ant interested in (state subject, 
exam., or career). 

NAME 
ADDRESS 

WRITE IF YOU PREFER NOT TO CUT THIS PAGE 

THE B.I.E.T. IS THE LEADING INSTITUTE OF ITS KIND IN THE WORLD 
WW-017 FOR FURTHER DETAILS 
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100 WATT 

TRY IT AND SEE! 

lirosKa., 

None of this "see if you can squeeze it up to 100 watts". 
"Well it gets there at 2.875 KHz - anyway this is P.A., not 

HiFi -so who cares what the distortion is so long as it is not 
more than 6 or 7 per cent. "" The S.N.S. CD.100 amplifier 

gives a pure, fully transistorised power output of 100 watts 
at 1 KHz with distortion less than 1 per cent. You are 

probably saying "I've heard it all before". So have we! That 
is why we have built an amplifier which will set new 

standards in craftsmanship and performance. 
To prove it we will loan you one for a seven day free trial. 

i 
The CD.100 illustrated is a single input unit giving 
100 watts RMS output for 25 mV input at 1 KHz so it 
can be driven by any tuner or tape machine or, of 
course, the output of a mixer. 50/100 volt line output 
(0 -50 -0.50) "Distortion less than 1 per cent at 1 KHz. 
"Full short circuit protection with the exclusive S.N.S. 
Current Lok circuit. Ample thermal capacity to 
ensure the transistors run within their limits at 100 
watts continuous Sine Wave. All these plus points, and 
many more, make the CD.100 yet another S.N.S. success. 

S.N.S. COMMUNICATIONS LTD. 
851 RINGWOOD ROAD - WEST HOWE - BOURNEMOUTH - HANTS - ENGLAND 
Telephone Northbourne 4845/2663. Telegrams: Flexicall Bournemouth - Telex: 41224 

Manufacturers of : Transistor Amplifiers, Crystal AM and FM Tuners, Radiomicrophones, Cabinet and Line Source 
Loudspeakers, Loudspeaking Intercom Systems, Hotel Radio and Intercom Systems. 

WW-018 FOR FURTHER DETAILS 
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This new "4th generation" I -C plug -in counter /timer 
outperforms all others ... 
including from d.c. to 3 GHz 
with only one plug -in ... 
Why compromise for less ? The Model 1 500A has a main frame 
counting range from dc to 125 MHz (to 3 G Hz with a single 
plug -in). This instrument is fully programmable, has provision 
for external time base up to 10 MHz, and many other significant 
features, including the well recognised advantages of 
Monsanto's "4th generation" 90% integrated circuit design. 
The Model 1104B frequency converter unit covers the range 
dc to 3 G Hz with only one plug -in. Also available : Model 
1100A uncommitted plug -in ; Model 1 101 A 500 MHz prescale 
plug -in ; Model 1102A 6 -digit preset plug -in ; Model 1 103A 
500 MHz frequency converter plug -in : Model 1107A time 
interval plug -in ; Model 1201A DVM plug -in. 
Unparalleled performance plus award -winning design make the 
Model 1500A the ultimate counter for the no- compromise 
engineer. 
Most engineers take Monsanto's reliability for granted because 
of our 2 -year warranty. 

For a demonstration, or for full technical details, 
call 01 -450 781 1 or write to our exclusive agents: 
G .£t E. BRADLEY LTD. 
Electral House, Neasden Lane, London, N.W.10. 

WW-019 FOR FURTHER DETAILS 
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That's our Joe... We gave her seven words 
and a daisy; and the wall came tumbling 
down. 
The wall of silence. Distinct among the major 
suppliers of hybrid IC's and passive networks, 
we at Erie soft- pedalled our publicity. We 
had to. Because keen commercial minds in 
UK and Continental companies snapped at 
the factihat Erie hybrids give complete circuit 
functions i.,less time, at less cost, than if you 
select, buy and assemble your own discrete 
componerts ... and give you a hefty bonus in 
increased reliability. So our order books were 

Hybrids? 
We make them by 

the million! 

full. And stayed full ; even with output rates 
of 2.5 million units a year. 
But now we are coming to you with all this 
experience. Because now we can give you 
the only kind of service our reputation will 
permit. Prompt, personal service. With teams 
of physicists, chemists, microelectronics 
specialists, waiting to tackle your problem. 
With an advanced manufacturing capability 
that will lift output to the multi -million level, 
raise reliability even higher, make prices 
even more competitive. A capability backed 
by a Quality Assurance laboratory approved 

to BS 9000, and all of Erie's world -wide 
experience. 
Send for Publication No. 1. It gives you all 
the facts. Better still, send for an Erie sales 

engineer. He will under- 
stand your problem. 

ERIE 

ELECTRONICS 

LIMITED 
* Short for Joshua ? ? 

ERIE ELECTRONICS LTD., 
Great Yarmouth, Norfolk. 
Tel : 0493 4911. 
Telex : 97421 

ERIETHICK FILM INTEGRATED CIRCUITS 
WW-020 FOR FURTHER DETAILS 
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Three good ideas 
shelved 
byJJ 
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Decade Capacitors 
Accuracy ± 1% alternatively ±-}%. 
500 volts d.c. working. 

0.111 mfd. in 100 pf. steps. 
4 Decade - Cat. Ref. C4 - 100 pf. to 1.1 1 1 mfd. in 100 pf steps. 
4 Decade plus Air Spaced Capacitor - Cat. Ref. VC5 - 50 pf. to 1.1 1 15 mfd. infinitely variable. 
3 Decade - Cat. Ref. C3 - 100 pf. to 1.1 1 1 mfd. in 100 pf. steps. 
3 Decade plus Air Spaced Capacitor - Cat. Ref. VC4 - 
50 pf. to 0.1115 mfd. infinitely variable. 

Switched Capacitor Boxes 
Accuracy r 5% or alternately +1%. 
Cat. Ref. C.60 0 to 61 mfd. in 0.1 mfd. steps. 

C.100 0 to 100 mfd. in 1 mfd. steps. 
C.140 0 to 140 mfd. in 1 mfd. steps. 

All instruments calibrated in absolute units so 
that no correction has to be made for strays. 

Decade Resistance 
Average Accuracy 0.1 %. Residual resistance: 

4 Decade - 12 milliohms. 5 Decade - 15 milliohms. 

Decade X 100.000 ohms X 10.000 ohms X 1.000 ohms X 100 ohms X 10 ohms X 1 ohm 0.1 ohm 

Max. 3 mA 7 mA 
corn. 
Current 

20 mA 70 mA 200 mA 700 mA 1A 

Short 3.2 mA 10 mA 
time 
current 
rating 

32 mA 100 mA 320 mA 1 A 1 A 

Air Cored Decade 
Inductor Accuracy ± 5% 

3 decade model Cat. Ref. L1 1 mH to 1 Henry 
2 decade model Cat. Ref. L2 1 mH to 100 mH 
2 decade model Cat. Ref. L3 10 mH to 1 Henry 
Also available precision Air Spaced Capacitors. Conductance Boxes. 
Loading Resistors. standard Resistors and Capacitors. Potentiometers. 
Resistance Bridges and Solid State d c Null Detectors 

All Instruments Available from Stock 

Precision Metal film 
decade resistance box 

suitable for use both on 
d.c. and at high 

frequencies. Accuracy 
actually improves with 

use and age. 

5 Decade Cat. Ref. R7 1,1 1 1,100 Q by 10 Q steps 
Cat. Ref. R9 1 1 1,110 ' by 1 r !tees 
Cat. Ref. R10 1 1,1 1 1 Q by 0.1 Q steps 

4 Decade Cat. Ref. R5 111,100 by 10Qsteps 
Cat. Ref. R4 1 1.1 10 by 1 Q steps 
Cat. Ref. R3 1,1 1 1 by 0.1 Q steps 

And Our 
Sales Engineers 

always carry 
a wide range 

l.l.11oyd Instruments Limited 
Brook Avenue, Warsash, Southampton S03 6HP Tel: Locks Heath 84221 

WW-021 FOR FURTHER DETAILS 
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The TA401 
is similar to 
the TA601 

(as illustrated) 

A.C. AMPLIFIER TYPE TA605 

20 
OFF 
& OlB. 

INPUT 

3Q V 
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TA605 
ACTUAL 
SIZE 

TYPE TA401 TYPE TA601 TYPE TA605 

GAIN 40dB ±0.1dB 60dB ±0.1dB 20. 30. 40. 50 and 60dB ±0.2dB. 

BANDWIDTH 
3dB 

1 Hz -3MHz 3Hz- 1.2MHz 20 -40dB. 1Hz -3MHz: 50dB. 2Hz -2MHz: 60dB. 
4Hz- 1.5MHz. 

BANDWIDTH 
0.3dB 

4Hz -1MHz 10Hz- 300kHz 20 -40dB, 4Hz-1MHz: 60dB, 10Hz- 300kHz. 

INPUT 
IMPEDANCE 

>5Mfl, <40pF 
from 100Hz to 1MHz 

>IMQ, <50pF 
from 100Hz to 300kHz 

>5Mf2. <40pF 
from 100Hz to 300kHz. 

INPUT NOISE <15 p V. zero source: 
< 50 p V, 100k ()source 

<15 p V. zero source: 
<40 p V, 100k ()source 

As TA401 and TA601 at 40dB and 60dB. 

POWER SUPPLY PP3 battery, life 100 hours PP9 battery. life 1.000 hours, or A.C. Pówer Unit. 

AVAILABLE 
OUTPUT 

IV up to IMHz, 300mV at 3MHz. into load of 
100k (land 50pF 

1.5V up to 2MHz, IV at 3MHz. into 100k fl and 50pF. 

OUTPUT IMPEDANCE 100 Qin series with 6.4 p F 

SIZE AND WEIGHT 3" x 11" x 1" 7 oz. 21" x 4" x 5 }" 21 lb. 

PRICE with Battery 
and input lead 

£17 .0 .0 £17 .0 .0 £27 .0 .0 
(Optional A.C. Power Unit f 7.10.0 extra). 

LEVELL 
PORTABLE INSTRUMENTS 

Fully detailed leaflets are available on our complete range of portable instruments 

LEVELL ELECTRONICS LIMITED 
Park Road, High Barnet, Herts. Telephone: 01 -449 5028 

WW -022 FOR FURTHER DETAILS 
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C.S of research... 

"STETOMIKE" 
THE NEW STETOCLIP 

HEADSET 
WITH 

BOOM MICROPHONE 

STETOMIKE is the new revolutionary Stethoscope type headset 
fitted with a Boom -arm Microphone. 

STETOMIKE is practically weightless (approx 1 - oz) compared with 
the usual conventional cumbersome heavy headphones (with 
Boom -arm Microphone) at present being used. 

STETOMIKE is ideal for children and adults. and due to its lightness 
can be worn for long periods without discomfort and numbness. 

STETOMIKE is constructed of pale grey high tensile plastic parts 
of advanced design. It uses the latest Danavox sensitive balanced 
armature microphone capsule and magnetic earphones. 

STETOMIKE employs a simple unit construction and in the event of 
unavoidable damage. all items are quickly replaceable on the spot. 
by the readily available Danavox spare parts service. 

STETOMIKE is competitively priced and is directly available to 
manufacturers and relevant wholesalers. 

STETOMIKE is ideal for many projects including speech trainers, 
telecommunications. walkie- talkies, centralised dictation systems, 
educational and industrial training equipment, audio equipment 
and with C.C.T.V. cameras. 

OTHER 
DANAVOX 
PRODUCTS 
Stetoclip Headsets, Dictating 
Machine Headsets, Hospital 
Patients' Headsets, Headphones, 
Industrial and Hearing Aid type 
Earphones and Cords, Earhangers, 
Pillow Speakers, Foot Switches, 
Throat Microphones, Microphone 
Capsules, Jack Plugs and Sockets, 
micro -miniature switches etc. 

D a n avox 
I N T E R N A T I O N A L 

DANAVOX (GT. BRITAIN) LTD. 
Electro- Acoustic Components and Hearing Aids 
"BROADLANDS ", SUNNINGHILL, ASCOT, BERKS. 
Telephone.- ASCOT 23732/6 

WW-023 FOR FURTHER DETAILS 
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Produced by experts for Engineers, Students and Enthusiasts 

This is the book you've been waiting for! Over 
200 information- packed pages. Circuits for 
audio amplifiers, record players, tape recorders, 
f.m. tuners and portable radio receivers up to 
hi -fi standards, all designed and proven 
in Mullard laboratories. 
Mullard publications are renowned for the 
technical authority of their contents and the 
clarity and style of their presentation. 
`Transistor Audio and Radio Circuits' isanother 
outstanding example - there's bound to be a big 
demand. 

It's handy sized and strongly bound. 
Tremendous value at 30/ -. 
Get your copy from your local radio retailer, 
bookshop or direct from Mullard ( cash with 
order) 32/- per copy including postage and 
packing. 

Mullard 
Mullard Limited, Distributor Sales Division, 
Mullard House, Torrington Place, London W.C.1. 

®91 
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Heathkit Stereo Hi -fi . . 

STEREO 'COMPACT' AD -27 

STEREO TUNER /AMPLIFIER, AR -14 

STEREO 
TUNER 
TFM -15 

STEREO AMPLIFIER, TSA -12 

BERKELEY 

A WIDE CHOICE OF 
SPEAKER SYSTEMS 

AVO N 

Are you a do- it- yourself man? Would you like to own a 
first -class Hi -fi outfit at a do- it- yourself price? The wide 
range of world- famous Heathkit products offers 
something for everyone. 

STEREO 'COMPACTS' 
The newest additions to the Heathkit range are two 
"stereo compacts". The AD -27, pictured left includes a 
turntable unit with a Shure magnetic cartridge, an FM 
stereo tuner and a 30 watt stereo amplifier. The whole 
is built into an attractive compact teak or walnut veneered 
cabinet - all for a kit price of only £82! The AD -17 
compact is similar but does not have the FM radio 
facility and uses a simpler but still attractive cabinet. 
This kit only costs £54. 

STEREO TUNER AMPLIFIERS 
If you need a Tuner -Amplifier, we can offer models to 
suit any pocket. Pictured on the left is the very popular 
Heathkit AR -14. This is a solid -state stereo Tuner -Amplifier 
with a sensitive FM tuner, a built -in stereo decoder and a 
30 watt stereo amplifier (15 watts I.H.F.M. per channel). 
It is wonderful value at a kit price of £54. 

STEREO 'SEPARATES' 
If your preference is "separates ", or perhaps you want 
just a stereo amplifier without a tuner, again Heathkit 
offers a selection. Typical is the TSA -12 stereo amplifier. 
illustrated. This is a solid state stereo amplifier (1 5 watts 
I.H.F.M. per channel) at a kit price of only £32 16 0. 
We have radio tuners to match either for FM reception 
only, or for FM and Long and Medium wave. The Stereo 
Tuner, model TFM -15 costs only £28 14 0 in kit form. 

LOUDSPEAKER SYSTEMS 
All the units described above can be used with any good 
hi -fi loudspeakers. To cover this need, the Heathkit range 
includes several hi -fi loudspeaker kits. The Berkeley kit 
features a 12 in. bass loudspeaker and a 4 in. high - 
frequency unit, a ready finished teak or walnut veneered 
cabinet, and the kit price is only £21 4 0. The 'Avon' mini 
kit is only £13 8 0. 

See the complete 

range in the 

FREE CATALOGUE! 
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DAYSTROM LTD, GLOUCESTER, G12 -6EE. 

Tel: Glos 29451. Telex 43216. 
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LJEIiX PORTABLE D.J. CONSOLE 

Specification 
Power Output: 25 -30 watts at 100V lins. 
Inputs: Two microphones 30 -50D balanced. 
Auxiliary switched gram, tape, or medium impedance 
microphone. 
Master Gain Control, Tape Record Socket, 
Bass Tone Control: + 10 db - 12 db .a 100 cps. 
Treble Tone Control: + 8.5 db - 10 db a 10 Kc /s. 
Frequency Response: t .5 db 25 c/s -- 12 Kc /s. 
Dimensions: Length: 3" 4". Depth: 1' 6 ". Height: 2' 6'". 
Height less legs: 1 " 0 ". 

Meets the ever growing demand for well presented music 
and speech at private and public functions -dances, 
receptions, parties etc. where there is no permanent 
sound installation. The Audio Portable D.J. Console 
incorporates the A.25 silicon transistorised power 
amplifier with three input channels each with separate 
volume control. The two Garrard SP.25 single play 
turntable units each have continuously variable fader 
controls. Monitor loudspeaker. socket for headset and 
dynamic cardioid microphone completes the equipment 
which is attractively housed in solid afromosia cabinet 
with detachable legs. 

HIGH QUALITY REPRODUCTION 
READILY PORTABLE 
QUICKLY SET UP 

SIMPLE TO OPERATE 
STYLISH PRESENTATION 

Full information available on request -ask for details of 
Audio Sound Control Consoles, Integrated Mixer 
Amplifiers and Complete Sound Systems. 

SOUND STANSTED, ESSEX. 

SYSTEMS Telephone: 027 -971 3132/3437 
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You're on the right track- 
with Goldring 800 
magnetic cartridges 

Goldring 800 magnetic cartridges track unerringly. 
Because that's the way we make them. They're designed to 
translate even the most delicate information stored in the groove 
back into an identical electrical signal. We call it the sound 
of true transduction. 

Hear it for yourself. You'll know you're on the right track. 

Goldring 800 /H ... the 800'H is designed 
for inexpensive changers to track 
between 21 -3# grams and has 
a high output of at least 
8mV. £10.13.6 tax paid. 

Goldring 800 
. the 800 is designed 

for standard arms and 
changers where the 
requirements of high 
fidelity and robustness 
usually conflict. £ 13.0.0 tax paid. 

Goldring 800 E ... is designed for tran- 
scription arms and a micro -elliptical 
diamond is fitted to a finer canti- 
lever, end damped against natural 
tube resonance £18.17.1 tax paid. 
Goldring 800 Super E ... the 800 

Super E is for those to whom 
perfection is barely good enough. 

Extraordinarily low mechanical im- 
pedance for superb tracking capabilities. 

Each cartridge is supplied with its individual 
curve and calibration certificate. £26.0.0 tax paid. 

Send for details and complete range of Goldring Hi -Fi equipment 
Goldring Manufacturing Co. (Great Britain) Ltd. 
486 -488 High Road, Leytonstone, London, E.11. Tel : C1 -539 8343. 

WW -028 FOR FURTHER DETAILS 

www.americanradiohistory.com

www.americanradiohistory.com


Wireless World, January 1970 

We 
talk 

valves 

We can't, and don't, 
disregard current advancements 

in sophisticated electronics 
We can, and do, 

cater to an undiminishing requirement 
for, replacement valves from all quarters of 

Industry, Education and Research. 

This requirement has been built up over 
many years past. 

So has Pinnacle 

WW -029 FOR FURTHER DETAILS 

Pinnacle 

Pinnacle Electronics Limited 
Achilles Street, New Cross, London, S.E.14. 
Phone: AH I departments 01 -692 7285 
Direct orders: 01 -692 7714 
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Telcon 

soft magnetic 
materials give 
todays circuits , 

Z7orrrnys 
pert ormance 

Telcon . Mumetal used in a large 
bushing current transformer, manu- 
factured by Smith Hobson _td., 
which was one of several for the 
Niagara Falls Generating Station. 

Please send 
for further 
details of 
Telcon 
soft magnetic 
materials. TELCON 
TELCON METALS LTD., Manor Royal. Crawley. Sus:zx. 

Telephone: Crawley 28800 Member of the an ( o of Companies. 
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From laboratory to 

full industrial duties - 

COVERED! 

THE GENEVAC KINNEY RANGE 

Exceptionally compact, 
oil sealed rotary piston high vacuum pumps 

providing pressures of 1 torr or below 

GKT, GKC SERIES - 
INDUSTRIAL TYPE 
Four single -stage pumps with 
speeds up to 500 ft3 /min. 
Special patented balancing 
techniques eliminate harmful 
vibration - so you needn't bolt 
them down if you don't want 
to. Which makes this series 
ideal for both static and 
mobile applications. 

GHS. GHD SERIES - 
DUAL PURPOSE 
For laboratory or industrial use. 
Capable of achieving ultimate 
pressures down to 5 x 10-4 
And giving a 50% increase in 
pumping speed over previous 
models. 

NRD -NRS SERIES - 
LABORATORY TYPE 
Provide a high vacuum testing 
facility down to 5 x 10.4 
ultimate pressures, plus the 
ability to remove water 
vapour and gases from test 
environments. 

All pumps are 
vibration -free, with low noise 
levels and full gas ballast 
facilities. Cost is low, design 
is compact and construction 
robust. Efficiency rating is 
very high and reliability 
is absolute. 

Write for the Genevac Kinney publications ... 
Vacuum Products Division, 
GENERAL ENGINEERING CO. (RADCLIFFE) LTD. 
Station Works, Bury Road, Radcliffe, Manchester. 
Telephone 061 -723 3271/ 3041 Telex 66200 Generalrad Manchester. 
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Pye Telecommunications is the world's largest exporter of rely On radiotelephone equipment. Pye Radiotelephones are used 
all over the world to ensure instant contact. Pye research 
development and quality control really do keep in touch 
with tomorrow. 

aZ7 

PYE SPANS THE WORLD 

the vital contact 

Íè , 
Pye'Pocketlone Personal 
Radiotelephone 
New battery economy 
namely light-weight and 
Reception free from noise 

Ex. 

1 

Pye 'Bantam' Portable 
VHF Radiotelephone 
Fully transistorised transmitter and 
receiver Very high performapcn 
receiver Crystal filter selectivity 

Pye VHF Radiotelephone 
Find Station 
Solid -state receiver and transmitter 
10 -t5W R.F. output Field -effect 
transistors used in receiver Suitable 

... 
. 

II- 

. 

Pye UHF Radiotelephone 
Fixed Station 
Solid state receiver and transmitter 
8-10W R.F. cutout Very high R.F. 
selectivity using field -effect Iran- 

watUld 
Pye 'Westminster' 
Remote Mounted Radiotelephone 
Completely solid state 5 -8W R.F. 
output 1 -10 channels with solid slate 
switching Illuminated channel indi- 

circuit 
compact 
and inter- fernc Minimum of controls 0 5W transmitter output 250mW tar all climates Electronic squelch sistors Very low noise factor calor Suitable for all climates Transmit button automatically ex- 

lends antenna Hearing aid socket 
nud,o power Long endurance with 
rechargeable or dry batteries Can 

Designed to meet all relevant sped- 
ticalions. 

Electronic squelch A. C. or 24V d.c. 
operation Suitable for all climates 

Meets all relevant specifications. 
Easily accessible batteries. be used with external antenna to give 

greater range Weatherproof. 
Designed to meet all relevant spec,. 
lications. 

-' 
_ 

PYE ® c --, 
.v °, 

rf t r. 

-` 

- 

_- 

equipment 

gives you Y 

instant -contact 
Pye 'Westminster' Pye Single Sideband Pye 'Pioneer' Pye 5- Circuit UHF 
Front Mounted Radiotelephone Radiotelephone Radiotelephone Radiotelephone With mobility Completely solid slate 5 -8W R F 

output 1 -10 channels with solid 
í25W (p_e p.) R.F. output Fully 
transistorised receiver C.W. fact. 

Fully transistorised For use with 
automatic. CB manuel. or magneto 

Compact 5- circuit radio terminal 
Fully - transistorised channelling state switching Suitable for all lilies provided Sideband selection exchanges Weatherproof cabinet equipment Frequency- hiftsignalling climates Meets all relevant spec,- by crystal filter Carrier insertion for Unattended operation over long Continuous unattended operation in lications. a.m. compatibility Fixed or mobile periods Facility for fitting privacy all parts of the world - Twelve application Advanced transmitter 

design 
equipment Optional single antenna 
nnerahon. 

standard plans for terminals and 
repeaters. 

PYE TELECOMMUNICATIONS LTD. Cambridge England Telephone: Cambridge (0223) 61222 Telegrams: Pyetelecom Cambridge Telex: 81166 
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NEW 

Eitestat 
TEMPERATURE 

CONTROLLED 

SOLDERING 
INSTRUMENTS 

Control within ±2I °C 

Temperature infinitely 
adjustable while running 

Available for all voltages 

Built -in indicator lamp 

Cool, comfortable, 
unbreakable Nylon handle 

Range of bit sizes, 

Copper or Philips iron - 

coated 

Please ask for leaflet LT.5 

LIGHT SOLDERING 

DEVELOPMENTS LTD. 
28 Sydenham Road, Croydon, CR9 2LL 

Telephone: 01 -688 8589 and 4559 
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CHASSIS 
and CASES 
Type N 

Type W 

*-Type Y 

Type Z 

Type U 

CASES 
ALUMINIUM, SILVER HAMMERED FINISH 

Type Size 
N 8x6x2* 
N 6x6x3 
N 4 x 4 x 2 
U 4x4x4 
U 54x41.x41 
U 8x6x6 
U 9} x 7} x 3# 
U I5x9x9 
W 8x6x6 

Price 
I8/- 
17/6 
II/- 
11/- 
I7 /- 
23/- 
24/- 
49/- 
23/- 

Type Size Price 
W 12x7x7* 37;6 
W 15x9x8 48/6 
Y 8x6x6 29/- 
Y 12x7x7 45/- 
Y 13x7x9 50/6 
Y 15x9x7 53/6 
Z 17x 10x9 72/6 
Z 19 x 10 x 8} 78/- 

'Height 
Plus post and packing. 

Type N has a removable bottom, Type U removable bottom or 
back, Type W removable front, Type Y all- screwed construc- 
tion, Type Z removable back and front. 

BLANK CHASSIS 
FOUR -SIDED 16 SWG ALUMINIUM 

Size Price Base Size Price Base 
6 x 4 x 2" 6/3 2/11 ox8x21" 2/- 5/6 
7 x 4 x 1.4" 6/- 3/2 2x7x21" 2/- 5/11 
7 x 5 x 2" 7/6 3/5 2x9x2t" 3/9 7/- 
8 x 4 x 2" 7/- 3/4 3x8x2t" 3/9 6/II 
Six51x2" 8/- 3/9 4 x 7 x 3" 4/6 6/6 
9x 7x 2" 9/3 4/10 4x IOx21" 6/- 8/7 
10 x 4 x 21" 9/- 3/9 5x IOx24" 6/6 9/I 
12 x 4 x 2¢" I0/- 4/3 7x 10 3" 9/6 10/1 
12x 5x 3" 12/- 4/9 

TO FIT OUR CASES 
Size Price 

7 x 51 x 11" 7/- 
7x 5}x 2" 7/9 
11 x 6} x 11" 10/- 
II x6}x2" I0/- 

Base 

3/9 
5/6 
5/6 

Size Price 
12 x 6} x 2" 10/9 
14 x 81 x 2" 13/6 
151 x 91 x 21" 17/- 
17} x 9} x 21" 18/6 

WITH BASES 
Size Price Size 

5x4x24" 9/3 3 }x 31x2 }" 
4x2 1 x I }" 6/- 3 x 2 x 1" 
31 x 31 x 21" 7/3 61 x 244 x I}1" (18SW 

Plus post & packing. 

PANELS: Any size up to aft. at 6/- sq. ft. 16 s.w.g. (18 s.w.g. 5 3). 
Plus post and packing. 

Base 
5/11 
7 /II 
9/6 

10/6 

Price 
66 
56 

G) 83 

H. L. SMITH & CO. LTD. 
Electronic Components Audio Equipment 

287/289 EDGWARE ROAD, LONDON, W.2 
Tel: 01 -723 5891 

We shall be pleased to quote for all your component requirements. 
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World Travellers pose for their passports 
The Teonex family is big - 2,000 odd members, 
exclusive of semi -conductor relatives! 
Like every family, they come in many shapes and 
sizes. Slim or fat, tall or squat, bigger cr 
smaller, and in many ages: very young to very old. 
But there are two common characteris:ics. They 
are very reliable and they all have to travel. 
Nearly 60 countries now welcome Teonex, on 
Government and private contract. The family album 
is as comprehensive as you can get and most 
members are available from stock. 
For technical specifications and price lists 
please write to Teonex Limited 
2a Westbourne Grove Mews London W.11 England 
Cables: Tosuply London W.11 

electronic 
valves & 

semi -conductors 

a29 

TEONEX 
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englefield 

' ° . 

/ ,I+ 

1r 6 

MN* 
' 

i m 

NEW DESIGN FROM PEAK SOUND 

Proved -performance high fidelity 
with specification guarantee 

The Peak Sound Englefield is a new system which assemblesfrom laboratory designed 
modules to provide a cost -performance ratio which has never been bettered in 

high fidelity. Here is top -flight circuitry housed in a cabinet of elegantly original design 
which is both beautiful and completely practical back and front. By assembling these 
Peak Sound units, you can own one of the best high fidelity instruments you have 

ever heard or seen and all for a cost of about £38. The assembly is supplied complete 
down to the necessary connecting wires supplied colour coded, cut to length and 

stripped at the ends for soldering. You can use the Englefield Cabinet design to house 
either the 12 + 12 system as published in Practical Wireless. or the 25 + 25 watt 
system as approved for the Hi -Fi News Twin Twenty by Reg Williamson. Go to your 
stockist and ask to see and hear Peak Sound equipment now. 

Matching F.M. Tuners will be available very shortly. 

and this is the Peak Sound Specification Guarantee 

Peak Sound guarantee that their equipment meets all specifications as published 
by them and that these are written in the same terms as are used in equipment reviews 
appearing in this and other leading high fidelity journals. Audio output powers are 
quoted at continuous sine wave power in terms of Root Mean Square values (R.M.S.) 
into stated loads at stated frequencies. 

peak sound 

Go to your Stockist. Pea., Sound products are 

already available from dealers in many parts. If your 

own local stockist is not yet ready with the Peak 

Sound Items you require. please send direct together 
with your suppliers name and address and your 
requirements will be dead wits without delay 

TRADE ENQUIRIES INVITED. 

PEAK SOUND (HARROW) LTD., 
32 St. Jude's Road, Englefield 

Green, Egham, Surrey 

r,,nune: EGH4M 5376 

THE SPECIFICATION 
Using two Peak Sound PA. 12 -15 "s. driven simultane- 
ously at 1 KHz from 240 V. mains supply. 

Output per channel: 11 watts into 150: 14 watts into 
80. (see spec. guarantee). 
Frequency bandwidth: 10Hz to 45 KHz for 1dB at 

1 watt 
Total Harmonic Distortion at 1 KHz at 10 watt into 
150-0.1%. 
Input sensitivities: Mag. PU.3.5 mV imp. R.I.A. A. 
equalized into 68 K Q: Tape. 100 mV linear into 100 KO: 
Radio, 100 mV linear into 100 K 

factor: 29 dB on all input channels. 
Signal /noise ratio: -65 dB on all inputs. Vol. control 
max. 
Controls: Volume. Treble, Bass. Low pass Filter. 
Mono. Stereo: On -off: Balance 
Using two PA.25 -15 amplifiers, output is then 25 
watts into 151/or 80 per channel at 1 KHz 

Power bandwidth for -- 1 dB at 20 watts R.M.S. into 
150 at less than 0.25% distortion is 20 Hz to 20 KHz. 

THE MODULES 
Englefield Amplifier Cabinet with 
front panel. knobs, sockets. cut and 
stripped wire. fuses. edge connec- 
tors. etc. £8 0 0 
Two PA. 12 -15 power amp. built 
modules £11 19 0 
SCU /400 Pre- amp /Control module. 
built £15 15 0 
PS /45 Power Supply kit £4 10 0 

£38 4 0 

Using two PA.25 -15 modules at 
(11/15/- each and PS /68S Stabilized 
Power Supply Unit at E13í10/ -. total 
price for complete system comes to £58 15 0 

To Peak Sound, 32 St. Jude's Rd., Englefield Green, Egham, Surrey. 
Details of Englefield systems. please and 

Name 

Address 

WW1 

Write your stockists name and address in margin below and cut out with coupon if necessary 
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Some notes on Bridge Measurement by WAYNE KERR 

Number 6 

Radio -Frequency Bridges 
The first five issues in this series of notes have described 

some of the basic principles of low frequency bridges and 
also their application to the measurement of components 
using two, three and four terminal techniques. 

Transformer Ratio Arm bridges can be designed to 
operate at radio frequencies up to about 250MHz where 
other forms of bridge based on transmission lines 
become practicable. 

The design of a bridge required to operate at high 
frequencies demands careful attention to every aspect of 
the layout, and in particular to the series inductance 
introduced by connections between component parts of 
the bridge. Short lengths of conductor which are insignifi- 
cant at low frequencies can resonate and introduce 
immense errors as the frequency is increased. 

However, the neutral connection which is available 
from transformer ratio arms can be used to effectively 
cancel the series inductance of conductors in the following 
manner. If two strip connections are made to, say, a 
bridge standard, these are placed side by side and 
mounted above a plate connected to neutral. The loop 
current flowing in the strips will induce, in the plate, an 
equal and opposite current which cancels the magnetic 
field, thus reducing the loop inductance. 

Figure 1 illustrates a practical circuit for a bridge 
capable of operating at frequencies up to 100M Hz. 

R . F. 

Source J 

G Standard 

R.F. 
Detector 

The transformers are formed by winding thin silver 
tapes on to ferrite or ferrous dust ring cores which are 
mounted inside individual screening cans. 

The unknown impedance is connected to the blocks 
shown in the diagram which represent a shunt capacitance 
on the unknown side of the bridge. This capacitance is 
balanced by the standard variable capacitor and its value 
is so chosen that the capacitor is half engaged when the 
dials are at zero. An unknown reactance can therefore be 
balanced either by increasing the setting of the capacitor 
or decreasing it in the case of an inductive reactance. This 
feature is of particular value when transmission lines or 
aerial arrays are being evaluated. 

Drums of low inductance resistors forming fixed 
conductance standards are arranged to engage with 
spring contacts. A variable conductance for interpolation 
is formed by means of a resistor R which is fed with a 
voltage derived from a resistive potential divider P. 

Recently, a continuously variable potential divider has 
been developed which enables voltage division to be 
effected with great precison. This device is based on the 
magnetic field in a single turn loop and is illustrated in 
Figure 2. 

The loop is connected to a winding which forms part of 
the left hand transformer shown in Figure I. An auto - 
transformer is connected across the loop and several 
taps are connected to give a predetermined voltage 
distribution round the loop. Separate loops can be used 
to drive resistive and reactive standards and one inter- 
esting feature of the arrangement is its ability to create a 
continuously variable inductance standard. In this case 
an air cored toroid can be employed whose external field 
is so small that the presence of metal objects near the coil 
has no measurable effect. 

Radio- frequency bridge measurements require that 
considerable care should be taken in setting -up the 
apparatus. Any leakage of power from the source to the 
detector which by- passes the bridge network will give 
errors. Furthermore, if an aerial assembly is being 
measured, radiation from the aerial may be picked up by a 
badly screened detector and subsequently cancelled by a 
voltage of opposite phase in the operation of the bridge 
which will now balance at a false point on its scales. 
However, with a well screened detector and with soundly 
constructed connecting cables coupling the source and 
detector to the bridge, highly accurate measurements can 
be performed on both active and passive assemblies. 

THE WAYNE KERR COMPANY LIMITED 
NEW MALDEN SURREY ENGLAND 
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FOR 

BS9000 
ASSURED RELIABILITY 

BRITISH STANDARDS INSTITUTION 
MULTI} 

BRITISH STANDARDS HOUSE 
h PARK STREET. LONDON WIT SAA 

Newmarket TrvsSStors Ltd., 
Einvlg Hoed, 
Newaerket, 
Suffolk. 

For the attention of Mr. H.G.Xacisgen, 
Winging Director. 
Dear Sirs, 

Tolog 

DNB 

British Starsiams Irstlnrtion Approval of 
Manufacturer osier EIS. 9000 

I have to inform you that the arrrytementa at your Works at 

F ing Roed, 
Newmarket, 
Suffolk. 

014..60 
Últr 
VIANO.LLOS LONDON VI 

0C/33/1 - 1014/X. 

15th September, ; eI 

re approved by the British Standards Institution as satisfying the requirements. 
of IS. A0(O. 

The inspection arrangements are to be uder the control of your approved 
Rdef Inspector, Mr. R.W.BStaore 
nrd your approved Deputy thief Inspector, Mr. H.H.Harvey. 

This approval covers the following: 

Merufacture of electronic parts of assessed quality to the 
IFS. 9(X10 series of specifications as follows:- 

Generic Specification IS. 9300 
(0 Transistors excluding FEfs 

..e British Standards Institution Approval Taber allocated to your Work.. 
identified above is:- 

FS. 90(10 Approval 1014/11 

am this should be quoted on all relevant documents. 

The BS. 90()0 MereSacnuer's Factory Identification Code letters allocated 
to your Works identified above are:- 

CO 

You are hereby authorise) to use only the following reference to approval 
on letter Feedings, advice notes invoices etc. 

M. 9000 Approval 1014N 

This approval, which is subject to the conditions of BS. 90(10, may be sus paol..i 
or withdrawn by British Standards Institution In accordance with [lose conditions 
and is subject to supervision by the Supervising Inspectorate of the Institution, 
which until farther notice will be:/' 

Electrical Quality Assurance Directorate, 
Components Department, 
Ministry of Technology, 
Aquila, 
Bromley, 
Kent. 

Will you please aosanwledge receipt of this letter (with a cagy to the 
Supervising Inspectorate) on Ne enclosed form. 

Yours faitflrlly, 

I C.f,.Laher, 
l Senior Administrative Officer. 
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Push Button 
Switches 

Switches with a diverse range of contact configurations. 
Any combination of complex latching and interlocking 
function in single, and between twin bank assem- 
blies. Available with illuminated buttons and choice of 
five colours, individual legends can be engraved. These, 

with rotary, slide and lever switches are available 
from IMPECTRON LIMITED, .5:!'te or phone for 
illustrated literature to 23 -31, King Street, London, W.3., 
Telephone : 01 -992 5388. 

il I M PECTRON 
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WORLD FAMOUS 1 M O 
(ELECTRONICS) LTD. 

VARIABLE VOLTAGE CONTROLS 
VARIABLE TRANSFORMERS 
* Output 0 -260V 
* Input 230V 50 /60CPS 
* Shrouded for Bench or Panel mounting 

Inset shows latest pattern Brush gear ensuring smooth continuous adjustment. 

£5.1 2.5 amp £6.15.0 8 amp [14.10.0 12 amp £21.0.0 

1 amp 5 amp £9.15.0 10 amp [18.10.0 20 amp £31.0.0 

CONSTANT VOLTAGE TRANSFORMER. 
Maintain spot on test gear 

readings with Automatic Mains 

stabilizer 

Specification. 

* Output 240V 
* Accuracy - 1% 

* Input 190 -260V 
* Capacity 250 watts 
* Corrected wane 

£12.10.0 

UNIVERSAL 
MICRO SWITCH 

0 . MLC-3 

ii° ntity 

20 AMP LT SUPPLY UNIT 
+ Input 240V 

* Output 20 amps at 24V 

and 12V fully adiustable 

* Size 16 "x I2 "x20" high 

* Weight 50 lbs 

£35.0.0 

SOLID STATE VARIABLE 
VOLTAGE CONTROL 

Uutput 25 240V 
Input 240V 50 CPS 

+ 5 amp 8 10 amp models 

* Completely sealed 

5 amp model 

£8.7.6 
10 amp model 

£13.15.0 

10 amp C/O PUSH- BUTTON 

MICRO- SWITCH 
panel mounting. 
Buttons in Red, Green, White & Black 

Type SS -1. 418 each per 1.000 

IMMEDIATE DESPATCH 
FULL SPARES AND SERVICE AVAILABLE 

* SYNCHRONOUS MOTOR F. CLUTCH 

* 10 MILLION OPERATIONS 
Or Instantaneous 8 Time 

out 3 AMP contacts 
* Repeat Accuracy }% 

* Dial ranges 0 10 secs up to 

0 76 his May also be used 

as impulse start 

SYS TIMER 

£11 
dependent 

on quantity 

ROCESS TIMERS 
it FULLY ADJUSTABLE UP TO 200 SECONDS. 

FITTED WITH 6AMP S. P. D. T. SWITCH. 
* ONE MODEL PROVIDES DELAY AFTER ENERGISE 

OR DELAY AFTER DE- ENERGISE. 

£6 
apprm 

dependent 
Qu Quantity 

PNEUMATIC TIMER 
TYPE ATS 

SYNCHRONOUS MOTOR A CLUTCH 
Matchbox size hontal area 

Automatic re-set 
* PLUG IN OCTAL BASE 
* INSTANTANEOUS 

AND TIMED OUT 

2 AMP CONTACTS 

* RANGES 0.10 SECST00-36 MINS 

STP TIMER 

£5 
dependent 

on quantity 

PROXIMITY SWITCHES, LIMIT SWITCHES AND LIQUID LEVEL CONTROLS 
MANUFACTURERS AND IMPORTERS FOR MINISTRY OF DEFENCE, G.P.O. 

OMRON PRECISION CONTROLS 
DIVISION OF IMO PRECISION CONTROLS LTD. 

(Dept. WWX) 313 EDGWARE ROAD, LONDON, W2. TEL: 01 -723 2231 
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BOOKS BY G.A.BRIGGS 
OVER A QUARTER OF A MILLION COPIES SOLD SINCE 1918 

AERIAL HANDBOOK (second edition) 
176 pages, 144 illustrations. 
PRICE (semi -stiff cover) 15/- (16/6 post free). 
Cloth bound 22/6 (24/- post free). 

CABINET HANDBOOK 
112 pages. 90 illustrations. PRICE 7/6 (8/6 
post free.) Semi -stiff cover. Cloth bound 15/- (16/6 
post free). 

':FIf . ?, 

AUDIO BIOGRAPHIES 
344 pages, 64 contributions from pioneers aid 
leaders in Audio. Cloth bound. 
PRICE 25/- (27/- post free). 

1Prr 
4w 

MUSICAL INSTRUMENTS AND AUDIO 
240 pages, 212 illustrations. Cloth bound. 
PRICE 32/6 (34/6 post free). ee 

LOUDSPEAKERS 
Fifth edition -336 pages, 230 illustrations. 
cloth bound. 
PRICE 30,'- (32/6 post free). 

A TO Z IN AUDIO 
224 pages, 160 illustrations. Cloth bound. 
PRICE 15/6 (17.- post free) 

lj 

`_ 

PIANOS, PIANISTS AND SONICS 
190 pages, 102 illustrations. Cloth bound. 
PRICE 18/6 (20/- post free). 

ABOUT YOUR HEARING 
132 pages, 112 illustrations. 
PRICE (semi -stiff cover) 15/6 (16/6 post free). 
Cloth bound 22/6 (24/- post free). 

/ 

READERS OPINIONS 

I have recently been going through eight of your 
books and they have been a feast of information. I 

have been like a dog with eight tasty dishes, not 
knowing which one to tackle first but nipping about 
and sampling each one. 

Somerset, Sept., 1969 

Having read the majority of your 'Bibles on Hi Fi.' 
of such a remarkably 'hi' standard, I eagerly await 
a copy of your Cabinet Handbook. 

London N22, November, 1969 

Please send orders and enquiries to: 

RANK WHARFEDALE BOOK DEPT. B.W.S. 

13 WELLS ROAD ILKLEY YORKS 
Telephone: ILKLEY 4246 

IPublished by 
RANK WHARFDALE LIMITED IDLE BRADFORD YORKSHIRE 
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YOU 

WANT 
PARTS 

URGENTLY 
-almost 
immediately! 

So what do you do? 
You reach for the 'phone and dial ONO 
239 8072, if it is anything made by the 
United -Carr Group. You will be sur- 
prised how soon you'll get what you want. 

Your immediate needs are our 
business 
We exist to supply the small user quickly 
with standard parts made by these Corn - 
panies and carry large stocks of their 
fasteners and clips and a wide range of 
Radio, Electronic and Electrical compo- 
nents. We're geared to speedy handling 
and dispatch. 

But you will need our latest 
catalogue 
For quick and accurate ordering you 
should keep our comprehensive cata- 
logue by you. This useful reference book 
gives full details of the wide range of 
parts we stock -nearly everything of the 
kind that you are likely to require. 
Even though not ordering anything im- 
mediately, you should write now for this 
useful publication and so be ready to 
handle rush jobs whenever they arise. 

United -Carr Supplies Ltd., 
Frederick Road, Stapleford, Nottingham. 

Sandiacre 8072 STD ONO 239 8072 

STOCKISTS 

UNITED -CARR 
SUPPLIES 

UNITED -CARR GROUP 
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let's face it 
Not everybody's dial is all it should be, so we at Anders 
specialise in changing our customers' faces to order. 
Our experienced team of Dial Printers is ready to perform 
the most complex Face Change with promptness and 
efficiency. As well as holding the largest stock of off -the- 

Anders means meters 

shelf meters and associated accessories in the United 
Kingdom, Anders offer a really fast service for supplying 
non -standard range instruments with special readings. 
Let's face it, if you have problems with your dial it pays 
to let Anders face it. 

AIIDERS ELE[TROI1I[S LIMITED 

48/56 Bayham Place, Bayham Street, London, N.W.1 
Telephone 01 -387 9092. 

Manufacturers and distributors of Electrical Measuring Instruments 
and Electronic Equipment. Sole U.K. distributors of FRAHM 
Resonant Reed Frequency meters and Tachometers. 
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SERVICE &TEST 
EQUIPMENT 

We understand what you need and we make sure that you get it - 
from the latest EP.100LN Band Suspension Multimeter /Transistor 

Tester, through Signal Generators, KV Probes and Circuit 
Tracers to the KEW.7 Pocket -Size Tester - Eagle have it. 

You cal count on Eagle quality. What's more, you can count 
on Eagle prices. And above all - you can count on the 

quickest possible delivery! 
And another attractive thing about the range of 
Eagle Products is the rate at which fast -selling 

new items are added ! See our new 
catalogue, which proves the point! 

Send the coupon to the Sole 
Distributors of Eagle Products - 

B. Adler and Sons (Radio) 
Limited, Coptic Street, 

London, W.C.1 or quicker 
still, dial 01 -636 9606, 4PG 

WW -044 FOR FURTHER DETAILS 

/ 
ask for Carol Hill, she'll / 

send you one today! 

/ CATALOGUE PLEASE - BY RETURN OF POST / NAME / COMPANY 

ADDRESS 

30 

M. D. SUPPLIES (London) LTD., 
(Established 1 935) 

Universally recognised as suppliers of UP TO -DATE MATERIAL, which doe. the Job properly. 
Instant delivery. Satisfaction assured. Prices nett. 
ROOM THERMOSTATS. Danfoss wall- mounted Thermostats, 40 deg. F. -80 deg. F., 380 v. A.C., 
4 amps.; 24C v. A.C.. 6 amps. Our nett price £1112 /8 (des. 2/). 
MINIATURE RUNNING TIME METERS (Sangamo). We have great demands for this remarkable 
unit and now can ropply Immediately from stook, 206 /250 v. 30 c. synchromms. Counting up to 
0,090 hours, with 1,I0 h Indicator. Only I Ins. square. with cyelom ter dial. depth 2 Ina. Many 
industrial and honest lc application to Indicate the running time of any electrical apparatus, 
easy to Install. 83, - (fir *. 1,6). 

SYNCHRONOUS TIME SWITCHES. (Another one of our popular apecWltles) 200/240 v. 50 c.. for 
curate pre-set switching operations. Sangamo 8.254, providing up to 3 onoff operations per 

24 hour. at any chosen times, with day -omitting device (use optional). Capacity 20 -amps. Com 
partly bowel 4 In. die., 34 in. deep. 26/4/6 (des. 4/6). 

ELECTRIC FANS ( Papst). for extracting or blowing. The most exceptional offer we have yet 
ode. 200/'50 v. A.C. Induction motor -silent running. 2.800 r.p.m. duty 100 C.N.M. Only 

411n. egoare sod 21n. deep. Ideal for domestic or Industrial uec. Easy amounting. 23/5/- (des. 3 /6). 

SMALL .)EtAED MOTORS. In addition to our well -known range (Lint (IM.169), we offer small 
open type S.P. Units 200/2150 v. A.C.. I, 6, 12, 24. 60 r.p.m.. approx. 51n. long. with li,,. shaft 
projection each side and enclosed gearbox. Suitable for display work and many industrial ones. 
Only 75/- (des. 2 / -). 

MINIATURE. COOLIE.) FANS. 200/250 v. A.C. With open type induction motor (no Interference), 
Overall 41n. x 311n. x 241n. Fitted 6-bladed metal Impeller. Ideal for projection lamp cooling, 
light duty extractors, etc., *till only 31/6 Ides. 2 /). 
AIR BLOWERS. Highly efficient units fitted induction totally encloaed motor 230/260 e. 50 c. 
1 ph. Model SD.26, 60 CFM (free air) to 11.6 CFM M .15 WO lase approx.) 6 x 6 o 71n. Outlets 
211n. square. 28/10/- (des. 2/ )). Model SD27, 120 CFM (tree air) to 40 CFM at 1.2 WO. 6 7 

x 91n. outlet 21in. .q.. 511/15/13 (des. 21). Model 8028. 260 CFM (free air) to 127 CFM at 
1.b WO. 11 o 8 x 91n.. outlet 31n. sq., £13/17/8 (des. U.R. 7/6). 

SYNCHRONOUS ELECTRIC CLOCK MOVEMENTS no mentioned and recommended in many 
national journals). 200/250 v. 50 c. Self- starting. Fitted spindles for !mum, minutes and central 
sweep second hands. Central one -hole Oxing. Die. 2í1n. Depth behind dial only 11n. With 
back dont cover, 36/6 (des. 2 -l. Set of three braes hands in good plain style. For 5/71n. dia. 2/6 
For 8/10 die. 3/6 set. 

SYNCHRONOUS TIMER MOTORS (Sangamo). 200/250 v. 60 c/s. 13.1f- starting 21n. dla. x flirt. 
deep. Choke of following speeds: 1 r.p.m., 12 r.p.b., 1 r.p.h., 1 rer. 12 houn. 1 rev. per day. 
Any one 42e- (des. 2/-1. Also high- torque model (O.E.C.). 2j1n. x 21n. x 1 ¡ln. 6 r.p.m.. 57/8 
(des. 2 /). 
SMITHS TIMER MOTORS. Synchronous, self- starting 200 /260 volts, 1 ph., 60 e. Clockwise. 
4 r.p.m. oui} Only 25/- Ides. 2/ -1. 

MINIATURE D.C. MOTORS. 6/12 volts D.C. Ideal model makers. 4,000/9,000 r.p.m. no bad. 
I I in. . 11 in. diameter. Flange fixing. Only 5/- (de.. 1/6). 

EXTRACTOR FANS. Ring mounted ell metal construction. T/E Induction motor, ellent opera- 
tion. Bin. blade. loin. max. di.., 400 CFM. £8 10/0 (des. 6/-) Same model loin. blade. 1210. 
max. die., 500 CFM. 26/16/0 Idea. 6 / -). 

MATE DELIVERY of Stuart Centrifugal Pumps, Including stainless steel (mat models). 

OFFICIAL STOCKIST: PARVALUX" Electric Motor. (Lilt O.M. 169) 

M. R. SIPPLIES (LONDON) LTD., 68 New Oxford Street, London, W.C.1 

(Telephone: 01 -636 2958) 

V V v v V V V V V V V v VW/ V V 

DC to AC 
TRANSVERTORS 
(transistorised DC Invertors Convertors) 

Carry out your field tests using standard AC equipment. 

A VALRADIO TRANSVERTOR will enable you to use all types 
of test instruments in the field or in motor vehicles. 
Standard models are available for loads of 20W to 1000W for 
battery inputs of 12V & 24V and equally important to you most 
types are available from stock. 
Prices range from £5 to £170. 
The range is covered by three basic groups. having distinct 
characteristics. 
T series- Square wave, frequency tolerance 3Hz 
Q series - Square wave, frequency tolerance ¡Hz 
S series Sine wave, frequency tolerance _ kHz 

Typical model B12 200S input 12V output 115 -230V 200w. 
Price (67 -12 -0 

Type B12 2005 

Send for full information and technical details: 
VALRADIO LTD., Dept. W.C.4, 

Browell's Lane, Feltham, Middlesex, En gland. Tel.: 01-890 4242 - V N V V ^I-^ ̂  1 /\ - _ 
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10-5 Ibyristors 
are made in 
Britain byAEI 
Semiconductors 
Which means delivery and quality of this low cost 
thyristor are guaranteed. 

Features 
All voltage grade available, from 50 to 600V 
Three grades of maximum gate sensitivity 
200pA 1 mA 10mA, allow selection to 
give the best performance for every application 
Meets BS9300 Quality Assurance Requirements 
Fully diffused 

Write for full details to: 
AEI Semiconductors Ltd, Carholme Road. 
Lincoln. Telephone: Lincoln 26435 

SEMICONDUCTORS 
Member of GEC Semiconductors ltd. 

WW-046 FOR FURTHER DETAILS 

, 

ORYX 
Qd MODEL SR1 0 Instant solder remover 

Ideal for printed circuit work 

.and integrate dd circuits. 
6 

MODEL SR2 
with non 

action 
826 

are 
trumps. 

'Hot wire 
stripper for 

P.T.F.E. 
insulation. 

24 v operation. 

The smallest 
low 

voltage soldering iron, 
deal for Printed 

Circuit work. 
6v.6 watts. 

T hermostaticalminiature 
controlled 
soldering iron. 50 watts. 

5 bit sizes Tr - O 
Available for 12v. 

24v. 11C" a 

210 /250v. operation 

Full details of 
these and other instruments 
from the Sole 
U.K. and Export 
distributors. 

A miniature 
mains voltage 
soldering iron 10 watts. 5 bit sizes tt - 210 /25ov }' 

operation 

GREENWOOD ELECTRONIC LTD. 
21, GERMAIN STREET, CHESHAM, BUCKS 

TELEPHONE: CHESHAM 4808 9. 
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SIMPLY SUPERB! 

the new brenell... 
MODEL ST STEREO 
Probably the most important new 

The new ST400 /200 recorders are different from all previous Brenells. All 
transistorized electronics; shelf- mounting cabinet ; simplified controls. 
Sound quality is even better than ever -as gocd as you can hear. Three -motor 
deck performance and reliability; quality components throughout. All usual 
facilities are available. 
ST400 /200 recorders are designed to give you exactly what you expect from a 

Brenell today. 
Only the price is less than you may expect ... £145 recommended. You pay no 
import duties ... no high selling costs ... only for a top -quality recorder, well 
made. It's a fine formula I 

Mono or stereo operation 3 tape speeds 
Choice of 2 or 4 -track 2 recording level meters 
models Full input /output and 
3 outer -rotor motors coitrol facilities 

A range of Brenell mono and stereo recorders is available, together with 
Brenell deck and tape -link. 

GD 730 

b 

recorder of the year! 

BRENELL ENGINEERING COMPANY LTD. 231 /5 Liverpool Road, London, N.1. Telephone : 01-607 8271 

WW -048 FOR FURTHER DETAILS 

DC300 DUAL -CHANNEL POWER AMPLIFIER 

OC 3C0 s 

Fraqucnc Response + 0.1db Zero-20KHz at I watt into 8 ohms. + 0.6dbZero- 100KHz. 

Phase Response Less than 5`. 0-10K Hz. 

Power Response o Idb Zero -20KHz at 150 watts RMS into 8 ohms. 

Power at Clip Point Typically 190 watts RMS into 8 ohms. 340 watts RMS into 4 ohms per channel. 

Total Output UHF) Typically 420 watts RMS into 8 oltns. 800 watts RMS into 4 ohms. 

I.M. Distortion Less than 0.1% from 0.01 watt to 150 watts RMS into S ohms. typically below 0.05 %. (max 
(60 -7KHz 4:1) 0.05 %. 

Damping Factor Greater than 200 (Zero to 1KHz into 8 ohms at 150 watts RMS). 

Hum and Noise 100db below 150 watts RMS output (unweighted. typical I10db). 
(20.20KHz) 

Stewing Rate 8 volts per micro second. S -R is the maximum value of the first derivative of the output signal. 

Dimensions 19ín. standard rack mount (W.E. hole spacing),7M. height. 9 -'in. deep (from mounting surface). 

Weight 40 pounds net weight. 

Finish Bright - anodized brushed -aluminium front -panel with black -anodized front extrusion. access 

door. and chassis. 

* DC- Coupled throughout! 

* Short Circuit proof ! 

* 500 Watts RMS Mono. 

* 70 Volt Balanced line out! 

* Only f320 inc. duty! 

CARSTON ELECTRONICS LTD. 
71 OAKLEY ROAD 
CHINNOR, OXON. 

Telephone: Kingston Blount 8561. 
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GT7RAP-7 
The world's best portable 

professional audio tape recorder 

MODEL IVB Manual. single speed 

MODEL IVA Automatic, single speed 

MODEL IVD Automatic /Manual, three speeds 

MODEL IVL Neopilot, three speeds, Automatic /Manual 

* Lids of transparent. shock resistant plastic, have been removed for 
clarity of illustration 

These models plus 
Modular plug 

Study the Nagra 

eight variants give the professional user a choice of twelve basic Nagra IV tape recorders. 
-in electronic circuit boards, available for each machine, allow unique flexibility in the 

choice of recording functions. 

IV brochure and see how you can select precisely the facilities you need, built in to one 
compact machine of outstanding performance and reliability. 

Write or telephone for technical information. 
HAYDEN LABORATORIES LIMITED, 

East House. Chiltern Avenue, Amersham. Bucks., England 
Tel: 02403 5511 Telex: 83251 Cables: Haylab Amersham. 

HAYDEN 
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30 YEARS EXPERIENCE 
IN THE DESIGN AND MANUFACTURE OF SOUND SYSTEMS 

WHY NOT LET US SERVE YOU 

PRINTED CIRCUIT SOLDERING PLANT 

"Astronic" 
All enquiries to:- 

MODULE TEST AND INSPECTION BAY 

All types of Public Address equipment from 
10 -2,000 watts. 
Custom built mixers. 
Transformers and chokes. 

ASSOCIATED ELECTRONIC ENGINEERS LTD. 
DALSTON GARDENS, STANMORE, MIDDLESEX. HA7 -IBL 

TELEPHONE 01 -204 2125 4 LINES. 

WW -051 FOR FURTHER DETAILS 

R.F. SIGNAL GENERATOR 
MODEL 29 

Spin Wheel Tuning f 1-0-0 extra 

INSTRUMENTATION BY NOMBREX (1969) LTD. 
TRANSISTORISED- COMPACT- MODERN STYLING 

STANDARD MODEL 29 -S 
150 KHz -220 MHz on fundamentals 
Eight clear scales. Total length 40" 
Smooth vernier tuning -ratio 71 :1 
Spin wheel tuning-optional extra 
Magnifier cursor- precision tuning 
Unique electronic scale calibration 
Overall accuracy, better than 1.5% 
Modulation. variable depth and frequency 

XTAL CHECK MODEL 29 -X 
All the features of the Model 29 -S 

AND 

Integral Crystal Oscillator providing cali- 
bration check points throughout all ranges. 
For adjustment of scale accuracy to 
+ 0.02 %. 

Price £20 -0 -0 
Weight of instrument with spin tuning 3 lb. 
Size: Height 51 ". Depth 31 ". Width 7f ". 

Price £27 -10 -0 

Trade & Export enquiries welcome I NOMBREX (1969) LTD., EXMOUTH, DEVON 
I 

Send for full technical leaflets 
Post and Packing 6í6 extra. 

WW-052 FOR FUR I HER DETAILS 

For 
electronic 
components 4- fast... 

Itudias pari'. 13 -17 Epworth St., London E.C.2. 
Tel : 01 -253 9561. Telex : 262341. 

WW-053 FOR FURTHER DETAILS 

DIOTESTOR IN- CIRCUIT TRANSISTOR TESTER 

lip 

,. .10,_ 

BRITEC LIMITED, 17 Charing Cross Road, London, W.C.2 
Tel: 01.930 -3070 
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Edmuidsons Electronics Ltd. 
60 -74, Market Parade, Rye Lane, 
Peckhan, London. S.E.15. 
Tel: (011 -639 9731 

Hawnfi & Co. Ltd. 
112 -114, Pritchett street, 
Birmingiam, 6. 
Tel: (021)- 359 4311 

South Wales Wireless 
Installation Co Ltd. 
121, Cite Road, Cardiff. 
Tel: (0222) -23636 

Smith & Cookson Ltd. 
49.57, Bridgewater Street, 
Liverpod 1. 

Tel: (051)- 709 3154 

The Needham 
Engineering Co. Ltd. 

Pß P.O.B. 23, Townhead Street, 

F `Z 
Sheffield Si 1YB 

Tel: (0742) -27161 

` / J. Gledkon & Co. Ltd. 
Newbigg n Lane, Westerhope, 
Newcast Upon Tye, NE5 1PM 

Tel: (0631)- 860955 

P 
S 

4 ß 
.1 

oO 

Sooner or later you? 
need both these devices! 
At some time, every user c,= closed circuit t.v. needs a replacement vidicon 
tube. That's vv[- you need a service organisation tha: can really perform. 
Just p up the phore and contact your nearest EMI distributor. 
EMI research has produced a range of tubes with reliability, good resolution 
and him sensitivity. Our distribution organisaticn has Deen expanded and 
strearrl red. This ensures -plat everyone using closed circuit t.v. has cccess 
to the asst prof ssicnal advice and a fast replacement service. 
For furti r de:ai s of the EMI vidicon range contact yoJr distributor cr:- 

I EMI 
ELECTRON TUSE DIVISION 

EMI Elect-ci cs, Ltd , -I3yes, M ddlese <. Tel. 01 573 3888. Ext. 2078 -ilex. 22117 Cables EMIDATP London. 
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Parnell 
A15 

Operational 
Amplifier 

Power Supply 
* 15 -0 -15V at 100mA 
* Employs operational amplifiers 
* Overload protection 
* Available as card or sub -unit 

The A.15 is intended for driving operational 
amplifiers and the twin output, nominally 15V, 
can be varied between 12 -17V or connected in 
series to provide 24 -34V. Both ganged control 
and independent adjustment of oneoutput enable 
precise setting of output voltages. 
DIMENSIONS: 
Card 
Height 38.1 mm (1.5 ") 
Width 64 mm (2.52 ") 
Depth 130 mm (5.12 ") 
Complete Sub -Unit 
Height 47 mm (1.85 ") 
(including feet) 
Width 67.5 mm (2.66 ") 
Depth 153 mm (6.02 ") 
(including terminals) 
Price: 
£18. 0. 0. -card 
£20. 0. 0. - modular sub -unit 

(cover, mains lead and terminals) 

FARNELL INSTRUMENTS 
LIMITED, 
Sandbeck Way, 
Wetherby, LS22 4DH. 
Telephone: 0937-3541/6. 
London Office : 

Telephone: 01 802/5359 
WW -060 FOR FURTHER DETAILS 
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STOCKISTS 

MODEL 6 MK. 111 

311 I.II311SUIl AIh. IA' 

REPAIR SERVICE 
7 -14 DAYS 

We specialise in repair, 
calibration and conversion 
of all types of instruments, 
industrial and precision 
grade to BSS.89. 

Release notes and certifi- 
cates of accuracy on request. 

Suppliers of Elliott, Cambridge and Pye instruments 

LEDON INSTRUMENTS LTD 
76 -78 DEPTFORD HIGH STREET, LONDON, S.E.8 

Tel.: 01 -692 2689 

E.I.D. & G.P.O. APPROVED CONTRACTOR TO H.M. GOVT. 

WW -061 FOR FURTHER DETAILS 

METER PROBLEMS? 

A very wide range of modern design 
instruments is available for 10/14 
days' delivery. 

Full Information from: 

HARRIS ELECTRONICS (London) 
138 GRAYS INN ROAD, W.C.1 Phone: 01/837/7937 
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You 
could 
be doing 
things on 
a much 
bigger 
scale 

a47 

Right now the Selectest Mk2 multi - 
range test meter meets the requirements 

of all recent and immediately foreseeable 
developments in the electric and 

electronics industries. Accuracy and 
sensitivity are maximal and these 

major characteristics are complemented 
by the extra robustness that withstands 

modern working conditions and gives 
longer life. The case is modularly 

constructed in wipe -clean, tough - 
but lightweight -melamine. The 

terminals accept 4mm push -in -plugs 
and are arranged on the front panel so 

that the Selectest Mk2 can be used 
vertically or horizontally. The scale is 

25% longer than that on any comparable 
meter and incorporates an inset mirror 

and knife thin pointer. Range selection 
permits continuous rotation. The ultimate 

are S.E.I. high voltage probes which 
extend the Selectest's range to 25 or 

30kV d.c. for the testing of equipment 
where the source of impedence is high. 

These probes can be used with any 
reputable meter of the required 

sensitivity. but only a Selectest will 
last as long as the probes. 

We manufacture a wide range of portable 
instruments .. write today for full information. 

selectest MARK 2 multi -range test meter 
SALFORD ELECTRICAL INSTRUMENTS LIMITED 

Peel Works. Barton Lane. Eccles. Manchester M30 OHL 
Telephone 061 -789 5081 Telex 66711 

A Member Company of G E C Electrical Components Ltd. 

NORMATEST 
MODEL 785 

40 RANGES FOR - 
D.C. CURRENT & VOLTAGE 
A.C. CURRENT & VOLTAGE TO 30 kc /s 
RESISTANCE TO 5 MEGOHMS 
TEMPERATURE 
OUTPUT 

-X__ 

'' 

The newest small Multiranpe Meter obtainable 
standard -size multiranpe meters. 

* Sensitivity of 
20,000 Ohms/volt D.C. 
4.000 Ohms/volt A.C. 

with a specification comparable In 

* Accuracy of 
2.5% D.C. 
3.5% A. C. to 500 c; 

* Robust Taut 
Suspended Meter Movement 

CROYDON PRECISION INSTRUMENT COMPANY 
HAMPTON ROAD CROYDON SURREY Telephone THORNTON HEATH 4025 R 4094 

WW-064 FOR FURTHER DETAILS 

F.A.L. `PHASE 100' 
Public Address Amplifier 

A superb solid state A.C. 
Mains unit for vocal and 
instrumental groups and 
General Public Address use 

* 70 Watts RMS Output 

59GNS. 

Recommended 
Retail price 

* High Sensitivity * Output matching for speakers from 3 -30 ohms * 4 separately controlled inputs plus master * Separate Bass and Treble Controls * Frequency Response 20 c.o.s. to 30 Kcs. 

AVAILABLE FROM YOUR LOCAL DEALER 
Wholesale and Retail enquiries to Manufacturers 

SEND S.A.E. 

FOR FULLY 

DESCRIPTIVE 

LEAFLET 

FUTURISTIC AIDS LTD., 103 Henconner lane. Leeds 13 
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16 lbs of high quality III 
performance 

for only £62 

The S51B is the answer for a 

low cost, easy to use 
single -beam oscilloscope. 

Here are some of the reasons why: 

Small size -light weight 
8" x 7" x 15'. 16 lb. 

5" flat -faced P.D.A. tube. 

Bandwidth DC -3MHz. 

Auto sync and trigger level control. 

Proven performance of over 20,000 

S51's in use throughout the world. 

Send for full specification now!!! 

WW -065 FOR FURTHER DETAILS 
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TELEQUIPMENT 
A member of the Tektronix Group 

<0> TELEQUIPMENT LTD 
313 Chase Road, Southgate, London, N.14 

Telephone: 01 -882 1166 

For Overseas enquiries write to: Tektronix Limited, P.O. Box 48, Guernsey, .l. 
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Fifty -ninth year of publication 

Electronic ignition Syrter 
Microcircuit rationalization 

The macrophotograph on this month's 
cover shows wires being bonded on to 
integrated circuits at the Mullard 
Southampton works. On page 6 the 
future of linear i.cs is discussed. 

OUR NEXT ISSUE 

Loudspeaker performance: Paul 
Klipsch, originator of the Klipsch 
horn, compares horns and direct 
radiators 
Ceramic pickups and transistor 
pre -amplifiers: are they incompatible? 
Matching: what is meant by this term? 

ibpa 
.w...ra a.t.r, 

Presi Msoorts 

I.P.C. Electrical -Electronic Press Ltd 
Managing Director: Kenneth Tat 
Editorial Director: George H. Mansell 
Advertisement Director: George Fowkes 
Dorset House, Stamford Street, London, SE1 
C I.P.C. Business Press Ltd, 1969 
Brief extracts or comments are allowed provided 
acknowledgement to the journal is given. 

a49 

Wireless World 
Electronics, Television, Radio, Audio 

January 1970 Volume 77 Number 1411 

Contents 
1 Editorial Comment 
2 Capacitor -discharge Ignition System by R. M. Marston 

6 The Future of Linear I.Cs by R. Hirst 

8 News of the Month 
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made to measurer 
oroffthepeg? 
Open the BRIMAR Industrial Cathode Ray Tube 
catalogue and you will find just about the widest 
range of tubes in the business, one of which is likely 
to be a 'perfect fit' for your requi'ement. But, if you 
have something unusual in mind, talk it over with us. 

BRIMAR can provide the tube you need, either 'made 
to measure' or 'off the peg', whether it be for measur- 
ing instruments, picture monitors, radar, alphanu- 
meric or graphical displays. 
Through the uiparalleled BRIMAR capability in 

chemistry, election optics anc vacuum physics 
the widest design diversity is offered, backed by a 

personalised customer service. 
This service, provided by engineers with extensive 

experience of the electronics industry covers advice 
on tube characteristics, operating conditions and 
associated components. 
Tailored packaging and reliable delivery to meet pro- 
duction schedules are also part of the BRIMAR 

Service. 
Want to know more about the BRIMAR range of 
Industrial Cathode Ray Tubes? - send for our latest 
catalogue. 

WW-066 FOR FURTHER DETAILS 

Thorn Radio Valves 

and Tubes Limited THORN 

7 Soho Square, London, W1 V 6DN. 
Telephone: 01 -437 5233 

1 
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Radio Esscis: 
Where a tape recorder must 

be good and reliable 
you'll find a Ferrograph. 

In a radio station, the tape 
recorder is in constant use. Tech- 
nical performance is all- important; 
absolute dependability and split - 
second control are essential. So 
Radio Leeds uses the Ferrograph 
Series 7 tape recorder. 

Ferrograph Series 7 recorders 
are British -made, available in Mono 
and Stereo, with and without end 
amplifiers, in two versions: in 
elegant hardwood case, or in grey 
vinyl case. All solid state, three 
speed, two inputs per channel 
with independent mixing, all in- 
corporate a range of facilities 

unparalleled in any other recorder. 
Retail prices are from £175 incl. 
P.T. 

Follow the professionals; 
choose the recorder you know will 
serve you best at home or in your 
work : Ferrograph -it makes 
sound sense. See your nearest 
stockist or send the coupon for 
details and address of nearest 
Ferrograph specialist or ring 
01- 589 4485. 

Ferrograph 
A member of the Wilmot Breeden Group 

WW -067 FOR FURTHER DETAILS 

To the Ferrograph Co Ltd, 
Mercury House, 195 Knightsbridge, 
London, S.W.7. 

MI Please send me a free brochure I on the Ferrograph Series 7 
or the Ferrograph Manual I for which I enclose £ I . 

Name , 

, Address , 
1 

. . 
111. M M EI M M E E M E1 
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EMIV ° L J'fell*a 
low -noise recording tape 

quiet as a mouse! 

don't buy any tape buy EMILunP 

THE RANGE OF EMITAPE AFONIC LOW -NOISE TAPE 

88 
STANDARD PLAY 

The best general 
purpose tape, giving 
maximum durability 
at all professional 

speeds. Pre- stretched 
polyester base film 
of super strength. 

99 
LONG PLAY 
50% longer 

recording time - 
specially designed for 
multi -track recorders 
- pre- stretched 

polyester base film of 
super strength. 

700 
DOUBLE PLAY 

Twice the recording 
time for a given size 
of spool - the perfect 

f Im for low speed, 
multi - traclC recorders 

- superflex pooyester 
base film. 

300 
TRIPLE PLAY 

Maximum playing time on 
spools up to 5" dia.- 

extended dynamic range 
- specially suitable for 

battery operated 
recorders -extra tensile 

polyester base. 

EMITAPE IS AN EMI GROUP PRODUCT FM' 

WW -068 FOR FURTHER DETAILS 
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Vortexion 
These electronic Stereo Mixers range from 
2+2 to 5+5 input channels, with left and right 
outputs at 500 millivolts into 20K ohms up to 
infinity. 
Separate control knobs are provided for L & R 
signals on each stereo channel so that a Mono/ 
Stereo changeover switch provided can give 
from four to ten channels for monaural opera- 
tion, in which state the L & R outputs provide 
identical signals. 
A single knob ganged Master Volume control is 

fitted, plus a pilot indicator. 
The units are mains powered and have the same 
overall dimensions as monaural mixers. 

STEREO MIXERS 

Also available Monaural Electronic Mixers:- 
4 Way Monaural Mixers 

6 Way Monaural Mixers 

8 Way Monaural Mixers 

10 Way Monaural Mixers 

3 Way Monaural Mixers with P.P.M. 

4 Way Monaural Mixers with P.P.M. 

6 Way Monaural Mixers with P.P.M. 

8 Way Monaural Mixers with P.P.M. 

50/70 WATT ALL SILICON AMPLIFIER WITH BUILT -IN 4 WAY MIXER USING F.E.T.'s. This is a high fidelity 

amplifier (0.3% intermodulation distortion) using the circuit of our 100% reliable 100 Watt Amplifier (no failures to date) with its elaborate 
protection against short and overload, etc. To this is allied our latest development of F.E.T. Mixer amplifier, again fully protected against 
overload and completely free from radio breakthrough. The mixer is arranged for 3 -30/60 SI balanced line microphones, and a high 
impedance line or gram. input followed by bass and treble controls. Since the unit is completely free from the input rectification distortion 
of ordinary transistors, this unit gives that clean high quality that has tended to be lost with most solid state amplifiers. 
100uV on 30/60 ohm mic. input. 100mV to 100 volts on gram/auxiliary input 100 KO. 

CP50 AMPLIFIER. An all silicon transistor 50 watt amplifier for mains and 12 volt battery operation, charging its own battery and 
automatically going to battery if mains fail. Protected inputs, and overload and short circuit protected outputs for 8 ohms -15 ohms and 
100 volt line. Bass and treble controls fitted. Models available with 1 gram and 2 low mic. inputs. 1 gram and 3 low mic. inputs or 4 low 
mic. inputs. 

100 WATT ALL SILICON AMPLIFIER. A high quality amplifier with 8 ohms -15 ohms and 100 volt line output for A.C. 
Mains. Protection is given for short and open circuit output over driving and over temperature. Input 0.4v on 100K ohms. 

200 WATT AMPLIFIER. Can deliver its full audio power at any frequency in the range of 30 c /s-20 Kc /s ± 1 db. Less than 0.2% 
distortion at 1 Kc /s. Can be used to drive mechanical devices for which power is over 120 watt on continuous sine wave. Input I m W 600 
ohms. Output 100 -120v or 200 -240v. Additional matching transformers for other impedances are available. 

30/50 WATT AMPLIFIER. With 4 mixed inputs, and bass and treble tone controls. Can deliver 50 watts of speech and music or over 
30 watts on continuous sine wave. Main amplifier has a response of 30 c /s- 20Kc /s± 1db. 0.15% distortion. Outputs 4, 7.5, 15 ohms and 
100 volt line. Models are available with two, three or four mixed inputs for low impedance balanced line microphones, pick -up or guitar. 

VORTEXION LIMITED, 257 -263 The Broadway, Wimbledon, London, S.W.19 
Telephone: 01 -542 2814 & 01 -542 6242/3/4 Telegrams: "Vortexion London S.W.19" 

WW-069 FOR FURTHER DETAILS 
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Scope for Going Places 
The EM102 offers you a portable oscilloscope with 
an ideal performance at a realistic price. Just check 

its specification (10kV, 20nS /cm. writing speed plus 

sweep delay). It's designed for laboratory applications 
but fulfills the role of a completely self- contained unit 
for servicing purposes. Take it anywhere - its mains 

or battery powered with a built-in battery option. 

Plug -in units are available with bandwidths from d,c, to 
30MHz, voltage sensitivity down to lmV /cm. If you 

have an application for an Oscilloscope for use in the 

laboratory, in the field, or in any unusual environment, 
write or ring today for information, details or an 

immediate demonstration. 
From £315. 

SE Laboratories (Engineering) Limited. North Feltham Trading Estate, Feltham. Middlesex. 

Telephone: 01 890 1166 85246(sales) ;01890 5876( works). Telegrams: Se lab,Feltham.Telex: 23995. 

Northern Sales Office. BesselI Lane, Stapleford. Nottingham. Telephone: Sandiacre 3255. 

WW-070 FOR FURTHER DETAILS 
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SINCLAIR IC -10 

a: 

MONOLITHIC 
INTEGRATED CIRCUIT 
AMPLIFIER AND PRE -AMP 

A 13 transistor circuit measuring only 
one twentieth of an inch square by 
one hundredth of an inch thick! 

the world's most advanced high fidelity amplifier 

The Sinclair IC -10 is the world's first monolithic integrated circuit 
high fidelity power amplifier and pre -amplifier. The circuit itself, a 

chip of silicon only a twentieth of an inch square by one hundredth of 
an inch thick, has 5 watts R.M.S. output (10w. peak). It contains 
13 transistors (including two power types), 2 diodes, 1 zenor diode 
and 18 resistors, formed simultaneously in the silicon by a series of 
diffusions. The chip is encapsulated in a solid plastic package which 
holds the metal heat sink and connecting pins. This exciting device 
is not only more rugged and reliable than any previous amplifier, 
it also has considerable performance advantages. The most import- 
ant are complete freedom from thermal runaway due to the close 
thermal coupling between the output transistors and the bias 
diodes and very low level of distortion. 

The IC -10 is primarily intended as a full performance high fidelity 
power and pre -amplifier, for which application it only requires the 
addition of such components as tone and volume controls and a 

battery or mains power supply. However, it is so designed that it 
may be used simply in many other applications including car 
radios, electronic organs, servo amplifiers (it is d.c. coupled through- 
out), etc. Once proven, the circuits can be produced with complete 
uniformity which enables us to give a 5 -year guarantee on each 

IC -10, knowing that every unit will work as perfectly as the original 
and do so for a lifetime. 

MORE SINCLAIR DESIGNS ON PAGES FOLLOWING 

sinlair 

SPECIFICATIONS 
Output. 10 Watts peak, 5 Watts R.M.S. continuous 
Frequency response: 5 Hz to 100 KHz ± 1dB 
Total harmonic distortion: Less than 1% at full output. 
Load impedance: 3 to 15 ohms. 
Power gain: 110dB (100.000,000.000 times) total. 
Supply voltage: 8 to 18 volts. 
Size: 1 x 0.4 x 0.2 inches. 
Sensitivity: 5mV. 
Input impedance: Adjustable externally up to 2.5 M ohms. 

CIRCUIT DESCRIPTION 
The first three transistors are used in the pre -amp and the 
remaining 10 in the power amplifier. Class AB output is used 
with closely controlled quiescent current which is independent 
of temperature. Generous negative feedback is used round 
both sections and the amplifier is completely free from cross- 
over distortion at all supply voltages, making battery operation 
eminently satisfactory. 

APPLICATIONS 
Each IC -10 is sold with a very comprehensive manual giving 
circuit and wiring diagrams for a large number of applications 
in addition to high fidelity. These include stabilised power 
supplies, oscillators, etc. The pre -amp section can be used as 
an R.F. or I.F. amplifier without any additional transistors. 

SINCLAIR 

1 o 
with 5C-1 O 59 and 5C. 10 guarantee 

manual 

Post free. r V 

SINCLAIR RADIONICS LTD. 22 NEWMARKET ROAD, CAMBRIDGE 
Telephone: 0223 52731 

WW -072 FOR FURTHER DETAILS 
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Project 60 an exciting alternative 
The buyer of an amplifier today has a remarkably wide 
variety to choose from. It is unlikely that a purchaser 
would have real difficulty in finding a unit that met 
all his requirements, although the price might not be 

as low as could be wished. The only snags are that 
one's needs can change and that the technically correct 
amplifier may be physically inconvenient. If you are 
confident that there is an amplifier available, of the 
right size and price, which will meet all your needs 
for the forseeable future, then that is your best buy. 
If not, however, we can offer you another possibility 
which we believe to be an exciting alternative approach. 
That alternative is Project 60. 

Project 60 is a range of modules which connect together 
simply to form a complete stereo amplifier with really 
excellent performance. So good, in fact, that only 
2 or 3 amplifiers in the world can compare with it in 

overall performance. 

The modules are: 1. The Z -30 high gain power amplifier, 
which is an immensely flexible unit in its own right. 
2. The Stereo 60 preamplifier and control unit. 3. 
The PZ.5 and PZ.6 power supplies. A complete system 
comprises two Z -30's, one Stereo -60 and a PZ -5 or 
PZ -6. The power supplies differ in that the PZ -6 is 

stabilised whilst the PZ -5 is not. This means that the 
former should be used where the highest possible 

sinlair 

continuous sine wave rating is required. In a normal 
domestic application there will not be a significant 
difference between using either power unit unless 
loudspeakers of very low efficiency are being used. 

All you need to assemble your system is a screwdriver 
and a soldering iron. No technical skill or knowledge 
whatsoever is required and, in the unlikely event of 
you hitting a problem, our customer service and advice 
department will put the matter right promptly and 
willingly. 
Perhaps the greatest beauty of the system is that it 
is not only flexible now but will remain so in the future. 
We shall shortly be introducing additional modules 
which will include a comprehensive filter unit, a stereo 
F.M. tuner and an even more powerful amplifier for 
very large systems. These and all other modules we 
introduce will be compatible with those shown here 
and may be added to your system at any time. 

Project 60 modules have been carefully designed to 
fit into virtually every known type of plinth or cabinet 
and templates provided enable you to position them. 
Only holes have to be drilled into the wood of the plinth 
and any slight slips here will be covered completely 
by the aluminium front panel of the Stereo 60. The 

Project 60 manual gives all the instructions you can 

possibly want clearly and concisely. 

SINCLAIR RADIONICS LTD 22 NEWMARKET ROAD CAMBRIDGE 
Telephone: 0223 52731 

WW-073 FOR FURTHER DETAILS 

www.americanradiohistory.com

www.americanradiohistory.com


Wireless World, January 1970 

Z -30 TWENTY WATT R.M.S. (40 WATT PEAK) 
POWER AMPLIFIER 

The Z -30 is a complete power amplifier of very advanced design 
employing 9 silicon epitaxial planar transistors. Total harmonic 
distortion is incredibly low being only 0.02% at full output and all 
lower outputs. As far as we know, no other high fidelity amplifier 
made can match this specification, no matter what the price. Thus 
you can be utterly certain that your Project 60 system will do full 
justice to your other equipment however good it may be. The Z -30 is 
unique in that it will operate perfectly, without adjustment, from any 
power supply from 8 to 35 volts. It also has sufficient gain to operate 
directly from a crystal pickup. So in addition to its use in a high fidelity 
system you can use a Z -30 to advantage in your car or a battery 
operated gramophone for your children, for example. These, and many 
other applications of the Z -30, are covered in the Project 60 manual. 

SPECIFICATIONS 
Power output -15 watts R.M.S. (30 watts peak) into 8 ohms using a 35 volt 
supply: 20 watts R.M.S. (40 watts peak) into 3 ohms using a 30 volt supply. 

Output -Class AB. 

Frequency response : 30 to 300,000 Hz ± 1 dB. 
Signal to noise ratio: better than 70dB unweighted. 
Distortion : 0.02% total harmonic distortion at full output into 8 ohms and at ali 

lower output levels. 
Size: 3} x 21 x } inches. 
Input sensitivity: 250mV into 100 Kohms. 
Damping Factor: > 500. 
Loudspeaker impedances 3 to 15 ohms 
Power requirements: 8 to 35 V. d. c. 

APPLICATIONS 
High fidelity amplifier: car radio amplifier: record player fed direct from pick -up: 
intercom electronic music and instruments: P.A., laboratory work. etc. Full details 
of these and many other applications are given in the manual supplied with your 2.30. 

oos 

0 04 
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u 

ton, too,. 

Power vPSUS dsromon curer Of Sindau z 30 

Z.30 

10.01 . 

Ready built, tested 
and guaranteed, with 
2.30 manual. 

STEREO SIXTY PREAMPLIFIER AND CONTROL UNIT 

The Stereo 60 is a stereo preamplifier and control unit designed for the 
Project 60 range but suitable for use with any high quality power amplifier. 
Again silicon epitaxial planar transistors are used throughout and great 
attention has been paid to achieving a really high signal -to -noise ratio and 
excellent tracking between the two channels. Input selection is by means of 
push buttons and accurate equalisation is provided for all the usual inputs. The 
tone controls are also very carefully designed and tested. 

SPECIFICATIONS 
Input sensitivities- Radio -up to 3mV: 

Magnetic Pickup -3mV Correct within ± 
1dB on R.I.A.A. curve. Ceramic Pickup 
-up to 3mV: Auxiliary-up to 3mV. 

Output -1 volt. 
Signal -to -noise ratio -better than 70dB. 
Channel matching -within 1dB. 
Tone Controls- TREBLE + 15 to 15dB. 

at 10 KHz: BASS + 15 to 15dß at 
100 Hz. 

Power consumption 5mA. 
Power requirement -PZ. 5 or PZ. 6. 
Finish -brushed aluminium front panel 

with black knobs. 
Mounting -on cabinet front by spindle 

bushes and adjustable brackets. 

SINCLAIR POWER SUPPLY UNITS 
PZ-5 

PZ-6 

89/6 

Treble and 

bass control 

curves 

STEREO SIXTY 

30 volts unstabilised -suffi- 
cient to drive two Z -30's and 
a Stereo 60 for the majority 
of domestic applications. 

Price: f4. 19s. 6d. 
35 volts stabilised -ideal for 
driving two Z -30's and a Stereo 
60 when very low efficiency 
speakers are employed. 

Price: £7. 1 9 s. 6d. 

£9.19s. 6d. 

GUARANTEE 
If at any time within 3 months of purchasing Project 60 
modules from us, you are dissatisfied with them, we will 
refund your money at once. Each module is guaranteed to 
work perfectly and should any defect arise in normal use we 
will service it at once and without any cost to you whatso- 
ever provided that it is returned to us within 2 years of the 
purchase date. There wi I be a small charge for service 
thereafter. 

SINCLAIR RADIONICS LIMITED rTo: SINCLAIR RADIONICS LTD., 22 NEWMARKET RD., CAMBRIDGE' 
22 NEWMARKET ROAD, CAMBRIDGE Please send 

NAME 
Telephone 0223 52731 

ADDRESS 

ir-u=Iii- 'u. 
fo, which I enclose cash /cheque money order 

WW-074 FOR FURTHER DETAILS 
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NAME FOR 
RECORD ,s 

MAINTENANCE 
HI-FI PARASTAT(Reg'd.)Pat.App.58116/61 

STYLUS 
CLEANER 

Available 
separately 
complete 
with 
instruc- 
fions. dttilii 
Price 
5/ -. Plus 1/3 P.T. 

'PARASTAT'Reod 
Manual Model 

Mk.IIA 

Gramophone 
Record 
Maintenance 
and Stylus 
Cleaning Kit 
Designed for use on NEW 
records or records in new 
condition which are to be 
played with pick -ups re- 
quiring very low tracking 
pressures. The 30,000 finely 
pointed tips of the Hi -Fi 
Parastat Brush positively 
explore every detail in the 
record groove to provide r the high degree of record v cleanliness necessary when 

using ultra lightweight pick -ups tracking at 2 grammes or 
less. The cover pad in the lid of the case is provided for the 
purpose of cleaning and activating the brush which when 
enclosed within the case is kept at the correct level of 
humidity required to control all static at the working surface. 
Perfectly clean records must be played with a perfectly clean 
stylus and an integral part of the kit is the new Watts Stylus 
Cleaner which provides a safe and efficient method of 
cleaning the stylus. 
Supplied complete with instructions, 1 oz. New Formula 
dispenser, Distilled Water dispenser, spare pad cover and 
ribbons. Price 42/6 plus 1 /3 P.T. 
Replacements: 1 oz. New Formula dispenser 4/6 Distilled 
Water Dispenser 4/- Pad Cover and Ribbonsl /9. 

i.a 
A dual purpose record maintenance 
device. Keeps new records in perfect 
condition. Restores fidelity to older 
discs. Complete with 1 oz. New 
Formula dispenser and instructions. 
Price 45/ -. 
Replacements : Pad Covers 2/- each. 
Brush 12/6. Sponge Cover Pad 1/ -. 

1 oz. New Formula Dispenser 4/6. 
HUMID MOP. Recommended for 
use in conjunction with the Manual 
Parastat and Preener. Cleans and 
conditions the bristles and velvet pads. 
Ensures correct degree of humidity at 
the orne of use. Complete with spare 
sponges and instructions. Price 4/6. 
Replacements: Set of Sponges 2/6. 

'PARASTATIK' 
Re9d. 

DISC PREENER 
(Patent No 987599) 

The original 
'DUST BUGReod. 
(Patent No. 817598) 

Automatic Record Cleaner. Easily 
fitted to any transcription type 
turntable. Provides a simple and 
effective method of removing static 
and dust while the record is being 
played. Surface noise and record and 
stylus wear is reduced. resulting in 

cleaner reproduction. Complete with 
} oz. New Formula Dispenser and 
instructions. Price 18/9 plus 4/5 P.T. 
Replacements : Nylon Bristle and 
Plush Pad 1/9. 4 oz. New Formula 
Dispenser 2/6. 
A GUIDE TO THE BETTER CARE 
OF L.P. AND STEREO RECORDS 

Keeps new records like new. Expressly 
designed for use with records which 
have not had previous antistatic 
treatment. Complete with instructions. 
Price 6/9. Replacements : Packet of 
4 wicks 2/ -. 

C o m p l e t e l y 

revised. 48 
pages, fully 
illustrated, 
providing all 
necessary 
information 
on Record 
Care . All obtainable from your 

local specialist or direct: 
2/6 Post Free. 

rTo CECIL E. WATTS LTD. DARBY HSE, SUNBURY ON THAMES, MIDDX. 

Please send (Post Free U.K. and Commonwealth) 

Disc Preeners /ai 6/9 Hi -Fi Parastats 42/6 plus 1/3 P.T. 

Dust Bugs (a, 18/9 plus 4/5 P.T. Manual Parastats n 45/- 
48 page Booklets 'rr 2/6 Stylus Cleaners 5/- plus 1/3 P.T. 

Replacement Parts : 

I enclose cheque /P.O. value £ (Do not send postage stamps) 

Name 

Address 

` J 
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TRANSFORMERS 
DESIGNED TO CUSTOMER'S OWN SPECIFICATIONS FOR 

ALL APPLICATIONS UP TO 100 KVA. "C" CORE, PULSE, 

3 PHASE, TOROIDS, HIGH TEMPERATURE, ETC. 

This month we are adding two new types of Transformers to our existing 
standard ranges. 
I. THE 1200 SERIES 
This series covers 150VA Transformers and gives a voltage range up to 
110 volts at various loads. 
2. THE DB SERIES 
These Transformers have a high VA density (approximately 25VA per cu. inch) 
and cover a VA range up to 40VA. 
Please write for further details. 

Samples from our standard production ranges: 

*Low Voltage 

28V, IA., 28V, IA., 28V, IA., 28V, IA.. 30V. 250mA. 
*Primaries 10-0- 200 -220 -240V. 

20W Transistor Amplifier (W.W. Nov. 1966) 

.. 3 12 6 

.. 4 IS 0 

Driver .. 
Mains .. .. .. 
L.P. Filter, Chassis Mounting .. .. 
L.P. Filter, Printed Circuit Mounting ., 

6 

6 

6 

6 

70V & 100V Line Matching 
Fitted with terminal panel, taps at 0.5, 2, 4 and 8W. into 15 ohms 

9/- each in 100 Lots 
Flying leads, taps at 1, '., I, 2 and 4W. into 3 ohms .. 7/3 each in 100 Lots 

Prices inclusive of postage and packing, each. 
For small quantities, cash with order, please. 

HOWELLS RADIO LIMITED 
CARLTON ST., MANCHESTER, M14 4GT 061 -226 3411 

WW --075 FOR FURTHER DETAILS 
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' "TRI - BOARD" BLRNHAM ROAD 'DARTFORD KENT ...... On MO ....... ......... 666. 61 MI 61 

The ideal "Breadboard " material for rapid construction 
of electronic circuits at the design and prototype stages 
of development programmes. 

TRI -BOARD is supplied in Fibreglass which is 

suitable for cold punching or cutting. Board size is 

74- " X 5x "" X thick with 1 oz. copper 
A roller tinned finish is standard. 

PRICE 15/- net per board. 
Quantity discounts apply: 

TRIO INSTRUMENTS LTD., 
BURNHAM ROAD, 
DARTFORD, KENT. Telephone: Farningham 2082 
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vvV5v WJ\j 
SMOOTHED POWER UNITS WITH 

THE ACCUMULATOR PERFORMANCE. 

Type 
250VRU 30 20 

Versatile power units providing all the usual voltages and 
currents normally required for development, servicing and 
production testing of practically all domestic and industrial 
equipment, up to a loading of 600W DC or AC. 

APPLICATIONS 
*Production testing and servicing 

of battery operated equipment. 
*Testing fuel pumps - DC motors 

- 
relays windscreen wipers - 

car radios and other types of 
battery equipment. 

*Multiple outputs. 
*Continuously variable DC volt- 

age. 
*Continuously variable AC volt- 

age. 

FEATURES 
*Output stabilised to accumu- 

lator performance. 
*Very low ripple. 
*Incorporating silicon rectifiers. 

*All models incorporating surge 
current limiting. 

*Low voltage outputs completely 
isolated from mains. 

*Quick delivery. 

Type 250VRU/30/120. Output I. 0 -305 20A DC. Output 2, 0 -60V LOA AC. 

Output 3, 0-250V 4A AC. Price E131 -5.0. Input 200 250V 40 60 Hz. 

Also available for 60V, 120V, 240V outputs. 

VALRADIO LTD. 
Dept. WPU4, BROWELL'S LANE, FELTHAM, MIDDLESEX, ENGLAND 

Telephone: 01 -89C 4242 

'VM, NW\, fVAAA, 

WW-11714 FUNTIIHR DETAILS 

Si451 Millivolumeter 
* 20 ranges also with variable control 

reading of relative frequency response 

JES AUDIO INSTRUMENTATION 
Illustrated the Si453 Audio Oscillator 
SPECIAL FEATURES: 
* very low distortion content -less than .05% 
* an output conforming to RIAA recording characteristic 
* battery operation for no ripple or hum loop 
* square wave output of fast rise time 

£35.0.0 
also available 

Si452 Distortion Measuring Unit 
permitting easy ,6 low cost distortion measurement down to .01% with 

comprehensive facilities including L.F. cut switch, etc. 
£25.0.0 £30.0.0 

J. E. SUGDEN & CO. LTD., BRADFORD ROAD, CLECKHEATON, YORKS. Tel: Cleckheaton (0WR62) 2501 
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MODEL A 303150 

sANwAs 
USED THROUGHOUT THE WORLD. SANWA S 

EXPERIENCE OF 30 YEARS ENSURES ACCURACY. 
RELIABILITY. VERSATILITY. UNSURPASSED TESTER 
PERFORMANCE COMES WITH EVERY SANWA 

6 Months' Guarantee. Excellent Repair Service 
Modal P IB 63 7 6 
Mad.IJP50 L6 IS S Modell( 30TRD 1117 0 0 

ModNU.500 U 6 S Mode1380 -CD 1113 S ll 

MsdN360-YTS O 17 S Modell 80750 Ili 7S 0 

Md41A- 303T40 . LIS IS S Nadel 430 FS n9 0 0 

MakIAT- 711 7 6 Model FM 700 f51 0 O 

Cases availabi for all meters 

PLEASE WRITE FOR ILLUSTRATED LEAFLETS OF THESE SANWA METERS 

SOLE IMPORTERS IN U.K; 

QUALITY ELECTRONICS LTD. 
47 -49 HIGH STREET. KINGSTON- UPON- THAMES, SURREY. Tel. 01 -546 4585 
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ENCAPSULATION 
low tool cost method for cylindrical 
coils and potting. Enquiries 
also for- 

REED RELAYS 
SOLENOIDS 
COIL WINDING 
TRANSFORMERS 
to 8 K.V.A. Relay module 12 -way 

"MS" range 

EL 4Liiu 1111MBEEt a 
Knapps Lane, Bristol 5. 0272 657228 
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OXLEY INDUCTORS 
Illustrated above are a variety of high quality 

examples of our work in this field. 
The inductor coils are uniquely designed and feature 

a silver conductor fired to a low expansion glass. 

The coils: - 
* resist shock 
* resist temperature cycling 
* have a minimum temperature coefficient 
* have negligible frequency drift 
* have low self- capacitance 

If a unique, perfectly designed, characteristically 
perfect inductance coil is what you require why not 
contact our Sales Department. 

Enquiries to: 
OXLEY DEVELOPMENTS COMPANY LTD. 
Priory Park, ULVERSTON, N. Lancs. 
Tel. ULVERSTON 2621 Telex. 6541 
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WOW AND 
FLUTTER 

METER 

(R.M.S) 

MODEL I I I 

SYDNEY HOUSE, 35 VILLIERS ROAD, WATFORD 

WDI -4AL 
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i 

Jack Socket 
R 32307 

Jack Socket 
R 32400 

Sub- miniature 

Threepenny 
Piece for 
Comparison 
of Size 

r.1 

41:1;, fI 

Screened 
Jack Plug 
R 22401 

Presenting part of a wide range of components 
used throughout the world by the electronics 
engineer in search of quality and reliability. 

Further information available. 

Screened 
Jack Plug 
R 22301 

0 14o r ,\ 
RENDAR 
INSTRUMENTS LTD 
BURGESS HILL, SUSSEX, ENGLAND 
TELEPHONES: BURGESS HILL 2642 -3 

CABLES: RENDAR, BURGESS HILL 
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TRANSFORMERS 

COILS 

CHOKES 
LARGE OR SMALL QUANTITIES 

TRADE ENQUIRIES WELCOMED 

SPECIALISTS IN 

FINE WIRE WINDINGS 
MINIATURE TRANSFORMERS 

RELAY AND INSTRUMENT COILS, ETC. 
VACUUM IMPREGNATION TO APPROVED STANDARDS 

ELECTRO -WINDS LTD 
CONTRACTORS TO G.P.O., A.W.R.E., L.E.B., B.B.C., ETC. 

123 PARCHMORE ROAD. THORNTON HEATH, SURREY 
01 -653 2261 CR4.8LZ EST. 1933 

-a 
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better balmis... 
Hatfield Baluns provide a simple and effective solution to the problem 
of matching unbalanced to balanced impedances of different values. 

Illustrated are two examples from the Hatfield range of RF Power Trans- 

formers, which includes 100W. 500W, 1 kW and 3kW types, all available 
on short delivery. These units are weatherproof. capable of being pressurised 
where required and completely resistant to corrosion. A wide range of imped- 
ance ratings is also available. 
The range is comprehensive and is backed by many years experience in the 

design and manufacture of RF Power Transformers and incorporates the 
newest developments for high efficiency and low inertion loss. 

Ask for Folder B4/4 and for the latest edition of the Hatfield Short Form 
Catalogue. 

HATFIELD BALUN 
Dept. WW, HATFIELD INSTRUMENTS LTD.. Burrington Way. Plymouth. Devon 

Telephone: Plymouth 72773'5. Telex:45592 Cables: Sigjen Plymouth 
SOUTH -EAST ASIA -for prompt service and deliveries contact 
HATFIELD INSTRUMENTS 1NZI LTD.. P.O. Box 561. Napier, New Zealand. 
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IT TAKES 
A SHORT TIME 

TO TELL 
A LONG STORY 

CALAN TRACE SHIFTER C50I D 

* A TRACE (9,600 MILLIMETRES LONG ON A 5 INCH TUBE!) 

* A THREE DIMENSIONAL DISPLAY! 

* VERTICAL COMPARISON OF SUCCESSIVE SCANS! 

Add these facilities to your oscilloscope. They will help 

you to examine the functional waveforms of heart or com- 

bustion engine or for that matter any other long waveform 
phenomena. 

Price f68 Export and Agency Enquiries Invited. 

Calan Electronics Limited, 
6 Croft Street, Dalkeith, Scotland 

Tel. 031 -663 -2344 
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SPECIALIST SWITCHES 

are again gluing 

the fastest switch 

service in the world 
FROM THEIR NEW AND LARGER 
PREMISES IN CHARD, SOMERSET 

Specialist Switches make Rotary and Lever 
switches, types H, DH, HC, and LO, to 
specification. There is one limitation (standard 2 in. 

long spindles), but this is not important when you 
are getting the fastest switch service in the world. 

Delivery of 1 -20 switches: 24 hours. 
Up to 50 or so: 72 hours. 
If you want around 250 or so: 7 -10 days. 

Please note our address: 
SPECIALIST SWITCHES 
P.O. Box 3, 
CHARD, SOMERSET 
Write for design charts and prices or 
TELEPHONE -CHARD 3439 
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PRESENTS - 1969 - RANGE 

PROFESSIONAL QUALITY 

PUBLIC ADDRESS AT AMAZINGLY 

COMPETITIVE PRICES. 

Model 50 - ATR -50 Watts 
8 Models in all Transistor A. C. Mains and 
Battery Operation, Power Output from 15 - Watts 
to 50- Watts. Built to International Standards. 
Also Mixer & Pre - Amplifiers. 

Model A - 100 

6 Models in AC. operated Tube Amplifiers. Power 
Outputs from 20- Watts to 100 - Watts. High 
Fidelity Performance. Absolute reliability in 

extreme working conditions. 

Wide Range of unidi- 
rectional Microphones 

1 

Breakdown Proof 
Driver Units, Reflex 
Horns and Sound 
Column Speakers. 

AHUJA P. A. SYSTEM are manufactured in India's 
largest and most well equipped Plant. These are highly 
popular in over 25 countries on account of high quality 
and rugged construction and most competitive inter- 
national prices. 

Issued by Engineering Export Promotion Council 
Calcutta (India) 
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FAULT LOCATION 

Details from UK distributors. 

Wald 
KONTAKT "Cold Spray 75" 
For rapid and effective fault location 

Non -toxic, non -inflammable, Cold Spray 75 

is a chemically inert coolant capable of 
producing temperatures of down to -42 
centigrade. It can also be used to prevent 
heat damage during soldering processes, 

for the rapid freezing of small articles for 
biological and technical purposes and the 
prompt location of hairline cracks and 

other faults in temperature dependent 
components. 

Other Kontakt products: 
Kontakt 60 and Kontakt 61 for relay contact cleaning. 
Plastic Spray 70, transparent protective lacquer. 

Insulating Spray 72. 

Kontakt WL. Spray Wash. 
Antistatic Spray 100. Antistatic agent for plastics. 

Politur 80. Polish and cleaner. 
Fluid 101. Dehydrating Fluid. 

SPECIAL PRODUCTS DISTRIBUTORS LTD. 
81 Piccadilly, London, W.1 Tel: 01 -629 9556 
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6mm tubular midget 
flange S6/8 cap 
over -all length 

14.5 mm. 
It is one of the many Vitality Instru- 
ment and Indicator Lamps that are 
made in an unusually large number 
of types, ratings and sizes. It may be 
just what you need for an existing 
or new project. If not, another from 
the hundreds of types and ratings 
detailed in the Vitality Catalogue 
may well be. 

*Many a product owes its success to the 
intelligent addition of an indicator light. 

VITALITY BULBS 
VITALITY BULBS LTD MINIATURE AND SUB -MINIATURE LAMP SPECIALISTS 

BEETONS WAY, BURY ST. EDMUNDS, SUFFOLK. TEL. BURY 2071. S.T.D. 0284 2071 

A member of the General Instrument Group 
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PRECISION 
PRESSINGS 

Accurate 
components at 

competitive 
prices 

produced 
by progressive 
tooling and 
multiform 
methods 

JOHN lL l V I.Yl VJL I1L JL JL LTD. JL.Jr o 

209SP0N LANE WEST BROMWICH STAFFS. TEL. 021 -553 2516 (3 LINES) 
WOODS LANE CRADLEY HEATH WARLEY WORCS. TEL. CR 69283 (3 LINES) 

WW-091 FOR FURTHER DETAILS 

Ballistics 
Computers by 
Westinghouse. 
Nine servo 
amplifiers with 
associated 
motors. 
Brand new in 
sealed 
containers. 
£95, delivered. 

Automatic 
Numbering 
Machine by 
Western 
Union. 
Four 
Uniselectors íand 30 neons. 
Ideal amateur 
computer. 
Application 
leaflet. £12.10s. 
post free. 

PUNCHES, READERS, VERIFIERS AND TELEPRINTERS 

AT REALISTIC PRICES TO EDUCATIONISTS. MOBILE 

SHOWROOM CALLS ON REQUEST. 

COMPUTER TRAINING PRODUCTS 
2 Lordship Lane, LETCHWORTH, HERTS. Tel: 4536 0462/6 
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CONVERTOR; BATTERY CHARGER. Input 240v 
50 c/s. output 12v 5 amp DC. Input 12v DC. output 240v 
AC. 170 watt max. With fuse and Indicator lamps. Size 
9i x 10 x 41in. Weight 191b. An extremely compact unit 
that will give many years' reliable service. Supplied with 
plug and lead. Only £4/10/ -. P. & P. 15/ extra. 
As above -fully erviceable- perfect Interior but eot1ed 
exterior cases. E3. P. & P. 15/, 
G.M. TUBES. Brand new. G24/G38/G60 at 27/6 ea. 
053/1. brass cased. L6 ea. 
PHOTOMULTIPLIERS. EMI 6097X at £0 /101- ea. 

TRANSISTOR OSCILLATOR. Variable frequency 
40 c/s to 5 kc /s. 5 volt square wave o /p. for 8 to 12v 
DC Input. Size 11 x 11 x 1iln. Not encapsulated. Brand 
new. Boxed. 11/6 ea. 

TIMER UNIT. Standard primary transformer giving 
18V 4 amp., G.E.C. bridge rectifier in bench or wall 
mounting case 10 x 10 x 51n. Complete with internal 
one second timer sub- chassis. Checked and tested L2 /IS /0. 
P. & P. 15/.. 
COUNTENAY TIMER sub -chassis with 2.12AU7. 
transistor. relay etc. Requiring 12V. A.C. or D.C. to 
operate 22/6. 

SO Watt AUDIO AMPLIFIERS by GEC -4KT 68's 
4/8/25 or high impedance inputs 15 ohm out. Standard 
mains In; metered output etc. No electrolytic*. Absolute 
reliability L20 only. Carr. 30/ -. 

AMPLIFIERS. Compact unit by Parmeko -rated 17 
watt*, capable of double. 2- KT66/2B254M; ECC81: 
2 -EF88; 5U4. matching to 15 ohms. High impedance 
or transformer input. Size 141 x 81 x 81in. high. 
Standard mains input. Fully tested 18/10'.. Invludlnc 
carriage. 

RELAYS 
Omron /Schrock octal based plug -In milts, _ pole c o 
5A. 8v only. Brand new. Boxed. 12/6 ea. 
G.E.C. 4 pole c/o 6/12v operation 180 ohms. Platinum 
contacts'. Brand new. Boxed 12/6 ea. 
Min. VARLEY type VP4. 4 pole c/o 430 ohm or 15 
K /ohm. Brand new 6/6 ea. 
Min. SIEMENS. 4 pole c /o. 24V operation. Brand new 
0/- ea. 
S.T.C. sealed 2 pole c/o 48V. 2.500 ohm 48v. 3/6 ea. 12v 
7/- ea. 
CARPENTERS polarised Single pole c/o 20 and 85 ohm 
coil as new. complete with base 7/6 ea. Single pole 
c/o 880. 1,110 and 1.570 ohm coil. AB new 6/6 ea. 

POTENTIOMETERS 
COLVERN Brand new. 5; 10; 50; 100; 250; 500 
ohms; l; 2.5; 5; 10; 25; 50k all at 2/6 ea. Special Brand 
new MORGANITE 250K 1 in. sealed. Normal prig; 
9/ -. our price 3/6 ea. 
INSTRUMENT 3' Colvem. 5; 25; 50; 100 ohms; 
2.5; 25K. All at 7/- ea. 
TRIM POTS. Paignton- solder lugs 5. 10 k 25K at 
7/6 ea.: Pins- 10; 20: 50; 100; 200: 250: 500 ohms: 2.5; 
25 and 50K at 15/. ea. 
DARSTAN -preset- sealed 1" (lia. 1 high. 1: 2 and 5K 2/- 

HIGH RESOLUTION 25K 80 turns. Complete with 
knob 6/6 

COLVERN 50K Ten turn complete with dial LI I'. & P. 
2/6 ea. 

GENERAL CONTROLS. 100K Ten turn. Brand new. 
Boxed 23 /- ea. 

ALMA precision resistors 100K; 400K; and 99)1K-0.1°,, 
5/6 ea : 3.25K -0.1 4/. ea. 

DALE heat sink resistors. non -inductive 50 watt. Brand 
new. 15 ohms --6/6 ea.: ß.2K -5 / -. Excellent dununy load 

CAPACITORS 
E RIE feed through ceramlcons 100 pf -fd. ea. 
Sub -min. TRIMMER 1 square. 8. 5pf. Brand new 2/6 ea. 
Concentric TRIMMER 3/30 pf. Brand new 1/6 ea. 

DUBILIER Electrolytic. 32mfd 350v D.C. Brand new 
I/1' ea. 
E HT 1000pf 20KV working. ideal transmitter blocking 
capacitors 6/6 ea. 
VISCONOL EHT. Brand new 0.002 15kV 0/6 ea: 
0.0005 25 kV. 161- ea. 
E .H.T. 7.5kV working 0.25 mfd 0/6 ea.; Brand new 5 kV 
0.25mfd 10/6 ea.; 10kV 0.05mfd 7/6 ea. 
GEARED MOTORS 240v 50 c/s synchronous. Geared 
down to 80 rpm. Brand new 37/6 ea. P. & P. 7/8. 
D IODES 1N914. Brand new 1/3 ea.; 12/- doz.; L4 -100; 
L25 -1.000. 
PHOTOCELL equivalent OCP 71 2/6 ea. 
BURGESS Micro Switches V3 5930. Brand new 2/6 ea. 
BU LG I N panel mounting Lamp holders. Red. Brand 

, ,c 2 3 ea. 
PLUGS & SOCKETS. New k ex. eq. Plessey; Paignton 
Cannon; Electromethods; Belling & Lee: Bulgin etc. etc. 
Write for lists. 
MINIATURE SPEAKERS 15 ohm 100 MW tin. dia- 
meter. Brand new I0/6 ea. 
TRANSISTORS BC 114; BC 118. Ex brand new equip- 
ment. Guaranteed perfect. Good lead length 2/- ea. 
Also RT Mlcrologic L 9914 I.C. 8 lead TO -5 can. Fan out 
18 dual 2 input nand nor gate. capable of F/F action 
at 20 me /e or non inverting gate or gate -I- invert. 
Good length leads. Guarantee i.erfc t 7'6 ea. 

CASH WITH ORDER 

TEST GEAR 
OSCILLOSCOPES 

E.M.I. WM 8 DC-15 mc/e L65 
E.M.I. WM 2 DC-13 mc/e OS 
E.M.I. 8794 DC-5 mc/s LIS 
SOLARTRON QDO10. Storage scope El70--L315 
SOLARTRON 7118.2 D.B. DC-9 mc/sL60 
SOLARTRON 843 DC-16 mc/sL00 
SOLARTRON 513/523 DC-10 mr./e [3S 
SOLARTRON 688DC-8mc/sE10 
C O S S O R 1085 DB. 420 
COSSOR 1049; 1049 Mk. 3. DB. L22'10 and 

L30 
HARTLEY 13A DB. [IE /10/- 
. \II . :adully checked and tested. Carriage 30/- extra. 

MARCONI 
TF 958 Audio Frequency Wattmeter EIS Carr. 30;- 
TF 888 Magnification Meter L45 Tarr. £1 
TF 782C UHF Generator 00 Carr. £1 
TF 995 AM/EM Generator 1.5 -200 me /s £120 

TF 389 N. 5 Impedance Bridge £15 Carr. 30/- 
Cart. £1 

TF 144G Signal Generator. Serviceable, Clean LIE 
In Exceptional condition £30 Carr. 30; - 

IT 885 Video Oscillator Sine /Square L40 Carr. 30, 
TF 899 Millivolt ureter LO Carr. 10 /- 
TF 195M Sine wave oscillator 0 /40kc /e L14 Carr. LI 
TF 517 VHF Generator 10 me /s -300 me /s 16 Carr. £ I 
TF 428B/1 Valve voltmeter £4 Carr. 10 /- 
TF 428B/2 Valve voltmeter LIO Carr. 10/- 
TF 338B Attenuator LS (art. 10/- 
TF 791B Carrier Deviation Meter £45 Carr. 30'- 

SOLARTRON 
Pulse generator POS 100C 50 c /a-1 mc/e L25 Carr. £ I 

Laboratory amplifier AWS51A. 15c /s- 350kc /s 135 

Stabilised P.U. SRS 151A £20 Carr. 30/. 
Carr. L 1 

Stabilised P.U. SRS 152 115 Carr. 30/- 
Stabilised P.U. AS 518 & AS 517 13, and E6 Carr. 10 /- 

AVO 
Generator type TEN AM /FM 5- 220mc /s £45 Carr. 

15/- 
Generator CT 368 2 -225 me /s LSO Carr. 15/- 
Generator 50kc /s -80 me /s 116 Carr. 15/- 
Teetmeter No. 1 114 Carr. 15/- 
Electronic Testmeter Cr 38. Complete LIE Carr. £1 

SPECIAL. Multimeter CT471A. Battery opera- 
ted. fully transistorised, sensitivity 100 M ohm /V. 
measures a.c. /d.c. voltage (12mV -1200V scales. +/- 
3% / +/- 2% f.s.d.) a.c. /d.c. current (12 mlcroA- 
1.2A scales, +/- 3% / +/- 2% f.s.d.) resistance 
(12 ohm -120M ohm scales. +/- 3% m.s.d.). h.f., 
vhf /uhf. voltage with multiplier (4V -400V scales up 
to 50 MHz; 40 mV -4V up to 1000 MHz). Brand new 
L75 t'arr. 30/- 

1 
47111. as above by G. & E. Bradley £7S Carr. 30 /- 

CI NTEL 
Transistorised Nucleonic Scalers with adjustable 
discriminator. 8 meters display 0 -9 giving count of 
10 to the 5. In a new condition 130 Carr. 15/- 
Wide Range Capacitor Bridge LIS Carr. 15/- 
Sine and Pulse Generator type 1873 L2S Carr. 15/- 

AIRMEC 
Valve Millivoltmeter type 284. 31KV -1V L20 Carr. £1 
( bunter type 885. 8 decades. Bright Vertical display 
gate facilities. Very good condition 130 Carr. 30/- 
Klystron Power Supply 898B [2S Carr. £1 

SIGNAL GENERATOR /WAVEMETER type 01 
90 to 180 me /S. Built in crystal markers. Standard crains 
input. Excellent condition EI2 /I0 / -. Carr. 30/ , 
SIGNAL GENERATOR type CT 478 by W. H. 
Sanders. Freq. range 13 kme /s to 4.2 kmc /e. Output 
power calibrated dbb. New L40. Carr. £2/10/ -. 
AM /FM OSCILLATOR Type 1 CT 212. 85 kc /s to 
32 Inc,'s. As new L35. Carr. LI 

HEINZ GUNTHER AM /FM Generator 9 -200 me /a. 
L30 Carr. £1 

SIGNAL Generator CT 53. Complete with leads. Good 
condition. EIO Carr. 15/- 

FREQUENCY Meter BC 221. LI7/I0/0; with built -in 
stab. Y.U. L22/10/0 (arr. I5 /- With Charts. 
DIGITAL VOLTMETER type BIE 2114. 1 mV to 
1kV DC. Auto decimal change. Excellent condition L65 

MIC-O -VAC type 22 (CT54) Volta; Current; Ohms. 
D Cto 200 me /s with probe, leads etc. As new 10 /10/0 
P. & P. 10 /- Plug -in MAINS PACK for Mic -ovac type 
Cr 64. 12/10/0 P. & P. 8/- 

VIBRATING REED ELECTROMETER type N 572 
by ECKO. Range 10 to the -14. Max sensitivity FSD for 
1 of 0.03 Micro- microamts. 125 ea. Carr. L1 

RACAL FREQUENCY COUNTERS 
SA 20 4 decades 100 kc /e 120 ea. 
SA 21 8 decades 10 tiara L45 ea. 

SA 28 as SA 21 with convertor extending range to 
30 me /a £65 ea. 
GRAUMONTKALEE Flutter meter type 584 L35 

GENERAL RADIO Precision Capacitor type 722. 50 pf 
to 290 pf. L75 Model 222F at L55 

Miniature SCOPE type 1200B. Ideal TV servicing etc. 
Checked and tested 110 P. & P. £1 

ADVANCE Signal Generator type Dl. 2 me /s to 190 
inc/s. Sine and square mod. With original charts. Excel- 
lent condition 112/10/0 P. & P. L1 

SERVOMEX. Stabilized D.C. Power supplies type 
DC3. 0 -30 Volts. 0-7 amps. Separate voltage and current 
meters. L35. Type 38, bench mounting. 0 -15 Volta. 
0-2.5 amps. Separate voltage and current meters L25 

TRANSISTOR Stabilised Power Unit. 48v, 4 amp. 
Manufactured by E.M.I. Open chassis. Brand new. 
Highest quality. Size 101 x 51 x eiin. high. 16 ea. 
RACAL stabilizer unit 24V. raw DC in 20 volts lamp 
stab and 12V. 5 MA Zener stab out. Brand new condition. 
Size 5 x 3 x 8 in. Complete with circuit diagram. 35 /. ea. 
MAINS FREQUENCY METERS with large 270 deg. 
Dial calibrated 45 to 86 cycles 4in. diameter. In original 
service carton. £3/10/ -. P. & P. 7/8. 
19in. Rack Mounting CABINETS Eft. high 2ft. deep. 
side and rear doors. Fu ly tapped. complete with bese 
and wheels. LI2/10/0 Carriage at cost. 
V.H.F. RECEIVER TYPE 715 by BCC. Complete. 
tested and working (Less crystal). 1.2v DC input. Ideal 
conversion 2 and 4 metres. In good condition. Supplied 
with conversion data. Only L3/10/0 P. & P. 7/8 ea. 
MULLARD Transistorised Analogue to Digital Con- 
vertor Model I. 281. As new. 120 Carr. 15/. 
SUNVIC DC chopper Amplifier type DCA 1. Superb 
condition. 122/ 10/0 ea. Carr. 20/- 
SEQUENCHAL TIMERS 8 Individual timer circuits 
each with 0-100 sec calibrated dials. Ideal displays. 
processes. etc. Standard mains input £25 Carr. 25/- 

E x- SOUTHERN ITV CAMERA with Image orthicon 
tube and single lens. Mounted on tripod. Sold as seen. L40 

ISOLATING TRANSFORMERS 240V in 240 \" 
KVA out. As new. 1.2.5 ea. Carr. £2/10/ - 
DESK Telephones. Current type: 3 wire red. green. white. 
Ideal extensions etc. As new L3 ea. 

MODERN Transistorised 10 line automatic desk top 
exchange. Complete with 10 A.E.I. Telephones. standard 
G.P.O. type dialling to call any other line. Exchange size 
16 x 5 x 8 housed in attractive mahogany case. 
Complete set. £55 

METERS 
E LLIOTT Portable Reflecting Voltmeter. 8' dial scaled 
ll to 12.5 Ranges 12.5 -25 -37.5 Frequency range DC 
to 2.5 kc /s. Accuracy 0.5 fad. Adjustable feet. built in 
level, magnetic shield, movement lock. In One quality 
wood case. [20 P. & P. 15/- 
EHT ELECTROSTATIC Ernest Turner etc. 0.750V 
L2 ea.; 0 -3.5 KV L2/15/0 ea.; 0.5 KV L3/10/0 ea.; 0-7.5 
KV L4 /5 /0 ea. 

TAYLOR 100-0-100 Micro amp scaled size 4 x 2' with 
internal lamp scaled 8.0 -8 I /I0 /0 ea. 
GRIFFIN B GEORGE 3" round in eloped open ended 
case with terminals 3 types 0/20; 0 /100 and 0/250. All 
50 c /5. LI ea. 

TRANSFORMERS. All standard inputs. 
18v 8 amp and 12v i amp. Sep. windings, 10/6 ea. 
18v 12 amps at E3 ea. 
8kV 4'5rnA, 4v 0 5 amp x2, 4v 1.1 amp. L3 /I0 /- ea. 
350-0-350 75mA, 5v 2 amps x 2, 21/- ea. 
Gardners 83v 2A; 63v 1.5A; 8.3v O.1A. Size 3 x 11 x 41in. 
AB new. 14/. ea. 
Gardners. Potter. Multi 6.3's combine to give 48v at 
4 amps or 83 at 45A. With 350-0-350 at 50mA. 
L2/ I0 /- ea. 
Parmeko /Gardners. Potted. 475.80.0 -80 -475 at 180 mA; 
separate winding 215-0215 at 45mA; 63v SA: 8.3v 
O'75A; 5v 3A. As new. 13 ea. 
Gardners 400. 350.0. 350.400 at 250MA: 0/4/6.3v 4 amp x 
2; 0/4/83 2 amp; 0/4/5 3'5A. In original boxes. L4/10/- 
Inc. post. Gardiners 2kV 101iA. As new, E3 Incl. postage. 
Gardners 2kV IOMA and 4 volts x 2. [4/10/- ea Incl. 
postage. 
Parmeko 83v at 2 amp x 4. 22/6 ea. 
Parmeko 65v 1 amp. Separate 0.18.24v at 0.5 amp. 30/- ea. 
Gard /Parm/Part. 450 -400-0- 400-450. 180 MA. 2 x 0.3v. 
L3 ea. 
E.H.T. Brand new 5kV 5MA with rectifier heater wind- 
ing. Size 3 x 3 x 3i1n. 27/6 ea. 
ADVANCE Constant Voltage Trans. 8 volts 50 watt. 
As new 13 P. k P. 10 /- 
Gardners 4v 30 amp. Brand new LI /10/0 Incl. postage. 
3 for L3 /10 /0 Incl. postage. 
Gardners 5v 30amp. Brand new L2 ea. Incl. postage. 
CHOKES. 511; 10H; 15H; up to 120mA. 0/6 ea. Up 
to 250mA 12/6 ea. 
Large quantity LT, HT, EHT transformers. Your 
requirements. please. 
Panel switches DPDT ex eq. 2/6 ea.; DPST Brand new 
3/6 ea.; DPDT twice, brand new 4/ -; heavy duty DPST 
brand new 6/- ea. 

PRECISION continually rotarable stud switches. 
Single pole. 80 way. can be stacked if required. 1.3 ea. 
PRECISION rotary stud switches 2 pole 12W size 2" 
sq.. i shaft. L2/10/0 ea. 
Min. SEALED 4 pole 3 way and 3 pole 4 way rotary 
switches. I. shalt i' dia. x I" I0 /- ea. 

OFFICIAL ORDERS WELCOMED 
FOR CALLERS. Always a large quantity of components, transformers, chokes, valves, capacitors, odd units, 
etc., at 'Chiltmead' prices. Callers welcome 9 a.m. to 10 p.m. any day. 

CH I LTM EAD LTD. 
22 SUN STREET READING BERKS 

Off Cumberland Road (Cemetery Junction) Tel. No. Reading 65916 (9 a.m. to 10 p.m.) 
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ELECTRONIC BROKERS 
MEASURING INSTRUMENTS 
AND RECORDERS 

NEW 
6 Pen Event Recorder, 6 in. Chart width. Avail- 
able In wide range of chart speeds. Rack 
mounted £79/10/0. tame to snit extra. 

NEW AMERICAN 
5" CHART RECORDER 
0004 general pur- 
pose potentlnmetrtc 
recorder. Suitable 
for research and 
laboratory work. 
Range 0 -10 m.v. 
Variable zero set. 
Zenor divide refer- 
ence. Input an- 
pedance. Max 100 
Kohms. 
Price £89.10 -0, P.hP. 30 / -. 

PORTABLE AC /DC 
PEN RECORDER 
A most versatile pen ree r 
Produces trace on a 
linear 31 In. strip el 
Two speeds 1 In. and 6 iv. hr. 
Limiting contacts to go 
Mann, and limits the current 
when It exceeds the high 
and/or low preset values. 
Range: 0 . 1MA D.C. Meter 
Resistance 400 ohms; 0 IMA 
A.C. Meter Resistance 1800 at 
50 Hz; -IOto + b dB Into 
600 n Impedance Source. 
Chart speed: 

w 
In. and 6 

In. /hr. Chart idth: 31 In. 
cued- linear. Power supply: 

:;0V 50 Hz driving Synchronous Motor. 
Price: £52.10.0. Postage and packing L1 Os. Od. 

STRIP -CHART 
INDICATING 
RECORDER 

hart width 
In. 10 mV. 

sensitivity ± 0.1 
of full scale. Source 
Impedance 100 oho,. 
Speed of operation 

for full -scale travel. Chan sp,, :1 + in., 3 In., 
m. per hour. Single point. £49.10.0. P. & P. 30/.. 

RECORDER SP 20 Series 
I. a ner:.l Yurp, ...., 
Pen potentlomet r 

strument for e. 

one recording lei 
Input signal fn 
IOmV D.C. Su tail. 
for use with Spectro- 
photometer and other 
laboratory instru- 

ments. Chart speed 0.5 to 8.4 cm /min. Linearity 
±O.25°ä. Fully teanelstorised. Chart width 200 mm. 
Input Impedance 10K ohms max. Available B.P. 20 
Plain Linear. B.P. 21 Flat Bed. B.P. 22 Linear/Ixg. 
From £135 each. P. & P. 411/, 

PEN RECORDER 

tir 
Portable 1, 2 and 4 channel pen recorders by Kelvin 
Hughes. General purpose recordera providing clear 
Instantaneoug and permanent records of phenomena 
with comparatively high rates of change. The 
tonton -strip suspension of the moving -coil renders 
the instrument immune to the effects of vibration 
and accelleratlon. 
six possible chart speeds, chart width 55 mm. 
length 150 ft.. linearity 8 v. at 3 m.A. response D.C. 
to 100 c/s. Single pen with amplifier £99; 2 pen 
recorder £85, 4 pen with amplifier £149. Also 
5 pen recorder complete with amplifiers, specification 
as above but housed In cabinet £225. P. A P. extra. 

ULTRA VIOLET RECORDER 12Channel 
NEP 1050 with 6 galvanometers £280. 

ULTRA VIOLET PHOTOGRAPHIC 
RECORDER 12 Channel mirror Galvanometer 
Honeywell 1000 with 6 galvos £280. 
24 Channel Sleamlc Recorder by Film & Equip- 
ments £325. tarrlage extra. 

E H T INSULATION TESTER 
From 1 5 Kv A.C. and D.C. Complete with probes. 
New equipment. Price £52/10/0- Carr. a 72/10/0. 

NEW PORTABLE RECORDING 
AMMETER 

Specification. Type: Moving Coll, D.C. Range: 
0 -5 amp. II.1'. Chart Width: 100 mm. Seale Length: 
127 into Chart Speeds: 20. 60, 180. 600, 1800 and 
5400 nuns hr. Dimensions: itoh v 163 to 245mm. 
Weight: 5.5kg. List pn., t' n.0 rrb.. £35. 

POTENTIOMETRIC 6 POINT 
STRIP CHART RECORDER 

BRAND NEW 
For use w oh ilenu.,e..n ph r., py r. nn, tors and 
other e.m.f. sources. 6 point. Range ( -100) 
-0--1 +100) mV; 0 -1,600 deg. C. 60 in. 
chart width; pen speed 8 secs. Accuracy 
f0.5°á; IO chart speeds 20- 720mm /hr. 
Tropieallsed. Including tools and spares. 
Listed at over 8900. Our price £79.10.0. 
Also available 0.100mW F.B.D. 889.10.0 

POWER SUPPLIES 
AIRMEC 6988 KLYSTRON 
POWER SUPPLY 
It...dk n,.uni ed 110 in.). Maine operated. Cathode 
volts from 1.0 to 2.4 kv. negative. Grid Volts, 
0 to 220V negative. Reflector Volts, 0 -500V 
negative. Cathode Current, 0.18mA max. Heater 
4V at I.SA. Internal Modulation -Square wave 
2.4 KHz 7V p -p. Saw Tooth 150.600 Hg 
n - 31/V peak. Price £45. P. A I'. 4t1 

* HIGH PRECISION * 
FULLY STABILISED 

TRANSISTORISED LOW 
VOLTAGE POWER SUPPLIES 

ta e 
incorporating 

8.C.R. Panel for overload projection. 
OVERLOAD & CIRCUIT BREAKER 
WITH MANUAL RESET button. 
RIPPLE better, better than 3000: 1. 
CHOKE OF CAPACITOR translatorlued 
120/130 volt A.C. INPUT. 

Available In the following types: 
8 Volt 9 Amp 112.10.0 
6 Volt 12 Amp 217.10.0 
6 Volt 16 Amp £22.10.0 

12 Volt 8 Amp 222.10.0 
12 Volt 16 Amp £25. 0.0 
12 Volt 22 Amp £25. 0.0 
20 Volt 16 Amp £25. 0.0 
24 Volt 4 Amp 222.10.0 

1 Volt 8 Amp £18.10.0 
0 Volt 7 Amp £25. 0.0 

Ex- equipment but fully tested in our 
laboratory. Carr. 30/. 

ADVANCE TRANSISTORISED DC 
POWER UNITS 

Output 
/smut Volts Volts Amps Prfre 

DC 4 2011 -2454:15% 12 4 £17 10 - 

METERS 

2 In. die. mounting A.C. voltmeter 0400 V. MC. 
81.15.0. Carriage e/.. 
31 In. dia. Electrostatic Kilo Voltmeter In wooden 
case. 12.15.0. Carriage lo/ -. 
Precision A.C. lk D.C. Wattmeter. Model 5.67 
certificated. Accuracy to j "o up to 133 c /s. Range 
2511µ50 V. and 0.5 to 1 A. £29.10.0. Carriage 30h 
INDICATING MEASURING 
AMPLIFIER PR 7410 
Suitable for vibration and frequency analyete. 
Frequency response 10.1,000 Hz. 1.46. Can. 40/, 

BRAND NEW S.E. LABORATORIES 
TRANSDUCER complete with encapsulated 
Ampllfer /demodulator B.E. 441/2 
Frequency D.C. -6O caps. 
Available In the following ranges: 
8E150. 8E50 or 8E165A. 
0 50 peat. 0 - 501 ps.l. u - 3000 p.s.l. 
0 - 200 p.s.l. 0 750 p,s.t. 0 . 40011 p.s.l. 
0. 350 p.s... 0 - 2000 p.s.I 
Also available differential types j 10 p.s.l. 
Also available differential types, + 10 p.s.l. 
List price 170 +. Our price £15 

COMPUTER AND PERIPHERAL EQUIPMENT 

7 TRACK DIGITAL MAGNETIC TAPE 
STORAGE DECK 
'these 

s 

achines originally ex- computer. are nulti-t naek 
recording units, Weal for data storage. Record and Repla> 
heads encased In one common unit. Low resistance heal.. 
Frequency response approximately :01 Ko/e. to 511 Kc /s. Rü 
density 557 b.p.(. + In., lOj In. spools 2311 V. to 380 V. A.C. 
Capstan Motor speed 1.501 r.p.m. 48 V. D.C. Rewind motor 
complete with vacuum Assembly. Finished In brush aluminimu 
and matt- black. Size 27 In. o 26 In. x 8 in. Weight 90 lb. 
Price 272.10.0. Carriage extra. 

MODEL 72 MAGNETIC TAPE DATA 
STORAGE UNIT 

This unit consists of 1 in. 
8 channel read.write heads. 
Can be used to record any 
6 bit code. Data can be read 
In either a forward or back- 
ward direction plus giving 
search facilities. The unit 
consiste circuits for recele- 
Ing and storing Instruction 
signals. Recording density 
250 characters per Inch. 
Tape speed 100 In. per 
second, price £180. Excel- 
lent condition. 

0' 7 TRACK 
Ex-computer reconl;repday 
head complete with guides. 
Little used. Price 212.10.0 
Carriage 15/.. 

BRAND NEW 
Gresham Lion 1 In. 1 + 7 
track record/replay heads. 
Of the highest professional 
q nallty. Cost £100 plus 

rice 812.10.0. l'are. 15/ -. 

(*TRACK 1 In. Ito, i,i o ith sprocket drive, driven 
by synchronous mot...-. 21, wu2:1 w rah integrated head assembly - 
eliminating alignment problems. This earl he fitted to any - 
en noble type of t ranelx:rt ey-etom. Price 18.10.0. Carriage 15/.. 

PROGRAMME BOARDS 
BY SEALECTRO 
These board. are basically a multi 
pole multi throw switch device con- 
sisting of a X -Y Matrix with two 
contact decks In the Z Plane running 
at 01 degrees to each other. Contact 
Is made by either, shorting or plugging 
in pins. Ideal for prototype work, etc. 
Boards available in 24 x 60 2 plane 
£12.10.0. Pins available 1/3 each. 

MEMORY PLANES 
Ferrite core memory planee with 
wired Ferrite cores. Used for building 

own computer or as an Interest- 
. thibit In the demonstration of a 
,Suter. Mounted on plastic 
'vial. frame 5 x 8 In. Consisting 
..minces 40 x 25 o 4 cores each 

individually addressable and 
1 ed into 2 halves with Independent 

and Inhibit wires. £8.10.0 
P. 31 -. 

MULLARD MATRIX 
CORE STORE STACKS 
A.W. 5111 5 planes 8 .16 c .'per 
plane 212 /10 
A.W. 511 5 planes 10 x 32 cores /per 
plane 225 
A.W. 534 20 planes 64 x 61 cores /per 
plane 889/10 
A.W. 537 8 planes 32 x 32 corer'nrr 
plane £55 
Single plane 40 r 25 x 4 28/10 
Fie:I- writer 7 hole punch and key 
board 2199/10 

MEMORY STORE 
M. M. 1044 complete with logic oir- 
cnite mounted In Imhof cabinet £400 

COMPUTERS Burroughs E 201 
225 words store. £450 
COMPUTER. 802E Hybrid computer 
with lK store. In full working order. 
Complete with paper tape punches, 
and compatible for Holerith 80 -Hole 
nand periphery. Numenms pro- 
grammes available including teat 
programmes. Full supporting litera- 
ture. PRICE ON APPLICATION 

SYNCHRONOUS 
MOTORS 
Model 87 1 r.p.h. and 1 /60 r.p.h. 
Self starting complete with gearing 
shaft 1- dia. 1' long. 2181/250 V 
50 Hz. New Condition Ex. Equip- 
non'. 30' -. P..n I'. :I . 

BRAND NEW COMPUTER TAPES AND EMPTY SPOOLS 
Made by well known mania.« torero 

in. certified 2,400 ft. 400 b.p i 

In. 2,400 ft 
In. Highest grade 2,401 ft 
in. 10k In. dia. spool and cassette 
in. e¡ In. dia. spool and cassette 
In. metal 101 In. die. spool and cassette 
In. N.A.B. centres 101 in. spool only 

TAPE PUNCH MODEL 25 7 HOLE 
A multiwire tape punch designed for general application 
involving the conversion of parallel wire electrical impulse. 
into punched papertape at 3:1 characters per second. Uni: 
completely self- contained requiring only motor pow er and 
signal supplies. Price £45. 

7 HOLE NON PARITY TAPE PUNCH 
New condition 645. 

LOW SPEED 7 HOLE TAPE PUNCH 
60 characters per second by weil r... : uanufacturer. 
Price £45. 

TELETYPE a HOLE PAPER PUNCH 
MU27 PRICE E75. 
Also available 5 hole punch BRPE2 as above. This model has 
Interchangeable heads. Complete with spooler. Price 135. 

HIGH SPEED 5/7 HOLE OPTICAL READER 
20 charactere per second. £19.10. 

CARD READERS 
So column 1500 /SO model, punch A32A 
811 column 1400/80 model verifier. 
Excellent condition. 

HOLLERITH 80 COLUMN CARD PUNCH 
TYPE HO29 & VERIFIER H129 £225. 

DECODER 4 DIGIT READOUT 
Can be used In constructing frequency counter or Digital 
Voltmeter. Consists of 4 transistorised cards each containing 
10 NOR gates 819.10.0. Car alts supplied with Decoder. 
5 Digit £25. P. a P. 15/ , 

TRANSFER CASE 

£8.10.0 
28.10.0 
£3. 0.0 
21.10.0 
21.10.0 
22.10.0 
£L 0.0 

For eemling data by pr. ,.:. I , 

GPO post, passenger trail ... .. 

Suitable for despatching i:.p. 20 -. 
P. d P. 5/-. 

EICHNER Hole Punch 
14911010. 

E ICHNER e Hole Reader 
L29/I0/0. 

CANCELLED EXPORT 
ORDER 
90 Column card sorter and punch 
type 425/0 price on application. 

SPOOLERS l' and 4' 
Both hand and motor drives available 
at 13.0.0 and £5.0.0 respectively. 

B RAND NEW TAPE 
SPOOLER 
Suitable for 1 In., I in. and I in. tapes. 
Fully self -eontalne,I 299.10.0. 

S' TAPE PUNCH 
Suitable for machine cont nil complete 
with 50 reels of tape £35. 
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LOW COST ELECTRONIC AND SCIENTIFIC EQUIPMENT AND COMPONENTS 

CONTINUOUS TAPE CASSETTE 
Suitable for sleep -learn 
Mg, teaching programmes. 
programming machine tools . 

telephone answering etc. 
Complete with replay / recati 
head and separate erase 
heal. 1' tape twin track. 
Speed 31' per sec. Length of 
tape 148 feet, but will hold 
three times this amount. 
210V. 50 Hs supply. 
£3.9.6. p- a p- 10 /-, 

802D DIGITAL DESK COMPUTER 
Complete with punches and reader. Compatible 
for 80 column* punch card system. St rage 
magnetic core 1.720 word of 33 binary bits euh 
plus 4 words or 6 orders. Suitable for all types of 
work. Price on application. 

VEEDER ROOT 6 DIGIT COUNTER 

Suitable for counting all 
kind. of production run., 
business machine operation. 
Mechanically driven Type 
KÁ1337. Reset manual 
knob. Eequipment but 
new condition. Special 
price 25/- plus 5/. p. & p. 

MINIATURE 
SQUARE COUNTER 
6 DIGIT 
by Veedor Root. Rotary 
ratchet type, adds I count 
for each 38° movement of 
shaft 9/6 + 2/6 P. a p. 

HI -SPEED QUICK RESET ELECTRO 
MAGNETIC COUNTERS 
Push button reset 6 
digits. 48 v. D.C. 3.6 
watt. 2(1 counts per 
second. Sise 3.875 x 
2.625 n. Panel mount- 
ing. List es. Our 
price 59/6 

4 DIGIT ELECTRICAL IMPULSE 
COUNTER 
With electrical and 
mechalcal reset. 
Counter driven by a 
110v D.C. 4.4110 ohm. 
toll. Reset 110v L.C. 
800 ohm coil. Housed 
n plasticatoy case 
The unite can be 
Interlocked with each 
other to give vertical or horizontal displays. Pri. 
79/6 P. P. II-. 

REPEAT CYCLE TIMERS 
These timers repeat set cycle of switching opern- 
fions via a cam and mien. sa itch, for ae bong 

the motor I. energls(8l. 
Single tam RE 21 In 2 min., 
4 min., 5 min., 8 min. cycles 
64 45/ -. Twin Cam RI) 22 
in I mn., 2 min., 3 min., 
4 min., 6 min. cycles f6 65/- 
4 Cam RI) 24 in 4 min.. and 
6 min. cycles pi 75/ -. 6 Cam 
RD 26 in 1 min.. 2 min.. 
3 min., 4 min., 6 min. cycle. 
fry 95/ - 6 tam RD 25 in 
2 min., 3 min., 4 mn.. 5 min. 
cycles 6 115/ -. All + p. P. 
6 / -. 

U N (SELECTOR 
8 and 4 Banks, 25 contact per hank, 2 sets of wiper 
2 in radius. Complete with surge capacitor. m6/. 
and 45/- respectively. 

MINIATURE 
DIGITAL 
DISPLAY 

Operates on a 
rear projection 
0.3 pilot lamp. 
The lamp pro- 
jects the corre.- 
ponding digit on 
the condensing 
lens through 
projector lens. 
on to the viewing screen at the front of the unit. 
1 n, width. 3* In. deep. 1 {I In. high. Weight 
31 os. Character size I n. high, 0.9 with 8 right 
hand decrial point and degree. Available to special 
order, words and other characters or colour, at cost of 
artwork or plates. List price 6 ans. Our price 49/6. 

LOW OHM SAFETY METER 
12 milli -amps 5 ohms. suitable for t sting circuits 
where currenta must be limited 212/10/- p. p. 17/6. 

MOTORS 

HYSTERESIS REVERSIBLE MOTOR 
Incorporating two coils. Each coil when energised 
will produce opposite rotation of output shaft. 
240V 60 Hz. 1 r.p.m., 1 r.p.m., 1/6 r.p.m., 120V 
60 Hs, 1 /10 r.p.m., 6 r.p.m. 30/- each. P. & P. 3/. 

HIGH TORQUE INDUCTION 
MOTOR. 3-30 oz/inch. Available in the following 
speeds only 240V 50 Hz 1 r.p.m., I r.in.m., 2 r.p.m. 
120 V 50 Hz 20 r.p.m. 30i- each. P. A P. 3/. 

LOW TORQUE 
HYSTERESIS 
MOTOR MA23 

Ideal f..r lostmment 
chart drives. Extremely 
quiet. useful In areas 
where ambient noise 
levels are low. High 
starting torque enable relative high Inertia loads to 
be driven up to 6.oz /in. Available In the following 
speeds and range: 240V 60 Hz 15 r.p.m., 4 r.p.m. 
2 r.p.m., 14 r.p.m., 1 r.p.m., 1 r.p.m., I r.p.m., 
1/3 r.p.m., 1/5 r.p.m., 1/6 r.p.m., 1/10 r.p.m., 1/12 
r.p.m., 1/20 r.p.m., 1/40 r.p.m.. 1/45 r.p.m., 1/60 
r.p.m., 1/75 r.p.m., 1/120 r.p.m., 1 /180 r.p.m., 1/360 
r.p.m., 1/720 r.p.m., 1 /1440 r.p.m., 1/2580 r.p.m.. 
I. 1/20. 1/45 r.p.m.. 120V 50 Ha 1/6 r.p.m., 1/5 
r.p.m.. 1 /I6 r.p.m., 1/16 r.p.m., 1/20 r.p.m., 1/30 
r.p.m.. 1 /60 r.p.m.. 1/120 r.p.m., 1/240 r.p.m., 
1 /300 r.p.m., 1/720 r.p.m., 1440 r.p.h. 25/- each. 
P. t P. 3/, 

HYSTERESIS CLUTCH MOTOR 
with Integral clutch allow mg the motor to drop 
out of engagement with the gear train, thereby 
facilitating easy resetting when used in timers or 
In conjunction with a light spring. 6 oz. torque at 
1 r.p.m. 240 v., 50 c/s. L- left, R =right. 15 r.p.m. 
Ls 6 r.p.m. R a L. 6 r.p.m. L. 4 r.p.m., I, i r.p.m. 
L, 1/5 r.p.m., 1/6 r.p.m., R A L, 1/10 r.p.m., 1/12, 
1 /16 r.p.m. L. Also 1.20 v. 50 c/s 2. 1 /6, 1/12, 5/1.2, 
4/11. 1110 r.p.m. 55/ -. P. A P. 3/.. 

HIGH PRECISION MAINS MOTOR 
930V 50 Hz Ile h.p. continuously rated. :41100 r.p.m. 
Made by Croydon Engineering Model KA 60 JFB. 
Suitable for capstan motor. Site 8 In. Hung, 44 lu. 
diameter with 6 in. diameter flange and 4 firing boles. 
£4.10.0 each. 61.5.0 postage and packing. 

OSCILLOSCOPES 

.ssor 1035. £25. 
tbssor 10:15 Mk.1I1. 535 C scor 1049 Mk. III. 540. 
Solartort AD 513.2 L.F. 

a Servos a CD 5238.2 Solartron CI) 7115.2 
Long Persistent Tube. Double Beam DC.7 
549.10 Mtg. g86. Calibration 

Furaehill 0.100. 525. extra. 
Alrmec 249. 525. Mullani 1,101 Double 
Solartron AD 557 Pulse a Beam £96.10. 

Radar Field. £65. Airmec 723. £19.10. 
Solartran Portable CD 1014 580- 

1200C Stroboscope for measuring rotational 
speeds of fans and moving mechanisms. etc. Speed 
Range: 600 r.p.m. - 14,500 r.p.m. PRICE: 145. 
CARRIAGE: 30/ -. 

UNUSED MINIATURE 
MILLION MAGNETIC 

STORAGE DRUM 
Type N.S. 1389 16 write and 16 read heads 
258 tracks magneto storage drum. Each 
track at 600 r.p.m. Holds 1024 bits .32 words 
of 32 btu. Total storage 250,000 bits. 
Suitable Tor many data storage problems. 
8" high, 10' dia., 21' base. £290. caer. extra. 

A.F. GENERATOR TYPE H MODEL I. 
High impedance, output from 20V. R.M.N. to '.' 

rien( volts. Frequency Range BSc /. to 511kc /s. 
Distortion lees than 1 %. Square wave output 800 
micro volts to 80 volts peak. 

PULSE AMPLITUDE ANALYSER £105 

ALL ORDERS ACCEPTED SUBJECT TO OUR TRADING CONDITIONS A 
COPY OF WHICH MAY BE INSPECTED AT OUR PREMISES DURING 
TRADING HOURS OR WILL BE SENT ON APPLICATION THROUGH 
THE POST. 

PRECISION 
POTENTIOMETERS 

TEN TURN 3600 ROTATION 
BRAND NEW 

Lfaasrffp 
Res. Ohms Par e.al .Vanafaclsrer Model Pria 
1011 /100 /100 Beckman A 150/- 
100 0 6 Beckman A 8 80/. 
200 05 Beckman A 60/. 
500 01 Beckman B 701- 
500 Colvern 2601 45/- 
500 Foxes PX4 40/- 
500 Colvern 2610 50/- 
2K 0 If Beckman SA1101 .. 60/- 
2K Beckman 7216 e0 /- 
2K Reliance GPM16 .. 40/- 
10K 06 Beckman A g0 /. 
111K 0 1 Beckman X ...A 70/- 
15K Foxes OPMIS .. 50/- 
18K Becknaq A e0/. 
20K 0 5 Beckman A 80/. 
30K Colvern 2402 30/- 
30K Beckman SAM ... 00/- 
30K 0 1 Beckman A 88 . . 70/- 
30K 06 Beckman 8A1692 . 60 /- 
30K 026 Beckman SA 1692.. 55 / 
511K Reliance 07.10.... 
60K 07.6 46/_ 
50K Colverm 2603 4466J1 

60K X Foxes PI{ 
50K O 6 Beckman A OV /- 
50K 0 Beckman A 70/ 
100K /100K Ford A IOW- 
100K 01 Beckman A '7j//. 
100K 0 5 Beckman A 5Q/ 
100K Colvem 2501 46/ 
100K Colvern 2610 
298K 01 Beckman 9 .03907.. 70/ 
300K O1 Beckman A 70/- 

THREE TURN 780° ROTATION 
100/100 0 5 Beckman A 50/- 
300 Beckman 0303 45/- 
10K 0 5 Beckman C as 451 - 
20K/20K....0.1 .......Beckman ('.8 80/. 
10K /IOK ....0.1 ....... Beckman C 80/. 
50K 06 Beckman C8 35/- 

FIFTEEN TURN 5400° ROTATION 
25K /25K Beekman B ...10 watts £8.10. 
46 /K /4611 Beekman B ...Ill watts £6.10. 

TWENTY TURN 7200° ROTATION 
250 ohm...General Controls.. PXM130 80/ 
1 Meg General Controls. . I'XM130 80/- 
50K Reliance 40 /- 

156 TURN 56, 160° ROTATION 
460 ohms.... Kelvin Hughes KTP0701... £9.10.. 

FIVE TURN 1800° ROTATION 
500 ohms.... Colvern CLR 2505 40f- 
111.5K Cohen/ CLR 9605 40 / - 

SINE COSINE 
Kelvin a Hughes OCP5..14.4K £17.10.0 
Colvern 8601 30K £j7.10.0 
CLR 9602 -Cam Corrected 25K 117.10.0 
BCP4 52K 117.10.0 
Seri 35K 517.10.0 

PRECISION BECKMAN 40 TURN 
14.400° ROTATION 
Wlrewound Precision Potentiometer. SE 107A 20 watts 
at 40 °C. 3 *' Diameter. Servo Mounting. 200 K. Brand 
New £12.10.. List Price 630. 

GENERATORS 
SIGNAL GENERATOR 
T.F. 801A Bine Wave, Square Wave 
(lmerator. Frequency Racage: 10.310 M.e /s. 
Output Voltage (maximum) 200 mlllivolts 
± 2db. Output Impedance 75 ohms. 
Mark /Space Ratio 50/50 on square wave. 
Free £120. Packing and carriage 12. 

SIGNAL GENERATOR 
T.F. 517F/1 Sine Wave, Square Wave 
Generator. Frequency Range: 120.300 
M. C /s. Auxiliary 18 -58 Meg. c /s. Output 
Voltage 0.2 Volts. Output Impedance 
75 ohms. 585. 
MARCONI T.F. 144G 
Frequency Range 55 k.e/s. 2511./s. 
Output voltage 1 micro-volt to l volt. 
Output impedance 1 micro-volt, 100 milli- 
volt, l0 ohuna. 101 mllllvolts to I voII. 
52.5 ohms. £76 + C2 carriage. 

PULSE GENERATORS 
Model 101 Repetition rate 10 H1- 10MHz. 
Delay 30 n-Iii m. secs. Output 10V. Into 
50 ohm.. *95. 
SQUARE WAVE 
GENERATOR 
Frequencies. IM. 100kc /s l Okc /s Soc /s 
Load Impedance 76 ohm.. 
Output Voltage 10V. 75 ohms. 
0.18 volts Into 2000 ohms. 
Mae time from 30 -50 Milli micro seconds 
at : neg. Cycle. £55, 

MARCONI VALVE 
VOLTMETER TF 4286 I 

Frequent.) re.ls.nse ..0 probe I "K. "s .1. 

100Mc /s. Five separate Voltage Range.. 
Overload Protection 100.250 A.C.1.P. 
Input 11142 Acc. A 2 °s or 00.2V. 811e: 
10 x 181 x 9lu, -16Ib. £6/19/8. 

VOLSTAT 
Advises 
('VN500A. Input 101.260v. 50 He. 
Output 240v. R.M.B. 500 watt. 
P.S.I. 825 
CV601/27. Input 93.130v. 60 Hz. 
Output 85v. R.M.P. Load 4 amps 
P.B.I. 58 /10/0 
CV25K. Input 118ó260v. 50 Hs. 
Output 6v. 25 watts 59/10/0 
CV'60.1. Input 118ó200v. 50 Hs. 
Output 23nv . sri watt. £12'10 11 

Cnt.,. . ( , . 

OSCILLATORS 
MUIRHEAD D729 PHASE - 
METER AND POWER SUPPLY 
Gives direct ludication of phase angle 
0 °360. and difference in level between two 
slnueokLl voltages (transfer function) over 
the frequency range 2 cycles per sec. to 
100 Kris. £276 Carriage 62. 

Digital Voltmeters 218)3 A.C. /D.C. D.C. 
range lm V. -1KV. 4 Digits. £135. 
2015 4 Digit range 10 mlcroV. 44.2KV. 
Output BCD or decimal. £$ell. 
2006 4 Dlglt D.C. range I0 mlcroV: 1KV. 
Isolated output. Parallel BCD 5286 
DAWE 444C AUTOMATIC L.F. 
SWEEP OSCILLATOR (NEW) 
Amplitude 0 10V. Frequency Range 5H.- 
6 RHz ±2°óf0.5 Hu. 18 Sweep Rate. 
of 10 octaves /min. Frequency Response 
0.5 dB. 599.10.0. Carriage extra. 

BRAND NEW LABORATORY TEST EQUIPMENT 
AT LESS THAN HALF PRICE 

HIGH VALUE RESISTANCE PORTABLE WHEATSTONE 
BOX TYPE R.7003 BRIDGE 

Specitesti n. Range: 0.01 -It 1 Meg. In 0.01 
Megohm divisions. Accuracy: 0.05 °,,. Maximum 
power rating: 0.1W per step. Case: Hammer 
finished stove enamel. 
List price 560. Our price £22110' -. 

Specification. Type: Movio: 
Coll Galvanometer. Rang. 

1. 0.06 to 6 ohms. 2. 0.5 to 50 ohms. 3. 5 to 
ohms. 4. 50 to 5,000 ohms. 5. 500 to 60,000 oho. . 

Scale.: Switched. 5lblewire: 0.5 to 50. Galva. 
meter Scale: 10 -0.10. Case: Moulded phsti.. 
Internal Source: 4V. Dry battery. Dimension - 
200 x 110 x 65mm. Weight: 0.9 kg. 
List price C36. Our price 59/19/8. 

MUTUAL INDUCTANCE 
BOX TYPE R.7005 

dptrlllcaticu Range: u - i 1.101 mati in 0.1102 mH 

divisions. Accuracy: ±(0.3 x O' 2)% where 
M - value of mutual Inductance in mH set on 
the box. Frequency range: 0.2.5 K /cs for all 
decades except X1 -0 - 15 K /cs. Maximum 
current: 0.5A for decade. IA for variometer 
(both primary and secondary dinging.). Case: 
Polished teak. List price 866. Our price 528.10. 

CARRIAGE EXTRA 

ELECTRONIC BROKERS LTD., 49 -53 PANCRAS ROAD, LONDON, N.W.1. Tel: 01 -837 7781 2 Cables: SELELECTRO 

MUTUAL INDUCT- 
ANCE COIL TYPE 
R.7006 
Specification. Value: loo.,t 
H. Accuracy: 30.3' 
Operating Frequency: 5 

Kc /s, 10 Kc /s. Maximum 
current: IA. 3A. Resistance 
of cells: 4 ohm, 1 ohm. 
Case: Moulded plastic. List 
price 8 gas. Our price 
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HENRY'S RADIO LTD 
BUILD A QUALITY 4 TRACK TAPE RECORDER 

To get the best out of your MAGNAVOX DECK, wu read 
MARTIN RECORDAKIT This comprises a special hgh 
quality 6 valve amplifier and preinplifier which comes to 
you assembled on its minted circuit bond in fat evert, 
thing for making a superb Tape Recorder. You need ro ex 
perience or technical skill to brig this about. 
THE INSTRUCTIONS MANUAL MAKES BUI LOINS EASY. 
AND SUCCESS IS ASSURED. 
Kit comprises Deck, Amplifier. Cabinet and speaker, with 
microphone, 7" 1200 ft tape, and spare spool 

ASK FOR BROCHURE 6 TODAYS VALUE f60 
PRICE 39 stns. p.p. 22/6. NOTHING ELSE TO BUY 

SCOOP! STAAR RECORD PLAYER 
Deck plays 33. 45. 78, R P M records. 9 volt 
opersted, with mono cartridge BRAND NEW 
as illustrated 

PRICE 59/6. 
p.p. 3/6. 
Send for leaflet 

No 2 

GARRARD 
RECORD DECKS 

All the latest models BRAND NEW aid goat/1mm., 
TERRIFIC SAVINGS i 

7025 STEREO 
2025TC DIAMOND. 9TAH.C. 

3000 STE REO 9TAH.C. 
'SP 75 Mail 
SL 55 
A70 M6.11, 

AT 60 K.II. 
SL 65 
AP 75 
401 
SL 75 
SL 95 
GL 75 GOLDRING 
GL 75 P " 

C 7.19.6. 
E 9.19.6. 
E 9.19.6. 
£11.19.6. 
(11.19.6. 
(12.10.0. 
(13.10.0 
[14.14.0 
(19. 0.0. 
(28e 7.6. 
(29e 0.0. 
í35e 0.0. 
(33. 0.0 
í46e15.0 

ALSO IN STOCK - THORENS LENCO - B.S.R 

Carriage /insurance 7/6 extra on any mode. 
WB4 BASES (3.19.6. PERSPEX COVERS (110.0 
Specie oller hose and cover available for then 
0104.1s et (4.15.0. Carriage 5/.. 
Complete range of Cartridges/Plinths/Covers. 
SEND FOR 8 PAGE BROCHURE 16/17 TODAY 

MULLARD 1 WATT AMPLIFIER 
Potable Transistor UniIdeS for Intercoms, 
Baby Alarms, Telephone, 
Record Plovers or Guitar Practice. 
9 Volt 5 transistors with volume contra I, 

output 3 ohms. 
Ideal for un with STAAR RECORD DECK. 

PRICE 45/ -. p.p. 2/6. 

OTHER ITEMS. Suitable) e 4 inclt. 
3 ohm sleeker 17/6 P - 116. 
Rea ine covered cabots 12 x 9 x 12/6 p.P. 2/6. 
P V.9 9 volt battery 3/9. Write for lee'lee No. 2. 

BUILD 

YOURSELF 

A 
QUALITY 
RADIO 

New minted circuit design with full power 
output. Fully tuneable on both mw/lw. 
bands. 7 Mulland transistors, Fitted 5' 
speaker, Room Felling Power. Easy to 
build with terrific results. All I ,cal end 
continental stations. Complete detailed 
instructions. 

TOTAL COST (6.19.6. p.p. 4/6. 
AO liir 1 eaflrt No 1 

TRANSISTORS DIODES RECTIFIERS 
WE HAVE THE MOST COMPREI- ENSISI 
STOCK IN GREAT BRITAIN. 
NEW 1969 LIST OF 1000 TYPES. 
SEND FOR FREE COPY TODAY 1 -IST 31 

Whether you require one or 1000 davitw wi 
can fulfil your order from Rochi 

For quantity quotations telephone 
1011 723 0401 Ex 4. or 1011 402 68'3 

HENELEC 5 -5 STEREO AMPLIFIER 
Excellent low priced British designed Stereo Amplifier for un with 
Record Decks, Mike, Tuners. 
16 tr.nsstor mains operved. Output 5.5 watts for 8- 15 ohm 
speekrs. Black, tiler end wood finish, sire 13' a 3' 6 ". 
PRICE £13.10.0. p.p. 7/6. (Leaflet on requil. 
Complete Stereo System 5.5 
Grrerd 7025 stereo. 5 -5 Amplifir, Plinth/Cover. Two 10 watt 
speaker with tweeters in polished cabinets. 

Usual price (47.0.0. OUR PRICE (39.10.0. p.p. 20/ -. ASK FOR BROCHURE 13 

I 

SINCLAIR EQUIPMENT 
The SINCLAIR IC-10 ie the worlds first 
monolithic Intergrated moult high fidelity Po wer 
amplifier and pre- amplifier. The circuit itself has 

an output power of 10 watts, yet with an overall 
Bile of 1 x 0.4 x 0.2 in. 
IC 10 Integrated Circuit Amplifier 59/6 
230 89/6 
Stereo 60 (9.19.6. 
Pis Power Supply £4.19.6. 
016 Loud Speaker C8.19.6. 
212 Amplifier 89/6 
PZ 4 Power unit 99/6 
Stereo 25 (9.19.6. 
014 Speaker system C7. 19.6. 

All post pad, delwery from stock. 

+I ...-.-....-.....-..-....-- 'I 

1 

I 

1 1 1 
I I I 

OTHER TYPES OF 
INTEGRATED CIRCUITS 
RCA CA3014 
RCA CA3018 
RCA CA3020 
RCA CA3036 
Sinclair I.C.10. 
G.E. PA230 
G.E. PA234 
G.E. PA237 

29/6 
12/6 
29/6 
18/6 
59/6 
22/6 
20/0 
37/6 

G.E. PA246 52/9 
SL402 Plessey 45/0 
51403 Plessey 49/6 
S.GS. UL910 10/0 
S.GS. UL900 10 /0 
S.G.S. UL914 11/0 
Mullen] TA A263 15/0 
Dale sheets 3/6 nt for Men, 
for oilers we ceteleaoe. 

BUILD THIS VHF FM TUNER 
5 MULLARD TRANSISTORS. 300 kc /s BANDWIDTH. 
PRINTED CIRCUIT. HIGH FIDELITY REPRODUCTION 
MONO b STEREO. A populi VHF FM Tuner for qualdY 
and reception Of mono and stereo. There is no doubt about it 
- VHF FM gees the REAL sound. 

PARTS TOTAL COST £6.19.6. DECODER £5.19.6. 
ASK FOR LEAFLET No 3 IFOR STEREOI 

HENRY'S RADIO LID 

ENGLAND'S LEADING 
COMPONENT AND 
EQUIPMENT CENTRES 
HENRY'S RADIO fully Illustrated CATALOGUES 

ALL TYPES A 
OF ELECTRONIC 
COMPONENTS 
TEST 
EQUIPMENT 
KITS 
BUILT UNITS 

INrY1 YM IlI 

aeMOWrrieewvser 

MITI= s 

B 
HIGH 
FIDELITY 
& GENERAL 
AUDIO 
EQUIPMENT 
CATALOGUE 

COMPREHENSIVE CLEAR CONCISE CATALOGUES 
A Over 300 pages fully detailed and illustrated with more than 6,000 stock items. Every- 
thing for amateur and professional use Complete with 5 vouchers 10 /. value, for un with 
purchases. 

ORDER AS CATALOGUE A PRICE 7/6. p.p. 2/- 

B New audio and high fidelity catalogue. 120 pages containing 
ideas and equipment for every application. Special low prices for 
all leading makes. Plus 12/6 extra discount voucher. 

ORDER AS CATALOGUE B. PRICE 7/6. p.p. 1 /.. 

WHY NOT 
SEND 
AWAY 
TODAY! 

AUDIO EQUIPMENT 
Mono or Stereo Audio equipment developed 
from Dinsdale Mk. II each unit or system 
will compare favourably with other proles 
¡tonal equipment selling at much higher 
prices. 

£11.12.6. to (38.11.6. fall units available 
separately(. 

THE FINEST VALUE IN LOW COST HIGH 
FIDELITY- CHOOSE A SYSTEM TO SUIT 
YOUR NEEDS AND SAVE YOURSELF 
POUNDS. 

SEND FOR BROCHURES No 12/14 and 21 TODAY. 

H/-F/ equipment to suit EVERY POCKET 
HIGH FIDELITY AUDIO EQUIPMENT CATALOGUE 5/- p.p. 11- 

VISIT OUR NEW HI FI CENTRE AT 309 EDGWARE ROAD. for all leading makes of - 
AMPLIFIERS. TUNERS. D CKS. SPEAKERS. MICROPHONES TEST EQUIPMENT. ALL WITH 
DISCOUNTS - IT WILL PAY YOU TO PAY US A VISIT AUDIO SYSTEMS E40 - (300 TO SUIT 
EVERY POCKET DEFERR D TERMS AVAILABLE. 
SEND FOR ILLUSTRATED BROCHURE 16/17. TWO DEMONSTRATION ROOMS 

I lectronic Musical Instruments 

ELECTRONIC ORGANS 
COMPLETE KITS FOR THE HOME CONSTRUCTOR 

STAR FEATURES 
ALL TRANSISTOR PRINTED CIRCUIT DESIGNS. 
BRITISH DESIGN. STEP BY STEP DETAILED 
INSTRUCTIONS. SAVES UP TO 50% ON COMMERCIAL 
EQUIVALENT - EVERYTHINGSUPPLIED DOWN TO THE 
LAST ITEM FULL AFTER SALES SERVICE A ADVICE. 
'CREDIT SALE A H P TE RMS AVAIL API .E 

We are pleased to oNei tek choc. of FOUR 

British designs from a smoke unused portatel. at 

f99 THE MAYFAIR for Isght or classical music 

to a two manual Ire oat.. deluxe model with 

OAK CONSOLE from E285 for the no isms masseurs. 

Start building for 
as little as £10 

MODELS FROM f99 1350 

a -r..s.-.,G.P/y ``-al These kits re the result of vers of research and 

design and offer the best that is essential to good 

organ designs. coupled with excellent value we 

within the reach of most pockets. No technical Will 

or knowledge is required in constructon,with the 

aid of the STEP BY STEP illustrated manuals will 

produce an instrument the will be delight to own 

and un and will give yews of trouble free enter. 

trenrnent for the whole family. 
SEND FOR ILLUSTRATED BROCHURES 9/10/11 
TODAY! When In LONDON CALL IN -SEE. HEAR, 
PLAY FOR YOURSELF. 
(ligsn Damonstrstron Room 1st Floor. 
PRACTICAL ELECTRONICS ORGAN 

ILLUSTRATION of 

GROSVENOR ELECTRONIC ORGAN 

ORGAN COMPONENTS 

We are able to supply all items for this series. details on request Built models writable from t 124. 

Mall Order Dept Components, Organ Dept 
303 EDGWARE ROAD. LONDON W.2. 
Telephone: 01 -723 1008 9 

OPEN MON -SAT 9am -6pm THURS 9am -lpn 

High Fidelity and Equipment Centre 

309 EDGWARE ROAD. LONDON W.2. 
Telephone: 01 -723 6963 
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EQUALITY COMPONENTS AND EQUIPMENT 
NV NEW RANGES FOR THE AMATEUR AND PROFESSIONAL USER 

* QUALITY PANEL METERS 

*TRANSISTOR 
I1 

12 

15 

Power 

Model 

* 

..i'' -^' 
I 

K 
- 

// 
' / Y 
I , , , 

POWER AMPLIFIERS 
watt 3 ohm 100mV Input 24 volt supply. 

Model MPA 12/3 a.10 P.p. 31- 
watt 12 16 ohm IOOmV Input 40 volta 

supply. Model MPA 12115 45.5 p.p. 131- 
watt 8 -16 ohm 180mV Input 50 /60 volt 
supply. Model MPA 25 [7.10 pep. 4/6 

Supplies 24 40 vol[ 001 pupe 3/6 
50-60 volt 97/6 p.p. 4/6 

PA7. .' watt Amplifier 3 ones are 
7mV Input, operates 12 -10 Its D.C. 

Price 71/6 P.P. 216 

100 WATTMRPLInel- au:lam ewes. 

Suppliers of 
quality 

components 
and 

equipment 
for over 
25 years 

PORTABLE 
GEIGER COUNTERS 

FOR MEASUREMENT OF . RADIO-ACTIVITY 

// 
\1 

Supploed comdala wort :nurucnon 

once 
.ace. cables ana prow Lev 

e no `oUa PRICE. NEW, 
TES7so COMPLETE 

WITH BATTERIES 

C7.10.0 
I ! - r ; POST 10 t' -a SPARE BATTERIES IS PAIR 

POST 

DOSIMETER POCKET -TYPE 0-50r 12/6 

38 Series. Fate sine 42 x 42mm 
(I On x Ilin). 50µA. 37 /6:100µA, 
33 / -; 200µA, 31/6; 500µA, 17 /6: e 

,.,, e I mA, SmA, 10mA, SOmA, I00mA, 
`" 500 A, 131- tech; IOV, 20V, 50V, 

r 100V. ne n 3SA. and each, 231- each; 
o r 

n, 
I A and SA. 131- each. "S" oser, --- -- ImA. 2016. VU meter. 3716. 

a. 63 Seri... Fate 86 x 7smm 
.. `..:...:: 

°:r 
- -- (31 X )lin). A, 61 /e: I A, 501! r- xyç- 

.._..,: -: ....._.. 32/6; 200µA, 67 16; 500µA, a / -; 
....1 .irai x I. SmA, IOmA, 

mA. 
77 /i 

_ each. "S" meter. I mA. 41 /6. 
Omer ranges and sties avertable. 
Last on request wRH full de,rel,. 

AUDIO - 
HIGH FIDELITY 
Complete range in 
Stock to suit all 
HI-FI end Publie Ad- 
dress requirements. 

COMPONENTS 
UK's largest 9 
supplier SU Iles 01 

components. 
EVERYTHING 

YOU NEED 
SEE CATALOGUE 
ON FACING PAGE 

. 

.1:-ti.[7` 

p 

* 50,000 OHMS PER VOLT 
MULTIMETER 
Recommended quality 
instrument with it - -- 
rot scale and overload ' 

protection. OIOJAll21 1 

Il( 
duce ISOK /VI; 0/ól301 

-rl 110AOOI60µ0/110pV Bete l 
/30µ0 µA e- 

60/300mÁ, 0112/; e- .. 
10k IOI -, 

- 
,`\ e 

@a`J c 
1 aälr 4 ' -- 

MODEL 
29 RF. Gen. 
29a Mal RF Gen. 
30 Audio Generator 
31 R.F. Generator 
32 C.R. Bridge 
33 Inductance 

N O M BR EX 
TRANSISTORISED 

Test Equipment 
PRICE Leaflet 

C a No. 
21 0 76 
b 10 36 
19 10 24 
1210 25 
to 10 2e 

Bridge 20 0 29 

_ 

1 

- 

it 0/ 0/1/ 
100M13. Meter movernent 20µA, Polarity 

ins switch. Complete with 0 Mes, 
1i\ 
/ 

leads and instructions. 
AFIOS Price 18,10.0 p.p. 2/6 7 

Leather cue 21/6 GRID DIP METER 
All transistor grid 

tió wavemeter ané 

O f C . detector. Frs. 
q u E c y r e n t e 
440 to 2 3 

m ods. Uses 3 
transistors plus 
mode I 500µA out. In ternal 
battery. 
TEIS 
Price .. £11,10.0 

PP3 /6 

/ - / 

i4.- `SE 
® 
... 
' 

n 

* SINE SQUARE WAVE AUDIO GENERATOR - Provides audio output on 4 bands. 
Sine wave vc /s, output 

)v 
7; square 

wave 
60cls 

Otc/ o, pp Distortion under 
1%. Output impedance 1kí3. 

entour amplitude centras. 
Supplied with leads and /truc- 
rons. A.C. ems operated. 

TE22 Price 116.10.0. 

*TRANSISTOR 

Complete 
for 
transistors 
Dn0 

d 
diodes 
with 

ZC96 
[5.19.6, 

5. 

1 - 

CHECKER 

capacity 
checking all 

non and 
fer alpha, beta 
German. Alto 

complete 
lods and 

s[- ,ctso °s, 
Price 

pep. 3/6. 

( 

STEREO HEADPHONES 
Featurin 

g 
soft Padded Hod - 

sets, widfrgYncy response. 
bl Headbands. Fitted Jack 

pl up. I ( -) 
DHO 2/5 Recommended 25us- 11KC/$ .. 62.10/ 
SETS Built in Twtrs and Volume Controls CP.IM 
KOSS. K0727 LI&IS.S. PRO-IA .. 621 as 

SP -3KC LI LILO 
CALL FOR DEMONSTRATION 

Hone Switched 8 /16 ohms and 1K ohms Price 16.6.0 

Stereo MeadpptAea Amplifiers 
Inputs for PU /Tuner, Battery Model Maim Oser[: id 

High Quality 
Eagle MAIO .. .. .. .. .. Ls.1e.6 

Shure SAl /E .. .. .. .. .. 111110 

*DELUXE 

ORC 

SINE -SQUARE WAVE 

m= t^: R 

' 

O O ti 0 0 
27A Price £2810 Ont l' 

RC AUDIO GENERATOR 
Womb edge RC Audio ogee Vetoer 
r..trr e rg tour over IMPS.ng 
twat.. rt 

w 
18c. to 200 

Ws. Owpue waveforms 
sine. scar. end complex. geehd rid scale with Output grd 
tuning control. Output 5 volts 
MIS w 10 volts P-. t en- 
. anew fads, Di «wlm un- 
der r lgc /.pWiliry 1 %. 
Att.,1% ap i%. O / Inpdrsa 
under 31IOIIes. Venable Alton 
",," . Mms opratd Watt' r,eb«xe .. ,l 

* DC 

SE 

STABILISED 

' " "- ` 
9566 1': 

lïi - - 

101A 

POWER SUPPLY 
Switched DC 
Stabilised Out- 
puts UP TO 1AMP. 
349 5 12 VOLTS. 
Indicator lamp 
fore oltege. 
Fully fused 
mains operated. 
Negligible ripple. ire' 
Regulation 1 %. 

Price £8 15 0 

ia D U «t corsant GRAVINER FIRE 
«femnuvdahisnly se «ruse DETECTOR UNIT 
s3la photo elenricceutoemmn 
ed with a orme wovr Incorpor 

ont ongle cold cathode 

electronic velar capacitors and 

resistors desesned to lad lo , 
saleur t external wrens is open ` 
or Owl taco reel Encapsulated . 
on a repo white fully insulates ' ' 
the unit electrically and prowdes 
anegn degree olsecnaned &and , 
thermal snctpmohns Onsmal 
pncit7/ OUR PRICE. :MIO SIZE 6. 3. 21 en 

Rrwnesch.welnenah.a Lenle wants wadable 

"-' / 
- 

I I °- 
: . "- ". 
.. ( / ® 

VACUUM TUBE VOLTMETER 
F low price for Bush an Metre- 

nt. Large 6in full view waled meter. 
28 ran{ s. D.C. volts. 0 /11 /5 /IS /SO /ISO! 
50011500. A.C. 
volts: su 0/11/51 scales: lo 
15/5011 0/ with IS00 rems 0/ píete senti m 

Buterions and 
1 414114//0 1401 
400/1400/4000 leads. 

pape it- MODEL TEES ance: R x 10- 
100- 14-10k- 117.10.0 pep. 7/6 
100k- Im -IOm. NV Probe SOI- Range 02 ohm 
te 1oo0Mn. R.F. Probe 42/6 EXPERIMENTER'S 

MODULE 
Terrific 
new sTC 
electronic 
Adjustable 
9-12V 
Supplied 
with 
circuits. 
Price 

offer 
time 

suggested 
STC 

33' -. 

rl 
,t ¡ 

of brand 
delay 
psitt. 

3 -IS rea,. 
operated. 
complete 

uses 
Module 

FIELD 
5 Ranges 
meter. Earphone 
tuning scales. 
FL3OHA 
Also non- 
meter. 

r- 
- - 

7 

., i 

O = 

STRENGTH 
1 -250 rne/s. Feted 

output. Calibrated 

Price 72/6 
calibrated type peaking 

FS1 Price 45/- 

METER 
2001eA 

pp.2 /- 
t9 F/S 

2'6 

- SWR ALIGNMENT 
METER 

i Ideal for all transmitter Ideal 
alisnmant. Built -in field 
strsnsth moor IOOµA. Cons- 
DIu. Ready to use. SWR 
IT to 1:3. 
SWR 3 - Price 61 /6 

p.p. 2/6 

TjI 

J 

... 

"LLyIIO`V.~/Iljf 

c. 

'e E 20,000 OHMS PER VOLT 

, 

MULTIMETER 
Popular Popular odd but with teal 
range. 20,000 ohms per volt. 015125 /50/ 
250 /500/2500V duce, 
01 IOI50/ IOOISOOI ' 

t 
- I000V .c 0/ 

ss- 0 /21/2SOncA. Rows- i I e 0-6501 and 
n I. 3 6íiß. Also cew,1e. i or opwiuee. /'. 

* TRANSISTORISED 
INTERCOMMS / \© \ 

2-station, 0.10.0; 3- station, [S.IS.O; 
4- station, [6.12,6 (2wat ion uses no 
wires) mains operated. XII I9.6. 
Telephone amplifier. S9/6. 

9 & 12V 100mÁ 
STABILISED 
SUPPLY sr.r.r.tx °. 

Fuma rawer roe... 
ll 

K 
nub T "n'Aormd 

9V 45/- pp.2/6 
12V 47/6DP2/5 

WELLER SOLDERING 
IRONS 

8200 Gun a Iron.. SI 6 
82000 PR Gun Kit » 6 
ANTE %CF. Iron.. le 6 
ANTEX Iron Kit.. u 6 

::¡!!:: ;. 
Model 200M 7716 PD.2/ \% 
(Leather case, Price 15'- 

. ,. 

11 

1 

!. .... 

I, 

III" -_ 

v 

G3 

®- 

* PORTABLE OSCILLOSCOPE 
F lin dur view uba, easy 
to use controls and good stability. 
Y p. Sensitivity. IV v /CM. 
Bandwidth 15 cps -1 S MHz. let imp. 2 mug í1.1S F. % amp 
sensitivity. -9V pep /CM. Mod- 
width 1.5 cps-801) KM. Input 
imp. 1 m` í3e F. Time ease. 
S I <M -300 KM:. Syn. 
<Aronifation. I 1 I .xt I. 
Illuminated sole. 140 x 115 x 

n with A.G. 
Sup 

Led [Énnld 
. ew12wi h 

103 Price U5 p.p. l0 /- 

SIGNAL INJECTOR 

New model Cor 
checking all audio 
and RF up to VHF. Simple to use. 
Batter o rated. Output y W p approx. 
Ike/a, 1.4V pp. Harmonics up to VHF. 
SE250 Price 35í- p.p, I/6 

*MATCHING SIGNAL TRACER 
SE 500 Price 27/6 p p. 1/6 

Transistors 
Huge quantities 
in stock for Indus- 
trial u s r s - 
Write for Indus- 
trial Price List. 
Includes all Types 
o f S m i c o n - 

doctor Device. 

*MULTIMETER t-_ 
Return o! a far mod /. 1000 - 
ohms/V. Or lo /50/500 /IOOOV . 0 
d.<. 0 15Oµ/. OI10 /ISOµ/ d <. r. 
ono1100kn11 Mn resistance. de 4" and capacitance toles. Si. Sin. x 
3Iín x Ilin. Robust and easy to 
use. Complete with lads, ban 
mies and in ions. 
TML 33A B2 /6 p.p. 2/6 
Leath r tresse Price 22/9 

* ALL ITEMS OFFERED ARE BRAND NEW STOCK - ALWAYS IN STOCK * 
HENRY'S RADIO 

LT D. 303 Campo /Equipment Parts also ALL MAIL ORDERS TO '303' 
MAIL ORDER DEPT. O1- 723 -r 000/8 

SHOP HOURS 9 a.m. -6 p.m.. THURSDAY 1 p m. 

303 & 309 Edgware Rd, London W2 '308' Test Geer/High Fidelity etc. 01 -723 6963 OPEN ALL DAY SATURDAY. 

www.americanradiohistory.com

www.americanradiohistory.com
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SI ENTLEY ACOUSTIC 
CORPORATION LTD. 

38 CHALCOT ROAD, CHALK FARM, LONDON, N.W.1 
THE VALVE SPECIALISTS T.bpbone O1- 722 -9090 
GLOUCESTER ROAD, LITTLEHAMPTON, SUSSEX. L/ttleborni - -- - - 

Please forward all mail orders to Littlehampton 
lava peal metal (fask aal aaeg by oasts wYeosra. 

EY87 se 
EY88 7/6 
E 291 3/-',PCF802 
EZ35 6l-,PCP80611/S 
EZ40 7151 

1E241 S/S'. 
5280 4/6 

IEZ81 410110189 
ISZDO 4/3 

FW4/800 
I l0- 
IO2,t0 71- 
0232 5I- 

15/S 
19/- 

OZ37 14/5 

HL13C 4/- 
HL23D06/- 
HL41DD 

l0/0 

HN309 E7)4 

HVR9A 0/{ 

iwi/aóo 616 

6/- 

19/6 
KT44 20/-1P160887/10 

121- 

K766 17Ì3 
KT74 1816 
RT76 12/6 
KT88 N/- 
KTW61 5/5 
KTW62101- 

6/9 
3/91py83 
6/61PY88 
9/-'PY301 

16/- 
16I- 

ME140014/9 
6/6 

MH1A 12/6 
H11LDe 7/0 
If 013/144/. 
MX40 13/0 

40/3 
5Ie18 27/10 
N308 17/0 

56/- 
P61 1/0 
PABC80 7/3 

10/f 
PC96 a/3 

9/6 
PC900 S/3 

5I5 ----- - - ode 

POC89 9/9 
1(X:1891015 
109tí0 alb 
PCF9 0/3 
PCF84 a/- 

PcF66 5/- I 

PCFBOl 71- 
SI- 

PCF80611/S 
PCPeo81I15 
PCL82 7/- 

E/- 
P01.84 716 

PC1.86 3/S 
PCLBS 11I- 
PEN46 7I- 
PEN4hDD 

121- 
PENIS 4/- 
PEN463DD 

19/6 
PENA419/5 
PSNIDD 

4020 17/6 
PPI22003I16 

P134 1976 

PLB1A 1016 

j PUBS 616 
516 

PL302 12/- 

P1.504 13/6 

PL609 8I9 
PM84 

111/- 
9 

PX4 14/- 
PY32 10/- 
PY33 10,'- 
PY80 5/- 
PY81 6l3 
PY82 5/- 

5/5 
S/9 

12/6 
PY800 7/6 
PY801 64 
PZ30 9/5019 
QQVO3n0 

g718 
Qe75/20101e 

Q8150j16 
516 

QV04/7 5/- 
RIO 16/- all 19/0 
816 34/11 
1117 17/0 
1116 94 
Rl9 6/t 
RIO 11/9 
862 7/6 
RK34 7I6 

BP19c two I 

1P42 11/S 
BP61 0/3 
TH4B 16/- 
TH233 7/- 
TP9870 tiro 
VABC80 6/- 
IIAF42 Si 
175141 5/6 
UBC41 S/S 
UBC81 7/. 
17113710 5/9 
11111,89 S/9 
UBL21 
UC8S 515 
U0(714 SI- 
17CC86 6/9 
UCF80 elS 
001121 5l- 
0CH42 13/- 
UCH81 S/t 
UCL82 71- 

UF4 10/- 

UF80 5e/n 

ÚF84 n 
UF89 4/9 
U1A1 10/4 

01.84 6/6 
UY80 6/6 
URIC 1016 

ú0é 14Ì- 
UU9 7/3 
UU12 4/9 
UY1N 9/- 
UY91 0/S 
UY41 71- 
0Y86 5/5 
030 5I- 
U12/14 7/6 
Ule 11I- 
U17 5/- 
U18/20 10/- 

34/5 
1121 7/9 
1125 15/- 

ús1 
151Ì9_ 

U36 le 
U37 34/11 
U46 16/6 
U47 131- 
049 11/9 
1/50 6/4 
U62 4/9 
U78 419 
U78 
11107 15/3 

4/1 

U191 1I/a 

U193 6/e' 
0251 14/6 
U281 5I- 
0289 6/- 
0301 11/- 
17329 14/6 
17403 616 
U404 7/0 
U801 10/5 
U4020 8/1 
VPS e/e 
VP2B 0/0 
VP4B 1010 
VP13C 7/- 
V P93 I/4 
VP4I 7/0 
V R76 
VR106 0- 
V R 150 5/- 
VT61A 7/- 
VT601 SI- 
VU111 7/5 
VU120 10/- 
VU120A1//. 
VU13I 7/- 
W76 6/9 
W81M 6I- 
W107 71- 
W729 15/- 
TES 8 
XPYl2 9l6 
XHI.5 9/6 
141 10/- 
X81 6N 
166 6/- 
366 7/6 
Xl0l 30;0 
1109 86/- 
Z329 16/- 
Z749 13/3 
Z759 461- 
yr.nslnen 
sa/ ¿lodes 
1E1124 1016 
90226 10/5 
3N404 SI- 
2E966 10/6 
2E1766 101- 
2N2147 17/- 
2E2297 41a 
2N2369A 4/6 
2E2613 7/9 
2N3063 5/5 
2E3121 66/- 
283705 5/S 
2E3709 4/- 
2243866 SW- 
283988 15/- 
28323 10/- 
AA119 
AA120 31- 
AA1S9 8/- 
AAZ1a 3/5 
AC107 3/- 

AC113 6/- 
AC114 51- 
AC127 I/- 
AC164 5/- 
AC156 0/5 
AC156 4/-1 
AC167 5/-I 
AC166 51-1 
AC164 6I- 
AC167 11/. 
ACitt 7/5 
AC169 0/S 
AC176 11/- 
AC177 6/0 
ACY17 3/- 
ACY16 
ACY19 111/9 /9 
ACY 1/11 
ACY61 3/9 
ACY22 S/S 
ACY98 4/- 
AD140 7/6 
AD149 5/- 
AD181 9/- 
ADI62 5/- 
ADT14olIIS 
AP109 15/- 
AP106 10/- 
AF114 4/- 
AF116 4/e 
AF119 S1- 
AF191 5/- 
AF1S4 7/S 
AF126 3/0 
AF126 61- 
AF139 13/- 
AF17S 10/6¡ 
AP179 13/4 
AF180 11l51 
AF181 141-I 
AFI86 11/- 
AP239 7/6 
ABY27 S/0 
ABY9S 616 
ASY29 15/- 
AY100 55I- 
51181 10/- 
BAle9 6/- 
BA116 5/S 
BA116 5/- 
BAI99 Si 
BA130 5/- 
BCY10 5/- 
BCY12 el- 
BCY33 6/- 
BCY34 4/6 

BCY38 51- 
BCT39 4/51 
B0107 4/- 
BC108 3/61 
BC113 6/- 
BC116 
BCIle 5/- 
80116 4/5 
BC211 3/6 
BD119 91- 
BF164 6/- 
BP159 6/- 
BF163 4/-1 
BF173 7/6, 
BF160 61- 
BF181 8I- 
BF185 81- 
BFY50 4/- 
BFY51 4/- 
BFY62 4/6 
BT134/400 

40/- 
BY100 3/5 
BY101 5/- 
BY105 3'i10A47 
BY114 3/61 
BYI26 3/-1 
BY127 3'6 
BYY93 8/- 
BYZIO 5/. 
BY211 6 - 
BYZ19 N- 
BYZIS 5/- 
BYZ16 8/- 
0012E 4/- 
004411 4/- 
F8Y11A 4!e 
004 e/0 
OEM 5/6 
OD6 ilS 
ODB 4/- 
ODI 4/- 
ODIO 4/- 
ODI1 4/- 
0D12 4/- 
0014 16/- 
OD16 5/- 
OD18 4/- 
OST106 

11/- 
0E7111 

15/6 
OST11I 4/- 
OET116171- 
OET116 US 
0ET118 4/- 

(1ET119 4/-. 
OST973 7/6, 
0ST687 5/5 
OST87911/- 
027873 i/- 

8/0 
0E788216/- 
0E7887 4/6 
0E7889 4/5 
GET890 4/5 
(1ET896 4)8 
0E7897 4/0 
GE X13 3/6 
(I X36 4/5 
GEX38101- 
GEX45 6/{ 
0E103 15/- 
0T3 5/- 
Ml 5/15 
113 I/10 
0A5 6/6 
0A9 5/6 
0A10 5/5 

51- 
OA70 5/- 
OA73 3/- 
0A79 1/9 
0281 1/9 
OASI 11S 
OASS 4/- 
OA90 1/6 
OA91 1/9 
OASI 119 
0A200 1/- 
OA909 1/- 
OA910 0/e 
0A011 16/4 
OAZ2001I/- 
02220116/6 
OAZ909 0l- 
OAZ903 5/6 
OAZ204 5/- 
OAZ205 
0A2206 9/- 
0A7,20710/6 
0A2210 7/- 
0A7213 7/- 
oAZ2241en' 
O(:19 8/- 
0C22 5/- 
0023 5/- 
0024 5/- 
0025 5/- 
0024 5/- 
OMB 5/- 

0029 
0036 
OM 
0038 
0041 
0042 
0043 
0044 
OC44PY 
0CA6 
0046M 
0044 
005 
OCT 
007 
007 
OCT 
OCT 
OCT 
007 
OCT 
OCT 
007 
003 
008 
008 
0(Y 
008 
008 
0084 
00123 
0C139 
00140 
0C169 
00172 
OC200 
00201 
00209 
OC/03 
00204 
OC206 
00206 
00812 
OCP71 
ORP12 
86M1 
811/6 
YAT100 
YAT101 
MAT190 
MAT121 
581036 
8T1276 
1114706 
IZIO 
ZE12V7 

10/5 
0/- 
7/5 
9/6 

10/- 
10/5 
818 
3/- 
t/3 
1/9 
5/- 
3/- 

8/6 
I/3 
1/- 
2/- 

15/- 
2/ 
Sle 
5/5 
//- 

D 
5/- 
1/- 

D I/- 
M 5/- 

I/3 
D I/3 

I/- 
3/- 
4/5 

1I/- 
15/- 

5/5 
4/- 
4/4 
6/6 
4/5 
4/5 
5/5 
7/6 
5/- 
5/- 

17I6 
3I6 
5/- 
5/5 
7/9 
tle 
7/6 
SIS 

15/- 
10/- 
6/- il- 
1/5 

0A2 
OB3 
024 
1A3 
1A0 
1A70T 
106 
1115 
1D6 

1FD9 

1H86T 

ÌLD6 
1LN6 
1NSOT 
1135 
184 
185 
1U4 

7021 
3A4 
SAb 
iB7 
3D6 
SQ4 
SQ6OT 
384 
3V4 
6R40Y 
6U40 
6V40 
6YIOT 
67.3 
5240 
8/3012 
6A8(1 
8AC7 
6A(15 
6AK5 
6AK6 
8A L5 
6A M4 
8AM6 
6445 
6A R8 
6AT8 
BAIA) 
6A26 
6880 
68Ar1 
BBEB 
BBH6 
66.16 
611Q6 
6BQ7A 
6BR7 

0/.S.6BR8 5/- 6'/80 3/5 2004 8/6'306 
el-'6887 16111 6X4 44 2092 14/. 
4,1e 6B24'8 13/9 6X6GT 6/- 2011 13h- 
4/6 8BW7 111- 6180 5/- 20P1 17/6 
61- 6C6 3/9 gY70 19/S 20P3 18/- 
7/3 609 11/- 7B6 10/9 20P4 18/6 
4/9 6CD6O 19/6 7B7 7/- 2016 18/- 
6/9 6086 S/-1704 5I- 22L6OT 6/6 
9/6 e(1L6 blS 7F8 12/S 26Y6 SI- 

4/3 603 
H/5,7R7 

121- 28Z40 Oj- 

26Z60 
70/- 

7/- 691 6/9 
71/7 

Y4 5/5 

6/- 61'60 liie 6pW4 4¡- 
milli nil 

a/- 6F12 3/3 1001 12/5 3f1017 u/- 
7/9 6713 3/S 1nL9 10/- 30018 11/5 
1/11.112,14 151- 
4/961,16 10,= 

IODl 0/-Imp L1 10/- 
4/3 6F18 7l6 j6pi ül 136PL121{I- 
5/9 1ip23 13/slloF9 p/_ 30FL1411/t 

616 fiF`W 17/,IlOF16 7/-i LÌ6 1tÌ 
38 "r...-,,n /h IOLD1114/-130717 16/0 

10:- ril`1 8N lOPli 131- 3UP4 10/- 
6/- 6O8G -Ifni 10P14 15/0 3gPg 
3/9 ,61160T 1/1),,,,,, 19A6 ilb 1710A21 
11/6, 6350 5/5 7/- 3oP1I 13/5 
0/-16J6 a/_119AD6 0/-I35P15 l5/- 
6/0 6J70 4/6 12A116 7/8, 30PL1 16/- 
5/9 !6.1701 {/519AT8 4A130PL1318/6 
0/4 6K66T 5/-1 19AT7 3/9' 30PL1411/- 
4I9 6K70 5/-12AU6 4/91 3oPL1616/- 
7N'6K7oT U5I19AU7 4/bi 36A3 {/- 
3/4 6L1 19/6 19AV6 4/6I 32A6 11/- 
8/- BLBOT 7/511.2%°77. 21 418 35D6 12/5 
7' 6L70T 11H 35LIGT 5/5 

1216 61,18 6/-112BA6 0/-I'gW4 4/{ 
6/6 61.19 19/-I19B 6 6/0, E6Z3 l5/- 
SI- 61.020 5/{ 19887 6/-I35Z4OT 4/5 
3/6 6N7OT 6/11! 12E1 17/-1 25Z502 01- 
6- Bpl 1I1-112J70T 6N 
5!- 6P25 131-112K6 10/-, 5005 S/S 
2l3 el'26 1I/-112K7OT615,900D6041/. 

16/6 6P28 8/-12Q70T 4/51 501230T S/- 
3/3 6Q70 61-I 128A70T 72 {/S 

8/e6R70 7i 13B07 4/-155.43 
41- 

el-IDH77 
4/- 6R7 11/-112807 3/-I90A0 67/6 
6/- 98A70T 7/-:128H7 5/- NAY 67/51,DH101 
6/6 S8C7OT S/S I28J7 4/6 IlOCO 34/-' 
2/6 6807 5/- 128157 4/9 90CV 5316 
4/6 e8H7 31- 128Q70T7/6 9001 16/-. 
4/9 811.17 6/6 14H7 916 150B2 1416 
7/6 68/(7 4/6 1457 11/- 15002 6/9 
8.8 661707 415 18 121e 301 20/- 
4/9'6847 74 19AQ5 4.9 302 16/6 
7/- 61'40T 12/-, 19111 401- 303 16/- 
8/6 6E70 7/-'SODI 13/- 305 15/6 

13/- 
807 1119 
956 5/-, 
1821 10/6 
5789 10/- 
6060 6/6 
7153 16/6 
7475 4/- 
A1834 110/-10Y87 

A3oa2 lfl-IEBIF 
AC2PEN 

A 
DDS 1DI61 

AC6PEN4/S 
AC/PEN (6) 

AC/PEN,76 
19/5 

AC/TH1 

AC/TP 1190/ 
AC/VP21010 
ARP3 7l- 
ATP4 0/3 

el- 
AZ31 0/6 
AZ41 7/6 
111.43 16/- 
C1.33 WI 
CVa 19/5 
CY30 10/0 
CY31 7/6 
D63 6l- 
D77 /l3 
DACE] 71- 
DAF91 4/5 
DAF96 S/S 
DCC9O 16/- 
DD4 10/5 
DF33 7l9 
DF91 I/9 
DF96 6I6 
DF97 16/- 
DH63 0/- 

4/. 
DH81 10/9'ECC189 

8/- 
uK32 7/5. 
OK40 101-, 
DK91 6/5 
DK92 9/. 
UK98 7/- 
01J3 5/- 
01.35 4/9ECH211215 
DL92 5/9 
DL94 619.1R1H4210h-EY88 

DL95 7/-'8CH81 5/9' 
DM70 0/-;ECH83 S;-I0E33 
01171 7/6 ECH84 7/5!0234 
DW4/350 'ECL80 BIC 

11/6 ECL82 0/-'HABC808/- 
DW4/500 IECL83 9/- 

6/6 ECL84 13/- 
DY86 6/9 ECL86 111- 

6/91 ECL86 6/- 

HI-I 30/- 

S18Ó1 
11/- 

1{IEF36 sle 

SA6Ó 1116 SP99A 41-I 
EA76 131-1EF40 el9IIW416006/-.PL84 
KABCBOe/-EF41 141-KT2 

EAF42 8/9'EF54 1S1-IKT41 
5/134 7/S1SF73 0/S 
EB41 4/6 1780 4/61E3411 

E8SCi1 s16s765 11/3 
SBC81 6/9 EF85 6/3 
EBC9U 41,SR89 6l- 
EBC91 6l6 EF91 3/31 
EBF80 5/9 EF92 5/5 
SBF83 5/- EF97 10/- 
EBP89 613 EF98 10/6'KTW63 
EBL21 11/- 11F183 Sl-IL0.9 

6S EC 12/6.EF184 IV-J.1152 
SC64 5/- E1190 7/5'LN309 
8470 4/9 1:K90 4/91.8319 
ECM 1215 EL32 3/611.5339 
ECM 12/- E1.33 1I/- 
ECM 6I6 EL34 5/511.Z329 
ECC31 10/61 ELM 10/- 
EIX:I2 4I6 EL37 17/5 
SCC338!11IEL38 29/1 
ECM 8/61EL41 102 
E0040 9/6 EIAS 9I9.N78 
ECC81 3/9 ELBI 5/- 
ECM 4/4 EL83 0/9 
ECC83 4/6 EL64 4/5,.N339 
ECC34 6/6 EL85 7/5 
EOM ó/e, EL88 S/-; 

EOM 7//- EL96 3(3IPC3R 
9/6 11M71 14!- 

ECC8041!/6 EM80 7/-IPC97 
ECl'80707/- EM81 7IS 
80780 6/61E3184 11/61P01114 
ECF82 6I6 111685 11/- 
80986 5/- EM87 7/6 
ECF804 1EY61 7/5 

43/- EY81 7/- 
EY83 3I3 

8CH35 641 KY84 7/5 
6/5 

1tIATOHED TSApLTOS e1111:- 
LP16 (AC113, AC164. ACI67. AA120).1016. 
1-0044 and 2-0C48, 5/5. 
1-003I13 and 2-0081, 7/5. 
1-00820 and 2-0(182. /l6. 
1-OC83 nd 3-O(B3, t/0 
B.T.C. 1 watt Zener Diodes. 2.4r., 2.7r., 

3.6v.. 4.11v.. 13r.. 15v., 16.., 18v.. 30v.. e/e wet. 

All goods arc new and subject to the standard 90 day guarantee. We do not handle manufacturers' 
seconds nor rejects. which are often described u "new and tested" but have limited and unreliable 
Iße. Business hours Mon.-Fri. 9.6.30 p.m. Bata. 9-1 p.m. 
Terms of business. Cash with order only. Post /puking 6d. per Item. Orden over 26 poet/ 
puking free. All orders cleared same day by Ant-class mall. Any parcel Inured against damage lu 
transit for only 6d. extra. Complete catalogue of valves. translators and components with condition 
of sale, price 101. post free. No enquiries answered unless B.A.R. enclosed for reply. 

1. 

ULTRASONIC 
CLEANERS 

(Burndept B.E.352) 60 watt model. Supplied Brand 
New complete with stainless steel tank 91 o 61 x 41, In. 
£S0. Carr. 20/ -. 

2. FAST NEUTRON MONITORS (Burndept 1407C) 
for measuring neutrons in the energy range 0.15 -15 
meV. £100. 

3. Radiation Monitors (Burndept BN 110 MK. V) 
0- 5/50/500/5k. c.p.s. Brand new. £100. Alpha and 
Beta Gamma probes available at extra cost. 

4. PORTABLE RADIATION MONITORS (Burn- 
dept BN 132) 0- 5/50/500/5k c.p.s. With built -In 
Gamma probe. Brand new. £60 complete with 
carrying harness. 

S.A.E. for literature. 10% discount for 
Educational Authorities 

HIGH SPEED MAGNETIC 
COUNTERS (4 o 1 x 1 in.) 4 digit 
6/12v. 24/48v. (state which), 6/6 
ea. P.P. 1/ -. 

SPEAKER SYSTEM (20, 10 x 10 in.). Made to spec. 
from } in. board. Finished in black leathercloth. 13x8 in. 
speaker with twin tweeters complete with cross -over 
50c /s- 20k /c. £7.10. P.P. 10/ -. 

SPEAKER CABINET KIT. Above mentioned cabinet only. 
In kit form which you may assemble and cover to your own 
choice. 40/ -. P.P. 5/ , 

SPEAKER BARGAINS. E.M.I. 13x8 in. with double 
Tweeters 15 ohm, 65/ -, P.P. 5/ -. As above less tweeters 
3 or 15 ohm, 45/- ea., P.P. 5/- 

i 

EXTRACTOR /BLOWER 
FANS (Papst) 

100 c.f.m. 4} x4} x2 in. 
2800 r.p.m. Wonderful buy at 
50 /- ea. 240v. A.C. 

CYLINDRICAL FANS ( Solariron). Overall size 16 x 5} x 
31 in., air outlet 12 x 1 } in 240v A.C. 50 /. each. 
P.P. 7/8 (New). 

LEVEL METERS (1} x } in.). 200 micro -amp. Made in 
Germany. 15/- each. 

PHOTOMULTIPLIERS 6262 and 6262b. £15 ea. 

RELAYS H.D. 2 pole 3 way 10 amp. contacts. 12v.w. 7/6 ea. 

LIGHTWEIGHT RELAYS (with dust -proof covers) 
4 c/o contacts. 24v. 500 ohm 7/6 ea. 

PYE OHMMETER TYPE 108. 500v. test. .3 meg. ohm - 
20 k. meg. ohm. 2001250v. A.C. Brand new instrument £30. 
P.P 30/- 
POT CORES TYPE LA 3. 10/- ea. 
71 WAY PLUG S SOCKET (Painton Series 159) Gold 
plated contacts with hood & retaining clips. 30)- pair. 
50 WAY PLUG a SOCKET (U. C.L. miniature). Gold plated 
contacts 20/- pair. 34 way version 15/- pair. 
VALVE MILLIVOLTMETER (Marconi TF899) 0 -2v. 
complete with R.F probe £8;101- o p. 10/ -. 
LOGIC BOARDS with 31 ACY40s -38 diodes etc 20/- ea. 
P.P. 2/6. 
CO -AX RELAYS (magnetic devices) 1 change -over 12 v.w 
20/- ea. 

ELECTRONIC ORGAN BUILDERS. We now have in stock 
P.C. boards built to computer standards. Each board is a 
complete 4 octave divider (4} x 3 In.). All connection data 
supplied. 30/- each. Set of 13 (gives 5 octaves to keyboard) 
EIS. 

DIODE LOGIC BOARDS contains 10 diode gating circuits 
which convert any one of 10 inputs into an equivalent 
binary code, 10/- each. 

COPPER LAMINATE PRINTED CIRCUIT BOARD 
(81 x 5I x ,4 in.), 2/6 sheet, 5 for 10/ -. 
Also 11 .9 in., 4/- ea., 3 for 10/ -. 

BULK COMPONENT OFFERS 
100 Capacitors (latest types) 50pF to 5µF, 
250 Resistors } and } watt. 
250 Resistors } and 1 watt. 
150 HI -Stab Resistors, 1, } and 1 watt 
25 Vitreous W/W Resistors, 5 %. 
12 Precision Resistors .1% (several standards 
included). 

12 Precision Capacitors 1 and 2% (several standards 
Included). 

12 Electrolytics (miniature and standard sizes). 
ANY ITEM 12/6. ANY 5 ITEMS 50/ -. 

TELEPHONE DIALS (New) 20¡ -ea. 
RELAYS (G.P.O. '3000'). All types. Brand 
new from 7/6 each. 10 up quotations only. 

EXTENSION TELEPHONE (Type 706) 
Black or 2 tone Grey. 65/ -. P.P. 5/ -. 
UNISELECTORS (Brand new) 25 -way 
75 ohm. 8 bank } wipe 65/ -. 10 bank 
; wipe 78/ -. 

TRANSFORMERS 
E .N.T. TRANSFORMER 2100- 0- 2100v. 40m /a. 75/- 

P.P. 10 /- 
E .M.T. TRANSFORMER (Parmeko 'Neptune') 3,000v. 

280 m.a. £12/10/0. P.P. 50/- 
L.T. TRANSFORMER 60v. 8 amp. £6. P.P. 15/ -. 
L.T. TRANSFORMER 20v. 1.5 amp. 1111/ -. P.P. 2/6. 
L.T. TRANSFORMERS Prim. 200/250v. Sec. 0-1/0 - 
3/0-9/0-27v. 30 amp. £7.10. 15 amp. £I. P.P. 15/ -. 
LT. TRANSFORMER Prim. 200/250v. Sec 0/25/35v. 
30 amp. £7.10. P.P. 20/ -. 
STEP -DOWN TRANSFORMERS Prim. 200/250v. Sec. 
115v. 1.25 amps, 25/- ea. P.P. 5/ -. 
L.T. TRANSFORMERS Prim. 240v. Sec. 8/12/20/25v. 
3.5 amp models 20/ -; 5 amp model 25/ -. P.P. 5 /6. 
L.T. TRANSFORMERS Prim. 240v. Sec 14v. 1 amp 10/- 
ea. P.P. 2/6. 
E LECTRIC SLOTMETERS (1/ -) 25 amp. L.R. 240v. A.C. 
85 /- ea. P.P. 5/ -. 
QUARTERLY ELECTRIC CHECK METERS, 40 amp 
240v. A.0 , 20/- ea. P.P. 5/ , 

REED RELAYS 4 make 9/12e. (1,000 ohm,) 12/6 ea. 
2 make 7/6 ea. 1 make 5/- ea. Reed Switches (11 In.) 2/- 
ea. Cl per doz. 

SUB- MINIATURE REED RELAYS (1in.x }in.). Weight 
I oz. Type 1. 960 ohm, 3/9v. 1 make. 12/6 ea. Type 2. 
1800 ohm, 3/12v. 1 make. 15/- ea. 

PRECISION CAPACITANCE JIGS. Beautifully made 
with Moore & Wright Micrometer Gauge. Type 1. 18.5pf- 
12200. £10 ea. Type 2. 9.5pf- 11.5pí. £6 ea. 

ETC CRYSTAL LOCKED OSCILLATOR (Synthesiser). 
1 K /c- 20M /c. Output 0 dbm. 80 db att. In 1 db steps. 
Precision crystal oven. Locks oscillator at each 100K /c. 
Separate locked oscillator from 0- 100K /c. E160 in excellent 
condition. 

PATTRICK & KINNIE 
81 PARK LANE ROMFORD ESSEX 

ROMFORD 44473 
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2 3kW FAN HEATER 
Three position switching to null 
change. In the weather. Switch up 
for full heater (21kW), switch down 
for half heat (11kW), switch central 
blows cold for summer coo ling - 
adjustaNe thermostat acts as auto 
control and sfrty cut-ut. Complete 
kit 23.15.0. Post and ins. 7 /5. 
Made-up MAO £4.5.0. Post and 

FLUORESCENT CONTROL KITS 
Each kit complies.. seven it.ms- Choke, 2 tube ends, 
starter, starter holder and 2 tube clips, with wiring 
instructions. Suitable for normal fluorescent tubes or 
the new "(Indus" tubes for fish tank. and indoor plant.. 
Choke. are superodlent, mostly resin filled. Kit A- 
15-20 w. 19/6. Kit S- 30-4t1 w. 19/6. Kit C -80 w. 
23/8. Klt E -65 w. 19/8. Kit MFI is for lin., 9 In. and 
12ín. miniature tubes, 19/6. Postage on Kits A and B 
4/6 for one or two kits then 4/6 for each two kits 
onlend. Kits C, I) and E 4;S on first kit then 3/6 for 
each kit orlered. Kit MFI 3/6 on first kit then 3 /ti on 
each two kits "rimed. 

BLANKET SWITCH 
Double pole with neon let into side so luminous 
in dark, ideal for dark norm light or for use with 
waterproof element -new plastic cane. 5/6 
each. 3 heat mtwlel 7/8. 

BLANKET SIMMERSTAT 
Although looking like, and fitted es. an ordinary 
blanket switch, thin is in fact a device for switching 
the blanket on roe varying Ume period.. thus giving a 
complete control from off to full heat. Also salable for 
contro!hns the temperature of any other appliances 
using up to I amp. Listed at 27/6 each, we offer 
these while our Blocks last at only 12/6 each. 

L REED SWITCHES 
Glass encaseil, ewitohes operated by external magnet - gold 
welded contacts. We mn now offer 3 types: 
Yldaturs. lin. long x approximately lin. diameter. Will 
make and break up to IA up to 301 volts. Price 2/6 each. 
24/- d nun. 
Standard. an long x 3 /161.. diameter. This will brink 

rrresds of up to IA, voltages up to 250 volts. Price 9/- each. 
18/- per dozen. 
Flat. Flat type, 21n. long, but over 11161.. thick, approxi- 
mately fin. wide. The SandaN Type flattened out, so that 
it an be fitted into smaller space or a larger quantity may 
be packed into square solenoid. Rating I snip 200 volts. 
Price 6/- each. 23 per dozen. 
Small ceramic magnets to operate these reed switches 
1/3 each. 12!- dozen. 

HIGH CAPACITY ELECTROLYTICS 
Brand new. not ex- equipment. 
1181 mil. 25v.. 113 each 12/- doz. 
201 mid. 25v., 1'6 each 15/- dos. 
501 mid. Irv., 21- each £14.0 dos. 
100 mid. 12v., 3/ each £1.10.0 dos. 
5081 mfd. 1.2v., 4/9 each £940 dos. 
10.000 odd. 6v., 5/9 each 23.0.0 doz. 
Ikon° odd. 15v., 8/6 each 24.10.0 doz. 
15.081 mid. 10v., 10/6 each 25410 doz. 
01.000 mid. 8v., 22/- each 210.0.0 don. 
70,081 mfd. 13v.. 401- each 220.0.0 doz. 

TELESCOPIC For porahia tar or AERIAL transmitter. Chrome- plated- 
six sections extends from 71 to 47in. 
Hole in bottom for 6BA screw. 7/6. 

TOGGLE SWITCH 
a tap '25 'ith Ming rag. 1/6 

turf/// each 15/- 

80 OHM BALANCED 
ARMATURE EAR PIECE 
Cable as microphone or loulepaker. 4/6 each. 

MINIATURE EAR PIECE 
As used with imported pocket radios. 1/6 each 15/- dos. 

ISOLATION SWITCH 
20 Atop D.P. 250 Volts. Ideal to control 
Water Heater or any other appliance. Neon 
indicator shows when current i. on, 4/6 
48/- per d "nun. 

FLEX BARGAINS 
Screened 3 Core Flex, Each core 14/(1076 Copper PVC 
insulated and ,tired, the 3 cores laid together and metal 
braided mend!. Price 23.15.0 per 1110 yds. coil 
16A 8 Core Bon -kink Flex. 70/0176 i eulated coluun 
cores, protected by tough rubber sheath, then black cotton 
braided with white tracer. A normal domestic flex an fitted 
to 3kW firer. Regular price 3/6 per yd. 50 yd. coil 54, or 

o cot to your length 21- pcc yard. 
l0A 3 Con Non -kink Max. As above but cores are 28 /0076 
Copper. Normal price 2/6 per yd. 100 yd. coil £7.10.0, 
or cot to your length 1/9 yd. 
6A 2 Core Flex. An above, but 2 cores each 23/0076 as used 
for Vac moo Cleaner., Electric Blankets, etc. 39/8100 yd. oro0. 

DIGITAL CLOCK 
An Imposing instrument ideal for modern reception 
centre or for Managing Director'. once- definitely 
ahnwpiece to create interest and efficiency-mains 
frequency controlled so siway. keeps right time without 
adjustment -in black sembmatt ptrspen cape- made 
up, tested and guaranteed -offered for only the cost of 
components £29.10.0, post and insurance 10/.. 

MINIATURE WAFER SWITCHES 
2 pole, 2 way -4 pole, 2 way -3 pole, 3 way - 
4 pole. 3 way-2 pole, 4 way -3 pole, 4 way - 
2 pole, 6 way -1 pole, 12 way. All at 3/6 
each, 36/- dzen, your assortment. 

SOLDER GUN 
A must for every busy nun, gives almost Instant heat; also illuminates 
Job. Inh watt 2'20/240v. 39/8 (saves you over 30/), post and Inn. 4/6. 
Blu JOB 250 watt model 22/6 (saves you over £3.10), post and WS. 6 /6. 

MINIATURE EXTRACTOR FAN 

Beautifully trade by famous German Company. PIPST System, 
230/240 A.C. Mains operated. slur 311n. x 311.. x 2in. Made for Inatnu- 
nent nailing but Ideal to Incorporate In a cooker hood, etc. 65/- 
P. & p. '2,8. 

HORSTMANN TIME & SET' SWITCH 
IA 311 Amp Switch). Just the thing If you wont to: come home to 
warm house without It costing you fortune. Von can delay the 
switch on time of your electric fire., etc., up to 14 hours from 
setting time or you can use the switch to give a boost on period 
of up to :i hours. Equally suitable to control pricessing. Regular 
price probably around 115. Special snip price 2916 Pont and 
Ins. 4/6. 

DISTRIBUTION PANELS 
Just what you need for work bench or lab. 4 x 13 amp 
sockets in metal bus to bike standard 13 amp fumed 

plume. Supplied complete with ti feet ,if heavy cable sutil 13 amp plug. Similar panels 
advertised nt CS. Our prie.: Kit of Iota 396, pins art', post and Insumncr. Made up45 /. plus 
4/6 I'. u I. 

24 HOUR TIME SWITCH 
Maine operated. Adjustable Contact. give on /off per 24 hours. Con - 
Meta Wed 20 amps, repeating mechanism no Ideal for shop window 
control, or to switch hall lights (and- burglar precaution) while you 
are on holiday. Made by the famous Smiths Company. This month 
only 39/6 complete with penpen cover, new and unused, plus 3/6 
postage and Insurance, a real snip which -h..ul.l not be oilseed. 

DOUBLE ENDED MAINS MOTOR 

r On feet with hole. for rew -down fixing. To drive motel., 
oven, blower hater, etc. 10 /- each, plus 3/6 post and Ineunnce. 
it or more pout free. 

DIAMOND H OVEN THERMOSTAT 
Type 20 TH with aplflary tube and tremor, 20 amp A.C. type 
a fitted to many cooker. adjustable by control knob (nut 
nupplled). 12/6 each. 

BATTERY OPERATED TAPE DECK 
With Capstan control. This unit is extremely well made and 
measure. approx. 6 . 5 x 215. deep. Has three piano key type 
control. for Record. Playback and Rewind. Motor in a special 
heavy duty type intended for operation off 4/5 volts. Suppling 
complete with 2 spools ready to install. Record Replayhead 
is the sensitive 24 type intended for use with tnnaistor, 
amplifier. Price 79/6. Post and insurance 4/6. 

15/20 AMP CONNECTORS 
l'olythrue Insulated 12 -way strip. 
2/6 each 241- doz. 

13 AMP FUSED SWITCH 
Made by O.E.C. For connecting water 
heater etc., Into 13 amp ring main. Flush 
type 3/6 each 30 /- de. Mew boxes for 
surface mounting 1/6 each 15/- dos. 

MICRO SWITCH 
5 :noel'. , o lugemyer contacts. 1/9 euh 
18;- ,I,. 

SUPPRESSOR 
CONDENSER TCC 

.1 mfd. 250v. A.C. working metal cased 
with fixing lug. 1/9 each 18/- doz. 

HEAT & LIGHT LAMP 
275W. internally mirrored bulb, with b.c. end for plugging 
trim0 lamp holder 19/6 each plus 4/6 po t nd I 

TUBULAR TYPE BY PHILLIPS 
51111W. 98/6 plus 4/6 post and Insurance. 
ISO MICRO AMP MOVING COIL METER 
21in. flush mounting, ex -W.D. 15 /- each plus 3/6 post :'l 
Insurance for any quantity. 

PROTECT 
VALUABLE 
DEVICES 

Prom thermal runway or or minatmg. 'rhnixtors. rectifiers, 
translators. etc., which use heat -bloke can easily be pro- 
tected; simply make the contact thermostat part of the 
heat sink. Motors and equipment generally can also be 
adequately protected by having thermostats In strategic 
spots on the casing. Our contact thermostat has cali- 
brated dial for setting between 90°- 110"F, or with dial 
removed range setting Is between SO° to 800 "F. Price 10 / -. 

ATLAS SLIMLINE FLUORESCENTS 
THE TWENTYLITE 
AND TWIN FORTY A Flunnncent lighting unit trade by the 

famous Atlas cumWny, with super filent 
polyester filled choke and radio sup- 
pressed starter. The turbe springs in and 
out and the whole unit is beautifully 
naule and finished white enamel. Ana. 
'ugly economical. It left on all the time 
costa only one penny per day (uses 1 

unit). Mensuren 2ft. long. Is ideal Kitchen, Bedroom, Hallway, Porch, Loft, etc. Don't 
Ian this amazing offer,39 /6 with tube. Assembled ready tu install. 4 ft. twin model 

59/6. Pat and ins. 6,6 extra. 

I WATT AMPLIFIER & PRE -AMP 
5 transistors- highly efficient made for one with tape - 
head ill but equally suitable for microphone or pick up. 
Limited quantity 29/6. Full circuit ding. ala, shows 
tape controls 5/ -. 
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WATERPROOF BBATINO 
BLBMBBT 

25 yarl. length 70W. Self -regulating 
temperature control. 10/- Wet free. 

INSTRUMENT MOTOR 
WITH GEARBOX 

Mole by f:oious Smiths l'oo9auy. Very 
powerful, although only quite small. Overall 
dimensions approx. Ill.. deep by 2ln. dia. 
Available w.th the followiug speeds. 
Revs. per day 2 -8 -12 
Revs. per hour I, 2, 4, 6, 12, 20, 34). 
Revs. per minute I, 2, 3, 4, 6, ti, IS 30, 60. 17/6 each. 

VARYLITE 
WIII dim Incandescent lighting up to 600 watt from full brilliance to out. 
Fitted on SL K. flush plate, same size and fixing as standard wall switch so 
may be fitted in place of this, or no ount on surface. Price complete in heavy 
plastic box with control knob 23.19.6. 

HI FI BARGAIN 
FULL Fl 12 INCH LOUDSPEAKER. This is undoubtedly one of 
the finest loudspeakers that oe have ever offered, produced by one 
of the country's moat famous makers. It ha. a die -cast metal frame 
and is strongly recommended for HI -FI load and Rhythm Guitar and 
public address. 
Flux Density 11.000 gauss -Total Flux 44,000 Maxwells -Power 
Handling 15 watt. R.M.S. -Cone Moulded fibre --Freq. response 
311 -10,081 c.p.n.- specify 3 or 15 ohms -Main resonance 00 c.p.a. - Chassa. Ulan. 121.. -121 over mounting lugs -Basle hole 111n. 
ulam.-Mounting hole. 4, holes -tIn diam, on pitch circle, Il lin, 
damn. - Overall height 511n. A g6 speaker offered for only 23.9.6 plus 
7/4i p. A p. Don't miss this offer. 15in. 30 watt 27.19.6. 
hon. 101 watt 234.10.0. 
TAGENTIAL HEATER UNIT 

Winter la eominx but act today and you won't 
dismay. This heater unit is the very latest type, most 
efficient, and quiet running. I. as fitted in Hoover and 
blower h aters costing C15 and more. We have a few 
only. Comprise motor, Impeller, 2kW. element 
and 'kW element allowing switching 1, 2 and akW. 
and with thermal safety cut-out. Can be fitted .- Into any octal line case or cabinet. Only need on/off 
switch. 79 6. l'usage and aeurance 6/6. Don't 
miss thi:.. 

DRILL CONTROLLER 
Electronically change. speed 
f approximately lo . 
tu maximum. Full rvo, 
amnia by flu r t 

Kit Include. all hurt., 
everything and full 
time 19/0. plu. 9 u' 

Insurance. Made up i 

available 37/6 plue t. 

MAINS MOTOR 
Precision made-as used in r. 
decks and tape recorders-ideal .o. 

for extractor fans, blower, heater 
New and perfect. Snip at 9/6- Poo., 
3/- for first one then 1/- for tae 
ordered. 12 and over post free. 

ELECTRIC CLOCK WITH 
25 AMP SWITCH 
Mad, toy Noith's. these unau are 
fitted to many top quality ec000kers to 
control the oven. The clock Is mains 
driven and frequency controlled so It 
Is extremely accurate. The two smell 

t 
dials enable switch on and off times to ) ) 
be accurately net. Ideal for switching 
on tape recorders. Offered at only a 
fraction of the regular price -new and unused only 39'6, 
keelhaul the value of the clock alone -post and Insurance 2/9. 

THERMAL CUTOUT 
A miniature device lin. dia. on one screw fixing mount - 
an be used for motor overload protection -lire alarm- 
soldering iron switch off, etc., etc. -1S amp contacts open 
with flame radiant or conducted heat. 1/6 each. 15/- 
doz. £5 100. 

COPPER CLAD ELEMENT 
1250 watts-Oft. long but bent to shape, ideal for over - 
had hater -lust mount reflector above. 12/6 euh, plus 
4/6 post. £8 dus. post paid. 

0.000SmFd TUNING 
CONDENSER 
Peeved design, Ideal for straight or reflex 
circuits 2.6 each. 24/- doz. 

Battery Heard Player. Male by Collaro. Thls Is made up 
unit plate with speed selector and pick -up. The turn- 

table is a heavy one and measures approximately 911n. 
Pickup is fitted with the famous "Studio- cartridge. 
Price 69/6, poet and insurance 6/6. 
B.H.T. Condenser. 28K v. 0.0011 mfd. Suitable for trans- 
mitting test nmditiuta 6A at á01k /c. Bakelite case. 
18/6 each. 
85 Watt Tubular Element. Very well made unit. The element 

YoUlOt On a porcelain former then encased in a brass 
tube t,'rmtrrated with bea,le,l leads 12in. long. Norval 
maim voltage. Price 5/- each or 54/- per doz. 

rop P to Yaks Mteh. Double pole, It amp contacts or 
Coll be used as single pole, to amp, contacts 250 volt 

,,rkiug. Single hole fixing. 2/6 each, 24/- doz. 
Door Switch. Contacts open when plunger is depressed. 
Prevents lights being left on. 15 sop contacts, 2311 volt 
working. Made by Arrow. 3/6 each. 36/- per doz. 
Rotary Appliance Switch. 16 amp. 2:8) volt on moulded 

Mae. ae. Operated by pointer knob (not suppling). 
2/- each, 18!- per doz. 
1 /40th h.p. Motor. Male by the French (Quarter Company. 
This is an excellent totally enclose( motor, powerful 
enough to operate small lathe. drilling machine, waahimg 
machine, etc. Its speed is 1,450 r.p.m Maule for nornal 
511 cycle, 230/250 volts maim, totally eucl snl, size 
21 ' 3tln. dim. with liti. of tin. spindle. Price 19/6 loins 
416 vintage and insurance. 
Burglar Alarm Lt. Protect your home and family by 
frightening away the Intruder. With our circuit a 
operated bell ring. loudly directly the do or windows is 
opennl. Kit ionaprfsrs 12 reed switches, 12 onagneto. relay, 
mains transformer and bell with circuit. Price 49/6. 

THERMOSTATS 
Type "A" 15 amp. for controlling mom heaters, green. 
house.. airing cupboard. Has spindle for pointer knob.. 
quickly adjustable from 30-r.0 °F. 9/6 plus 1/ poet. Suit - 

ble box for wall mouutiog. 6/ Pod and packing 1/. 
Type "B" 15 amp. This is 171n. long r.al type made by 
the famous Sunvic Co. Spindle adjusts this from 511. 550°F. 
Internal screw alters the setting, so this could he adjustable 

over 30° to 10n1°F. Suitable for controlling 
furnace, oven, kiln, immersion heater or to 

S make ameesat or lire alarm. 8/6 plus 2/6 
post and Insurance. 

Typs "D We call thI. 
the ace -sat u It cuts 

In and out at around freezing point. 2/3 amps. 
Has many uses one of which would be to keep the 

loft pipes from freezing, if length of our blanket wire (16yd. 
101 -) is wound round the pipes. 7/6. Pont and packing 1 / -. 
Type 'R", This Is standard refrigerator thermostat. Spindle 
adlustments cover normal refrigerator temperature. 7/6. 
plus 1/- Post. 
Typs "F". (class encased for controlling the temp. of liquid - 
particuarly those In Ow tanks, vats or sinks - thermostat 
is hell (half submerged) by rubber sucker or wire clip- 
ideal for fish tanks -developer. and chemical baths of 
all types. Adjustable over range 50° to 150 °F. Price 18/, 
plus 2/- post and Instrraoee. 

Where postage is not stated then orders 
over C3 are post free. Below C3 add 2/9. 
Semi -conductors add I/- post. Over LI 
post free. S.A.E. with enquiries please. 

ELECTRONICS (CROYDON) LTD 
Dept. WW, 266 London Road, Croydon CRO -2T11 

Also 10213 Tamworth Road, Croydon 
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11..r.Or Price Only 

£7/15/0 
Solve your communication problems with this 
new 4- Station Transistor Intercom system 
(1 matter and 3 subs), in de luxe plastic 
cabinets for desk or wall mounting. Call /talk/ 
listen from Matter to Subs and Subs to Master. 
Operates on one 9 v. battery. On /off switch. 
Volume control. Ideally suitable to modernise 
Office, Factory, Workshop, Warehouse, Hos- 
pital, Shop, etc., for instant inter- departmental 
contacts. Complete with 3 connecting wires, 
each 66ft. and other accessories. Nothing 
else to buy. P. & P. 7/6 in U.K. 

OUR 
PRICE 
ONLY 

3 gns. 

Same as 4- Station Intercom for two -way instant con- 
versation from MASTER to SUB and SUB to MASTER. 
Ideal as Baby Alarm and Door Phone. Complete with 
66ft. connecting wire. Battery 2/6. P. & P. 4/6. 

7- STATION INTERCOM 
(r MASTER & 6 SUB -STATIONS) in strong metal 
cabinets. Fully transistorised. 34in. Speakers. 
Call on Master identified by tone and Pilot lamp. Ideally 
suitable for Office, Hotel, Hospital and Factory. 
Price 27 gns. P. & P. 14/6 in U.K. 

Wireless World, January 1970 

Why not increase efficiency of Office, Shop 
and Warehouse with this incredible De -Luxe 
Pcrtable Transistor TELEPHONE AMPLI- 
FIER which enables you to take down long 
telephone messages or converse without 
holding the handset. A useful office aid. A 
must for every telephone user. Useful for 
hard of hearing persons. On /off switch. 
Volume Control. Operates on one 9 v. 
battery which lasts for months. Ready to 
operate. P. & P. 3/6 in U.K. Add 2/6 for 
Battery. 
Full price refunded if returned in 7 days. 

WEST LONDON DIRECT SUPPLIES (W.W.), 
169 Kensington High Street, London, W.8 

NEW PRICES ON NEW COMPONENTS 
RESISTORS 
High etabillty. carbon film. low noise. Caplees construction, molecular termination 
bonding. 
Dimensions (mm.): Body: 1W; 8 x 2.8 

1W; 10x43 
Leads: 35 

10% rangea; 10 Ohms to 10 Megohms (E12 Renard Serles). 
5% ranges; 4.7 Ohms to 1 Megohm (E24 Renard Series). 

Prices -per Ohmic value. 
each 10 off 25 off 100 off 

IW 10% 2d. I/O 3/3 10/4 
iW 5% 21d. 1/9 3/8 11/8 
iW 10% 2id. 1/9 3/8 11/7 
i W 5% 3d. 2/- 4/- 12/10 
CAPACITORS 
tiubrnlnlature Polyester film. Modular for P.C. mounting. Hard epoxy resin encapsula- 
tion. Radial leads. 
± 10% tolerance. 100 Volt working. 

Prices -per Capacitance value (011') 
each 10 off 

0001. 0002, 0005. 0.01. 0.02 .. bd. 4/3 
6/- 

0.1 .. .. .. .. IOd. 7/I 
0 2 . 1/2 10 /- 
l'olystyrene film. Tubular. Axial leads. Unencapsulated 
160 Volt Working. 
Prices-per Capacitance value (µµF) 
10, 12. 15. 18. 22. 27. 33. 39. 47. each 10 off 
56. 68. 82. 100. 120, 180. 220, 
270, 330, 390 . Sd. 3/7 
470. 580. 680, 820. 1.000, 1,500 6d. 4/- 
2.200. 3.300. 4.700. 5.600 .. 7d. 5/- 
6.800. 8.200. 10.000. 15.000 .. 8d. 6/- 
22.000 fd. 6/9 

25 off 100 off 
8/4 30/- 

12/6 41/8 
IS /6 51 /- 
20/10 68/6 

35% or 31pí tolerance. 

25 off 100 off 

7/9 
8/8 

10/10 
I3/- 
le/- 

24/- 
26/8 
33/4 
40/- 
45/4 

POTENTIOMETERS (Carbon) 
uperlor grade enclosed controls. Low rotational noise. Body dia., lin. Spindle, 
_in. x iin. Tolerance, 20 %. 
Linear: 1K to 2M. (1W at 40 °C). 
Logarithmic: 5K to 2M. (1W at 40 °C). 
Prices per ohmic value each 10 off 25 off 100 off 

2/- 18/4 41/S ISO/. 
GANGED STEREO POTENTIOMETERS (Carbon) 
3 W at 70 °C. Long Spindle. 
Logarithmic and Linear: 6k +5k to 1M +13f. 
Prices per ohmic value each 10 off 26 off 100 off 

8/- 70/- 162/6 S7S /- 
SKELETON PRE -SET POTENTIOMETERS (Carbon) 
High Quality pre-seta suitable for printed circuit boards of 0-lin. P.C.M. 100 ohms to 
5 Megohms (Linear only). Miniature: 03W at 70 °C. 320 % below iM, *30% above 1M. 
Horizontal (0.7in +0 4in. P.C.M.) or Vertical (0.41n. x 0.2in. P.C.M.). Subminiature: 
0.1W at 70'C. *20 % below 2-5M. 330% above. 

Prices -per ohmic value cad( 00 off 25 off 
Miniature (0.3W) .. .. 1/- 8N 18/9 
Subminiature (0-1W) 10d. 7/1 14/7 
ELECTROLYTIC CAPACITORS ( Mullard.) -10% to +50 %. 
Subminiature (all values in (.eF) 

33 64 125 250 

1110 off 
66/e 
46/8 

400 
6.4V .. .. 8.4 25 50 100 200 320 
10V 4 
16V .. .. 2.5 
25V 

16 
10 
6.4 

32 
20 
12.5 

64 
40 
25 

125 
80 
50 

200 
125 

80 
40V 1 4 8 16 32 50 
84V .. .. 0.6 2.5 5 10 20 32 
Price 1/4 1/3 I/2 1/- I/I 1/2 
Small (all values In 0.F) 
4V .. .. .. 800 1.250 2.000 3.200 
6.4V .. .. 640 1.000 1,600 2,500 
10V .. .. 400 640 1,000 1.600 
16V .. .. 250 400 640 1.000 
25V .. .. 160 250 400 640 
40V .. .. 100 160 250 400 
64V .. .. 64 100 160 250 
Price I/6 2/- 2/6 3/- 
POLYESTER CAPACITORS (Mullard) 
Tubular 10%. 160V:0.01,0015, 00220F, 7d.0.033.0047 µF. 8d. 0168, 0.1 0.F. 941. 
0.15 µF, I ld. 0-22 µF, 1/-. 0 33 µF. 1/3. 0-47 µF, 1/6. 0-68 µF, 2/3. 1 µF.2/8. 
400V: 1,000, 1.500, 2,200, 3.300. 4.7000F, 6d. 6.8000F, 001, 0015. 0122 5F, 7d. 
0033 µF', 8d. 0 047 µF, 9d. 0-068. 0.1 µF, lid. 0.15 µF, 1/2. 0.22 µF. 1/6.0.33 ELF. 
2/3. 1h47 µF. 2/8. 
SEMICONDUCTORS: 0,35. OAK. I/9. 0C44. 0C45, 0071. 0081. OC81D, OC82D, 
2/-. 0(10, 0072, 2/3. AC107. 0075, 0C170, 0C171. 2/6. AF115. AF116. AF117. 
ACY19, ACY21. 3/3. 0C140. 4/3. 0C200, 5/-. 0C139, 5/3. 0C25. 7/-. 0C35, 8/-. 
OC'23. oc28.8/3. 
SILICON RECTIFIERS (01A): 170 P.I.V.. 2/9. 400 P.I.V., 3/-. 800 P.I.V., 3/3. 
1.250 P.I.V., 3/9. 1.500 P.I.V., 4/-. (6A): 200 P.I.V., 3/-.. 400 P.I.V., 4/-. 600 P.I.V.. 
5/-. 800 P.I.V., 6/-. 
PRINTED CIRCUIT BOARD (Vero). 
0.15in. Matrix : S11n. x 2i in., 3/3. 5iln. x 211n..3/I I. 331n. x 311n., 3/11. 51n. x Min.. S/6. 
0.1 Matrix: S11n. x 21in., 4/-. 51n. x 211n., 4/6. 311n. x 3i in.. 4/6. 61n. x Min.. 5/3. 

SEND S.A.E. FOR 1969 CATALOGUE 

DUXFORD ELECTRONICS 
97/97A MILL ROAD, CAMBRIDGE 

Telephone: CAMBRIDGE (0223) 63687 
(Visit us at our new Mail Order, Wholesale and Retail Premises) 
MINIMUM ORDER VALUE Si- C.W.O. Post and Packing 1/6 

1 IRE I Livingston 
ELECTRONIC I Hire 
TEST GEAR 01-2670414 - calibrated and ready to plug in 

www.americanradiohistory.com

www.americanradiohistory.com


ELECTRONICS from PROOPS 
New Science Projects combine fascination of Optics with Electronics. 

INFRA -RED TRANSMITTERS 
& RECEIVERS 

INFRA -RED PHOTO RECEIVER - MSP3 
Ultra sensitive detector /amplifier for infra -red (Gallium Arsenide) or visible light optical links 
reception. Spectral response 9500 A. Robust, cylindrical package is coaxial with incident light to 
facilitate optical alignment and heat sinking. 

85/- post free 

MAX RATINGS 
Total dissipation (in free au, T,me 25'C.) 100mW. Derating Factor.... 2mWi'C. 
Output Current Intensify. 100mA. Voltage 25V. Operating Temperature .. from 
-30' to 125'C. 
Supplied complete with suitable lenses, full Technical Data and Application Sheets, 
including Line of Sight Speech Link. 

Unique devices in a brand new electronic field that can be exploited in a wide range 
of applications. Min,aturized construction and solid state circuit design is combined 
with outstanding modulation and switching capabilities to provide infinite possibili- 
ties as short distance speech and data links, remote relay controls. safety devices, . 

burglar alarms, batch counters, level detectors. etc.. etc. 

GALLIUM ARSENIDE LIGHT SOURCE -MGA 100 
Filamentless, infra -red emitter in a robust. sealed cylinder coaxial with beam to facilitate optical 
alignment and heat sinking. 

35Ipost free 

MAX RATINGS 
Forward current IF max. D.C.... .. 400mA. Forward peak current IF max,' (Pk) 6A 
Power dissipation'......... 600mW. Deleting factor for Tcaro greater than 25'C . .. 7.5mW /'C 
Reverse voltage Vq max 1 -0V. 

When mounted on an aluminium heat sink 1 in. x }in. x lin. 
Supplied complete with suitable lenses, full Technical Data and Application Sheets. 
including Line of Sight Speech Link. 

PHOTOCONDUCTIVE CELLS FIBRE OPTICS 

CADMIUM SULPHIDE CELLS (Cds) 
Inexpensive light sensitive resistors which require only simple circuitry to work as 
light triggering units in a wide range of devices, such as: flashing or breakdown 
lights, exposure meters. brightness controls, automatic porch lights. etc. Not polarity 
conscious -- use with A.C. or D.C. Spectral response covers whole visible light range. 

M KY101 -C 
Epoxy sealed. Ñ in. diem. x j in. thick. Resistance at 100 Lux - 500 to 
2,300 ohms, Maximum voltage 150 A.C. or D.C. Maximum current 
150 mW. 10/6 post free 

MKY71 
Gass sealed with M.E S. base. Glass envelope tsi in diam.. overall 
length 1 m. Resistance at 100 Lux - 50 Kohms to 150 Kohms. Maximum 
voltage 150 A.C. or D.C. Maximum current 76 mW. 8/6 post free 

Highly flexible light guides that transmit light to inaccessible places as easily as 
electricity is conducted by copper wires. Fibre optics make it possible to control, 
miniaturize, split. reflect or transfer light from one source to many places at once 
and to operate photo devices. logic circuits. or ii luminate in ways never before pos- 
sible. Proops offer both glass fibre optics or inexpensive Crofon plastic fibres for 
hundreds of experiments or serious applications in a fascinating new science. 

Selenium cells in which light energy is converted into electricity directly measurable 
on microammeter or used with amplifier as light trigger for alarm and counting 
devices, luminous fluxmeters. exposure meters. colorimeters. etc.. Spectral response 
covers visible light range. 

Type 1 -1; e 1 in Output 1 mA at 06 volts at 1,000 
Lux 5/- post free 

Type 3-loo x 50 mm. Output 4 mA at 0.6 volt at 1,000 
Lux 22/6 post free 

R /CB I R /C4 R /C2 

Compact assemblies of reed switches and operating coils that permit the design of an infinite variety 
of multiple switch circuits in an extremely small space. They eliminate the bulk and open contact 
disadvantage of electro- mechanical relays hermetically sealed contact isolation ensures longlife 
reliability. Small enough to combine with solid -state components on printed circuit boards. Ideal for 
switching matrices, binary kits. control systems, etc These were removed intact from highly ex- 
pensive computer mechanisms and are guaranteed to be in perfect working order. Each capsule 
cónsists of a rare -metal screened. 24 volt DC operating coil on a nylon former with one detachable 
end for the removal and replacement of reed switches 

Types available 
R /C2 Two reed switches, contacts normally open. Size overall 1 j x x in 5 - post free 
R /C4 Four reed switches, contacts normally open Size overall 1 j x j e j in 10 - post free 
R /C8 Six reed switches, 4 contacts normally open, 2 normally closed.lSize overall -. 1 4 x 1 j x j in 

15 - post free 
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PROOPS 

KIT 1 £16 Post free 
Contains 1 5 mm. x 24 in., 3 mm. x 18 in , and 
6 mm. x 12 in. light guides, plus 24 in long x 

2 exit component for punched card or coding 
applications. Also battery operated light 
source. 2 -way 'Y' adaptor with non- random 
separation. and 3 mm /3 mm and 3 mm i 
1 5 mm. connectors. 

RANK TAYLOR -HOBSON 
ENGINEERS KITS 

Basic fibre optic components that demonstrate 
new ways of employing light in serious appli. 
cahors Two kits are available each contains 
high -grade glass -fibre light guides consisting 
of thousands of fibres tightly bundled in 
flexible sheaths with ferruled optically polish 
ed ends, together with connecting and light 
source components Each is supplied complete 
with Gard wallets containing technical and 
application data 

ss 
KIT 2 £28 Post Free 
Contains 3 mm x 18 in. , 6 mm x 12 in light 
guides 1 5 mm 'Y' guide with two 12 in long 
tads. 24 in. long 12 exit component for coding 
or punched card applications. 24 in lengths of 
Crofon 64 filament and monohlament plastic 
light guide. Also, coherent solids consisting of 
25 mm diem field flattening lens. 6 mm x 
12 in image conduit with polished ends, 
4 mm x 25 mm image mvertor. Complete with 
2 -way adaptor. fibre optic torch and batteries. 
3 mm /3 mm and 3 mm . /1 5 mm connectors 

Special offer of IMAGE FIBRESCOPES £5 Post Free 

Between 50,000 and 60,000 coherently arranged. 15 micron glass fibres that provide 
(with appropriate optics) perfect visual inspection into otherwise inaccessible areas. 
Originally made by Rank Taylor- Hobson for use it industrial and medical fibrescopes 
at £72 each, these have slight, superficially imperceptible faults and are assembled in 
transparent, lay -flat tubing instead of opaque. flexible conduit. as usual. Ends are 
ground. polished and metal capped. Absolutely ideal for demonstration in Schools and 
Technical Colleges and for many other applications that require highly sophisticated 
means of access to enclosed, difficult to get at places. Length overall: 3 ft. Cross 
sectional area : 3 . 3 mm. Resolution 10 LP mm. tc 20 LP mm. 

LOW COST CROFON FLEXIBLE LIGHT GUIDES 
Newly developed plastic light transmitting media by 
Dupont. which can be used for both serious protects and 
inexpensive prototype work Ends can be ground flat, 
dyed or capped with epoxy resin. Temperature range 
- -40' to + 170'F No loss of light through bending 
12 page Data and Applications booklet supplied 
free with each order. Types available: 
Multi- strand- 64 special plastic fibres. Monofilament- single 0040' plastic fibre 
tightly bundled together in a tough, flexible which is specially useful for light indication ir 
conduit. 8/6 per foot. Minimum order confined spaces. 4/- per foot. Minimum 
two feet, 17/- p & p 1/6 order three feet. 12/- p R. p 1/. 

RCA TRIAC - CA40432 45/- post free 
Suitable for light dimming and motor control circuits 
Gate -controlled, full -wave, A C. silicon switch with integral trigger that blocks 
or conducts instantly by applying reverse polarity voltage. Suitable for A.C. 
operation up to 250 volts. controls currents up to 1440 watts. Size only j in. 
diary x in. high Complete with heat sink. data and applications 
information. 

Proops Bros. Ltd., 52 Tottenham Court Road, London WIP OBA 
Telephone: 01 -580 0141 
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KING OF THE PAKS Unequalled Value and Quality 

SUPER PAKS 
NEW BI -PAK UNTESTED 

SEMICONDUCTORS 

Satisfaction GUARANTEED In Every Pak, or money hack. 

Pak No. 
Ul 120 Glass Bub -min. General Purpose Germanium Diodes 101_ 
U2 60 Mixed Germanium Transieton AF /RF 10 /- 
03 75 Germanium Gold Bonded Diodes elm. 0A5. 0A47 10 /- 
U4 40 Germanium Transistors like OC81. ACI28 10 /- 
U5 60 200mA Sub -min. SS. Diodes 101- 
ÚB 40 Silicon Planar Transistor. N PN elm. BSY95A, 2N706 10 /- 
U7 16 Silicon Rectifiers Top-Hat 750mA up to 1,000V 10 /- 
5/8 50 811. Planar Diodes 250mA OA/200/202 101 - 
U9 20 Mixed Volte 1 watt Zener Diodes 10 /- 
Ull 30 PNP Silicon Planar Traneieton TO -5 Sim. 2N1132 10 /- 
U12 12 Silicon Rectifier, EPDXY 5Y126/127 
!13 30 PNP -NPN 811. Transistors 00200 a 28104 10 /- 
114 150 Mixed Silicon and Germanium Diodes 10í- 
U15 30 NPN Silicon Planar Transistors TO -5 Mm. 2N697... 10/- 
U16 0 3 -Amp Bllicon Rectifiers Stud Type up to 10151 PI V 10/- 
U17 30 Germanium PNP AF Transistors TO -5 like ACY 17 =22- 10/ 
Ul8 8 6 -Amp Silicon Rectifiers BYZI3 Type up to 600 PIS 10 /- 
U19 30 Bllicon NPN Tranoietoro like RCI08 10/- 
U_20 12 L3 -amp Silicon Rectifiers Top -Hat up to 1,010 PIV 10 /- 
U_ 21 30 A.F. Germanium alloy Trami,tor, 26300 Berle, A 0071 10/- 
U22 10 I -amp Ulaee Min. SUlnm Rectifiers High Volte 101 - 
U23 30 Madt's like MAT Series PNP Transistore 10 /- 
1J24 20 Germanium I -amp Rectifier. UJM up to 300 PIV 10/- 
V25 25 300Mc /s NPN Silicon Translators 2E700, B8Y27 10/- 
1326 30 Feet Switching Silicon Diodes Ilke IN914 Micro-min 10í- 
U28 Experimeoteri Assortment of Integrated Circuits, untested 

Gates. FIlDFlop.. Register.. etc., 8 Assorted Pieces 20 /- 
U29 0 1 amp SCR'. TO.5 can up to 600 PIV CRRI /25- 6181 201 - 
U30 15 Plaetic Silicon Planar trans. NPN 2N2924- 2N2926... 10í- 
U31 20 Bil. Planar NPN trans- low noise Amp 2N3707 ] -0 /- 
U3.2 25 Zener diodes 400mW D07 case mixed Volta. 3.18 10/- 
U33 15 Plastic case I amp Silicon rectifiers 1N4000 series 10 /- 
U34 30 Sil. PNP alloy tone- TO.S BCY26, 2834r2/4 10 /- 
U35 25 Sil. Planar trans. PSP TO -18 2N2906 10 /- 
U36 25 Sil. Planar NPN trias. TO.5 BFY5O /51/52 101 - 
U37 30 sil. alloy trans. 80.2 PNP. 00.200 283.22 10 /- 
U38 20 Fast Switching 611. tone. NPN, 400Me /s 253011 10 /- 
U39 30 RF Germ. PNP tram. 2NI:o3/5 TO -5 10 /- 
U 40 10 Dual trace. 6 lead TO -5 2521180 10 /- 
U41 30 RF Germ. tram. TO -I 0C45 NKT72 
U42 10 VHF tien. PNP tram. TO -1 NKT807 AF117 

10 /- 
101- 

Code Nos mentioned above are given ae guide to the type of device in 
the l'ak. Th, .1( wer the ., ex are normally unmarked. 

BI»PAI(sE#1coNnucrans 
TESTED SCR'S 

1'I t' 1 A 7A 18.1 341A 

5o 7/6 
7/8 

/ 10/6 35 /- 1110 816 10/- 15/- 45/- 
200 12/6 15/- 20/- 55/- 
3o0 15/- 20 /- 25/- - 
400 17/6 25/- 35/- 80 /- 
500 301- 40/- 45/- 95/- 
600 - 40/- 50/- - 
SIL RECTS TESTED 
I I% 50mA 3A 10A 30A 

50 1/- 2/9 4/3 9/8 
1101/3 3/3 4/615/- 
200 1/9 4/- 4/9 20 /- 
300 2/3 416 6/6 22 /- 
400 2/8 5/8 7/6 26 /- 
500 3/- 6/- 8/8 30/- 
600 3/3 6/9 9/- 37/- 
800 3/8 7/6 11/- 40/- 

11)00 5/- 9/3 12/8 50 /- 
1200 6/6 11/8 15/- - 
FULL RANGE OF ZENER 
DIODES 
VOLTAGE RANGE 2 -18V. 
400tnV(D0 - -7 Case) 2.,6 ea. 
1.5W (Top -Hat) .. 3;6 ea. 
10W (80.10 Stud).. 5/- ea. 
All fully tested 2% toi- and 
narked. State voltage 

BRAND NEW TEXAS 
GERM. TRANSISTORS 
Coded and Guaranteed 
l'ak No. EQVT 
TI 20371A 0(71 
T2 20374 0(775 
T3 203744A OCSID 
T4 2(1381A 0(281 
T5 20382T OC82 
1.6 20344A 0(244 
17 20345A 0C45 
T8 20378 0078 
T9 20399A 251302 
TIO 20417 AF117 

All 101- each PAK 

252060 NPN SIL. DUAL 
TRANS. a'o I ,1: 1)1699 
'IT. \ t'. Our Deice 5 - ea. 

120 VCB NIXIE DRIVER 
TRANSISTOR. Bon. RS X21 
R 04117. 251893 FULLY 
TESTED AND CODED 
51)120. 1-24 3/6 each. 
To -5 N.P.N. 25 op 3l- M. 

OTHER MONOLITHIC 
DEVICES 

B1'4.24. Zen, voltage switch. 
8/6 each. 

This device le a monolithic 
I.C. that nets a combined 
threshold detector and 
trigger circuit for control- 
!mg n triac. It Is deeigned 

Hulse the gate of a 
rstar at the point of 

supply and 
rc eliminate radio 

i t)ency interference 
, used with resistive 

1,1 Silicon Unilateral 
itch 10/- each. 

Silicon Planar, tuono- 
integrated circuit 

. ) g thyristor electrical 
, bamcteriitice, but with an 

"oele gate and a built -in 
Zener" diode between 
gate and cathode. Full 
data end application ch.- 
mite available on requret. 

CA3020 RCA .U.S.A.1 
LINEAR INTEGRATED 

CIRCUITS 
Audio Power Amplifier, 

30/- sieh. 

FREE 
One 10/- Pack of your 
own choice free with 
orders valued 44 or 
over. 

PLEASE NOTE. To ovoid 
anyhurther inn reamed Postal 
Charges to our Customers 
and enable um to keep our 

By Return Postal Service" 
which is second to none, we 
have reorganized and 
streamlined cur Despatch 
Order Department and we 
now request you to send all 
your orders together with 
your remittance. direct to 
our Warehouse and 
Despatch Depart meat, 
postal address: BI -PAK 
SEMICONDUCTORS, Des- 
patch Dept., P.O. Box 6. 
WARE, HERTS. Postage 
and pocking still 1/- per 
onler. Minimum order 1111 -, 

INTEGRATED CIRCUIT 
AMPLIFIER AS USED 

IN P,E.' PROJECTS 
Identical eneapeulation and 
pin configuration to the 
following: 81,402-3. I U I D 

and íC403. Each circuit 
incorporates a pre-amp and 
class A.N. Power amp stage 
capable of delivering up to 
3 watts RMS. Fully tested 
and guaranteed. Supplied 
complete with circuit details 
and data. 
O1'R LOWEST PRICE 
25e. each. 10 up 21.. each. 

BI-PAK MONOLITHIC 
AMPLIFIERS 
ITO-6 S lead) 

BP709C, Operational amp- 
lifier, 15/- each. 

BP701C, Operatiuml amp- 
lifier (with Zener out- 
put). 12/6 each. 

BP71r2C. Operational amp- 
lifier (with direct out- 
put). 12/6 each. 

BPS)1, Wide band ampll. 
tier. 18/- each. 

BP521, logarithmic wide 
hand amp.. 14/- each. 

BP210C. General purµ,xe 
amplifier (TO -5 8 lea,),. 
)voltage or current amp. i, 

each. 
FAIRCH12/6 ILD (U.S.A.) 
RTUL MICROLOOIC 

INTEGRATED CIRCUITS 
Epoxy case T8-5 lead 
temp. range 15°C. to 55 °C. 
UL80), Buffer, 10/8 each. 
UL914, Dual two -input 

gate. sash. 
ULff23 J- K1016 -Sip -Sop. 14/- 

saeh- 
Complete data and circuits 
for the FairchSd 
available in booklet font) 
priced 1/8- 

MULLARD I-C. 
AMPLIFIERS 

TAA243. Operational amp- 
lifier, 70/- each. 

TAA263, Linear AF anrldi- 
fier, 18/6 sieh. 

TAA293, General purpose 
awplificq 21 /- each. 

BI-PAK GUARANTEE SATISFACTION OR MONEY BACK 

QUALITY- TESTED PAKS 
8 Matched Trans- 0C44/45/81/81D .- 

20 Red Spot AF Trans PNP 10/- 
I,í White Spot RF Trans. PNP 10 /- 
5 Silicon Recta. 3 A 100.400 PIV 10/- 
2 10 A Silicon Recta. 100 PIV 10/- 
2 OCl 140 Tram. NPN Switching - - 10 /- 
112A SCR I00PIV 10 /- 
3 SU. Teen..2S303 PNP 10/- 
4 Zener Diodes 250mW 3-12V 101- 
3 200 Mcls Nil. Trans. NPN BSY26 /27 10 /- 
3 /A fier Diode. 1W 33V 5 °ó Tol 10 /- 
4 High Curren) Tram. 0(242 Eqvt.... 10 /- 
2 Power Translators 1 0026 1 0035 .. 10 /- 
5 Silicon Recta. 400 PIV 250mA 10/- 
4 0075 Translators 10 /- 
1 Power Trans 0020 100V 10 /- 

10 0A202 till. Diodes Sub -aria. 10 /- 
2 Low Noise Tnns. NPN 25929/30 101- 
1 811. Trans. NPN VCB 100 ZT86 .. 10 /- 
8 OA81 Diodes 10 /- 
4 0012 Translator. 10 /- 
4 0077 Translation 10 /- 
4 SU. Recta. 400 P1V 500mA 10 /- 
5 OET884 Tram. Eqvt. 0(244 10 /- 
5 62T883 Trans. Eqvt. 0(245 10 /- 
2 25708 SU. Trans. 300 Mcls. NPN 10 /- 
3 GT31 LP Low Solar Germ Trans 

PNP 10 /- 
6 15914 NU. Diodes 75 PIV 75mA 10 /- 
8 OASIS Germ. Diodes Sub -min. 1569. 10 /- 
3 NPN Germ. Trans. NKT773 Eqvt 

ACI30 10 /- 
2 0022 Power Trans. Germ 10 /- 
2 0025 Power Trans. Germ 101- 
4 AC128 Trans. PNP High Gain 101- 
4 AC127/128 Comp. pair PNP/NPN 10 /- 
3 251307 PNP Switching Trans 10/- 
7 CII62H Germ. Diodes Eqvt. OA71 10 /- 
3 AF116 Type Tram 10' 

12 Assorted Germ. Diares Marked 101- 
4 AC126 Germ. PSI' Trans. 10 /- 
4 Silicon Recta. 100 PIV 750mA 10 /- 
3 AFII7 Trans. 10 /- Tms. 
7 04781 Type Trans. 10/- 
3 00171 Trans. 10/- 
5 2N2926 BU. Epoxy Trans. 10/- 
7 0(371 Type Trans. 101- 
2 28701 8U. Trans. Texas 10 /- 
3 12 Volt Zener& 400mW 10 /- 
2 10 A 600 P1 V SU. Recta. 1845E .. - 10 /- 
3 BC10S SR. NPN High Gain Trans. 10/- 
1 25910 NPN NU. Trans. VCR 10010 /- 
2 1000 PIV SU. Rect. 1.5 A 1153310 AP 10/- 
3 B8Y95A BU. Trans. NPN 200 Mc /e. 10/- 
3 00200 Nil. Trans. 10/- 
2 NU. Power Rech. BYZ13 15/- 
1 Nil. Power Trans. NPN 100me's. 

TK201 A 15 /- 
6 Zener Dialee 3-15V Sub -min. 151- 
1 251132 PNP EpltanW Planar SU 15/- 
3 25697 EpitaoW Planar Trans. SU.. 15 /- 
4 Germ. Power Trans. Eqvt. 0016 15 /- 
1 UM/unction Trans. 252646 151- 
2 80. Trans. 200 Mc /s. 60VeS ZT83 /e1. - 15/- 
1 Tunnel Diode AEY11 1050 Me /s. 15 /- 
2 252712 NU. Epoxy Planar HFE2'25 15/- 
8 BY 100 Type SU. Recta 201- 

25 NU- and Germ. Trans. Mixed, W 
marked New 30 /- 

NO EXCUSES! NO DELAYS! FROM STOCK! 

I AMP. 

INPUT 230 v. A.C. 50!60 
OUTPUT VARIABLE 0 260 v. A.C. 

BRAND NEW. Keenest prices in 
the country. All Types (and spares) 
from } to 50 amp. available from stock. 

0 -260 v. at I amp. .... L5 IO 
0 -260 v. at 2 5 amps. .. E6 IS 
0-260 v. at 5 amps..... C9 15 

0-260 v. at 8 amps..... £I4 IO 
0-260 v. at 10 amps.... CI8 10 

0-260 v. at 12 amps.... £2I 0 

0 -260 v. at 15 amps.... £25 0 
0 -260 v. at 20 amps.... £37 0 
0 -260 v. at 37.5 amps. . £72 0 
0 -260 v. at 50 amps.... L92 0 

20 DIFFERENT TYPES AVAILABLE 
FOR IMMEDIATE DELIVERY. 

OPEN TYPES 
Designed for Panel 

Mounting. 
Input 230 v. A.C. 50 60 

Output variable. 
0 -260 v. 

} amp £3 IO 0 

I amp... L5 10 0 

2} amp £6 12 6 
P. & P. 7/6 

I AMP. 1 AMP. 

VAN DE GRAAF 

ELECTROSTATIC 

. 

GENERATOR 
fitted with 
motor drive 
for 230 v. 
A.C. giving 
a potential 

of approx. 50,000 volts. 
Supplied absolutely com- 
plete including acces- 
sories for carrying out a 

number of interesting 
experiments, and full 
instructions. This instru- 
ment is completely safe. 
and ideally suited for 
School demonstrations. 
Price 0,7 -, plus 4'- 
P. & P. L't. on req. 

Double Wound 
Variable 
Transformers 
Fully isolated, low tension Secon- 
dary winding. Input 230 v. A.C. 
OUTPUT CONTINUOUSLY 
VARIABLE 0 -36 v. A.C. 
0 -36 v. at 5 amp. £9.12.6 - 

p. &p.86 
0 -36 v. at 20 amp. £21.0.0 - 

15 -p, &c. 
These fully shrouded Transfor- 
mers, designed to our specifica- 
tions, are ideally suited for Educa- 
tional, Industrial and Laboratory 
use. 

CONSTANT 

VOLTAGE 

TRANSFORMER 

Input 
185 -250 
v. A.C. 
Output 
constant 
at 230 v. AC. Capacity 
250 watt. Attractive 
metal case. Fitted red 
signal lamp. Rubber 
feet. Weight 17lbs. 
Price LI I /I0, -, P. & P. 
0 / -. 

INSULATION 
TESTERS (NEW) 

Test to I.E.E. 
Spec. Rugged 

tal con- struction, 
suitable for 
bench or 

- f, work, constant 
speed d clutch. 

., re L. Sin., 
W. 4,n., H. 

r 6,n. Weight 
61b. 

500 VOLTS, 500 me¢ohms. 
Price £28 carria¢e paid. 

1,000 VOLT5,1,000megohms, 
£34 carriate paid. 

LATEST TYPE SOLID STATE 
VARIABLE CONTROLLER 
Ideal for lighting and heating cir- 
cuits,compact panel mounting. Built 
in fuse protection. CONTINUOUS- 
LY VARIABLE. 
Input 230v AC output 25 -230v AC 
5 amp model 18. 7. 6 

10 amp model i 1 3. S. 0 

SPEEDIVAC HIGH VOLTAGE 

HIGH FREQUENCY GENERATOR 
Input 100 110 volts or 200 250 volts AC DC 
Output 19KV variable. Ideal for testing insu- 
lation, vacuum, leakage path, gas discharge 
lamps, neon etc. A useful ozone and HF supply. 
Manufactured by Edwards High Vacuum Ltd. 
Brand new in maker's polished wooden carrying 
case. Offered at fraction of maker's price. 
[10.0.0 plus 7/6 p. & p. 

ti 
4 

5Amp.ACIDC 
VARIABLE 
VOLTAGE 

OUTPUT UNIT 
Input 230 v. A.C. 
Output 0 -260 v. A.C. 
Output 0 -240 v. D.C. 
Fitted large scale am- 
meter and voltmeter. 
Neon indicator. fully 
fused. Strong attrac- 
tive metal cue 15in. x 
81 in. x 6in. Weight 24 
lb. Infinitely variable. 
smooth stepless voltage 
variation over range. 
Price [38 plus 30 - p. & c. 
Similar in appearance 
to illustration below. 

36 volt30 amp. A.C. or D.C. 

Variable L.T. Supply Unit 
INPUT . 
220240 v. A.C. 
OUTPUT 
CONTINUOUSLY 
VARIABLE 0 -36 v. 

Fully isolated. Fitted in robust 
metal case with Voltmeter, Am- 
meter, Panel Indicator and chrome 
handles. Input and Output fully 
fused. Ideally suited for Lab. or 
Industrial use. iSS plus 40 - p. & c. 

SERVICE TRADING COMPANY - 
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SERVICE TRADING CO 
LIGHT SENSITIVE SWITCHES 

Kit of parts including ORP.12 Cadmium 
Sulphide Photocell. Relay Transistor and 
Circuit. Now supplied with new Siemens 
High Speed Relay for 6 or 12 volt oper- 
ations. Price 25/ -, plus 2/6 P. & P. 
ORP. 12 and Circuit 10/6 post paid. 

220 %240 A.C. MAINS MODEL 
incorporates mains transformer rectifier and special 
relay with 2 X S amp. mains c/o contacts. Price inc. 
circuit 47/6, plus 2/6 P. & P. 

LIGHT SOURCE AND PHOTO CELL 
MOUNTING 

3 Precision 
adjustable 

light and 
with adjustable lens assembly and , 
ventilated lamp housing to take 
MBC bulb. Separate photo cell mounting assembly for 
ORP.12 or similar cell with optic window. Both units 
are single hole fixing. Price per pair L2 /IS /0 plus 3/6 
P.& P. 

PRECISION INTERVAL TIMER 
From 0.30 seconds (repetitive). Jewelled 
balanced movement. Lever re -set. 
Operates 230 v. A.C. 5 amp. c/o micro- 
switch. Ex. equipment; tested. 17/6, plus 
2/6 P. & P 

A.C. CONTACTOR 
2 make and 2 break (or 2 c /o) 15 amp. 
contacts. 230/240 v. A.C. operation. 
Brand new. 22/6 plus 1/- P. & P. 

Postage and Curiate shown 
below are inland only. For 
Overseas please ask for 
quotation. We do not 
issue a catalogue or ILL. 

LARGE DIGIT 12 -18v. D.C. 
MAGNETIC COUNTER 
4in. drum, calibrated 0-9. Figures I {in. 
high sin. wide. Set of Im, Ib, Ic /o 
contacts operated by drum cam. The 
units which can be used in multiples are 
ideally suited for batch or lap record- 
ing or for the many purposes where 
large easily read numerals are required. 
Price 18/6, P. & P. 2/6. 

VEEDER ROOT COUNTER 
230 v. A.C. SO cycle 5 figure counter 
(non resemble). 18/6, P. & P. 1/6. 

MI II 

SEMI -AUTOMATIC "BUG" SUPER SPEED 
MORSE KEY - 

7 adjustments, precision tooled, Itr1 
speed adjustable 10 w.p.m. to as 
high u desired. Weight 24Ib. L4/12/6 post paid. 

DRY REED SWITCHES 
2 x lamp Dry Reeds (makes contacts) mounted in 870 
ohm 9 -I8v coil. Size Sin. x 3 }jn. x tin. New. Price 
8/6 per pair. Post Pak. 
6 of the above mentioned units (I2 Reeds, 6 coils) fitted in 
metal box. Size 4in. x 31in. x I }in. Mfg. by Elliott Bros. 
New 45/- each. Post Paid. 

Telephone Dials (New) 14,6d. Post Paid. 

\ l 34R SILICON SOLAR CELL ¡_ ` 4 X .5 volt unit series con- 
nected, output up to 2 v. 
at 20 mA. in sunlight, 

¡ 30 times the efficiency of 
selenium. As used in power 

Earth Satellites, 45/ -, F. & P. I /6d. 

AUTO TRANSFORMERS. Step up, step down. 
I10- 200 -220 -240 v. Fully shrouded. New. 300 watt 
type E3/10/- each. P. & P. 4/6. 500 watt type /4/12/6 each, 
P. & P. 6/6. 1,000 watt type E5 /15 /- each, P. á P. 7/6. 

RING TRANSFORMER 
Functional Versatile Educational 

This multi- purpose Auto Transformer with 
large centre aperture, can be used as a Double 
wound current Transformer, Auto Transformer, 
H.T. or L.T. Transformer, by simply hand wind- 
ing the required number of through the opening. 
E.g. Using the RT.100 V.A. Model the output could be wound 
to give 8V. w 121x.. 4V. 4 25a., 2V. 4 50a., etc. 
Price: RT.IOOVA 3.18 turns per volt, 12 S 0 +3/6 p. and p. 

RT.300VA 2.27 turns per volt. N 4 0 +5!6 p. and p. 
RT. I KVA 1.82 turns per volt, [6 10 0+6 6 p. and p. 

DEMONSTRATION TRANSFORMER 
(STENZYL TYPE) 
Two removable coils are 
tapped at 0, 110, 220 volts, 
and 6. 12, 36 volts respec- 
tively. A composite appar- 
atus designed for class demon- 
stration. Electro magnetic 
induction, jumping ring, 
induction lamp, relationship 
between field intensity and 
ampere turns, induction 
melting. are just a few of the possible experiments. New 
modified model. 114 /10 / -. P. & P. 10/ , 

L.T. TRANSFORMERS 
All primaries 220 -240 volts. 
Type No. Sec. Taps Price 
I 30, 32, 34, 36 v. at S amps. E4 5 
2 30, 40, 50 v. at S amps. L6 S 
3 10, 17, 18 v. at 10 amps. L4 10 
4 6, 12 v. at 20 amps. LS 17 
5 17, 18, 20 v. at 20 amps. E6 12 
6 6, 12, 20 v. at 20 amps. E7 5 
7 24 v. at 10 amps L4 15 
8 4. 6, 24. 32 v. at 12 amps. L6 10 

Carr. 
O 6/- 
O 6/6 
O 4/6 
6 6/6 
6 6/6 
O 7/6 
O 5/6 
O 6/6 

CONDENSERS 
New at a fraction of maker's price. 
2,500 mfd. 100 v... 12/6 4,000 mfd. 25 v... 10 /- 
10,000 mfd. 35 v... 15 /- 4,000 mfd. 50 v... 15 /- 

(NEW) Ceramic construction, wind- 
ing embedded in Vitreous 

Enamel, heavy duty brush assembly designed 
for continuous duty. AVAILABLE FROM 
STOCK IN THE FOLLOWING II VALUES : 

100 WATT I ohm 10a., S ohm 4.7a., 10 ohm 3a., 
2S ohm 2a., SO ohm I.4a., 100 ohm la., 250 ohm 
7a., S00 ohm 45a., 1k ohm 280mA., Ilk ohm 
230mA., 21k ohm la., 5k ohm 140mA., Diameter 
3 4in. Shaft length }in. dia. Alin., 27/6. P. & P. 1/6. 
50 WATT 1/5/10/25/50/100 /250 /500 /IK /I-5K /2SK/ 
5K ohm. All at 21/ -, P. á P. 1/6. 
25 WATT 10/25/50/100/250/500/IK/I 5K/2-5K ohm. 
All at 14/6, P. & P. 1/6. 
Black Silver Skirted knob calibrated in Nos. I -9. I) 
in. dia. brass bush. Ideal for above Rheostats, 3/6 each. 

STROBE! STROBE! STROBE! 
THREE EASY TO BUILD KITS USING XENON WHITE 
LIGHT FLASH TUBES. SOLID STATE TIMING + TRIGGERING CIRCUITS. PROVISION FOR EX- 

A, 

TERNAL TRIGGERING. 230.250v. A.C. OPERATION. * 
The Strobe is one of the most useful and interesting * 
instruments in the laboratory or workshop. It is * invaluable for the study of ovement and checking 
of speeds. Many uses can be found in the psychiatric 
and photographic fields, also in the entertainment * business. It is used great deal in the motor industry 
and is a real tool as well as an interesting scientific * 
device. * 
EXPERIMENTERS "ECONOMY" KIT 
I to 36 Flash per sec. All electronic components 
including Veroboard S.C.R. Unijunction Xenon Tube 
+ instructions £5.5.0 plus SI- P. á P. 
NEW INDUSTRIAL KIT * Ideally suitable for schoos, laboratories etc. Roller * 
stn printed circuit. New [rigger coil, plastic thyristor * 1-80 f.p.s. Price 9 tn.. 716 P. & P. * HY -LYGHT STROBE * * This strobe has been designed for use In large * rooms, halls and the photographic field. It has 4 times * * the light output at 30 f.p.s. and utilizes a silica * tube for longer life expectancy, printed circuit for easy * assembly, also a ge cl d output capacitor. * 
Lieht output approx 

special 
4 jtri oules. 

r 
Prioiva 

an£I0.17.6. * 
7 -INCH POLISHED REFLECTOR. Ideally suited * * for above Strobe Kits. Price 10;6 & 2/6 p. & p. or * * post paid with kits. * 

* * * * * * * * * * * * * * * * * * * * * * * * * ** 
PARVALUX TYPE SD1 9 230250 VOLT 
AC REVERSIBLE 
GEARED MOTORS 
30 r.p.m. 40 Ib. ins. Position of 
drive spindle adjustable to 3 
different angles. Mounted on sub- 
stantial cast aluminium base. Ex- 
equipment. Tested and in first - 
class running order. A really 
powerful motor offered at a 
fraction of maker's price. 6 ins. P. & P. 10 / -. 

BODINE TYPE N.C.1 
GEARED MOTOR 
(Type I) 71 r.p.m. torque 10 lb. in. 
Reversible I /70th h.p. 50 cycle .38 amp. 
(Type 2) 28 r.p.m. torque 20 Ib. in 
reversible I /80th h.p. 50 cycle .28 amp. 
The above two precision made U.S.A. motors ara 
offered in 'as new' condition. Input voltage of motor 
IISv A.C. Supplied complete with transformer for 
230/240v A.C. input 
Price, either type L2.17.6 plus 6!6 P. & P. or less trans- 
former 42.2.6 plus 4/6. P. & P. 
These motors are ideal for rotating aerials, drawing 
curtains, display stands, vending machines etc. etc. 

230 v. GEARED MOTOR 
(as illustrated) 
6 R.P.M. or 10 R.P.M. 
230 v. A.C. non -reversible, approx. 
I.71b.in. Price 45¡ -, plus 3/6 P. & P. 

MINIATURE UNISELECTOR 
3 banks of II positions, plus 
homing bank. 40 ohm coil. 
24-36 v. D.C. operation. Carefully 
removed from equipment and 
tested. 22/6, plus 2/6 P. & P. 

UNISELECTOR SWITCHES NEW 
4 BANK 25 WAY FULL WIPER 
25 ohm coil, 24 v. D.C. operation. 
L5.17,6, plus 2/6 P. & P. 

6 BANK 25 WAY FULL WIPER 
25 ohm coil, 24 v. D.C. operation. 
[6.10.0, plus 2/6 P. & P. 

8 -BANK 25 -WAY FULL 
WIPER 
24 v. D.C. operation, L7 /1216. plus 4/- P. & P. 

RELAYS 
BULK PURCHASE ENABLES US TO OFFER THE 
FOLLOVIING NEW SIEMENS PLESSEY etc. 
MINIATURE RELAYS AT A HIGHLY COMPETITIVE 

PRICE 
COIL 

O 

WORKING 
D.C. VOLT CONTACTS PRICE 

170 9 -12 4 c/o H.D. 14'6 
170 9 -12 3 c/o + 1 H.D. c/o 12'6 
280 6 -12 2 c/o incl. base 14'6 
700 12 -24 2 c/o incl. base 12 6 
700 16-24 4 c/o incl. base 15 6 
700 16-24 4M 2B incl. base 12, 6 

1250 20-40 2 c/o H.D. incl. base 12/6 
9000 40-70 2 c/o incl. base 10 /- 

H.D. =Heavy Duty POST PAID 

MINIATURE RELAYS 
9 -12 volt D.C. operation. 2 c/o S00 M.A. contacts. 
Size only lin. X { X }in. Price 11/6 Post paid. 

30-36 v. D.C. operation. 2 do 500 M.A. contacts. 
3.200 ohm coil. Size only lx-AX }}in. 8'6 post paid. 

230 VOLT AC RELAYS 
230 volt AC Coil. Three c/o 5 amp. 
contacts, 17,'6 Post Paid. (illustrated) 
LONDEX four c.o 3 amp 
contacts. 186, incl. base. Post Paid. 

A.C. AMMETERS 0- 1,0-S, 0-10, 0-15, 0.20 amp. F.R. 
2 4in. dia. All at 21/- each. 
A.C. VOLTMETERS 0-25 v., 0-SO v., 0 -150 y. M.I 
2 }in. Flush round all at 21/- each. P. & P. extra. 
0-300 v. A.C. Rect. M -Coil 21in. 29/- 
0-300 v. A.C. Rect. M -Coil 3(in. Type W23 55 /- 

MULTI 1ANwA TESTERS 
RANGE 

NEW MODEL UD -S0 MULTI 
TESTER, 20,000 O.P.V. MIRROR 
SCALED WITH OVERLOAD PRO- 
TECTION. Ranges: D.C. volts: 100mV., 
0.5 v., 5 v., 250 v., 1,000 v. A.C. volts. 
2.5 v., IO v., 50 v., 250 v., 1,000 v. D.C. current: SIoA. 
0.5 mA., 5 mA., SO mA., 250 mA. Size: SI X 34 X If in. 
Complete with batteries E7.5.0 and test prods. Post paid 

AVO' MODEL 48A 
Ex- Admiralty in good condition with instruc- 
tions, leads, plus D.C. Shunts for 120 Amp and 
480 Amp. A.C. Transformer for 60 Amp. and 
240 Amp. Multiplier for 3600 volt. Complete 
outfit in fitted case. LIS /0/0, P. & P. 10/ -. 

SANGAMO WESTON 
Ex W.D. 
Dual range voltmeter. 0-5 and 0 -100 v. 
D.C. FSD I mA. In carrying case with 
tests prods and leads. 32/6. P. & P. 3/6. 

250 v. A.C. SOLENOID Heavy duty type. Approx. 
31b. pull. 17/6 plus 2/6 P. & P. 12 v. D.C. SOLENOID. 
Approx. Ilb. pull. 10/6. P. & P.I /6. 
SO v. D.C. SOLENOID. Approx. 
Ilb. pull. 10/6, P.& P. 1/6. 
50 v. D.C. SOLENOID. Approx. 
21b. pull. 12/6, P. & P. 1/6. 

NEW MODEL HIGH FREQUENCY 
TRANSISTORISED MORSE OSCILLATOR 
Adjustable tone control. Fitted with moving coil speaker, 
also earpiece for Fersonal monitoring. Complete with 
morse key. 45/- plus 3/6d. p. & p. 

NICKEL CADMIUM BATTERY 
1.2 V. 35 AH. Size 8{ high x 3 x 14. 30/- each, plus 4/- 
P. & P. 
Sintered Cadmium Type 1.2 v. 7AH. Size: height 34 in., 
width 2 in. x l y}in. Weight: approx. 13 on. Ex- R.A.F. 
Tested 12/6. P. & P. 2/6. 

R.C.A. plastic trias 400 PIV 8 amp. Price 8,6. R.C.A. 
Disc for above, price 6i -. Price includes data sheet and circuit. 
G.E. P.U.T., 013, TI, 12, -. Texas F.E.T. 2N3819, 7/6. 
New plastic Thyristor 400 PIV 8 amp. 11/6 incl. data sheet. 

All above prices plus 1/6 P. & P. 

ALL MAIL ORDERS. ALSO CALLERS AT: 

S7 BRIDGMAN ROAD, 
LONDON. W.4. Phone: 99S 1560 t 

Closed Saturdays. 

SERVICE TRADING CO. 
SHOWROOMS NOW OPEN 

AMPLE PARKING 

PERSONAL CALLERS ONLY 

9 LITTLE NEWPORT STREET, 
LONDON, W.C.2. 

Tel.: GER 0576 
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ELECTRONIC 
COMPONENTS 4 

AAI I9 
AAY11 
AAZ12 
AC 107 
AC 126 
AC127 
AC1272 
AC128 
AC151 
ACI76 
AC I87 
ACI88 
ACYl7 
ACYIB 
ACYI9 
ACY2o 
ACY21 
AC Y22 
AC Y30 
ADI40 
ADI49 
AD161 
AD162 
ADTI40 
AF102 
AF106 
AF111 
AFI 15 
AFI16 
AFI I7 
AFI 18 
AF121 
AF124 
AFI26 

21- 
11 

176 
146 

66 :6 
sI 
76 

12 - 
11 - 
59 
36 
4 S 
37 
4 - 

- 
116 u- 

7.6 
4 4 
44 
44 
41 

166 

6 - 
79 

BC137 
BC I3B 
BC142 
BCI13 
BCI17 
BC 148 
BCI19 
BC154 
BCY10 
BC) 12 
BCY30 
BCY3I 
BCY 32 
ICY)) 
BCYl4 
BCY 38 
BCY39 
BC Y 40 
BC `142 
BCY43 
BCY51 
BCY70 
BCY7I 
BC Y72 
BC Y 87 
BCZII 
BD119 
BDI21 
80123 
BDI2/ 
6E152 
B FI54 
B F159 
B F161 

PRICES FOR 

QUANTITIES IN 

EXCESS OF 100 
PIECES ON 

APPLICATION 

AF127 
AFI 39 
AF181 
AF186 
AF239 
AFZII 
AFZI2 
ASY26 
ASY27 
ASY2B 
ASY29 
ASZ2I 
ATZIO 
AUY10 
AFY19 
BAI10 
BAI11 
BA112 
BAIIS 
BAIl0 
B AY31 
BAY38 
BC107 
BC108 
BC109 
B CI1l 
BC! 14 
13C1 IS 
BC I 16 
ICI Ig 
BC 125 
BC 126 
BCI3/ 
BC I )6 

H6 
16 10 

6 - 

IS - 
8 

19 
1 9 

S; 
7 S 

7 11 

7 11 

86 
11 - 
13 - 
IS - 
17 
33 
47 

11- 
76 
76 
72 
92 

20 5 
4 11 
66 

16 - 
4 - 

174 
41 
118 
4/6 

66 9 
10a 
IS - 
186 
236 
IS - 
13'6 
9 - 
IS - 
9 - 

BYY2S 31 9 
BYY142 39 
BYZIO 9 - 
BYZ12 6- 
BYZ13 S- 
C106F1 9 - 
C111 19- 
CIIIE Il- 
C400 9 - 
C426 a:) 
C444 9a 
CG6E 4 - 
CG63 i - 
CRS3 10AF 11,6 
D13T1 10 - 
EA403 3 6 
EC401 5 - 

48 
36 

16 
E 0383 
GET102 
GET103 
0E7104 
GET105 
0E7114 
GETB75 
0E757) 
GM0290 
GM0378 
GEX45 I 

MAT 100 
MATI01 
MAT120 
MATI21 
ME1103 
M1E520 

s- 
So- 
6 
76 

13 S 
11 - 

s- 
S6 

56 

IS- 

NKT721 
NKT222 
NKT223 
NKT213A 
NKT224 
NKT225 
NKT226 
NKT227 
NKT228 
NKT26I 
NKT270 
NKT27 I 
NKT272 
NKT173 
NKT274 
NKT275 
NKT276 
NKT279A 
NKT2BI 
NKT301 
NKT302 
NKT303 
NKT301 
NKT351 
NKT)52 
NKT402 
NKT40) 
NKT404 
NKT405 
NKT451 
NKT452 
NKT453 
NKT674 
NKT675 

S6 

6- 
36 
16 
36 

10 - 
56 

I3 
36 

S- 

36 
16 

16- 
11 1 
10 1 
9.0 
e.- 
6 

OC26 
OC28 
0C29 
OC35 
0C36 
0C41 
0C42 
0C43 
OC44 
0C45 
OC70 
OC71 
0072 
OC73 
OC7S 
OC76 
OC77 
00810 
OCeI 
OC82 
OC82D 
OCB) 
OCB4 
OC 123 
OC139 
OC140 
OC 169 
0C170 
0C171 
OC200 
OC201 
0C202 
OC203 
0C204 

12 - 
11 - 
IS - 
96 

13 - 
:6 

4 

3 - 
3- 
16 
S- 
16 
93 
3 - 

6- 
4 - 

I N4001 
I N4005 
IN1007 
20302 
2G339A 
2G374 
2G381 
20371 
2037113 
2N174 
2N301 
2N109 
2N217 
2N352 
2N3B6 
2N3B4 
1N385A 
2N388A 
2N370 
2N404 
2N410 
2N456A 
2N/58A 
2N51 IA 
2N5I3A 
2N5148 
2N599 
2N601 
2N657 
2N696 
2N697 
2N698 
2N706 
2N706A 

FIRST GRADE + 

FAST SERVICE 
BF167 
BF173 
B F 78 
6E179 
BFIBO 
B FIBI 
13E184 
BF X13 
IF X29 
BFX44 
BFXB7 
BFY50 
BFYSI 
BFY52 
BFY53 
BSX20 
15X21 
B 5Y27 
B SY9SA 
B TX39 

6001 1101- 
BTX/o/ 

6006 1U/- 
B TY871 

ISOR 11/- 
E17100 
BY125 316 
BYX10 3/- 
17X36/150 2/6 
B YX3613001/10 
87 X36/600 3/8 
117721 U,- 
87723 26 3 

66 
61 

111- 
11- 

7- 
7:6 

4 10 
- 

65 
46 
39 
46 
31 
34 

- 

i4 

MPF 102 
MPF 103 
MPF I04 
MPF105 
MPS3638 
M1480 
M1481 
111491 
NKT121 
NKT122 
N KT 123 
N KT 121 
NKT125 
NKT127 
NKT128 
NKT129 
NKT141 
NKT142 
NKT113 
NKTI44 
NKT152 
NKT161 
NKT162 
NKT167 
NKT164 
NKTI65 
NKT2I I 

NKT2I2 
NKT21) 
KNTiI4 
NKT215 
NKT216 
NKT217 
NKT218 

61- 
21,- 
27- 
U3 

10111 
719 
61 
9.11 
61 
511 
61- 

S,10 
6'11 
S 10 
54 
6- 
34 
58 
Se 
54 
S4 
Se 

6- 
41- 
/1- 

1015 
13 - 

5 

NKT676 S/- 
NKT677 S;- 
NKT70) e:- 
NKT71) 7,6 
NKT773 61- 
NKT774 54 
NKT001) 12/6 
NKTI0419 11- 
NKT10519 11 6 
NKTI0339 10:3 
N KT 10429 I I 3 
NKT20329 11 6 
N KT 16129 11/- 
OAS 3:i 
OA10 
0A47 
0A70 
OA73 
OA79 
OA81 
OA85 
OA90 
OA91 
OA95 
OA200 
OA202 
OA110 
0A211 
OC I9 
OC20 
0C22 
OC2) 
0C24 
O' 25 

6 
6 

6 

6 

6 
2:- 

51- 
33i- 
1711- 
1S/- 
10- 
69 

OC205 9 - 
OC206 10 6 
0C207 76 
ORP12 9,6 
ORP60 ,- 
ORP61 01- 
ORP6) 9- 
ORP9) 14,- 
OC309 11:- 
P346A 6 - 
RAS310AF 6 - 
RASSOBAF IS - 
SC41D 376 
ST2 9; 
ST110 
5T141 S- 
TI544 1 7 
T1543 6 
U23AAA S'- 
V205 U 
V405A 9 3 
XA102 6- 
XA701 IS'- 
ZE12V7 36 
ZT22 19'- 
ZT86 27 6 
ZT2270 19 6 
IN23A U.- 
IN31A 4- 
1N60 - 
IN61 4 
I N82A 9 6 
N87A 6 

INt9t 5 

2N708 
2N71 I 

2N71IA 
1544 
2N715 
2N716 
2N718 
1N74) 
2N744 
2N75) 
2N863 
2N91 I 

2N914 
2N91B 
2N929 
2N930 
2N1131 
2N1132 
2N1 143 
2N1177 
2N1302 
2N I 30 
2NI304 
2N1305 
2N 1306 
2N 1307 
2N1308 
2N1309 
2NI507 
2N1613 
2NI496 
1N1711 
2612147 
2^12148 

1 
46 
56 

5 

S:- 

3- 
24 

- 
136 

7 6 
IS 

- 
IS- 
IS - 
IS - 
42 

20 - 
33 - 
50 3 Ili S 

192 - 
12- 
5- 

I S 4 
53 
S) 
46 

L- 

2N2160 
2N2218 
2N2743 
2N2369 
2N2369A 
2N2432 
2N2477 
2N2484 
2N2613 
2N2614 
2N2646 
2N2B94 
2N2904A 
2N2924 
2N2925 
2N3036 
2N3053 
2N3054 
2N3055 
2N3394 
2N3525 
2N3702 
2N3703 
2N3704 
2N3705 
2N3706 
2N3707 
2N3708 
2N3709 
2N3710 
2N371 I 

2N3819 
2N3820 
2N3826 

149 
12 - 
23 7 

6 
Se 4 
I - 
1/- 
83 
7 6 

10- 
139 
IS6 

56 
39 2 

- 
IS - 
IS- 
1S - 
36 
3 3 

39 
34 

3 10 

1S 
39 

3 10 

33 

IS 9 
6- 

When enquiring for 
types not listed please 

enclose a 

STAMPED 
ADDRESSED 
ENVELOPE 

1'- 2N3906 7 6 
7 6 1N40)7 IB 
7 6 2N4058 7 9 

1-6 2N42B4 3 

7 6 2N4285 3 

7'6 22N368 6 6 

72 2N4286 3 - 
S - 2N4287 3 - 
5 6 2N4288 3 - 
S:- 2N1291 3 - 

12 - 2N4292 3 - 
7.6 2N4303 IS 

2N1871 60 
1S,- 25002 IS:- 
5;6 25004 23'- 
6'6 25017 IS - 
96 25018 116 
7 6 25020 IS - 

16 1 25024 25 - 
14 - 25034 11 6 
4f6 25102 10 - 
4-6 25104 11 6 
S - 25301 7 7 

S 25302 6 - 

6.6 25304 IS 
6 6 25320 12 6 
9- 2S)22 B 

a'- 25701 10 
Y 25702 11 - 

66 25711 133 
34 6 25712 30.3 

7 6 25733 9'9 
17 40361 13 3 

I 16 40162 16 3 

2N3819 TFETS 13f- 

25 619 100 ; 51 

1444811 
MOTOROLA 
Unijunclion 

6'9 

25 +519 100 +419 

2N3055 IPó ERT 15,- 
25+13'- 100+11'- 

MICRO-LOGIC 
These are new Prices. 

14 7 -II 124 - 
uL900 9/9 9- 8 
uL9I4 919 9- 8 - 

uL923 I3 /- I2,- II - 

Five Page Data and Or- 
cuits article . 2 6 

Larger quantity prices 
(100+ and 1.000 +) on 
application. 
Plastic Spreaders I/6 

BF1BO MULLARD UHF 

AMPLIFIER F- 
25 F4'11 100+4'3 

SILICON RECTIFIERS 

J COMPONENTS --It 
RESISTORS I or I Watt S LOW NOISE CARBON 
FILM. 10. 12, 15, 18, 22, 27, 33, 39, 47, 56, 68, 82 ohms and 
decades ( x 10, x100, x1,000. x 10,000) I Meg etc. to 8.2 
Mcgohms 110 "" tolerance). PRICES: 1 -25 4d, 26-99 3d, 
100 +24 (your selection 1 and /or 1 Watt mixed). 
SKELETON PRESET POTS. 20 ";, Tol. Linear. Low 
noise. Available in sub -miniature or standard size. horizon- 
tal or vertical. 100. 250, 500, Ik, 2.5k, 5k, IOk, 25k, 50k, 
100k, 250k, 500k. 1 Meg, 2.5 Meg, 5 Meg. NEW PRICE: 
I,- each or any selection of 12 pieces 10 / -. 
ELECTROLYTIC CAPACITORS ( Mallard). -10";, 
to +50 tol. Subminiature (all values in )aF). 
4V 8 32 64 125 250 400 
6.4V 6.4 25 50 100 200 320 
10V 4 16 32 64 125 200 
16V 2.5 10 20 40 BO 125 
25V 1.6 6.4 12.5 25 50 BO 

40V I 4 8 16 32 50 
64V 0.64 2.5 5 10 20 32 
Price 1/6 1 3 l i2 1/- 1/1 1/2 

MIN. POLYESTER CAPACITORS. Printed circuit 
type 250 Vdc working. 0.01. 0.015, 0.022, 7d each; 0.033, 
0.047, Bd each; 0.068, 0.10, 9d each. 
VEROBOARD 0.IS- Metric FLUX COATED 
21 x 3!-. 3 /3. 21 x 5', 31 x 31', lilt. 31 x 5', 5/6. 
31 x IV, IB-. BARGAIN PACK of 36 square inches all 
good size pieces only 10 /- pack. 
VEROBOARD 0.1- Matrix, 31 x 21', 3/9. 
VEROPINS for 0.15-, 36 pieces 3/ -. 
VEROCUTTER 9/- (including free sample pieces). 

SDeCs 
Single "DeC" with 
accessories and pro- 
ject manual .. 29/6 

"2 -De C" kit contains two 

// 
"DeCs" component tray acces- 

1-- - ! - paries, instruction book, all a 
packed in attractive plastic 
box 6916 

"4 -DeC" kit contains four "DeCs ", accessories, manual, 
etc. .. .. .. .. .. .. ..11716 

B OOKS FROM STOCK 
G I Electric Transistor Manual, 660 pages of data 
and circuits .. .. .. .. .. .. 29/6 
NEW!! RCA MANUAL. 657 pages, SCR's. Transistors. 
Diodes and Circuits. Still 281- plus P. 8 P. 
Designers' Guide to British Transistors. Excellent data 
book lists over 1,000 common types plus Computer - 
selected substitution chart 25/- 

(ADD 2/6 POST 8 PACKING FOR ALL BOOKS) 
NEONS 
Signal neons for many types of circuit. type "N" 
Price 1/6 each or 16/- dozen. 
HEATSINKS. Suitable for 2 x 0C35, etc. As used in 
commercial equipment. Type IOD .. .. .. 6/- 
ALUMINIUM CHASSIS 
6 X 4 x 21' with reinforced corners 6/9 each (P 6 P 1/6). 
Ally 
sizes 

panel 
n stock up 

1/6. 
12 x 

Paxolin 
x 

panel 
1 

Many ocher 
(see catalogue). e) 

ZENER DIODES. 40omW 10";, Tolerance. Complete 
range preferred values 3 volt to 30 volt, each .. 3/6 

SOLAR CELLS 
B2M 0.2 -0.4 volts Fri 2mA Selenium type .. 12/6 
O 3M 0.2 -0.4 volts ro I I -21mA Selenium type .. IS /- 
SIM 0.3 -0.4 volts ,o 10 -16mA Silicon .. .. 19í- 
54M 0.3 -0.4 volts :a 25 -4OmA Silicon .. .. 33 6 

ULTRASONIC TRANSDUCERS 
Operate at 40kc /s. Can be used for remote control systems 

without cables 
or electronic 
links Type 1404 

-ducers can 
transmit and 
receive. 
FREE: With each 
pair our complete 

itter and 
receiver circuit. 

PRICE 
65.18.0 Pair 

(Sold only in pain) 

PIV 200mA 750mA 2 Amp 10 Amp 

50 6d I/- 2/3 

100 . 9d 1/6 2/3 4/6 

200 1;3 2/- 2/9 5/- 
400 - -- 2/6 41- 8/- 
600 - 3/- 4/6 9/6 
800 -- 3/9 5/- 11/3 

1000 - 6/- 6/6 14/- 

56CAY C2IIIUm Arsenide 

Intra -Red emitter 

29'6 each. (Incl. data 

BC1O118/9 

Planars 2/9 

SL403 
PLESSEY 3 WATT 
IC AMPLIFIER 49'6 

BY121 5/- 
MULLARD 800 PIV 1 AMP 

PLASTIC RECTIFIER 
25 + 4/3 100 + 31- 

2N2614 RCA , 
LOW NOISE AUDIO 4 9 

25 i -4'- 100 + 3'- 

ADI6I/2 IO'- 
NPN/PNP PAIR 

COMPLEMENTARY PAIRS 

2N2926 Low cosT 
NPN PLANAR 2'- 
25+11 100+1'6 

THYRISTORS -SCRs 
PIV IA 3A 10A 30A 100A 

50 . 7/6 9/- 7/6 25/- 20/- 
100 . - l0/- 10/- 30/- 22/- 
200 . 8/6 - 12/6 42/- 35/-' 
300 . - II/- - 5U- - 
400 . 9/6 12/6 I5/- 60/- 45/- 
600 . - - 20/- 84/- 120/- 
800 . - - -- - 

NEW SPECIAL ITEMS!! 
40602- Dual Gate MOS -FET 9'- each 

L14B- Photo -Darlington Amplifier 26'6 
MGA100- Gallium Arsenide Infra Red Light 

Source 35F- 

31F2- Infra Red Detector Diode 28'6 
3N84- Silicon Controlled Switch 29'6 
TAA320- Monolithic IC with MOS -FET input 

followed by Bi -Polar transistor 13'6 
Data sheets 1/- on request -free with above items. 

Prices quoted are current at time 
of going to press and may be 
subject to variation. 
Semiconductors offered bear 
Manufacturers' original markings 
and are subject to our full replace- 
ment guarantee if not to pub- 
lished specifications. 
WE DO NOT offer "Re- marked" 
Semiconductors. 
Our 1969/70 Catalogue is avail- 
able FREE on request. 
Please enclose a stamped addressed 
envelope with any queries. 
Quantity Prices on application. 
Retail: Cash with order, please. 
Trade: Please furnish usual refer- 
ences if Credit facilities required. 

Post 8 Packing 1/- per order (FIRST CLASS). 

MAIL ORDER DEPT. & RETAIL SHOP: - 
LST, 7 Coptfold Road, Brentwood, Essex 
Telephone: 226470/1 (Sales Department) 
EXPORT ENQUIRIES PARTICULARLY WELCOME 
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MI s -3r's 
F/T METER KITS ANOS ER VEKYS 

These two new meter kit, by I MK offer the professional electronic, hobbyist and student the unique opponenm at h!!!d, 
a really lint class emersion milometer al a worthwhile saving in cost The impact resistant bakelne cabinets are supplied w 
meter scale and movement mounted in positron the model 200 also has the rotary range select°, in posit on The hint.,.. 
qualify in components and Ib meta Ice resistors ale used throughout Both oller prolessronal standards of ac curacy Supplier 
complete in every detail with lull constructional. ercu,l and opelahng instructions 

MODEL 200 
000 UY u Mulemeter lealuies 04 mec will 

s 

urenient ranges iwill m re m scale large 3 e tin meter 

p 

lull scale accuracy DCV and current i 2 % ACV 3 %, revstance 
mew 

Special 0 6V DC range lot 
transistor circuit measurements 

PECIFICATION: 
DCV 0 0 6 6 30 120 600 1.200V at 20K OP/ 
ACV 0 6 30 170 600 1.200V at I OKOPV 

DC Cuitent 0-0 06 6 60 600mA 
Resistance 0 I Oh tar ,M ''.IM ohms 158 580 5 8K 58K el mid scale) 

Capacitance 11 nti' .i - V range) 

Decibels 2010 i 

Output 005 pl Mocking capacitor Uses two 1 5V IU 7 type) bottelles Black bakeliie 

cabinet. sua 51 An. Ilm Complete voth test leads 

LASKY'S KIT PRICE 85/- Peat 3/6 

MODEL5025 57 MEASUREMENT RANGES 
A highly tellable instrument using an entirely new range selection mechanism which permits the use at a really large meter in more 

compact cabinet The range selected a death indicated on the actual meter lace facilitating instant identification without taking 
your eyes horn the meter High speed rotary range selection knob also features polanry reversal switch. shielded meter 

movement with overload protection arum Special A and mA naaaaemenl ranges 

SPECIFICATION: 
OCV 0 0 25 2 5 1050 250 I 000V at 25KDPV 0-0 125-125-10-25-125 
500V at 50K'OPV 

ACV 0-3 10. 50.250 1.000V at 7 5K'OPl 0 1 5 5 15 125 500V at SKIOPV 

OC pA 0-25 pA el 125m4, 0 50 pA al 250mA 
OCmA 0.25 -25 250mAal125mV 0 5 50 500mA at250mV 
DCAmps 0 5A at 125mV. 010Aat250 told 

Resistance 0 111M ohm. ,I3 65 650 6 5K and 65K ohms at unite scam' 
Output Capbcom ID 1 ref, 400Vw1 in series with ACV ranges 
Decibels 20 to RI Sit in 10 ranges 

Operates on two I5V IU 7 type banenesI Black bakelite cabinet. sue 5¡ 
21in. Soong unbent plastic handle Complete with test leads 

LASKY'S KIT PRICE 

£ 10.10.0 Pnst so 

ALSO AVAILABLE READY BUILT AND TESTED E12.10.0. Pest 

M"C 100 K MU T IMETER 
FULLY BUILT AND TESTED 

A highly accurate Mulbmelec using a 10 pA Meier hand calibrated to a OC 

accuracy al 3, at lull scale Special :ce:,,.i'. large melet 

6; x31.. incotpotalmg an entirely new type of range selecion pane 

which gives instant identi licalion wuhoul raking your eyes from the 

meter An audible buzzer is provided br easy shoo testing SPEC DCV 

langes 0 5. 2 5. 10. 50. 250 500. 1000V et 100K OPV ACV ranges 3 10 

50. 250. 500 1.000V at SKOPV DC current 0 10. 100 A.0 10 I00mA 
025, 10Amps Resistance O IK 10K 100K. 10M 100M ohms. 
Decibels 10 to 49 4dB Conunuisi test Audible honer Operates on 

111 5V U2 and la15V 8 154 type bans Calvet sue 7(x6 ¡3im 
Weight 46 

LASKY'S 
PRICE 

7714 
£19.10.0 

Model PL -436 
FULLY BUILT AND TESTED 
20.000 0 P V Multi tester for the amateur or professional Features 
mirror scale and wood grain finish front panel. SPEC DCN ranges 

6. 3, 12. 30. 120. 600V at 20Kí0. P. V. ACN ranges: 3. 30. 120. 
600V at 8K/0 .P. V DC current 50pA, 0.6, 60, 600mA Resistance: 
10K. 100K. 1M and 1OM ohms end scale 165, 650. 6.5K and 65K 
ohms centre scalel Decibels 20 In 1 57dß in four ranges 
Operates on 2 a 1 5V U7 type bans Size 
5: a 4i s 2lsn Complete wsth batteries and operating instructions 

PRISCE 
S £6.19.6 P5t 

GET YOUR LASKY'S AUDIO -TRONICS PICTORIAL 

FREE colour pages in large 16.11in format packed with 1.000s of item, from nor rant stacks I 
,i, 11 Radio. Elenmmcs Test Equipment. Components Communications. etc 

I Serin I lot post only and Mncluaen on dur regular rnadhig kat I 

TTC Model C -1051 
POCKET MULTIMETER 

mpletely new de, .n_ . six nwilunelei with mion aale and 

built in thermal protection Isrepliorully large easy to read meter with O Arsonval 
forment Colour coded scales Single postbag dick in. recessed sel,ccwn switch 
all ranges Ohms rem idierment Range spec , c volts 0 6 30 300 I 200V 

at I OK ohms,/ DC von. Il 3 IS 
1 S., Ifill 12KV at 2DKohmsV Belsunce 

0 60K 6megs DC crown. II el) irt i0(1,nA Decibels 1000 m +I Tic 
Hand calibranoo gaves extremely nigh standard of accuracy an all ranges Usas 

e IjV penlight homely Strong impact resistant piastre cabinet see only 41 a4. 1)m Two colour bull green finish Complete wsth 
t heels and hail, 

LASKY'S PRICE 75/- Post 2 l; 

ALSO AVAILABLE C 1052 3 KOPV METER E5.19.6 

TTC MODEL C-1000 
A rear. . OP pocket multi tester with "big meter penormance 

Precision.' In e, meter movement Hand calibrated to 3% accuracy on toll scale 

of OC ranges. 4, on AC ranges in square meter SPECIFICATIONS ACV ranges 

010. 50. 250.1000V et IKO PV ACV ranges 010 50. 250 100V at" K'0 PV 

OC c tent 01 IOOmA Resistance 015OKohms 13.000 ohms centre scale) 

Decibels 10 to 22d0 Operates on one penlight cell Two colour trot Igreen case 

.v. nnlo T ,2: .1,0 range selection switch Ohms tero adlastment 

i 
LA SKY'S 39/6 PRICE wt lb 

AVAILABLE NOW! THE IC -403 
INTEGRATED CIRCUIT 
AMPLIFIER MODULE 

.doped tin comp., and space protects 
,mse noOules sue only 25, 10 x 5 millimetres 

represent the most amazing breakthrough in circuit 

design since the intioduolon pl the transistor The 

IC 403 is integrated power and pre amplifier requiring only the addition nil tone and volume contras power source and speaker to hum 
a complete audio amplifier of 3W output 

SPEGFICATION (ratings at 25 CI Output power typically 3W from 2511n,V input frequency response 10Ho to BONN, 300 Max 
operating vollege 2I V Min operating load 1 5 ohms Pie amp input imp 1M Ohms Pre any D C input current 50nÁ 
fHF IC 403 IS AVAILABLE FROM STOCK EXCLUSIVITY FROM LASKY S COMPLETE WITH INSTRUCTION DATA ASO SUGGESTED 
titi Ill APPLICATIONS FREE INSTRUCTION DATA LEAFLET ON REOUEST JUST SENDS A f 

LASKY'S PRICE 49/6 Post 16 2 for 95/- post fro.. 

Also available from stock Sinclair IC -10. 59/6 post free. 

DENSHI BOARD KITS 
The DENSHI BOARD system 
enables the young experimenter 
end electronics hobbyist to pro- 
duce a wide range of transistor 
circuits of increasing sophistica- 
tion- without soldering or the use 
of any tools at all I Basically the 
system comprises a slotted circuit 
board into which plug-in com- 
ponents and bridge pieces are set 
to produce up to 30 different cir- 
cuits. The components aro 
incapsulated in transparent plas- 
tic blocks bearing the appropriate 
circuit symbol and value thus 
enabling even the complete 
novice to visually grasp the fun- 
damentals of circuitry after only a 
few moments study. Each DENSHI 
BOARD KIT comes complete with 80 -page manual of circuits and data. 
THESE ARE JUST A FEW OF THE CIRCUITS YOU CAN BUILD IN MINUTES; 
VARIOUS RADIO RECEIVERS, AMPLIFIERS, MORSE CODE PRACTICE DEVICE, 
SIGNAL INJECTOR, SIGNAL TRACER, WIRELESS MICROPHONE, ETC. 
DENSHI BOARD KIT SR -1A comprises: Base board; tuner block, 4 resistors; 
choke coil transformer; 2SA transistor for RF ; 2 diodes ; 3 capacitors; battery block; 
morse key; antenna lead; crystal earphone; various bridge and connecting pieces 
and 80 nano manual. This kit permits the building of 16 basic circuits. 

EDUCATIONAL 
CIRCUIT SYSTEM 

LASKY'S PRICE £4.19.6 P9/6T 

DENSHI BOARD KIT SR -2A as SR -IA plus' 2SB transistor for AF; 2 resistors; 
1 capacitor ; crystal microphone ; test probes electrode; additional connecting 
pieces; 9V battery. This kit permits the building of 30 circuits. 

LASKY'S PRICE £7.2.6 °6T La gas I : -'s Radio Limited o,\cE5rge, 
High Fidelity Audio Centres 

42 -45 TOTTENHAM CT. RD., LONDON, W.1 Tel 01 -580 2573 
Open all day, 9 a m -6 p.ro Monday to Saturday 

Branches 

207 EDGWARE ROAD, LONDON, W.2 

33 TOTTENHAM CT. RO., LONDON, W.1 
Open all day, 9 a.m. -6 p.m. Monday to Saturday 

152/3 FLEET STREET, LONDON, E.C.4 Tel 
Open all day Thursday, early Closing 1 p.m. Saturday 

Tel 

Tel 

01 -723 3271 

01636 2605 

01 353 2833 118 EDGWARE ROAD, LONDON, W.2 Tel . 01 -723 9789 
Open all day Saturday, early closing 1 p.m. Thursday 

ALL MAIL ORDERS AND CORRESPONDENCE TO: 3 -15 CAVELL STREET, TOWER HAMLETS, LONDON, El 

Ñ y 
e 0 c 

lvE11RS° 
a Tel.: 01-790 4821 
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ADMIRALTY BAO RECEIVERS high 
quality 10 valve 
receiver manufu- 
tured by Murphy. 
Coverage in b bands 
660 Kc /e 30 Mc/s. 
I.Y. 600 /Kc /s. In- 
corporates 2 R.F. 
and 3 I.F. stages, 
bandy., Otter. 
noue limiter. crys- 
tal controlled 
B.F.O. calibrator 
1.F. output. etc. 
Built -In speaker, 
output for phones. 
Operation 150/230 

volt A.C. Elise 19¡ x 131 x loin. Weight 
1141h. Offered In good working condition. 
£22/10/0, cary. 30 / -. With cireult diagrams. Also 
available B41 L.F. version of above. 15 Kc /s -700 
Kr/s. £17/101 -. Carr.30 / -. 

R209 Mk. II COMMUNICATION RECEIVER 
11 valve high 
grade cont- 
nutniction 
receiver suit- 
able for tropi- 
cal use. 1.20 
Mc /s. on 4 
hands. AM/ 
CW/FM opera- 
tion. Incorpor- 

ha F 4r1x ß` ates precision 

(ter 
drive, 

R.F.O. Aerial trimmer. internal speaker and 
12e. D.C. internal power supply. Supplied In 
excellent condition, fully L I C fan Carr. 
tented and checked. 20/ -. 

TYPE 13A DOUBLE BEAM 
OSCILLOSCOPES BARGAIN 

An excellent general purpose 
D/B oscWoscope. T.B. 2 cps - 

750 Ke /s. Bandwidth 5.5 Mc /s 

Sensitivity 93 Mv/cm. Oper- 
ating voltage 0/110/200/250 v, 
A.C. Supplied In excellent 
working condition, £22 /101 -. 
Or complete with all noces- 
eorle.. probe. lead.. lid. etc. 

£25- Carriage 30/-, 

MARCONI CT44 
TF9S6 AF 

ABSORPTION 
WATTMETER 

1 it /watt to r, walls. 
£20. Carr. 20 / -. 

PLESSEY SL 403A 
. o Ott. integrated mplifier circuit. 

496 punt 1.01. 

CLASS D. WAVEMETERS 
A crystal controlled hetero- 
dyne frequency meter cover- 
ing 1.7-8 Mc /s. Operation on 
6 v. D.C. Ideal for amateur 
use. Available in good used 
condition £$19.6 Carr. 7/6. 
Or brand new with accessories 
£7.19.8 (Are. 7/6. 

CLASS D WAVEMETERS No. 2 
Crystal controlled. 1.2.1n Mr /e. Mammon 12v. D.C. 
opetttion. Complete with calibration charts. 
Excellent condition £19 /10/0. Carr. 30 / -, 

EDDYSTONE V.H.F. RECEIVERS 
770E. 19.165 Mc /s. £150. 
Both types in excellent condition. 

LELAND MODEL 27 BEAT 
FREQUENCY OSCILLATORS 

0 -20 Kc /s. Output 5K or 500 ohms. 200/250 v. 
A.C. Offered In excellent condition, 212/10/. 
Carriage 10 / , 

RACAL MA.I68 
TRANSISTORISED 

DIVERSITY SWITCH 
Brand new condition 216, t'ariage 111/-. 

TO -2 PORTABLE 
OSCILLOSCOPE 
A general purpose low cost 
economy oscilloscope for every- 
day use. Y amp. Bandwidth 
2 CPS-1 MHZ. Input imp. 
2 meg 0. 25 PF. Ulutnbtated 
scale. 2' tube. 115 x IOU 
230 mm. Weight 81bs. 220/ 
2411V. A.C. Supplied hand new 
with handbook. 222 /10 / -. 
Carr. 111 /.. 

TO -3 PORTABLE OSCILLOSCOPE. 3' TUBE 
Y amp. Sensitivity. .1v 

p-P /CM. Bandwidth 1.5 cps 
-1.5 MHZ. Input Imp. 
2 meg tl. 25 PF. X amp 
sensitivity. .9v p -p /CM. 
bandwidth 1.5 cps -800 
KHZ. Input imp. 2 meg 0 
20 PF. Time base. 5 ranges 
10 cps -300 KHZ. Syn. 
chronlaatn m. Internal/ex- 
ternal. Illuminated scale. 

140 x 215 x 330 mm. Weight 1511ós. 220/240 V. 
A.C. Supplied brand new with handbook. 

-£361 -I -. Garr. 10/. 

SOLARTRON MONITOR 
OSCILLOSCOPE TYPE 101 

An extremely high quality oxllloscope with time 
bue of 10 µsec. to 20 m /sec. Internal Y amplifier. 
Separate mains power supply. 210/250 V. Supplied 
in excellent condition with oblee. probe, etc., sa 
received from Ministry. £8119 /6. Carr. 30 / , 

FIELD TELEPHONES TYPE L. Generator ringing, 
metal case.. Operate on 2 1.5 v. batteries (not 
supplied.) Excellent condition. 24.10.0 per pair. 
Carr. 10/.. 

UNR -30 4 BAND 
COMMUNICATION RECEIVER 

Covering 550 Kc /s -30 Mc's. Incorporates BFO. 
Built -in speaker and phone jack. Metal cabinet. 
Operation 220/240 v. A.C. Supplied brand new, 
guaranteed with instructions. l3gne. Carr. 7/6. 

HAMMARLUND SP600 JX 
COMMUNICATION RECEIVER 

Frequency nude 540 Kr/s to 54 Me /. i0 6 Rands. Pew 
available in excellent condition. tested and checked. £100 
ach. 

LAFAYETTE SOLID STATE HA600 
RECEIVER 

5 BAND AM'CW'SSB AMATEUR AND SHORT WAVE. 
150 kc s-400 Kc s AND 550 Kc .-3O Mc s. F.E.T. front 
end 2 mechanical filter. Huge dial Product 
detector Variable BFO Noimlmiter 8 Meter 

241ín. Bandapread 230 v. A.C./12 v. D.C. nee earth 
operation RF gain control. Size Shin. Alin. 8itn. 
Wt. 18 lbs. EXCEPTIONAL VALUE £45. CARR. 10; -. 
S.A.E. FOR FULL DETAILS. 

TRIO COMMUNICATION RECEIVER MODEL 9R -S9DE 

4 band receiver covering 510 Kc /a to 30 MO/s, continuous 
and electrical bandspread on 1045. 211. 411 and 811 metres. 
if valve plus 7 diode circuit. 4/8 ohm output and phone 
Jack. 8SB-CW ANL Variable BFO 8 meter. 
Sep. Bandspread dial IF 455 Kc /e audio output 
1.5 w. Variable RF and AF gains controls. 115/250 
v. A.C. mains. Beautifully designed. Nixe 7 x 15 Min. 
With instruction i 

r 

ual d sen 'lee data. £42. 
Carriage paid Trio Communication Type Headphones. 
Normally 65.19.6. Our price 23.15.0 if purchase.I with 
above receiver. 

TRIO TS 510 Amateur Transceiver with speaker and mains P.S.U. 8212 0 

TRIO JR SOOSE 10-80 Metre Amateur Receiver 869 10 

LAFAYETTE HA.800 SOLID STATE 
AMATEUR COMMUNICATION RECEIVER 

SIX BANDS 3.5-4, 7 -7.3, 14- 14.35, 21 -45, 
28 -29.7, 50-54 Mc s. 

Dual conversion on all bands. 2 r 455 Kr; a merbuoma I filters. 
Product detector. Variable B.F.O 100 Keels crystal calibrator. 
'S' meter. Huge slide rule dial. Operation 220v AC or 123 IN'. 
Mae 15' x 95' x 8l'. Complete with in.trueti.m manual. 
867.10.0 - Carr. Paid. (100 Keels Crystal 39/8 

AVOMETER MOVEMENTS 

..e-- s . \\: a ,. 4 t L. 

.r..,_ f ^- _ % 

501íA 20Kf11V. 

Spare movements for Model e or 9. (Fitted with 
Model 9 (cale) or basic for any multlmeter. 

Brand New and Boxed 69,6 P. & P. 3;6 

AVO 48A 
Perfect order with set of shunts and resistances 
212.10.0. P. A P. 7/6. 

T.E.40 
HIGH SENSITIVITY 

A.C. VOLTMETER 
10 meg. input 10 rangea: 
.01 /.03/.1 /.3/1/3/10/30/100 /300 
v. R.M.B. 4 cps.-1.2 Me /s. 
Decibels -40 to +50 dB. 
Supplied brand new complete 
with leads and in.tructions. 
Operation 230 v. A.C. 
£171101 -. Carr. 5/... 

TE-65 VALVE VOLTMETER 

TRIO JR -3I0 NEW AMATEUR BAND 10 -80 METER RECEIVER IN STOCK E77.10.0 

RCA COMMUNICATIONS 
RECEIVERS AR88D 
Latest release by ministry BRAND NEW In original cases. 
110-250v. A.C. operation. Frequency in 6 Bands. 535 Kc/s- 
32 Mc/ continuous. Output impedance 2.5-800 ohms. 
Incorporating crystal filter. noise limiter, variable BFO, 
variable selectivity. etc. Price £87.10.0. Carr. g2. 

LAFAYETTE PF-60 SOLID STATE VHF 
FM RECEIVER 

A completely new transistorised receiver covering 152 -174 
Mc/s. Fully tuneable or crystal controlled (not supplied) 
for fixed frequency operation. Incorporates 4 INTE- 
GRATED CIRCUITS. Built -In speaker and Illuminated 
dial. Squelch and volume controls. Tape recorder output. 
75 aerial input. Headphone Jack. Operation 2:10 v. A.C./ 
12 v. D.C. Neg. earth. £37/10/ -. Carr. 111/ -. 

SOLARTRON CD7IIS.2. DOUBLE 
BEAM OSCILLOSCOPE 

An extremely high qual- 
ity o.eillo.cxope originally 
costing 6400. Switched 
beam. Identical Ti. \'2 
Amplifier* D.C. to if Me /n. 
Sensitivity 3mV /CM to 
100 V /CM. Time base 
lOgs/sec. to 10 1d/.end. 
Calibrator. X amplifier 
D.C. to 2.5 Mc /e. Z 
Modulation. 110/2511 v 
A.C. Supplied in good 
working order. £65. 
Carriage 50/ -. 

nigh quality instrument 
with 28 range,. 
D.C. volts 1.5 -1,500 v. 
A.C. volt. 1.3 -1.500 v. 
Re.utanee up to 1.000 
megohms. 
220/240v. A.C. operation. 
Complete with probe and 
instructions 217/10/0- P. 
e P. 6 /.. 
Additional Probe. avail- 
able; R.F. 36/- H.V. 
42/6. 

COSSOR 1049 DOUBLE BEAM 
OSCILLOSCOPES 

D.C. coupled. Band width 1 Kc/a. Perfect order. 
£26. Carr. 30 /, 
AM /FM SIGNAL GENERATORS 

Oscillator Test ' - - No. 2. A high 
quality precision 
Instrument made 
for the Ministry 
by Aimee. Fre- 
quency coverage 
20 -80 Mc /s. AM/ 
Cw /PM. Incor- 
porate. precision 

dial, level meter. precision attenuatorlpV- I00M. 
Operation front 12 volt D.C. or 0/110/200/250 v. 
A.C. Bice 12 x 85 s bin. Supplied in brand new 
condition complete with all connectors. fully 
tested. 245. Cart. 201 -. 

CRYSTAL 
CALIBRATORS 

NO. IO 
Small portable crystal 
controlled wavemeter. 
Abe 7in. t 71in. a sin. 
Frequency range 500 
Kc /e-10 Mc /s (up to 
30 Mc/n on harmonics). 
Calibrated dial. Power 
requirement. 300 V.D.C. 
l5mA and 12 V.D.C. 
O.3A. Excellent condi- 
tion. 89/6. Carr. 7/6. 

SEW] MEE 7frE 
Type MR.38P. 1 21,32in. square fronts. 

2718 100V. D.C. . . . . 27/8 
27/6 15oV. D.C. .... 2718 
27/8 s9ov. D.C. .... 2718 

227166 
600V. D.C. .... 27/8 

2718 750V. D.C. .... 27/8 
2718 16V, A.0 2718 
27/6 50v. A.0 27/8 
27/6 150V. A.C. ... 2718 
2718 so11v. A.C. .. 2718 
27/8 500V. A.C. 27/8 

60µA 40- SmnA 
50. 0500A .... 37,6 lOO,nA 
100µA 37/6 100mA 
100 -0 -100µA 361- 200mA 
200µA 36/- 300inA 
600µA 30/- 5000iÁ 
500- 0.50011A 27/6 750mA 
1 2718 I ainp 
1 -0 -1mA 2716 2 amp 

.c. 
2mA 2716 b amp 

3V. D 
10n A 27/6 10V. D.0 27/6 8 meter imA .. ay. 
20niA 27/6 20V. D.0 27/6 vU meter ..,. 42/- 

FULL RANGE OF OTHER SIZES IN STOCK -SEND SAE FOR LEAFLET 

LAFAYETTE STEREO AMPLIFIER MODEL STEREO 10 

Completely translatorued 5 watts per channel LA.P. music 
power. Inputs for gram and tuner. Separate volume controls 
and variable tone control for Bass and Treble. A compact 
sic(, big performance stereo amplifier ideal for limited space 
cvatems. Beautifully finished in grey and aluminium. 
Sise 71111. x 2 15/16 in. x 3Iin. AC. 720/240v. 

Price LI 1.19.6 l'are. 7/6. 

GEARED 
MAINS MOTOR 

Paralux type BD19 
2311/250 v. A.C. Rever- 
.IAIe. 30 r.p.m. 40 lb. Ins. 
Complete with capacitor. 
Excellent condition. 
99/6. Carr. 10 / , 

TE -16A TRANSISTORISED 
SIGNAL GENERATOR 

b Ranges 400 KHZ 30 
MHZ. An inexpenslve 
instrument for the handy- 
man. Operates on 9v. 
battery. Wide easy to 
read scale. 800 KHZ 
modulation. 51' x 51' 
x 31'. Complete with 

Iwtructione and leads. 
£7/19/8. P/P 4/ , 

TRANSISTORISED L.C.R. A.0 MEASURING 
BRIDGE. 

A new portable 
bridge offering ex- 
cellent range ar l 
accuracy at low cost. 
Ranges: R. 10- 
11.1 MEG O 6 
Rangea f 1".. 
I. 1µH -111 HEN- 
RIES. 6 Ranges - 
2°'. C. 10PPA 
1I IOMFD.6 Ranges 
f a" °. TURNS RATIO l :l /1000 -- 1:11100. 
6 Ranges ± 1 ° °. Bridge voltage at 1,000 CPS. 
Operated from 9 volts. 100µA. Meter indication. 
Attractive 2 tone metal case. Rae 75' x 6' x Y. 
£20. P. et P. 5/.. 

AUTO TRANSFORMERS 
01115 /2:0v. Step up or step down. Fully shrouded 

150 W. 4216, P. A P. 3/6 
300 W. 6918, P. A P. 4/6 
50) W. JA /10(0. P. A P. 6/6 

1,000 W. £6110/0. P. A P. 7/8 
1,:e/0 W. 27/10/6. P. e P. 8/6 

W. £16/1010. P. a P. 20/, 

High quality ceramic construction. Windings embedded in vitreous] enamel. 
Heavy duty brush wiper. Continuous rating. Wide range available ex -stock. 
Single hole fixing, tin. dla. .hafts. Bulk quantities available. 
IS WATT. 10,25'50/ I 00/250/500/100011500/2500 or 5001 ohm,. 14.6. P. A P.1 '6. 

60 WATT. 10;25'50'100/250 /500'10001250) or 5000 ohms, 21' -. P. Si P. 1 6. 

100 WATT. 1;5,110/25/50/1001230'500 /1010 or 25(10 otune. 27/6. P. a P. 1 6, 

G. W. SMITH 
& Co. (Radio) Ltd. 

ALSO SEE OPPOSITE PAGE 
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ARF -ISO COMBINED AF -RF 
SIGNAL GENERATOR 

Ar. SINE WAVE 
20- 290.000 cps. Square 
wave 20- 30,000 cps. 0/P 
HIGH IMP. 21 v. P/P 
6000 3.8 v. P /P. 
R.F. 100 kc /s -300 Mc /s. 
Variable R.F. attenua- 
tion. Int. /Ext. Module - 

tlon. Incorporates dual purpose meter to monitor. 
AF output und ; mod. on H.P. 220/240 v. A.C. 
130. Carr. 7/6. 

VOLTAGE STABILISER TRANS- 
FORMERS. I ou-9 os-. input. Output 230v. 
A, :ai t, 1,1, 1511w or 225w. £12.10,0. l'art. 3 /.. 

TE -20RF SIGNAL GENERATOR 
Accurate wide range 
signal generator cover. 
hog 120 ke /.260 Mc /a. 
on 6 banda. Directly 
Wilmot-ed. Variable 
H.P. attenuator. Op- 
eration 200 /240 v. A.C. 
Brand new with instruc- 
tion., £15. 

P. & P. 7/6. S.A.E. for details. 

PEAK SOUND PRODUCTS 
Full range of Amplifient, kits. Speakers in stack. 

TE22 SINE SQUARE WAVE 
AUDIO GENERATORS 

Sine: 20 cps to 200 kc /s. on 4 bands. Square 
20 cps to 30 kc /e. 

Output impedance 
6,000 ohms. 200/ 
250 e. A.C. opera - 
t,on.Supplied brand 
new and guaran- 
trd with instruc- 
tion manual and 
!isola. £1810.0- 

are. 7 b. 

MARCONI 
TF88S VIDEO OSCILLATORS 

o-5 me /e Mine Square Wave £45. Cart. 20/-, 

LAFAYETTE TE-4E RESISTANCE 
CAPACITY ANALYSER 

2 pí2.000 mal. 
2 ohuu- -200 neµ 
&lime. Also check. 
h npedance turns 
radio insulation. 
260/250 v A.C. 
Brand New, £17.10 
'art. 7/6. 

MARCONI TF.142E DISTORTION 
FACTOR METERS 

t :,.. II..,', ., ,. l' Ili testes £20. ,' :, re.13 /.. 

TY75 AUDIO SIGNAL 
GENERATOR 
Aine Wave 211 C1'S -2011 lief. 
Square Wove 20 CPA -311 
Kc /a. H igh and low impedance 
output. Output variable up t, 
6 volts. 220/2411 volts A,1'. 
Brand new with instructions. M. Carr. 7/6. Size 210 x 
150 x 120 mm. 

MARCONI TFITSM BEAT 
FREQUENCY OSCILLATORS 

0 -40 kc /s. £20, ,'art. 311/. 

TE -20D RF SIGNAL GENERATOR 
Accurate wide range slg. 
bat generator covering 
120 Kc /s -600 Mc /e un 
0 bands. Directly cali- 
brated. Variable it 
attenuate... audio output. 
X tai socket for calibra- 
tion. 220/240V. A.C. 
Brand new with Metro, 
Lions. £15. Carr. 7/6. 
t(Ine 140 z 216 x 170 mm. 

ADVANCE TEST EQUIPMENT 
Brand new and Coxed in originel s vaiid cartons. 
VM.78. VALVE VOLTMETER. N.F. measure- 
ments in excess of 100 Mc /s and D.C.:memun- 
meats up to 1100 v. with accuracy of f2 °o. D.C. 
mage :40 MV to I KV. A.C. range 3161 MV to 3011 
V RMS. Resistance 0.02 -500 M. Price £72. 
VM.79. UHF MILLIVOLT METER. Transletorieed. 
A.C. range 10 M v -3V. 1/.41. current range 0.01/A- 
0.3 Ma. Resistance 1 ohm -lu ,,,.gohme £125. HID. AUDIO SIGNAL GENERATOR. 15 c/a-- 
Go Kc /e, sine or square wax ,.. l'ri :e 230. 
11B. AUDIO SIGNAL GENERATOR. 15 c /a -50 
Km /a. Price 230. 
TT18. TRANSISTOR TESTER. 237/10/- ('arel,, ge In. p, .r no ,. 
MODEL ZQM 
TRANSISTOR 
CHECKER 
It has the fullest capa- 
city for checking on 
A, B and Teo. 
Equally adaptable for 
checking diodes. etc. 
Spec.: A: 0.7- 0.9907. 
B: 5.200. Imo: 0 /10 
micro.arnps. 0.0 mA. Resistance for dinde 
200(1 +1 MEG. Suppliai complete with lostnrc. 
Hotta. battery and lead.. 55/19/8. P. 1 P. 2/6. 

latest 
The latest edition giving full 
details of a comprehensive 
rang. of HI FI EQUIPMENT, 
COMPONENTS. TEST EQUIP- 
MENT and COMMUNICATIONS 
EQUIPMENT.... Nearly 200 

Catalogue 

pages, fully illus- 
trated and detail- 
ing thousands of 
Items - many at 
bargain prices 
FREE DISCOUNT 
COUPONS 
VALUE 10/. 

SEND NOW -ONLY 7/6 P & P 1/- 

GARRARD 
Full current range offered brand new and guaranteed at fantastic savings 

1025 W11, 18.19.8 SL55 I 2:, +Oruro /6.19.6 470 MKII 
., Ole- 67.19.8 SL65 

2ne25T /C M / AP75 
Stereo 18.17.8 41/1 

3000 Stereo 69.19.6 01.75 
SP25 MKII 811.19.6 

Carriage /insurance 7/6 extra any model. 
WHO Rases 93 19 8. Perepe: e.,ver 13'10/0 
Spnecial offer fuse and cover available for these 
Models at 84.15.0. Carr. 5/.. 
Full range of Garrard accessories available 

911.19.8 
911.19.8 
114.14.8 
117.17.0 
lEB. 7.8 
/28.10.0 

LAFAYETTE 

TRANSISTOR FM TUNER 
6 TRANSISTOR 
HIGH QUALITY 
TUNER MK 
ONLY tin. x 41n.x 
2116. 3 I.F. stages. 
Double tuned dis- 
criminator. ample 
output to feed most 
amplifiers. Operates 

on 9 s olt battery. Coverage 85.108 Me /s. Ready 
built ready for use. Fantastic value lur money. 
£6/7/8. P. a P. 2/6. 
STEREO MULTIPLEX ADAPTORS. 99/6. 

SINCLAIR EQUIPMENT 
212. 12 watt amplifier 89 6. 
P54. Power supply Uull 89 6. 
STEREO 25. Pre- amplifier £9,19'6. 
Q.14 Speaker@ 27119/8. 
Micromatic Radio Kit 49/6. Bout 59'6. 

NOW AVAILABLE IC10..59 6 
ALL POST PAID. 

SPECIAL OFFER 
2 Z12 amps. PZ4 Power Supply, Stereo 25, 

Preamplifier i22 
or with two Q.14 Speakers £37 

NEW SINCLAIR 2000 SYSTEM 
35 watt Integrated Amplifier. £29. 'are. 5 
half -pow, rid FYI Time . £25. l':,rr.., . 

ECHO HS -606 STEREO 
HEADPHONES 

51,o1nehil1y con, 
L,rtable. Light - 
weight adjustable 
vinyl headband. Eft. 
able and stet,. , 

lack ping. 22.17,iii 
cps., 80 Imp. 6716. 
P. t P. 2/6. 

HOSIDEN DHO4S 
2 -WAY STEREO HEADPHONES 

Each headphone contains :n 

251n. woofer and allai. tweeter. 
Built in Individual lev cl 
controls. 25- 18,1061 c.p.s. 
80 imp. with cable all 
stereo plug. £5119/8. P. a P. 

2/6. 

LA-224T TRANSISTOR STEREO AMPLIFIER 

1:1 transistors, 6 diodes, I H F n,u.ic power 311 watts 
at 8 ohms. Res. 30 20,0m ± 2 rib at 1 w. Distor- 
tion I " or lees. Inputs 3 mV and 250 mV. Output 
3.16 ohms. Separate L and R volume controls. 
Treble and base controls. Stere° phone lack. 
Brushed aluminium!, gold anodised extruded font 
panel with metal case_ SUe 102in. r 34 in. x 7 it imo. 

Operation 115/230 volt A.C. £28 Cart. 7 /6. 

Variable Voltage TRANSFORMERS 
Brand new, guaranteed and carriage paid. 
High quality construction. Input 230 v. 50 -60 cycles. 
Output full variable from 0 -260 volts. Bulk quantities available. 
1 amp.- 15/10/-; 2.5 amp.- 24/151-; 5 amp.- 19/15/-; 
8amp. -114/10 /- ;10anlp.- 4118/10/-; I2autp.-121; 20.0np. -£37 

MULTIMETERS for E_ purpose/ 
TE-900 20.000n/VOLT 
GIANT MCLTIMETER 
Mirror scale atol over- 

tortotec:ion. 6in. 
full view meter. 2 
colour l cale. 0 /2.8/10/ 
2b0 /1.000 /5.600 v. A.C. 
0 /25/ 12.5 / l0 /801 
250 /1,0(0í5.000 v. U.C. 
0 /50µe /110/ .00 /600n,A/ 
lo amp. D.C. 02K/ 
SOOK /20 MKII. OHM. 
115 / -/ -. P. 1 P. 0 /-. 

MODEL TE-90 60,000 O.P.V. inner seals overload protec- 
tion. 0/3/12/60/3011/600/1,2o0 
v. D.C.O/6/:m/120/300/I,200 v 
D.C. .113/6/60/1010 MA. D.C. 
l6K/100K/1.6/111 MEG D. -20 - + 63db. £7/10/0 

P. a P. 2/.. 

MODEL AH -1000. 100E o/ 
Volt. Sin.. mirror male. Built - 
in meter protection 03/12/60/ 
120/301/800/1,200 v. D.C. 
0/6/30/120/3110 /600 v. A.C. 
0 /10µA /6/60/3WMA;12 Amp. 
0/2Kr200K/2M/200M O. -20 
to +17dß. 912/10/ -. P. 8 P. 
3/6. 

MODEL TE-80. 20,000 O.P.V. 
0/10/50/l00/500/1,9Im v. A.C. 
0/5/25/50/250/500/1.00 v. 
D.C. 0.500A. 5/50/510mA. 
0/6K/66KI600K/6 mrg. 
£4/17/8. P. / P. 3/-, 

TE-61. MEW 20.000n/ 
VOLT MULTIMETEE. with 
overload protection and 
mirror scale. 0/6/641/ 1211, 

1.2161 v. A.(:. 11/3/311 /Il0/300/ 
600/3,000v. 11.4'. 11 /Ii1111A/ 12 
/300m A.11.C. 0/60K /6 rarg. 
ohm. 92/8. P. A P. 2/6. 

MODEL 
TE -10A. EOko /Volt 5/25/50/ 
2511/500/2,510 v. 1,.C. 10/5(1/ 
100/5011 /l,l00 v. AA. 0 /50µA/ 
2.5 mA /250 mA U.C. 0/6E/6 
mega ohm. -20 to +22 dB. 
10.0. 100 ofd. 0.100-0.1 add. 
89/8. P. a P. 2/11. 

MODEL TE-70. 30.0011 D.l'. V. 
9/3/15/60/300.'610/1,200 v. 
D.C. 0/6/3I1/120/6011/1.210 v. 
A.C. 0/30µA/3/311/300m A. 
0/16K/160K/1.6M/16 Meg O. 
15/101. P. a P. 3/. 

MODEL TE-12. 20,090 O.P.V. 
0/0.1i/6/:10/ 120/6110 ' 1,2001 
3.000/6.000 v. D.C.0/8130/120/ 
600/1,200 v. A.C. 0/80µA/6/ 
60/600 mA.0/6K/000K /6Meg./ 
60 Meg. O. 50 PF. .2 MFU 
15/1918. P. / P. 3/6. 

LAFAYETTE 57 Range Super 
50K í1 /V. Maltimeter. D.C. 
volts 125mv- llxmv. A.C. 
volts 1.5v -1000v. U.C. Cur- 
rent 25µA -10 Amp. Ohm. 
0 -10 Meg O- U.B. -20 to 
+111 db. Overload protection. 
912/10/ -. P. a P. 3/il 

MODEL PT-34. 1!0 ^ 
O.P.V.o110/50/2:,11 
SIFJI 1.000V. a.c. oui 
d.e. 0/1/100/501 no .1. 

d.e. 0/100 K O 39.6 P./P.1/6. 

TRANSISTORISED 
TWO -WAY 

TELEPHONE 
INTERCOM 

Operative over amazingly long 
distances. Separate call and 
press to talk buttons. -wire 
connection. 1000's of appli- 
cations. Beaulihdly finished 
in ebony. Supplied complete 
with batteries and wall bracket.. 
28/19/8 parr. P. & P. 3/6. "' d 
1E1 II DECADE RESISTANCE ATTENUATOR 

Variable range 0-111 
db. Connections. 
Unbalanced T and 
Bridge T. Imped- 
ance 600 ohms. 
Range 10.1 db x 
101 + II rib x 10) 
+ lO +20 +30 + 
40 db. Frequency: DC to 210 KHZ 
Accuracy: 0.05 db. + Indication db x 0.01. 
Maximum input less than 4 watts 150 volts,. 
Built In 600 0 load resistance with internal/ 
external switch. Brand new 227110/-, P. a P. 5/ -. 

CAR LIGHT FLASHERS 
Heavy duty light flasher employs a nndeneer 
discharg principle operating on elect r, 

r' 
,., loon - 

al relay. , t - 

Houeed In s 
F1ab _ 

between ID, po r 
minute. 12 volt 11.1'. 
operation. Maximum 
load 6 amps. Size 2 Ho in. 
die. by 4in. Supplied 
brand new at fraction 
of original cost. (peewit. 
P. & P. 2/6. 13 for 17/6. 
P. a P. 4/6.1 

RECORDING HEADS 
Cosmoeord I track heads: Post extra. 
Rec,onl /replay. High imp 65 /- 
Erase. low imp 
Marrbtt I track heads. Poet extra. 
Record /Playback, high imp. 65/. 
Erase. low imp 20 - 

AMERICAN RECORDING TAPES 
31n. 228ít. L.P. Acetate 3/6 
SD. 600ft. T.P. Mylar.. 101- 
Sin. 600ft. Std. plastic.. 8/8 
Bin. 900ft. L.P. acetate . 10/- 
5in. 1.206ít. U.P. Mylar 15/- 
5fb'.1.200ft. L. P. acetate 12,/6 
b }in. 1;2001t. I.. P. Mylar Le- 
al in. 1,800ft. U.P. Olylae 22/6 
bjin. 2.400ft. T.P. Mylar 39/8 
71n. 1,200ft. Std. acetate 12/6 
Tin. 1.8001t. L.P. acetate 15/- 
71n. 1.800ft. L.P. Mylar 20/- 
716. 2.400ft. U.P. Mylar 25/- 
71n. 3.600 ft. T.P. Mylar 45/- 

First grade 
qual,ty 

American 
tepee. 

Brand new 
and 

guaranteed. 
IIIrecunie for 

quantitlea. 
Postage 2, -. 

Over £3 pat 
paid. 

MAXELL TAPE CASSETTES 
C60 -10'3: C90 -14, R. 0120 -10/5. Post entrs. 

O.WSMITH & CO.( I/AOE) LTD 
All Mail Orders to- 

147, Church Street, London, W.2 
Tel: 01-262 6562 
(Trade supplied/ 

3, LISLE STREET, LONDON, W.C.2 Tel: 01-437 8204 
34, LISLE STREET, LONDON, W.C.2 Tel: 01 -437 9155 

311, EDGWARE ROAD, LONDON, W.2 Tel: 01 -262 0387 
OPEN 9 -6 MONDAY TO SATURDAY ( EDGWARE ROAD 1/2DAY THURSDAY) 
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ELECTRO ALOE 
EVERYTHING BRAND NEW AND TO SPECIFICATION LARGE STOCKS 

BARGAINS IN NEW TRANSISTORS 
ALL POWER TYPES SUPPLIED WITH FREE INSULATING SETS 

2N696 5/6 2N3707 4!- BAI02 9/- 
2N697 5/6 2N3708 2'9 BC107 2/9 
2N706 2/9 2N3709 3 BC108 2/6 
2N1132 9/9 2N3710 3 3 BC109 2/9 
2N1302 41- 2N3711 3 II BC147 4/3 
2N1303 4/- 2N3904 7 6 BC148 3/3 
2N1304 4/6 2N3906 7 6 8C149 4/3 
2N1305 4/6 2N3731 23 BCI53 10/- 
2N1306 6/9 2N3820 25/6 BC154 II/- 
2N1307 6/9 2N3325 10/6 BC157 3/9 
2N1308 8/9 2N3794 3 3 BC158 3/6 
2N1309 8l9 2N4286 3 3 BC159 3/9 
2N1613 6/- 2N4289 3 3 BCI67 2/6 
2N1711 7/- 2N4291 3 3 BC168 2/3 
2N2218 9/3 2N4292 3 3 BC169 2/6 
2N2147 18/9 2N4410 4,9 BC177 6/3 
2N2369A 6/9 2N5192 25/ - BCI78 5/8 
2N2646 10/9 2N5195 29 3 BC179 6/- 
2N2924 4/3 40406 16 3 BDI21 IC- 
2N2925 5/3 40408 14 6 BDI23 24/3 
2N2926R 2/3 AC126 6 6 8F178 10/6 
2N29260 2/3 ACI27 6 BFX29 10/9 
2N2926Y 2/3 ACI28 6 BFX85 8/3 
2N2926G 2/6 AC176 II BFX88 7/9 
2N3053 S/6 ACY22 3 9 BFY50 4/6 
2N3054 14/3 ACY40 4; BFY51 4/3 
2N3055 16/6 ADI40 19/- BSX20 3/9 
2N3391A 5/6 AD149 17/6 M1480 21/- 
2N3702 3/6 AD1611 16/- pr. M1481 27/- 
2N3703 3/3 ADI62f r. M1491 30/- 
2N3704 3/9 AFI18 16/6 P346A 5/9 
2N3705 3/5 AF124 7/6 V405A 7/9 
2N3706 3/3 AF127 7/- 

RESISTORS 
Code Power Tolerance Range 

C 
C 
C 
C 
MO 
C 
WW 
WW 
WW 

I/20W 
I/8W 
I/4W 
I/2W 
I/2W 
IW 
IW 
3W 
7W 

Codes: C 
MO 
WW = 

Values: 
El2 denotes series: I, 12, I.5, 1.8, 2.2, 2.7, 3.3, 

3.9, 4.7, 5.6, 6.8, 8.2 and their decades. 
E24 denotes series: as EI2 plus I-I, 1.3, 1.6, 2, 

2 4. 3, 3 6, 4 3, 5 I, 62, 7 5, 9.1 and their 
decades. 

5°;, 1000-220K n 
5° 4-70 -IM11 
10° 4 7010M R 

440-I0M0 
20 IOL3-IML3 
10" 440-IOM0 

10% -,:- I/20 0 022 L1-3-3 L1 

5°0 1213-10K 0 
5°° 120-10KL1 

- carbon film, high stability, low noise. 
metal oxide, Electrosil TRS, ultra low noise. 
wire wound, Plessey. 

Values I to 9 10 to 99 100 up 
available 

Eli 18 16 IS 
E24 2.S 2 1.7S 
E12 2.5 1.7S 1.5 
E24 3 2.25 2 
E24 9 8 7 
Ell 4 3-25 3 
Eli ISd. all quantities 
E 12 15d. all quantities 
E12 ISd. all quantities 

Prices are in pence each For each ohmic 
value and power rating. (Ignore fractions 
of one penny on total resistor order.) 

NEW PLESSEY INTEGRATED CIRCUIT 
POWER AMPLIFIER TYPE SL403A. Only 
57/- each. Operates with I8V power supply. 
Sensitivity 20mV into 20M L1, 3 watts into 7.50. 
Supplied complete with application Data on orders 
for 2 or more. 

PE NOV. 69 STEREO AMPLIFIER KIT 
less metalwork .. LI I /18 /- NET complete 

CARBON SKELETON PRE -SETS 
Small high quality, type PR: Linear only: 1000, 
2200, 47011, IKLI, 2K2, 4K7, 10K, 22K, 47K, 
IOOK, 220K, 470K, I M il, 2M2, 5M, 10M Sl 
vertical or horizontal mounting .. I each 

S -DeCs PUT AN END TO "BIRDS - 
NESTING". Components just plug in. 
Saves valuable time. Use components again and 
again. 
S -DeC .. .. .. Only 30/6 post free 

Compact T -DeC, increased capacity, may be 
temperature -cycled. 
T -DeC .. .. .. only SI / -- post free 

MULLARD SUB -MIN ELECTROLYTICS 
C426 RANGE . Price 1/3 each 
Axial leads. Values (µF /V): 0.64/64; 1/40; 
16/25; 25/16; 25/64; 4/10; 4/40; 5/64; 64/6.4; 
64/25; 8/4; 8/40; 10/25; 10/16; 10/64; 125/25; 
16/40; 20/16; 20/64; 25/64; 25/25; 32/4; 32/10; 
32/40; 32/64; 40/16; 40/25; 50/6.4; 50/25; 50/40; 
64/4; 64/10; 80/25; 80/16; 80/25; 100/6.4; 125/4; 
125/10; 125/16; 160/25; 200/64; 200/10; 250/4; 
320,/25; 320/64; 400/4; 500/25. 

LARGE CAPACITORS. ALL NEW STOCK 
High ripple current types: 2000µF 25V 7/4: 
20001.J.F 50V 11/4; 5000µF 25V 12/6; 5000µF 
S0V 21/11; 1000µF IOOV 16/3; 20001AF 100V 28/9; 
50001.tF 70V 36/ -; 500011F 100V 58/3; 1000µF 
50V 8/2: 25000 64V IS /5; 2500µF 70V 19/6. 

MEDIUM RANGE ELECTROLYTICS 
Axial leads. Values (.tF /V): 50/50 2/ -: 100/25 
2/ -; 100 /50 2/6; 250/25 2/6; 250/50 3/9; 500/25 
3/9; 1000 /10 3/ -; 500/50 6/ -; 1000/25 4/ -: 1000/50 
7/ -: 2000125 6/ -. 
SMALL ELECTROLYTICS 
Axial leads: 5/10, 10/10, 25/10, 50 /10 I/- each 
25/25, 47/25, 100/10, 220/10 .. .. 1/3 each 

COMPONENT DISCOUNTS 
10" on orders for components for L5 or more. 
IS " on orders for components for L15 or more. 
(No discount on net items) 

WAVECHANGE SWITCHES 
IP 12W: 2P 6W; 3P 4W; 4P 3W -long 

spindles 
SLIDER SWITCHES 
Double pole, double throw .. 

4 9 each 

3 each 

POSTAGE AND PACKING 
Free on orders over L2. 
Please add 1/6 if ort:er is under L2. 
Oversee orders welcome: carriage charged at 

cost. 

PEAK SOUND AMPLIFIER KITS 
The new Englefield Kits 

Build it 
12+12 

or 
25 +25 

Brilliant new styling and available in two forms: 
STEREO 15 WATTS PER CHANNEL 
Supplied in kit form with complete amplifier 
and pre -amplifier modules and power supply 
components. Output per channel into 1552 
-13 watts R.M.S. Price L38.4.0 Net 
STEREO 25 WATTS PER CHANNEL 
Supplied in kit form with complete amplifier, 
pre -amplifier and regulated power supply 
modules. Output per channel into 150 
-28 watts R.M.S. Price 158.15.0 Net 
Specifications on these amplifiers in accordance 
with the Specifications in Guarantee published 
in Peak Sound advertisements. 
Inputs: 
Magnetic, RIAA 3.5mV 
Ceramic 35mV 
Tape I00mV 
Radio 100mV 
Signal to noise ratios: Better than 60dB all inputs. 
ENGLEFIELD CABINET to house either 
above assemblies (as illustrated) L6.0.0. 
Other Peak Sound Products as advertised. 

Mainline Kits as advertised. 

COLVERN 3 WATT WIRE -WOUND POTENTIO- 
METERS: 100, ISO, 250, 500, 1000, 1500, 2500, 5000, 
IKL1, 1-5K 0, 25K L3, 5K L1, 10K CI, 15KO, 25K n, 50KO. 
Price .. .. .. .. .. .. only 5'6 each 

CARBON TRACK 
Double wiper ensures 
Single gang linear .. 
Single gang log. .. 
Dual gang linear .. 
Dual gang log. .. 
Log /Anti -log. . . 

Dual anti -log .. 
Any type with 1- amp 

POTENTIOMETERS 
minimum noise level. Long plastic spindles. 

2200, 4700, 1 K, etc. to 2.2M L1 2/6 
4K7, 10K, 22K, etc. to 2.2M O .. 2/6 
4K7, 10K. 22K, etc. to 1M Cl .. 8/6 
4K7, 10K, 22K, etc. to 2M2L1 .. 8/6 
10K, 47K, 1M Cl only .. .. 8/6 
10K only .. .. .. 8/6 

double pole mains switch .. extra 2/3 

FETS n- channel 
Low cost general purpose 2N5I63, 25 volt only 5 - each 
Audio /r.f. Texas 2N3819 .. .. 9 each 
Motorola 2N5459 (MPFI05) .. .. .. .. 9 6 each 

30 WATT BAILEY AMPLIFIER COMPONENTS: 
Transistors for one channel L7/5/6 list, with 

10% discount .. .. .. .. .. only L6 /I1 /- 
Transistors for two channels L14 /Il /- list, 

with 15% discount .. .. .. .. only 112/7/5 
Capacitors and resistors for one channel, list £2. 

Printed circuit board free with each transistor set. 
Complete unregulated power supply kit 14/17/6 mono or 

stereo, subject to discount. 
Complete regulated power supply kit 19 /S /- subject to discount. 
Further details on application. 

MAIN LINE AMPLIFIER KITS AS ADVERTISED. 
PRICES NET AUTHORISED DEALER 

SINCLAIR IC.10 INTEGRATED CIRCUIT AMPLIFIER 
AND PRE -AMPLIFIER 
This remarkable monolithic integrated circuit amplifier and 
pre -amplifier is now available for despatch from stock. It is the 
equivalent of 13 transistor /IS resistor circuit plus 3 diodes and 
the first of its kind ever. It is d.c. coupled and applicable to 
an unusually wide range of uses all of which are detailed in the 
manual provided with it. 
Sinclair IC.10 as advertised, post free .. 59/6 NET i 

ELECTROVALUE DEPT. WW.701, 28 ST. JUDES ROAD, ENGLEFIELD GREEN, EGHAM, SURREY, 
Hours: 9 -5.30 daily; 1.0 p.m. Saturdays. Telephone: Egham 5533 (STD 0784 -3) 
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R.S.C. SENSATIONAL HIGH FIDELITY STEREO `PACKAGE' OFFERS 
Matching as recommended for optimum per- 'Package' prices apply providing 
formence. Compare rices with equipment and all individual units are purc&eed 
cabitets purchased individually. from any branch within 

t ,mths are leaflet). 

30 Watt Output * Goldring Transcription Turntable on Plinth. * Shure or Goldring Magnetic Pick -up Cartridge. * Super 30 Amplifier in veneered housing. * Pair of Stanway II Loudspeaker Units. 
Special total price. Four lolly 
wired units ready to "ping -in ". 86 Gns. Really superb performance. 
Send S.A.E. for leafle. l'arr. 3(1 - 

30 Watt Output * Garrard SP2S Mk. 11 Turntable on Plinth. * Goldring CS90 Ceramic diamond tipped Cartridge. * Super 30 Amplifier in veneered housing. * Pair of Stanway II Loudspeaker Units. 

Extremely 
Attractive Plinths 
tlunebed in Teak or 
Afrormosia veneer. 
Tinted Transparent 
Plastic "roll aver" 
..over with handle. 

Special total price. 
Four fully wired unite 
ready to "plugIn." 

76 Gns. 
Carr. 3GI- 

AUDIOTRINE HIGH FIDELITY 
LOUDSPEAKERS Heavy eon- 

. Latest high efficiency ceramic 
nnagucte. Treated Cone surround for 
low fundamental resonance. "D" 
Indicates Tweeter Cone providing 
extended frequency range up to 15,000 
C.P.U. Exceptional performance at low 
cat. Impedance 3 or 15 ohms. 

Prices Include carriage. PLEASE STATE IMPEDANCE 
WI UM IF 10W 67/9 HF 120 I2 15W 79 9 ffi 801D 8' 8W 59'9 HF 120D it 15W 89 9 
HF 811D 8 tow £4 4 HF 126 12" 15W 25 5 - 
HF 102D 10" 10W 85 - HF 1260 12" 15W £5.15 - 
HF 100D 10" 15W £5 1§ 

HIGH FIDELITY LOUDSPEAKER UNITS 
Cabinets of latest styling Satin Teak or Afrormosia veneer. 
Acoustically lined or tilled with woollen damping material. 
Ported where appropriate. Credit term. available. 

DORCHESTER Nine 16 x 11 a gin. Appr. 
Range 45- 15,1100 c.p.s. Rating 8.10 tta. 
Fitted High flux 13 x Bin. 
Dual cone speaker. Dope-18s8 
dance 3 or 15 ohms. Carr. 7/6 
STAN WAY II Blue 20 x 101 x 951n. Rat- 
ing 10 watts. Incorporating Fane 13 * elm. 
speaker with rubber cone surround and 
11,000 line magnet. High flux tweeter. 
Handsome Bcsndinavlan design cabinet. 

Range 35. 20,000 c.p.s. Impedance 150. 6Gns. Olvr.mooth reslistic sound c utput. Inc .are. 
GLOUCESTER Sloe 25 x 16 x loin. 12In. High flux 
12.000 line speaker. Crossover malt and Tweeter. 
Rating 10 watts. Frequency range 125 Gns. 40 -20,000 copse. Impedance 15 ohms. 

R.S.C. TA6 6 Watt HIGH FIDELITY SOLID 
STATE AMPLIFIER 

200 -260v. A.C. mains operated 
Frequency Response 30- 
20.000 cop... -2dB. Har- 
monic Distortion 0.3'Y at 
1,000 spa. Separate Bus and 

Treble ' lift' and out controls. 3 Input socket. for 
Mike, Uran, Radio or Tape. Input selector witch. 
Output for 3-15 ohm speaker. Max. sensitivity 6mV. 
Output rating I.H.F.M. In fully enclosed enamelled case, 
91 x 25 x 011a. Attractive brushed silver finish fuis 
plate 101 x 31in. and matching knob.. Complete 71 Gns. kit of parta with full wiring diagrams and instructions. 
Or factory built with 12 moot& guarantee. 58.19.9. Carr. 7/6. 

AUDIOTRINE HI -FI SPEAKER SYSTEMS 
Consisting of matched 12in. 11,000 line 15 watt 
15 ohm high quality speaker, cross -over unit and 
tweeter. Smooth response and extended Ire - 
quency range ensure surprisingly realistic repro- 
duction. 

ES. 15.0 a Or SENIOR 16 watt inc. HF 128 
15.00) line Speaker £8 /15. Carr. 6/6. Carr. 5/9 

HI -FI 'SPEAKER ENCLOSURES 
Teak or Afrormosia veneer finish. Modern design. 
Acouetleally lined. Prices inc. are. 
JEs Sloe lt; . 11 x 91n. Pressurised. 
(in es pleasing resats with any 8ia.E4.14.6 HI -PI speaker. 

13 Watt Output * Garrard SP25 Mk. II 4 -speed Player Unit, on 
Plinth. * Goldring CS90 Ceramic P.U. Cartridge 
with diamond stylus. * TAI2 Amplifier in veneered 
housing. * Pair of Dorchester Loudspeaker Units. 

Special total prie'- 63 Gns. Transparent Plastic cover 3 gns extra. 
Terms Dep. 510.0.8 and 9 monthly pay-mente 
55.15.5 (Total 59 Gins.) Carr. 25/- 

13 WATT 'PACKAGE' .. above but with a.rrw 
3000 and Sonntone 9TA cartridge in lien of 47} Gns. SP25 and C990. beetal total pries 
Transparent cover 3 ga. extra. Can. 25/- 

RSC TA12 Mk II 13 WATT STEREO AMPLIFIER 
FULLY TRANSISTORISED, SOLID STATE CONSTRUCTION HIGH FIDELITY 
OUTPUT OF 8.6 WATTS PER CHANNEL 
Designed for optimum performance with 
any crystal or ceramic Gram P.U. cartridge, 
Radio tuner. Tape recorder, Mike ' etc. * 3 separate .witched input sockets on each 
channel * Separate Bau and Treble control. * Slide Switch for mono use * Speaker 
Output 3 -15 ohms * For 200 -250 V. 
A.C. ains * Frequency Ramona 30- 
20.000 c.p.s. -2,1B * Harmonic Distortion 0.3% at 1000 spa. Hum and Noise 

SEB For optimum -70dB * Sensitivities (U 300 mV (21 60 mV (31 100 mV U) 2 mV * Handsome performance wlthjS. I brushed sUver finish Facia and Knob.. Output rating 1.H.P.M. Complete kit of 
any min. Hi -FI 'speaker. 22 .115 x 91n. Ported parts with full wiring diagram. and Instructions. 13i ONO. Cart. 7/9. Factory 
8E10 For outstanding results with HI -FI 101n. ballt with 12 mth. tee. 17 OIS. Or De 

ker. 24 15 loin. Ported ES. 19.9 Or in 
and 9 mthly 

or 
34.. 

BEl2 Por high performance with 121n. HI -FI speaker 
(T °111 £20/6/61. In Teak or Af ,T"ta veneer howling spy ose. pr Dep. 

and Tweeter. sloe 25 x 18 x IOjln. Pressurised. E6.19.9 P5 %166 and s mtnly. p.,nts. ££,1.7 tT marl £E4 4 B . 

THEeYORK' HIGH FIDELITY 3 'SPEAKER SYSTEM 
Moderate else approx. 25 x 14 o 10 lu. Range :i0.20.1e10 l' .e, , kit, 

c.p.e. Impedance 15 ohms. Performance comparable 
2U Gns. 

with units coming considerably mon. Cachet. of (1) 12 in. 
Is watt Bue unit with cast chassis. Roll rubber cone eurroup.1 for 
ultra low resonance. and ceramic magnet. (2) 3 -way quarter section 
series crasover system. (3) 8 x 51n. high flux middle range speaker 
(4) High efficiency tweeter. (6) Woollen arctic damping material. 
(6) Teak veneered cabinet. (7) Circuit and full inctruetiona. 
REMARKABLE VALUE HEAR IT AT ANY BRANCH 

R.S.C. BATTERY MAINS CONVERSION UNITS 
Type 11M I. An all- ire battery etc is or. 
Si.. 61 s 4i x 2in. approx. Completely 
replaces batterla enpplymg 1.5 v. and 90 v. 
where A.C.naine 200/260 V.60 c /s. u available. 
Complete kit with diagram 52/6 or. 
Read for use, BEO. 

P.W. Bridged 6/12.. D.C. Output Input Maw. 18v. A.('. 
la.. UM 11...15/6:2.-6/11:3.9/9:4...12'9:11...15,9 

R.S.C. A10 30 WATT ULTRA LINEAR 
HI -FI AMPLIFIER Higldy ensltive. Push -Pull high 

output. with Pre -amp. /Tone Con 
trol Stages. Performance figures: Hum level -70dB. Frequency 
response ± 3dB 30.20.000 c /s. Sectionally wound output tram. 
former. Al high grade components. Valves EF86. EF9O. ECCS3, 
807 .807. GZ34. Separate Bess and Treble Control.. Seneltivlty 
36 millivolts. Suitable for HI ̀̀ h Impedance mio. or pick -ups. 
Designed for Clubs. &Mods, Thespe, Danes Halls or Outdoor 
Pia(ltions. etc. For use with peelynnie Organ, Gdsar. String Ban. 

etc. Cram. Radio or Tape. Reserve L.T. and H.T. for Radio Toner. Two inputs with usodeled 
volume control. so that two eep.rate Inputs suck as Gram and "Mike" can be mixed. 200.260 v., 
30 c /s. A.C. mains. For 3 and 15 ohm speaker.. Complete Kit parts wiring dings.. Instructions. 
Twin -handled perforated cover 27/6. Or factory hulk with EL34 output valves and 

S Gns. 12 months. go,r:.nter for 18 go. Tech . ne -. npply to factory built units. Carr. 12/6. 
TERMS: Deposit 18.8.0 and 9 mont hl. ..n of 84/- (Total 551/9/0.1 Send S.A.E. for leaflet. 

INTEREST CHARGES REFUNDED On credit Sates settled in 3 months. 

R.S.C. All HIGH FIDELITY 12 -14 WATT AMPLIFIER 
Push -pull ultra linear output built -in" tone patrol 
pre -amp. Two Input socket. with associated control, 
allowing mixing of "mike' and gram. etc. etc. High 
sensitivity. 6 valves -ECC83 (2). EL84 12). EZi1. 
High quality sectionally wound output transformer. 
IND. BANS AND TREBLE CONTROLS. Frequency 
response ± 3dB 30. 20.000 cis. Horn level- -cidB. 
SENSITIVITY 40 millivolts. For Crystal or Ceramic 
PCs. High Impedance "mikes'. For Musical Inetru- 
ments such as String Base, Electronic Guitar., etc. 

Sire approx. 12 x 9 x 71n. For AC mains 200.250v. 60 cps. Output 91 G 
for 3 and 16 ohm spkn. B.A.E. for leaflet. Complete kit 2- I 

R.S.C. COLUMN SPEAKERS Covered in two- 
tone Rexlne /Vynalr. ideal for vocalists and Publics 
Address. 16 ohm matching. TYPE C67 16 watts inc. five 
7 x fin. spkn. £7;19/11 TYPE COBS, 30 watts. Fitted 
lour bin. high flux s watt speaker.. Overall else approx. 
42 x 10 x 61n. 18 ODs. Or deposit 87/- and 9 mthly 
pyrole. 34/9 (Total £18/19/9). Ca. w /.. rigs 

C4 
n 

, 60 watts. Fitted four 12in. 11.001 lines 15 
wattepeakers. Overall sire 56 x 14 x 918. approx. 213 Oa. 
Or deposit 55 /17/6 and 9 monthly payments Carr. 16 ;- 
of 64/8 (Total 230/7/ -). 

ns. 
Full Instructions and point -to -point wiring diagram,. Can. Il /6 (or factory built 
12y Oa.) Twin handled metal cover 27/6. Tenor on senenibled unite. Depueit 99/6 and 
9 monthly payment. of 281 -. (Total £15/616. ESC AliT transistorised version of 
shove coot fete kit : Oa. (Assembled 13 al 

Total cat of parts 
with detailed wiring 
diagrams and inetruc- 
tions. 14 Gns. 

Inc. Can. 
Or factory built 
184 ga. Or In Teak 
fioinhed cabinet u 
Illustrated IN ga. 
Tenus: lire-cit £6 and 
9 monthly p+ iiacUta £2. 
Total £23. 

OLID TA HF FM 1 I 1 

_1 * High- aeoaitivity * 200 -2508. A.C. Maine opera - 
x -. tioo. * Sharp AM. Relectmp. * Dritt -free reop- 

lion.* 
Simple alignment 

inrany ion.. amplifier (apptput 
available * Simple alignmeol instruction.. * Output availabts 

for feeding tuning meter. * Output for feeding Stereo 
rte ,g Multiplexer. *Tuner head using ailiou Planar Tran- 

sistors. * Designed for lundud 80 ohm co-axial input. 
virally matching our Super 15 and 30 amplifiers sol of the same high standard of 
performance and reliability. The pre-wired tuning head facilitates speed and sim- 
plicity of construction. Printed circuitry. Only high grade transistons and com- 
ponents used. A quality product at considerably lea than the cost of comparable 
unite. Stereo version. All parts 20 Btu. Inc. Carr. Assembled 221 pos. Inc. Can. 

_) J 

High ua ty 
In teak or&fronnnala veneered 
cabinets. 1.13 13' x 8' 
10 Watt Model. Caress 10.010 
lana. 3 or lb ohms. £4/19/9 

Carr. 7/ü 
Lit 12 20 Wait Model. 
15 ohm. Sae 18 x 18 x 10in. 
Gass. 10,000 11nes. Beattie. 
covered 10 / -extra. Can. a, 

. 1 , 1' I ' 

18'19 9 

IWO -WAY 'PHONE AMPLIFIER 
Listen and speak with le i 

59/9 hand. free. Handsome black case. 
Battery operated. 

R.S.C. MAINS TRANSFORMERS 
FULLY GUARANTEED. Interleaved and Impreg- 
nated. Primaries 200 -250 v. 60 o /s. Screened 
MIDGET CLAMPED TYPE 21 x SI x$ *ia. 
260 v.. 60 IDA. 6.3 v. 2 a. 17 /11 
250.0.250 v.. 60,0.4. 6.3v. 2a. 1S/11 
FULLY SHROUDED UPRIGHT MOUNTING 
260- 0.250v. 60 m A.. 6.3e. 2... 0.6.6.3e. 2a 54/9 
250.0.260v. 100mA. 6.3v. da.. 0- 5.6.3v. Sa 39/9 
300.0.300v. 100mA, 6.3e. 4a., 0.5 -6.3e. 34 39/9 
300.0 -300v. 130mA. 6.3v. du.. o.t.. 6.3v. la 

For Mallard 510 Amplifier .. 47/11 
330-0-360v. 100 m A.. 6.3 v. 4a.. 0-54.3v. 3... 3919 
350- 0 -350v. 150mA. 6.3v. 4a., 0- 5 -6.3v. 3a.. 47/9 
426.0.425v. 200mA. 6.3e. 4.. c.t.. 6v. Ss 89/9 
425-0-426v. 200mA, 6.3e. 4a., 6.3 v. 3a. 6, Sa 98/9 
450- 0.450e. 250mA. 6.3v. 4a., et.. 5v. 3a. . 99/9 
TOP SHROUDED DROP -THROUGH TYPE 
260- 0.250v. 70mA, 6.3v. 2a., 0- 5.6.3v. 2a... 23/ 
280 -0 -2808. 100mA, 6.3v. 3.5a. 271 
250-0-250v. 100mA. 6.3v. 2a.. 6.3 v. la. 28/ 
300- 0 -350v. 80mA. 6.3v. 2a., 0.5.6.3v. 2a 29/111 
250- 0.250v. 100mA, 6.3v. 4.., 0.6 -6.3v. 3a. 39 /e 
300-0-300v. 100t n A, 6.3v. 4 a. . 0-5-6.3v. 3a. 39/9 
300- 0 -300v. 130nnA, 6.3v. 4a., 0.5.6.3v. la 

Suitable for Mallard 610 Amplifier 48/9 
350 -0 -351v. 100mA.. 6.3v. 4a., 0.5.6.3v. Sa 

4 9/ 
Q 

320-0-350v. 160m A.. 6.3v. du., 0-5-6.3v. 3a 8/ It 
PH.AMEIT or TRANSISTOR POWER PACE 
6.3 v. I.5a. 8/9; 6.:tv. 2a. 9/9; 6.3v. 3.. 13/9; 6.3V 
6. 22/9; I2v. la.9 /11; 12v. 3a. or 24v. 1.5a. 23/9; 
0- 0.10v. lia. 19/11. 6.12- 25.42e. Sa. 31/9. 
CHARGER TRANSFORMERS 0- 9.10v. lia. 18/9; 
21a 119/11 :3 1 /11.5£6 '1 ß..1g169819 
A (up UPltep DOWN) 
0- 110 /120v.200- 50 -80 watts osso 19/9 
150 watts,83/11. 260 watts 49/9; 600 watts 11W- 
OUTPUT TEAKS/VIEWERS 
Standarc Pentode 6.0000 or 7,0000 to 30 8/9 
Push -Puts 8 watt. ELM to 30 or Leo - 14/9 
Ptah -Pull 10 watts 606 ECL86 to 3, 6.8 or 160 24/9 
PuahPuil ELM to 3 or 150 10.12 watts . 

Ptah -Pal Ultra Linea for Mallard 610. eta. /9 
Push-Pal 15 -18 watts. sectionally wound 614 

KT56. etc., for 3 or 130 85/9 
Push -Pull 20 watt high quality sectionally 

wound EL34. 6LI. KT66, etc. to 3 or 150 59/9 
SMOOTHING CHORES 
160mA.7.10H. 2600 12/9 ;100mA, lOH,2000 10/9; 

80mA 10H. 3500. 8/9; 60mA. 
10H. 4000 vg.. 
Record P ring Units 
MONEY SAVING UNITS 
Ready to plug into Amplifier. R.S.C. SUPER 30 /OH MICH FIDELITY STEREO AMPLIFIER 

HIGH GRADE COMPONENTS SPECIFICATIONS 
COMPARABLE WITH UNITS COSTING 
CONSIDERABLY MORE 
Duo., trau To in Printed Circuit. 200/250v. A.C. 

TRANSISTORS: 9 high -quality typen per channel. 
OUTPUT: tu Watte R.M.B. continuous Into 150 
(Per rheum I1 15 Watt. B.M.B. coutinuoa into 30 
INPUT semarr YITIES: Msg. P.U. 4 m.v. 
Ceramic P. U. 35 m.v. Tape Amp. 400 m.v. Aux. 
1191 m.v. Mir. 5 rose. Tape Head 2.5 m.v. 
FREQUENCY RESPONSE: A 2dB. 10. 20,000 c.p.s. 
TREBLE CONTROL: + 17 dB to -I4dB at 10 Kc /s. 
BASS CONTROL: +17 dB to -15 dB at 50 c/a. 
HUM LEVEL: -80 dB. 
HARMONIC DISTORTION: 0.1% at 10 Watts 
1,000 c.p.s. 
CROSS TALE: 62 dB at 1.000 c.p.s. 

005911.018: 6- position Input Selector, Bue, 
Treble. Vol., Bal.. Stereo /Mono 5w., Tape 
Monitor Sw., Muta Bw. 
INPUT SOCKETS: (1) P.U. (2) Tape Amp. 
13) Radio (4) Mk. or Tape Head. (Operation of 
Input Selector ensures appropriate egoallsation.) 
CHASSIS: Strong Steel construction. Approx. 
12 x 3 x 8 in. 
PACTA PLATE: Attractive design In rigid 
Perspex. Spun silver matching control knob. 
as available. 

BRADFORD 10 North Parade (Half -day W ed.). Te1.25349 

BLACKPOOL (Agent) O & C Electronics 227 Church St. 

BIRMINGHAM 30/31 Gt. Western Arcade. 
Tel.: 021 -236 1279. Half -day Wed. 

DERBY 26 Osmaston Rd. The Spot (Half -day Wed.). 
Tel. 41361 

DARLINGTON 18 Priestgate (Half-day Wed.).Te1.68043 

EDINBURGH 133 Leith St. (Half -day Wed.). 
Tel. Waverley 5766 

G LAS GO W 326 Argyle St. (Half -day Tues.). Tel. CITY 4158 

HULL 91 Paragon Street (Half -day Thun.). Tel. 20505 

COMPLETE KIT OF PARTS, point to 
point wiring diagrams 
and detailed instructions. 22 Gns. 

Carr. 15/ -. 
EMINENTLY SUITABLE FOR USE WITH ANY 
MAKE OP PICK -UP OR HIC. (Ceramic or 
Mugpi'iii' Moting Coil, Ribbon or Crystal.) 
CURRENTLY AVAILABLE. SUPERB SOUND 
OUTPUT QUALITY CAN BE OBTAINED BY 
USE WITH FIRST -RATE ANCILLARY 
EQUIPMENT. Unit factory built 28 Ono. or 
Deposit £716/- and 9 mthly. payments 6813 
(Total 232/11/3) or In Teak or Afrormoida 

R.S.0 

HIGH 

. SUPER 15 

FIDELITY 

AMPLIFIER 
Solid sate. Approx. as 
Super 30 but single 
channel. Complete kit 
with full constructional 
details and point tc point 
wiring die - 

gram.. . 1 
Li Gns. 

Or factory built: 164 
Goa, Can. 12/6. Term.: 
Deposit 4 Gns. and 9 
monthly payments 31 /1 
(Total 218/3/9): or in 

veneer hnuaing 31 On.. Can 15/. Terms: Teak r Afrormals 
Deposit £7/3/8 and 9 mthly payments 84/_ veneered honing 19 0a, 
(Total g36/T9/6.) Send S.A.E. for leaflet. I 

32 High Street (Half -day Thurs.). Tel. 56420 RS-C 
HI -FI CENTRES LTD. 

MAIL ORDERS to: 102 -106 
Henconner Lane, Bramley, 
Leeds 13. No C.O.D. under 
Cl. Terms C.W.O. or C.O.D. 
Postage 4/6 extra under C2. 
5/9 extra under C5. Trade 
supplied.S.A.E. with enquiries 
please. Open all day Sets. 
MAIL ORDERS MUST NOT 

BE SENT TO SHOPS. 

5 -7 County (Mecca) Arcade, Briggate 
LEEDS (Half -day Wed.) Tel. 28252 

73 Dale St. (Half -day Wed.). LIVERPOOL Tel. CENtral 3573 
238 Edgware Road, W.2 (Half -day Thun.). LONDON Tel. PAD 1629 
60A Oldham Street (Half -day Wed.) MANCHESTER Tel. CENtral 2778 
106 Newport Rd. (Half -day MIDDLESBROUGH Wed.). Tel. 47096 
41 Blackett Street (opp. Fenwicks NEWCASTLE UPON 
Store) (Half-day Wed.). Te1.21469 TYNE 
13 Exchange Street (Castle Market Bids.) SHEFFIELD (Half -day Thurs.). Tel. 20716 

LEICESTER 

RP2Ctmnsl.tla of OamN 
81'25 Mk. Il (with 

heavy turntable fitted Goldring 
(2590 high compliance ceramic 
Stereo/Mono cartridge with 
diamond stylus. Mounted on 
plinth. Transparent 
plastic cover Included. 23G ns, 
lac. cart. 

war As above but with 
Goldring Lenco GUIS 

Transcription unit and c(490 
Cartridge. Cover lie 1o.1, .1. 

Inc. cart. 28Gns. 
Various other types 

with Magnetic P.U. Cartridges 
and 'Lift off' or 'Roll over' 
transparent coven at lowest 
price.. 

R.S.C. PLINTHS for 
;o 

PuIicyi 
.l 

alts. 
Cut trar 
Oamrd 

._. 1025. - _ 2025. 

59/9 AT66: 
SP25 etc. Asallable with 
Traapaeeiii i tara: 6 Gns. cover. irae. can. 

1 WATT TRANSISTOR 
AMPLIFIERS 

Miniature sise batter, operated ted 
For 3.60 1. /.lwakrre. Brand 
new boxed. 3719 

www.americanradiohistory.com

www.americanradiohistory.com


a80 

CURRENT RANGE OF BRAND NEW L.T. 
TRANSFORMERS. FULLY SHROUDED 
( *excepted) TERMINAL BLOCK CONNEC- 

TIONS. ALL PRIMARIES 220240v. 
No. SEC. TAPS AMPS PRICE CARR. 
IA .. 25-33-40-S0.... IS 110 IO 0 12/6 
IB .. 25-33-40-S0.... 10 17 12 6 9/6 
IC .. 25-33-40-50.... 6 L6 IS 0 9/6 
ID .. 25-33-40-S0.... 3 L4 0 0 7/6 
2A .. 4-16-24-32 12 L7 2 6 8/6 
28 .. 4-16-24-32 8 LS 7 6 8/6 
2C .. 4-16-24-32 4 L3 12 6 7/6 
2D .. 4-16-24-32 2 L2 7 6 5/- 
3A... 2S-30-35 40 LI6 IO 0 12/6 
3B.. 25-30-35 20 LIO S 0 10/6 
3C .. 25-30-35 10 t7 S 0 8/6 
3D .. 25-30-35 5 L4 2 6 7/6 
3E .. 25-30-35 2 L3 2 6 7/6 
4M.. I2-20-24 30 LI3 0 0 12/6 
4B .. 12-20-24 20 L8 S 0 9/6 
4C .. 12-20-24 10 14 S 0 8/6 
4D .. 12-20-24 5 13 12 6 7/6 
SA .. 3-12-18 30 19 12 6 9/6 
SB .. 3-12-I8 20 17 2 6 8/6 
SC .. 3-12-I8 10 L4 S 0 7/6 
SD .. 3-12-18 5 L2 17 6 7/6 
6A .. 48-56-60 2 L3 12 6 6/6 
6B .. 48-56-60 I L2 12 6 6/6 
7A .. 6-12 50 L10 7 6 10/6 
78 .. 6-12 20 L6 2 6 8/6 
7C .. 6-12 10 L3 17 6 7/6 
7D .. 6-12 5 L2 15 0 6/6 
BA .. 12-24 1 LI 12 6 6/6 
9A .. 17-32 8 L6 5 0 8/6 
10A. 9-I5 2 LI 9 6 6/6 
IIA.. 63 15 L2 10 0 7/6 
12A. . 30-25-0-25-30 2 L3 12 6 6/6 

AUTO TRANSFORMERS 
240v:110v. or 100v. Completely Shrouded fitted 
with Two -pin American Sockets or terminal 
blocks. Please state which type required. 
Type Watts Approx. Weight Price Carr. 

I 80 21 lb LI 19 6 5/6 
2 ISO 4Ib L2 12 6 6/6 
3 300 641b L3 12 6 6/6 
4 S00 8# lb LS 2 6 8/6 
5 1000 15 lb [7 2 6 9/6 6 1500 251b L9 IS 0 10/6 7 1750 281b [14 IS 0 12/6 
80 2250 301b LI7 17 6 15/- 

*Completely enclosed in beautifully finished metal case 
fitted with two 2 -pin American sockets, neon indicator, 
on/off switch, and carrying handle. 

WE REGRET WE HAVE TO INCREASE ALL 
THE ABOVE TRANSFORMER PRICES BY 
10 PER CENT OWING TO THE HIGH COST 
OF COPPER. 

(ELECTRONICS) LTD. 

9 & IO CHAPEL ST., LONDON, N.W.I 
01- 723 -7851 01- 262 -5125 

HIGH GRADE POTTED CHOKES 
BY FAMOUS MAKERS. NEW. GUARANTEED 
20 H. 200 m/a. 30/-. P. & P. 7/6. 20 H. 180 m/a. 27/6. P. & P. 
7 6. IS H. 180 m/a. 2S/-. P. & P. 7/6. 12 H. 200 m/a 25/.. P & 
P. 7'6. 10 H. 180 m/a. 22/6. P. & P. 7/6. 5 H. 300 m/a. IS/-. 
P. & P. 6/6. 30 H. 50 m/a. 25/-. P. & P. 7/6. 10 H. 75 m/a. 10/6. 
P. & P. 2/6. 50 H. 25 m/a. 8/6. P. & P. 2/-. 10 H. 120 m/a. 12/6. 
P. & P. 3/6. IS H. 75 mia. 12/6. P. & P. 3/6. 5 H. 100 m/a. 
66. P. & P. 2', 0-75 H. 450 mia. I51-. P. & P. 4'6. 

PARMEKO NEPTUNE SERIES 
ENT TRANSFORMERS 

Pri Tapped 200 -250v. Sec. 3 kV 58 m /a. 4v. I I A. 10 kV 
r.m.s. test and 4v. 0.5 A. 75/ -. P. & P. 10/ , 

GRESHAM POTTED TRANSFORMERS 
Pri Tapped 200 -250v. Sec. 475- 0 -475v. 160 m /a. 215-0-215v. 
60 m /a. 6.3v. 82 A. 6.3v. 5 A. 6.3v. 0.75 A. Sv. 3 A. 85/ -. 
P. & P. 10/ 
Pri Tapped 200 -250v. Sec. 415- 0 -415v. 160 m /a. 165v. 155 
m /a. 6.3v. 3 A. 6.3v. 1.6 A. 6.3v. I.6 A. 5v. 28 A. 75/ -. 
P. & P. 10/ , 
Pri Tapped 200 -250v. Sec. 6.3v. 2.5 A. twice, 6-3v. I.5 A. 
6.3v. I A. 6.3v. 0.5 A. 17/6. P. & P. 4/6. 
Pri Tapped 200 -250v. Sec. 27- 0-27v. 0.3 A. 28.27 -26.0 -26- 
27-28v. 0.3 A. 6-3v. I A. 6.3v. 0.3 A. 6.3v. 0.6 A. 30 / -. 
P. & P. 4/6. 
Pri Tapped 200 -250v. Sec. 350-0-350v. 25 m /a. 6.3v. I A. 
IS% -. P. & P. 4/ -. 
Pri Tapped 205 -245v. Sec. 300v. 37 m /a. twice. 4v. I A. 4v. 
0.3 A. 27/6. P. & P. 5/ -. 
Pri Tapped 200 -250v. Sec. Tapped 370 -390 -410v. 6 m /a. 
I0 / -. P. & P. 3/ -. 
Pri Tapped 200 -245v. Sec. 300-0-300v. 66 m /a. 6.3v. 4A. 
17/6. P. & P. 5/, 
Pri Tapped Sec. 125v. 265 m /a. twice. 35/ -. P. & P. S / -. 
Pri Tapped 200 -250v. Sec. I30v. 185 m /a. twice. 200v. 350 
m /a. twice. S7/6. P. & P. 8/6. 
Pri Tapped 200 -240v. Sec. 130v. 450 m /a. three times. 79/6. 
P. & P. 10/6. 
Pri Tapped 200 -240v. Sec. 400v. 290 m /a. 75! -. P. & P. 10/6. 
Pri Tapped 200 -250v. Sec. 45v. 25 m /a. Iv. 0.5 A. 12/6. 
P. & P. 4!6. 
Pri Tapped 200 -240v. Sec. Tapped 760 -700- 40 -20v. SO m /a. 
6-3v. I.5 A. 25/ -. P. & P. 5 / -. 

ONE ONLY DAVENSET TRANSFORMER 
Pri 400- 4IS -440v. Sec. 270v. 1.500 watts. LI2/10 / -. Carr. 15/ -. 
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SMITHS SYNCHRONOUS MOTORS 
A.C. 200 -240v. 4 r.p.m. Sin. dia. Length of spindle fin. 22/6. 
P. & P. 2,'6. As above, I r.p.m. 22/6. P. & P. 2;6. 

AMERICAN SYNCHRONOUS MOTORS 
A.C. 230v. 50 cycles, 6 r.p.h. 21in. dia. cog spindle. 12/6. 
P. & P. 2/6. 

VENNER SYNCHRONOUS MOTOR 
A.C. 240v. 50 cycles, 40 r.p.m. 2;in. dia. Length of spindle 
Fn. 12/6. P & P. 2;6. 

BERCO SLIDING RESISTORS 
1004 ohms I amp. Single Tube Slider. Length 18ins. 45/ -. 
P. & P. 7/6. 30 ohms 1.25 amps S.T. Right angle geared drive. 
19/6. P. & P. 5/6. 45 +12 ohms 6.5/4 amps Single Tube Fixed 
Length 22ins. 25/ -. P. & P. 7/6. 

G.P.O. 3000 TYPE RELAY (New and Boxed) 
20,000 ohms Heavy Duty Contacts. 2C0. 2M. IS/ -. P. & P.2 / -. 
75 ohms Normal Contacts. 3M, IB, ICO. 6/ -. P. & P. 2/ -. 
500 ohms Heavy Duty Contacts. 3M, 3B. 8/6. P. & P. 2/ -. 
150 ohms Heavy Duty Contacts. 2M. 6/ -. P. & P. 2/ -. 

SUNVIC TANK THERMOSTATS 
Type TQP. 250v. 15 amps NC. 5 amps NO. 190 -70 deg. F. 
Length of stern 10 ¡ins. 25/ -. P. & P. 5/ -. 

AC 220 -240v. SHADED POLE MOTORS 
1.500 r.p.m. Double spindle. Length 0.9in. and 0.6in. Overall 
size 3 x 3; x Zins. New and Boxed. 1016. P. & P. 3/6. 

BURGESS MICRO SWITCHES 
Type MK 3BR/74. Norm closed or Norm open. lin. raised 
Press Button. 8/6 for three. P. & P. 2,6. 

SIEMENS MINIATURE RELAY BASES 
Type T.STV 24 C. 6 Contact pin. 4 Coil pins. Cartons of 20, 
inc. spring clips. 15/-. P. & P. 2,-. 

PULLEN SHUNT WOUND 24v. DC REVERSIBLE 
MOTORS 

Type 610 H.P. 1/75 r.p.m. 3,500 Cont/R. New and boxed. 
IS; -. P. & P. 3,6. 

MAINS ISOLATION TRANSFORMERS 
Pri tapped 240 -220 -110v. Sec. 240v. 1200 watts. Built into 
metal case with twin 13 amp Socket outlet. on /off switch, 
neon indicator and carry handle. 116.10.6. Carr. 15 / , 

GARDNER'S POTTED TRANSFORMERS 
Pri Tapped 200 -240v. Sec. 3Sv. 7.2 amps. conservatively rated. 
57/6. Carr. 6/6. 

LATEST RELEASE OF 

RCA COMMUNICATION RECEIVERS AR88 

BRAND NEW and in original cases -A.C. mains input. 110V 
or 250V. Freq. in 6 bands 535 Kc /s -32 Mc /s. Output impedance 
2.5 -600 ohms. Complete with crystal filter, noise limiter, B.F.O., 
H.F. tone control, R.F. & A.F. variable controls. Price £87/10/ - 
each, carr. £2. 
Same model as above in secondhand cond. (guaranteed working 
order), from £45 to £60, carr. £2. 

*SET OF VALVES: new, £3/10/- a set, post 7/6; SPEAKERS: 
new, £3 each, post 10 / -. 'HEADPHONES: new, £1/5/- a pair, 
600 ohms impedance. Post 5/ -. 
AR88 SPARES. Antenna Coils L5 and 6 and L7 and 8. Oscil- 
lator coil L55. Price 10/- each, post 2/6. RF Coils 13 & 14; 
17 & 18; 23 & 24; and 27 and 28. Price 12/6 each. 2/6 post. 
By -pass Capacitor K.98034 -1, 3 x 0.05 mfd. and M.980344, 
3 x 0.01 mid., 3 for 10/ -, post 2/6. Trimmers 95534 -502, 2 -20 p.f. 
Box of 3, 10/ -, post 2/6. Block Condenser, 3 x 4 mfd., 600 v., 
£2 each, 4/- post. Output transformers 901666 -501 27/6 each, 
4/- post. 

Available with Receiver only. 

S.A.E. for all enquiries. If wishing to call at 

Stores, please telephone for appointment. 

MARCONI SIGNAL GENERATORS 

TYPE TF- 144G 

Freq. 85Kc /s- 25Mc /s in 8 ranges. Incremental: +/ -1 % at 1Mc /s. 

Output: continuously variable 1 microvolt to 1 volt. Output 
Impedance: 1 microvolt to 100 millivolts, 10 ohms 100mV -1 volt - 
52.5 ohms. Internal Modulation: 400 c/s sinewave 75% depth. 
External Modulation: Direct or via internal amplifier. A.C. mains 

200/250V, 40 -100 c /s. Consumption approx. 40 watts. Measure- 
ments: 191 x 12} x 10 in. The above come complete with Mains 
Leads, Dummy Aerial with screened lead, and plugs. As New, in 

Manufacturer's cases, £40 each. Carr. 30/ -. DISCOUNT OF 
10% FOR SCHOOLS, TECHNICAL COLLEGES, etc. 

W. MILLS 3 -B TRULOCK ROAD, TOTTENHAM, NM l 
Phone: Tottenham 9213 
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HRO RECEIVER. Model 5T. This is a famous American High Frequency 
superhet, suitable for CW, and MCW, reception crystal filter, with phasing 
control. AVC and signal strength meter. Complete HRO 5T SET (Receiver, 
Set of 5 Coils & Power Unit) for £27;10/ -, cart. 30/ -. 

COMMAND RECEIVERS; Model 6-9 Mc /s., as new, price £51101 - each, 
post 5/ -. 

COMMAND TRANSMITTERS, BC -458: 5.3 -7 Mc /s., approx. 25W 
output, directly calibrated. Valves 2 x 1625 PA; 1 x 1626 osc.; 1 x 1629 
Tuning Indicator; Crystal 6,200 Kc /s. New condition -£3/101- each, 10 /- 
post. 
(Conversion as per "Surplus Radio Conversion Manual, Vol. No. 2," by 
R. C. Evenson and O. R. Beach.) 

AIRCRAFT RECEIVER ARR. 2: Valve line -up 7 it 9001; 3 x 6AK5; and 
1 x 12A6. Switch tuned 234-258 Mc /s. Rec. only £3 each, 7/6 post; or Rec. 
with 24 v. power unit and mounting tray £3/10/. each, 10/- post. 

RECEIVERS: Type BC -348, operates from 24 v D.C., freq. range 200 -500 
Kc/s, 1.5 -18 Mc /s. (New) £35.0.0 each; (second hand) 10.0.0 each, good 
condition, carr. 15/- both types. 

MARCONI RECEIVER 1475 type 88: 1.5 -20 Mc /s, second -hand condition 
00.0.0 each. New condition £25.0.0 each, carr. 15/ -. 

RACAL EQUIPMENT: Frequency Meter type SA20: £35 each, carr. £1. 
Frequency Counter type SA21 : £85 each, carr. 30/ -. Diversity Switching Unit 
type MA168: £35 each, post 10 / -. Converter Frequency Electronic VHF Type 
SA.80 (for use with the SA.20): 25 Mc /s -160 Mc /s, £40 each, carr. £1. 

ROTARY CONVERTERS: Type 8a, 24 v D.C., 115 v A.C. (a? 1.8 amps, 
400 c/s 3 phase, £6/10'- each, 8/- post. 24 v D.C. input, 175 v D.C. @a 40mA 
output, 25/- each, post 2/ -. 

CONDENSERS: 150 mfd, 300 v A.C., £7/10,'- each, carr. 15/ -. 40 mfd, 440 v 
A.C. wkg., £5 each, 10 /- post. 30 mfd, 600 v wkg. D.C., £3/10/- each, post 10 / -. 
15 mfd, 330 v A.C. wkg., I5 /- each, post 5/ -. 10 mfd, 1000 v, 12/8 each, po st 2/6. 
10 mfd 600 V. 816 each, post 5/ -. 8 mfd, 1200 v, 12/8 each, post 3/ -. 8 mfd, 600 v, 
8/6 each, post 2/6. 4 mfd, 3000 v wkg., £3 each, post 7/6. 2 mfd, 3000 v wkg., £2 
each, post 7/6. 0.25 mfd, 2Kv, 4/- each, 1/6 post. 0.01 mfd. MICA 2.5 Kv. Price 
£1 for 5. Post 2/6. Capacitor: 0.125 mfd, 27,000v wkg. £3.15.0 each, 10/- post. 
AVO MULTIRANGE No. 1 ELECTRONIC TEST SET: £25 each, carr. £1. 

OSCILLOSCOPE Type 13A, 100/250 v. A.C. Time base 2 c /s. -750 Kc /s. 
Bandwidth up to 5 Mc/s. Calibration markers 100 Kc /s. and 1 Mc /s. Double 
Beam tube. Reliable general purpose scope, £22 /101 - each, 30/- carr. 
COSSOR 1035 OSCILLOSCOPE, £30 each, 30/- can. 
COSSOR 1049 Mk. Ill, £45 each, 30/- carr. 

RELAYS: GPO Type 600, 10 relays C 300 ohms with 2M and 10 relays -:y 

50 ohms with 1M., £2 each, 6/- post. 
12 Small American Relays, mixed types £2, post 4/ -. 
Many types of American Relays available, i.e., Sigma; Allied Controls; Leach; 
etc. Prices and further details on request 6d. 

GEARED MOTORS: 24 v. D.C., current 150 mA, output 1 r.p.m., 30/- each, 
4/- post. Assembly unit with Letcherbar Tuning Mechanism and potentio- 
meter, 3 r.p.m., £2 each, 5/- post. 

Actuator Type SR-43: 28 v. D.C. 2,000 r.p.m., output 26 watts, 5 inch 
screw thrust, reversible, torque approx. 25 lbs., rating intermittent, price £3 
each, post 5/ -. 

SYNCHROS: and other special purpose motors available. British and American 
ex stock. List available 6d. 

TCS MODULATION TRANSFORMERS, 20 watts, pr. 6,000 C.T., sec. 
6,000 ohms. Price 25/ -, post 5/ -. 

AUTOMATIC PILOT UNIT Mk. 2. This complex unit of diodes and valves, 
relays, magnetic clutches, motors and plug -in amplifiers, with many other items, 
price £7/10/ -, £1 carriage. 

FOR EXPORT ONLY: B.44 Trans -ceiver Mk. III. Crystal control, 60- 
95 Mc /s. AMERICAN EQUIPMENT: BC -640 Transmitter, 100 -156 
Mc /s., 50 watt output. For 110 or 230 v. operation. ARC 27 trans- ceivers, 
28 v. D.C. input. Also have associated equipment. BC -375 Transmitter. 
BC -778 Dinghy transmitter. SCR -522 trans -ceiver. Power supply, PP893/ 
GRC 32A Filter D.C. Power Supply F- 170/GRC 32A: Cabinet Electrical 
CY 1288 /RC 32A; Antenna Box Base and Cables CY 728 /GRC; Mast 
Erection Kits, 1186 /GRC; Directional Antenna CRD.6; Comparator Unit, 
CM.23 Directional Control CRD.6, 567 /CRD and 568 /CRD; Azimuth 
Control Units, 260 /CRD. Test Set URM.44, complete with Signal Generator 
TS.622/U. 

SOLENOID UNIT: 230 v. A.C. input, 2 pole, 15 amp contacts, £2/10/- each 
post 6/ -. 

CONTROL PANEL: 230 v. A.C., 24 v. D.C. Q 2 amps., £2/10/ - each, carr. 12/6. 

AUTO TRANSFORMER: 230 -115 v.; 1,000 w. £5 each, carr. 12/6. 230 -115 v.; 
300VA, £3 each, carr. 10 / -. 

OHMITE VARIABLE RESISTOR: 5 ohms, 51 amps; or 2.6 ohms at 4 amps. 
Price (either type) £2 each, 4/6 post each. 

POWER SUPPLY UNIT PN -12B: 230 v. A.C. input, 395-0 -395 v. output 
300 mA. Complete with two x 9H chokes and 10 mfd. oil filled capacitors. 
Mounted in 19in. panel, £6/10/ - each, £1 carr. 

TX DRIVER UNIT: Freq. 100 -156 Mc /s. Valves 3 x 3C24's; complete with 
filament transformer 230 v. A.C. Mounted in 19in. panel, £4/10/ - each, 15/- can. 

ALL GOODS OFFERED WHILST STOCKS LAST IN "AS 

POWER UNIT: 110 v. or 230 v. input switched; 28 v. Cal 45 amps. D.C. output. Wt. approx. 100 lbs., £17/10/- each, 30/- carr. SMOOTHING UNITS suitable for above £7 /l0!- each, 15/- cart. 

DE -ICER CONTROLLER MK. HI: Contains 10 relays D.P. changeover heavy duty contacts, 1 relay 4P, C /O. (235 ohms coil). Stud switch 30-way relay operated, 
one five -way ditto, D.C. timing motor with Chronometric governor 20-30 v., 
12 r.p.m.; geared to two 30 -way stud switches and two Ledex solenoids, I delay relay etc., sealed in steel case (4 x 5 x 7 ins.) £3 each, post 7/6. 
MODULATOR UNIT: 50 watt, part of BC -640, complete with 2 x 811 valves, 
microphone and modulator transformers etc. £7,10/- each, 15/- carr. 

ADVANCE TEST EQUIPMENT: TT1S -Transistor Tester (CT472) 
£37/10,' - each; VM77C Valve Voltmeter £40 each. Carr. 10 - extra per item. 

NIFE BATTERIES: 4 v. 160 amps, new, in cases, £20 each, £1 10 /- carr. 
FUEL INDICATOR Type 113R: 24 v. complete with 2 magnetic counters 
0 -9999, with locking and reset controls mounted in a 3in. diameter case. Price 
30/- each, postage 5/ -. 

UNISELECTORS (ex equipment): 5 Bank, 50 Way, 75 ohm Coil, alternate wipe, 
£2/5/- each, post 4/ -. 

FREQUENCY METERS: BC -221, meter only £30 each, BC -221 complete with 
stabilised power supply £35 each, carr. 15/ -. LM13, 125- 20,000 Kc /s., £25 each, 
carr. 15/ -. TS.175 /U, £75 each, carr. £1. TS323 /UR, 20-450 Mc /s., £75 each, carr. 
I5 / -. FR -67/U: This instrument is direct reading and the results are presented 
directly in digital form. Counting rate: 20- 100,000 events per sec. Time Base Crystal 
Freq.: 100 Kc /s. per sec. Power supply: 115 v., 50/60 c /s., £100 each, carr. £1. 

CT.49 ABSORPTION AUDIO FREQUENCY METER: freq. range 450 c /a- 
22 Kc /s., directly calibrated. Power supply 1.5 v.-22 v. D.C. £12/10/- cach, carr. 
15/ -. 

CATHODE RAY TUBE UNIT: With 3in. tube, colour green, mcdium persis- 
tence complete with nu -metal screen, £3/10/- each, post 7/6. 

APNI ALTIMETER TRANS. /REC., suitable for conversion 420 Mc /s., com- 
plete with all valves 28 v. D.C. 3 relays, 11 valves, price £3 each, carr. 10 / -. 

MARCONI 

FIRZ HILL 

SOLATRON 

AIRMEC 

PHILLIPS 

DAWE 

TEST EQUIPMENT 

TF-1274 
TF-1275 
TF-1067!1 
TF-899 
TF-978 
TF-894A 
TF-329G 
TF-428'2 
TF-428 1 

TF-726C 
TF-934 
6075A 
TF-987/1 
TF-956 

V.200 
B.810 

CD-513 
CD-513-2 
AW-553 

VHF Bridge Oscillator .. £75 each 
VHF Bridge Detector £75 each 
Heterodyne Frequency Meter £85 each 
Valve Minivoltmeter.. .. .. £35 each 
VHF Admittance Bridge .. £85 each 
Audio Tester .. £55 each 
Circuit Magnification Meter £45 each 
Valve Voltmeter .. £I2'10 - each 
Valve Voltmeter £8 10'- each 
UHF Signal Generator .. .. £65 each 
Deviation Test Meter .. .. £35 each 
Deviation Test Meter .. £65 each 
Noise Generator £20 each 
(CT.44) A.F. Absorption Wattmeter £20 each 

Sensitive Valve Voltmeter .. £35 each 
Incremental Inductance Bridge .. £75 each 

Oscilloscope .. 
Oscilloscope 
Power Amplifier 

Type 701 Signal Generator .. 

Type GM-6008 Valve Voltmeter.. 

Type 402C Megohm Meter .. 

£45 each 
£47,'10 - each 
.. £30 each 

£50 each 

£35 each 

£12 each 

CANADIAN C52 TRANS /REC.: Freq. 1.75 -16 Mc /s on 3 bands. R.T., 
M.C.W. and C.W. Crystal calibrator etc., power input 12V. D.C., new cond., 
complete set £50. Used condition working order £25. Carr. on both types £2/10/ -. 
Transmitter only £7/10/- (few only) Carr. 15/ -. Power Unit for Rec., new £3/5/ -. 
Used power units in working order £2/5/ -. Carr 10 / -. 

AVOMETERS: Model 47A, £10 each, 10 /- post. Excellent secondhand cond. 
(meters only). 

DECADE RESISTOR SWITCH: 0.1 ohm per step. 10 positions. 3 Gang, each 
0.9 ohms. Tolerance ±1 % £3 each, 5/- post. 90 ohms per step. 10 positions, 
total value 900 ohms. 3 Gang. Tolerance ± £3/10/- each, 5/- post. 

TELESCOPIC ANTENNA: In 4 sections, adjustable to any height up to 20 ft. 
Closed measures 6 ft. Diameter 2 in. tapering to 1 in. £5 each + 10/- carr. Or 
£9 for two + £1 carr. (brand new condition). 

COAXIAL TEST EQUIPMENT: COAXWITCH- Mnftrs. Bird Electronic 
Corp. Model 72RS; two-circuit reversing switch, 75 ohms, type "N" female 
connectors fitted to receive UG -21 /U series plugs. New in ctns., £8/10/- each, 
post 7/6. CO -AXIAL SWITCH- Mnftrs. Transco Products Inc., Type 
M1460 -22, 2 pole, 2 throw. (New) £6,10/- each, 4/6 post. 1 pole, 4 throw, 
Type M1460 -4. (New) £6/10/- each, 4/6 post. 

PRD Electronic Inc. Equipment: FREQUENCY METER: Type 587 -A, 
0.250 -1.0 KMC'SEC. (New) £75 each, post 12/6. FIXED ATTENUATOR: 
Type 130c, 2.0 -10.0 KMC /SEC. (New) £5 each, post 4/ -. FIXED ATTENU- 
ATOR: Type 1157S -1, (new) £6 each, post 5/ -. 

IS" CONDITION UNLESS OTHERWISE STATED 

CALLERS BY TELEPHONE 
W. MILLS 

3 -B TRULOCK ROAD, TOTTENHAM, N.I7 
APPOINTMENT ONLY Phone: Tottenham 9213 
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,brings you a 
Ns mountain of 
components at 

manufacturers' prices 

The serious amateur should 
never be without this compre- 
hensive price list and guide to 
semiconductors and electronic 
components from RCA, IR, SGS, 
Emihus, Semitron, Keyswitch, Plessey, 
Morganite, Litesold and others (to- 
gether with manufacturers' application 
data) which you can buy direct from us 
at man ufacturers' prices e.g. 1N914 1 /3d. 

1N9161111d. 2N697 4/5d. 2N706 
2/3d. 2N706A 2/9d. 2N929 5/8d. 

2N1613 4/8d. 2N30119/1 d. 2N3053 
6/2d. 2N3055 15/9d. 3N140 1 5/3d. 
BFY50 4/8d. BFY51 3/9d. BSY2718 /- 3 
BSY95A 3/3d. C407 4/6d. CA3012 
18/3d. CA3014 25/6d. CA3020 25/9d. 
0A200 1 /9d. 0A202 1/11 d. 

Build the NEW Mainline Audio Amplifier kits - UP TO 70 WATTS 
The result of the combined resources of SGS 12A £T. O. O. 

and RCA,these quasi circuits set new standards 25A £8. 5. 0. 

in quality and performance. Each kit is complete 40A £9. 0. 0. 

with circuit diagram, all semiconductors, resis- T0A £10.10. O. 

tors, capacitors and printed circuit board. Any two will make an outstanding stereo 
equipment. 

.............................. 
To: Mainline Electronics Limited, Thames Avenue, Windsor, Berkshire 

I enclose 4/ -. Please send me your price list and guide 
I am interested in Amp Mainline Audio Amplifier Kits. Please send me full data 

I am interested in receiving data on preamplifier & power supply kits 

NAME _ADDRESS 

(A member of the ECS Group of Companies) 
WY / 17o 

r 
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SUPER- BARGAIN STOCKTAKING SALE!! 
Use form below for your order. CONDENSERS MUST BE ORDERED BY STOCK NUMBER ONLY. 

If any sale item is 'sold -out' when order received we shall substitute items of equal value. 
ELECTROLYTIC CAPACITORS 

Stock 
No. 

Capacity Voltage Price 
s. d. 

No. 
Required £ s. d. 

Stock 
No. 

Capacity Voltage Price 
s. d. 

No. 
Required £ s. d. 

1 1 uf 6 4 42 16 of 50 REV 2 
2 4 uf 25 4 43 1616 275 2 
3 4 uf 4 4 44 16 275 1 
4 6 uf 6 4 45 350 12 
5 3 uf 25 4 46 20'4 275 1 
6 64 uf 9 4 47 250 50 2 
7 20 uf 6 4 48 500 25 1 
9 30 uf 15 6 49 400 15 1 

10 8 uf 12 4 50 400 2.5 
11 8 uf 6 4 51 64 275 1 
12 1 uf 350 6 52 32'32 350 2 
13 8/8/8 350 1 0 53 8 8/8 275 1 
14 50 uf 6 4 54 500 6 
16 32 150 9 55 64 275 1 
17 64 2.5 3 56 25 6 
18 100/200/200/50 275 7 6 57 100 9 
19 50/80 300 3 0 58 400 50 2 
21 24 275 I 0 59 400 30 1 
22 10 25 3 60 500 4 
23 125 2.5 3 61 150 30 1 
24 2 150 3 62 64;32;8 275 2 
25 16/32 350 2 6 64 40 6.4 
26 32 275 1 6 65 50 25 
28 75/75/75/75 150 2 6 66 250 50 1 
30 12.5 40 9 67 30 6 
31 640 2.5 3 68 100'100/50 275 5 
32 3,000 35 7 6 69 50 50150 350 4 
33 3,000 15 3 0 70 40;40,20 275 2 
34 3,000 30 7 0 71 400 6.4 
35 250 70 2 0 72 320 10 
36 2,500 9 2 0 73 32 32 275 
38 750 12 1 9 + 25 25 2 
39 
40 

100 uf 
30 uf 

275 
10 

2 6 
3 

Total: 

RESISTORS. 5 EXCELLENT QUALITY. 7, 6d. per 100 of any one value. 
Tick the values required. 

2;- per dozen of any one value. 

13 ohms 560 ohms 3.3 k ohm 10 k ohm 39 k ohm 91 k ohm 1.2 meg ohm 8.2 meg ohm 
22 ohms 750 ohms 3.6 k ohm 16 k ohm 43 k ohm 130 k ohm 1.5 meg ohm 9.1 meg ohm 
36 ohms I k ohm 4.3 k ohm 18 k ohm 47 k ohm 360 k ohm 1.8 meg ohm 10 meg ohm 
47 ohms 1.5 k ohm 4.7 k ohm 22 k ohm 51 k ohm 430 k ohm 3.6 meg ohm 
91 ohms 1.8 k ohm 5.6 k ohm 24 k ohm 62 k ohm 470 k ohm 5.1 meg ohm 

220 ohms 2.2 k ohm 6.8 k ohm 27 k ohm 75 k ohm 560 k ohm 6.2 meg ohm 
470 ohms 2.4 k ohm 
or our selection (mixed) 6/6d. per 100. 

7.5 k ohm 30 k ohm 82 k ohm 620 k ohm 7.5 meg ohm 

Total: 

SILVER MICA /CERAMIC /POLYSTYRENE CONDENSERS 
Available in following values. Tick those required 

10 /- per 100 of any one value. 3/- per dozen of any one value. 

2 pf 5 pf 12 pf 25 pf 50 pf 80 pf 135 pf 180 pf 250 pf 680 pf 1,000 pf 2,500 pf 
3.9 pf 6 pf 15 pf 27 pf 58 pf 82 pf 140 pf 190 pf 330 pf 800 pf 1,100 pf 2,700 pf 
4 pf 8 pf 18 pf 30 pf 62 pf 100 pf 158 pf 200 pf 420 pf 820 pf 1,500 pf 3,000 pf 
4.7 pf 10 pf 22 pf 39 pf 72 pf 125 pf 170 pf 240 pf 600 pf 900 pf 2,200 pf 6,200 pf 

Total: 

COMPARE THESE PRICES!! 
MULLARD POLYESTER CONDENSERS 

No. 
1,000 pf 3d. each 400V 
1,500 pf 3d. each 
1,800 pf 3d. each 
2,200 pf 3d. each 
.15 of 6d. each 160V 
.22 of M. each 160V 
.27 of 6d. each 160V 
1 of 1/- each 125V 

Total: 
25 °, discount lots of 100 per type. 
50% discount lots of 1,000 per type. 

GANGED STEREO POTS. 250K 2 6d. each. 

SKELETON PRESETS. Mixed. 6/- dozen. 

VOLUME CONTROLS. ¡ meg. 1 meg. with D.P. switch. 2/- each. 

TELEVISION REMOTE CONTROLS. Philips. Contain 11' 7 -way cable, 
1 double pot., 5 resistors, two condensers, 10,'- each. (Cost £3/3/ -.) 

THIN CONNECTING WIRE. 10 yds 1; -, 100 yds 7/6d., 1,000 yds. 50/ -. 

CO -AXIAL CABLE. Black. 6d. yard, £1 50 yds. 

CRYSTAL MIKES. 10, - each. 

TRANSISTOR BARGAIN I THEY CAN'T GET ANY CHEAPER! I ! ! ! 

P.N.P. Audio. Untested, unmarked. MAINLY O.K. . 10 /- per 100 
N.P.N. Silicon. R.F. types unmarked ALL USEABLE 10 /- per 50 
POWER OUTPUT (Similar 0C35) ALL TESTED .. 4/- each £2 dozen 
SILICON PLANAR TRANSISTORS. ALL TESTED. NO LEAKS OR 

SHORTS. Gain of 20/50 6d. each, 50/100 9d. each, 100/200 l/- each. 
Transistors similar to OCP 71 (Light sensitive) 2/- each. 
THYRISTORS. 400 volt BTY 79 7,M. each. SCR 51 (10 amp) £1 each. 
RECTIFIERS. Latest type. All marked. 800 volt peak, I amp mean current 

type 1N4006. 2/6 each, 24/- dozen, £7 ¡10/- 100. S.T.C. 3/4 (400 volt) 
2'6 each, 24/- dozen, £7;10, - 100. BYZ 13 or 19 (6 amp) 2/6 each, 24/- dozen, 
£7,10/- 100. 

RECORDING TAPE GIVE -AWAY! 
ALL BRITISH MADE, BEST QUALITY. 5' 600' 7/3d. 51' 900' 9/ -, 

7' 1,200' 12' -. 3' 'odd- ends' -may be standard, long or double play -but 
minimum 150' -2/3d. 

MAINS DROPPER TYPE RESISTORS. Hundreds of types from .7 ohm 
upwards. 1 watt to 50 watts. A large percentage of these are Multi -tapped 
droppers for radio'television. Owing to the huge variety these can only be 
offered "assorted ". 10 /- per dozen. 

GIANT SELENIUM SOLAR CELLS. Last few to clear at half price! 
Circular, 67 mm. diameter 5/- each. 50 mm. x 37 mm. 3 for 10/ -. 

RECORD PLAYER CARTRIDGES 
ACOS GP67'2 15 - (Mono) GP94 /1 30/- (Stereo, ceramic) 
ACOS GP91 /3 20'- (Compatible) ACOS GP93 /1 with diamond needle 32!6d. 
ACOS GP93, 125 - (Stereo) ACOS GP94;'1 with diamond needle 37,'6d. 

TRANSISTORISED FLUORESCENT LIGHTS. 12 VOLT 
8 watt 12' tube, Reflector type 59 6 15 watt 18' tube, Batten type 79/6 

Complete with tube. Postage 3,'- 

TRANSISTORISED SIGNAL INJECTOR KIT .. 10 /- 
TRANSISTORISED SIGNAL TRACER KIT 10/- 
TRANSISTORISED REV. COUNTER KIT (CAR) 10 /- 

VERO -BOARD 
21' 1" < .15 .. .. .. 1'3 17' x 3}' x .15 .. 14/8 
31' x 21' ::.15 .. .. 33 31' x 24' x.1 .. 4/2 
3J' x 31' x .15 .. .. 3 Il 3J' x 31' x .1 .. 4/9 
5' x 21' x .15 .. .. 3 11 5 x 21 x .1 .. 4/7 
5' x 31' x .15 .. .. 5'6 5' x 3 }" x .1 .. 5/6 
17' x 2t' x .15 . 1l /- 
Spot Face Cutter 7/6d. Pin Insert Tool 9,6d. Terminal Pins 3/6d. for 36. 
Spot Face Cutter and 5 21" x 1" boards 9/9d. 

These prices cannot be repeated. Order now. Don't forget to add your name and address! 
Please include suitable amount to cover post and packing. Minimum 2' -. 

G. F. MILWARD, DRAYTON BASSETT, near TAMWORTH, STAFFS. Phone: TAMWORTH 2321 
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BETTER 
BARGAINS 

SERVICE 

FROM T.R.S. 
Amplifier 
Styled and kittad by T.R.S., using 
transistors and excellent instructions. 
MULLARD 5-10. Mono. Basic kit 

at 3ror)15 
Input 

hms.Sensitivity-40 KIT 610.0.0; BUILT 
MULLARD 1 -VALVE PRE -AMP 
controls, etc. Sensitivity at input --4mV 
25,000 Hz + IdB. KIT £6.19.6; BUILT 
MULLARD 10-10 STEREO AMPLIFIER. 
12 Hz -35K Hz + 3dB: 10 watts 
L18.10.0: BUILT (22.10.0 (Corr. 
As above, less controls and panel. 

2 +2 STEREO PRE -AMP similar 
controls and balance. BUILT (13.19.6 

T.R.S. 4 +4 STEREO AMP 

15 ohms host 
transistor 

Input 
amplifier 

swi chi 
assembly. sAmp and pre -amp with 

L7.19.6 Can. 316); Teak sided 
(Carr. 2.6); Complete kit inc. DIN 

THE NEW T.R.S. 

P.W. 12 -12 
T.R.S. have produced their 
own kit version of this 
outstandingly good combined 
stereo amp and pre -amp. It, 
conforms closely to Prac- 
tical Wireless's excellent 
circuit but is styled for a 

flatter, more conventional 
cabinet which will be shortly 
available. Kit includes two- 
tone front panel and control 
knobs. 
Inputs -Mal. P.U. (R.I.A.A.) 
2.5mV into 68 Kohms; 
Ceramic- Radio: Response - 
20Hz to 

watts 
-r ch. Out- 

put - 12 watts per ch. R.M.S. 
Into 15 ohms. 
Power Amp.Pre -omp Kits available 

Kits 
quality components. including 

Backed by T.R.S. service. 

(requires pre -amp as below or 

L13.0.0 (Carr. e+thtr. 
1 Output 

with switching for 5 inputs: 
max. to 330 mV into80K -1 Megohm; 

L9.10.0 (Carr. either, 516). 

Input sensitivity -210 mV 
R.M.S. output per channel into 
either, 12/6.) 
Kit L17.0.0; Built E11.0.0 (2 +2 

to Millard 2 -valve pre -amp, but 
(Corr. 7/6). 

g etc. Bass and treble controls. 
front panel and knobs. 
cabinet L1.17.6 (Ca 216); 24V. 

plugs and sockets £12.10.0 (Carr. 

a 
tt it. 

Complete Kit of parts 
less cabinet (cart. 7)6) 

separately. 

valvas or 

passive controls L2 
10 wits R.M.S. 

bass treble.volume 
Response 20- 

per ch.: Response 
3 or 15 ohms. KIT 

pre -amp. essential) 

doubled with gang 

module Simple 
For 

dule 

Power pack £2.5.0 
7,6). 

£24.10 

VINAIR- Latest I.C.I. Cabinet and PLUGS AND SOCKETS 
Speaker covering. Mottled Light -Grey. Phono plugs, I -; sockets, I. -, twin. 116 

Off- White, Fawn, Black, etc., 2/6 per DIN 5 -pin plugs, Si-; S -pin sockets. I /6; 

sq. ft. Multiples of 6 in. cut. 17/6 per yd. 3 -pin plugs. 3)3: 3-pin sockets, 1/6. 

Maximum width 48 in. VOLUME CONTROLS 
Send 11- for Samples -Refundable. 11 in. dia. Long Spindles. Famous make. 

BONDACOUST - Speaker Cabinet All values 5000 ohms -2 Megohms. 

Acoustic Wadding (as used by leading Guaranteed 12 months. 
Hi -Fi Speaker mfrs.), IB ins. wide. Any Log or Linear tracks 
length cut 2 6 per ft.; 71- per yard Less Sw. 16; DP Sw. 5 - 

ENAMELLED COPPER WIRE ditto Centre Tapped 1 
Megohm Loa. 

New 2 oz. reel prices I Megohm .. .. Less Sm. S - 

14g -20g, 3 -; 22g-20g, 3 6: 30g -34g, Twin Ganged Stereo controls It in. dia. 

4 3: 36g -38g, 49; 39g -40g, S. -. Long Spindles. 
Other gauges quoted for All values 5000 ohms to 2 Megohms. 

TINNED COPPER WIRE Less Sw. Each 86 
16g -22g . 4 6 per 2 oz. ditto IOOK to 2 Megohms 

EXCLUSIVE T.R. TAPE BARGAIN With DP Sw. Each 10 6 

Professional quality full frequency Mylar STEREO BALANCE CONTROLS 
Tape by famous m'fr. Attractively Log Anti -Log 5K, IOK, I Meg., 

I M 9., 
presented in coloured simulated leather 2 Me{ .. .. 

wallets with space for spare reel. RESISTORS 
5 in. 900 ft. 12/6 S! in. 1200 ft. 1706 Full Range 10 ohms -10 Megohms. 

7 in. 1200 ft. 17/6 7 in. 1800 ft. 22 6 (Midget type, modern ratings.) 
Post and packing 116 per reel, plus 6d. l0 ° fee, 1w, 4d.: fw. bd. 

each for extra reels. 20 " 1w, 8d.; 2w, 1/ -. 

VEROBOARD -All standard sizes 5 ".. Hi Stab (Cracked Carbon) all pref. 
stocked. values. 
21 x31, 3' -; 21 x5, 3/8; 31,01, 319; 10 ohms -1 Meg. Im. bd.: Iw. bd. 

31 x 5, 5 /2; 17 xIi. 12/6; 17 oaf. IS / -. ditto 12 Meg -I0 Meg - 

Accessories -Term Pins, II- doz., 3/- 10 ".. Iw, 5d.: Iw. 6d. 

pkt. Face Cutter, 713. Pin inserting tool I ";, Hi Stab Iw. 21- (10 ohms -100 

9/6. ohms, 2 3). 

"CIR -KIT " -Adhesive copper strip SKELETON RE -SETS for Plcircu,t 
5 ft. by 1:16 in. spool .. .. 2 - use. 100 ohms -2 5 Meg., 2/ -. 

GRAMO UNITS, PLINTHS, ETC 
GARRARD SP.25 Mk. II Garrard Clearview Cover SCP.I 

109 in. die -cast t /table, cueing device E3.5.0 (Carr. 4/6) 

and counterbalance. Less cartridge. Garrard Scandinavian type plith and 

In maker's carton (12.7.6 (Carr. 7/6) cover £5.5.0 (Corr. 5 / -) 

CARTRIDGES 
GARRARD LM.2025 When bought together with playing 
With latest stereo cartridge and lift units. Decca Deram. £5.5.0; BSR 

control E10.19.6 (Comm. 7/6) TC8 /H (Stereo compatible), 25/ -; 
BSR Stereo TC.85, 28/6; Sonotone 

PLINTHS 9TA /HC, with diamond 60/ -; Acos 

Garrard WB.I £3.7.6 (Carr. 5/ -) GP.93 -I, 30/.. 

SINCLAIR PRODUCTS AS T.R.S. FOR TRANSFORMERS. 
ADVERTISED ADVERTISED output supplied 

or short production runs. Also 
Also T.R.S. 6 -valv AM FM Tuner comprehensive service In replacement 
Kit, £12.10.0 (Corr. 7 6.) T.R.S. FM line OP transformers. Enquiries 
Transistor Tuner, parts 615.15.0 invited. S.A.E. from private individuals 
ICa,,. 7 6.1 please. 

RADIO COMPONENT 
SPECIALISTS 

70 BRIGSTOCK RD., THORNTON HEATH, SURREY 
Open Saturday oil day. Next to Thornton Phone: 
Wednesdoy 1 p.m. Heath Station (S.R.) 01 -684 2188 

orl,l, Ianuar% lt>'I) 

Buying 
a scope 

t. ^ 1 

First ask 
DYNAMCO 
Save yourself time by talking 
about your applications (PCM, 
TV, pulse, HF, etc) to our 
specialist engineers. If we can't 
meet your requirements from 
our own extensive range, then 
well tell you who can. 
Call Chertsey 2636 - 
and ask for Barrie Newman. 

The scope 
specialists 
World Wide Sales & Service 

DYNAMCO 
Dynamco Limited Hanworth Lane 
Chertsey Surrey England 

WW-094 FOR FURTHER DETAILS 
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VALVES 
cY31 7/- 
DAF96 7/9 
DF96 716 
DE96 7/6 
DL92 616 
DL94 6/6 
DM70 61- 
DM7l 7/6 
DYetl 6r 
DY87 6/6 
DY802 9/9 
EABC80 6/6 
EAF42 101- 
EB9I 2/- 
EBC38 81- 
EBC41 1016 
EBC81 6/6 
EBF80 716 
EBF88 816 
EBF89 61- 
ECC81 61- 
ECC82 619 
ECC83 616 
ECC84 61- 
1trcati 7/6 

r88 71- 
1'c189 9/9 
ECF80 616 
ECF82 6/6 
ECM 1616 
ECF801 

12/6 
ECF802 

12/6 
ECR35 111- 
ECH42 181- 
ECHeI 619 
ECH83 8/6 
ECH84 716 
ECH200 

12/6 
ECL80 9/- 
ECL82 616 
ECL83 10/6 
ECL86 8/6 
EF36 516 
EF37A 71- 
E1,39 61- 
EF4O 101- 
EF4l 1216 
EF80 61- 
&F88 917 
EPOS 6/6 
EF86 6/8 
EP89 518 
EF9l 81- 
EF92 216 
EF95 61- 
EF183 6/6 
EFI84 71- 
EF800 201- 
EP812 15/6 
EFL200 

16/6 
EL34 10/6 
EL4l 11/6 
ElA2 10/6 
ELM 4/9 
ELM 8/- 
ELM 81- 
ELW 6¡- 
EL91 6/- 
ELM 71- 
EL600 121- 
EL81136 17 /- 
EM3l 61- 
EM80 7/6 
F.M84 71- 
EM87 111- 
EY6l 81- 
E781 7/- 
EY86 7/- 
EY88 8/6 
EZ41 8/6 
EZIO 6/- 
EZII 61- 
0Z34 10/6 
ETTI 27/6 
KT88 321- 
1478 26/- 
062 6/- 
0B2 6/- 
PABC80 7/6 
P0Y17 91- 
PC90o 9/6 
POCtl4 6/6 
P0089 9/6 
PCC1891116 
PCE800 

161- 
PCF80 6/6 
P01,62 6/9 
PCF84 9/3 
PCP86 101- 
PCF2W 

15/6 
PCF201 

15/6 
PCP861 9/9 
PCFBiyI 9/9 
PCFI05 

14/6 
PCFI06 

18/- 
PCFI08 

14/6 
PCH2O0 

12/6 
PCL81 9/6 
PCI1i7 7/6 
PCL83 131- 
PCL84 8/6 
PCL86 9/9 
PCL86 9/- 
PFL2W12 /- 
Pá.36 10 /9 
P1Á1 8/9 
P3.82 81- 
PL83 7/8 

PUG 6/6 
P1500 149 
P1504 19r 
PL6n9 80'- 
PX4 141- 
PX25 12/6 
PY33 121- 
PY80 6/6 
PY81 5/6 
PY82 516 
PY83 71- 
YY88 7/6 
PY800 916 
PYtnO 9/6 
PY81r1 13/6 
QQV03.1u 

26/- 
QQVOB-40 

861- 
QQVO6-40A 

100/- 
Rl0 17/6 
Rl7 81- 
R19 716 
8TV280180 

U25 14Ìa 
1126 14/6 
1'27 8/- 
U191 14/- 
U301 11/6 
U801 201- 
UABC80 6/6 
UAF42 10/6 
UBt:41 916 
UBF80 71- 
UBP69 7/- 
UoFBU 101- 
UCH42 

12/6 
UCHBI 71- 
1'CL82 7/6 
UCL83 121- 
UP41 9/6 
VFW 7/8 
UP89 6/9 
VLSI 11/6 
UL84 6/6 
UUS 7i- 
UY41 8/6 
UY85 5/9 
V R1O5130 

61- 
V R160/30 

61- 
Z800U 291- 
Z681U 25/- 
'L9181T 12/- 
IL4 2/6 
IRIS 61- 
184 6/- 
185 4/6 
1T4 8/- 
1X2A 7/6 
1X28 7/6 
364 4/- 
306 8/- 
3Q4 7/6 
384 6/9 
3V4 81- 
5B254M861- 
5H/265M 

85/- 
61140Y 10/6 
51/4(1 6/6 
5V411 7/6 
54411 7/- 
51'3(1T 6/- 
5Z4 14/- 
52411 7/6 
0AB7 4/- 
8AC7 81- 
6686 11/6 
0AK5 6/- 
OAK6 6/- 
6AL6 81- 
6AI5W 71- 
66115 6/- 
6AM6 8/- 
6AN5 20/- 
6688 10/- 
66145 6/- 
6AQ5W 9/- 
6686 6/- 
6A87(1 16/- 
tlAT6 4/6 
661,6 61- 
6AX4 8/- 
6AXLOT 

18/- 
687 516 
6BK7 8/- 
6866 4/6 
611E6 CH- 
611(16U 111- 
611.16 8/6 
6BQ7A 6/9 
OBR7 16/- 
6BW6 161- 
6Bw'7 18/- 
6C4 6/9 
60Y; 41- 
WHO 7/- 
60L6 9/9 
6116 81- 
6E68 9/- 
6E117 71- 
61,23 16/- 
6Y33 201- 
686M 3/- 
6J4WA 121- 
6.15 7/- 
BJ6üT 6/- 
646 3/6 
6.170 61- 
617M 8/- 
6K8GT 8/- 
6117 6/6 
BK70 2/- 
8K6U 4/- 

6K0OT Tia 
6K250 14/- 
6L6 14/6 
OL80A 9/6 
IPSO 11/- 

68A7 7/- 
68670T 6/6 
68C7OT 6/- 
68(17 6/- 
68.17 61- 
68J7OT 6/6 
68471( 6/6 
68117 71- 
681.70T 6/6 
68N70T 61- 
614(170T 7/9 
01'60 3/6 
6VOGT 6/8 
6X4 4/9 
(1X60 6/- 
6X5OT 6/6 
0760 11/- 
tl 9OL2 14/ 
624 6/- 
787 7/- 
7C5 1416 
708 6/- 
7H7 616 
7Y4 913 
9D6 2/6 
11E2 30 /- 
12ATO 4/6 
12AT7 41- 
12AU7 6/9 
12AV6 6/6 
12AX7 61- 
12BA8 6/- 
128E6 61- 
12E187 8/6 
12C8 3/- 
12E1 17/- 
12K5 10 /- 
12K70T 6/0 
12K8OT 7/6 
12Q70T 5/6 
12807 4/6 
1487 16 /- 
19AQ5 6/9 
1903 60/- 
1906 20 /- 
19H4 70/- 
20P4 20/6 
25L6GT 7/8 
30116 161- 
:10C17 16/- 
36016 16/- 
39118 16/9 
a0FL1 16/- 
30PLII 13,6 
30FL13 9/8 
3081,14 15/6 
:91115 17/- 
301.17 17/- 
30142 16/- 
30P19 14/- 
30P1,1 16 /6 
30P1,13 18/6 
:IOPL14 17/- 
35L61T 9/6 
35W4 9/- 
3621(1T 7/- 
42 . 6/- 
61165 6/- 
60(136627/6 
60E85 12/- 
75 6/6 
76 9/- 
78 5/- 
80 7/6 
803 341- 
807 9/- 
813 79/- 
8ir10 
83'lA 46/- 
8666 151- 
954 416 
955 2/6 
956 2/- 
957 9/- 
991 6/- 
1622 17/- 
2051 9/- 
3505 18 /- 
59:13 9910 
6057 10 /- 
6060 7/6 
6064 7/- 
6080 IV- 
6080 27/6 
6146 28/- 
9991 3/- 
W8x/ 4/6 
9003 8/6 
6104 2/6 
8006 2/6 
C3L Tubes 
09.1 761- 
Vl'R97 82/6 
VCRb17601- 
VCR5l7B 

66/- 
VCR517C 

451- 
5,1'7 26/7 
Photo Tubes 
OBII; 12/6 
UMO25 461 - 
831A 62/6 
6097C 360/- 
Special V1vs. 
UV 10:11 701 - 
cV2339 220 
K301 24 
K305 612 
K:918 512 
K337 512 
K RN2A7o/- 
212252/10/- 
W L417Á 

3J/02/E80/- 
23710/ - 

5C2'1 616 
714AY 24 

23A/111301- 
720A 110 

P. C. RADIO LTD. 
170 GOLDHAWK RD., W.12 

01 -743 4946 

MARCONI TEST EQUIPMENT 

IMPEDANCE BRIDGE TYPE TF 
369 (No. 5). Measures L & C at 80Hz, 
¡kHz, 10kHz. Ranges: -- L: Iy.H -I00H. 
C: I mF- 100µF. R: 0.1ohms I00mohms. 
AC Bridge volts monitored and vari- 
able. Automatic detector sensitivity 
control. [105. Carriage 30/ -. 

FM DEVIATION METER TYPE 
TF 791B. Frequency range: 4- 250MHz, 
deviation I- 75kHz. Specification and 
price on application. 

SIGNAL GENERATOR TF 801 /A. 
10-300 Mc's. in 4 bands. Internal at 400 
c's. I kcs. External 50 c's to 10 kc's. 
Output 0.100 db below 200 mV from 
75 ohms source. 185. DITTO but 
801 /A /I with additional high level 
output. 189. Both P. & P. 20,1 -, in- 
cluding necessary connectors, plugs, 
and instruction manual. 

VALVE 
VOLTMETER 
TYPE TF 958. 
Measures AC 100mV; 
20 c s to 100 me /s, 
DC 50mV to 100V, 
multiplier extends ac 
range to I SkV. 
Balanced input and 
centre -zero scale for 
DC. AC up to 
100MHz. 132.10.0. 

DISTORTION FACTOR METER 
TYPE TF 142E. Frequency range: 
100- 8,000Hz in four ranges. Distortion 
range: 0.05 to 50',. Input impedance 
6000. attenuation 0-60db continuously 
variable. Sensitivity ImW. 142.10.0. 
Carriage 20 -. 
PULSE GENERATOR TYPE TF 
675F. Repetition frequency: 50Hz to 
50kHz. Pulse duration: 0.15 to 1000 
sec; built in 0.1 and 0.511 sec delay 
lines. [40.10.0. Carriage 20/ -. 
CIRCUIT MAGNIFICATION 
METER TYPE TF 329F. Frequency 
range: 50kHz to 50MHz. Magnification 
10 to 500 Q. Tuning Capacitor: 40 to 
450pF with : 3pF vernier. Fully over- 
hauled and calibrated, 00. Carriage 30/ -. 
TF 899 VALVE VOLTMETER, 10mV 
to 2V, 417.10.0. Carriage 30 / -. 
F.M. DEVIATION METER TF 934, 
157.10.0. Carriage 30/ , 
VIDEO OSCILLATOR TF 88SA & 
88SA I, [55 and 085 resp. Carr. 30/ -. 

HEWLETT -PACKARD TEST EQUIPMENT 
MODEL 524B ELECTRONIC 
COUNTER WITH MODEL 525B 
PLUG IN UNIT. Basic counter 
measures frequencies from 10Hz to 
10MHz and time from 0 to 10 kHz. 
Automatic positioning of decimal 
point, eight place registration. Full self 
check facility from built in frequency 
standards. Plug in unit extends fre- 
quency range of basic counter to 100 
to 220MHz. Full specification and price 
on request. 

MODEL400D VALVE MILLIVOLT - 
METER. Voltage range: I mV to 300v 
F.S.D. in 12 ranges. Frequency range: 
10Hz to 4MHz. Input impedance 10M0 
and 15pF. Accuracy 2 %. 138.10.0. 
Carriage 12,' -. 

MODEL 430C MICROWAVE 
POWER METER. Power range: 0.1 
to 10mW F.S.D. in five ranges. also 
calibrated in DBM from -20 to +10. 
Frequency range: 10MHz to 'R' Band, 
depending on Bolometer mount. 
158.10.0. Carriage 30' -. 

SOLARTRON EQUIPMENT 
VF 252 VALVE VOLTMETER. 
Voltage range: 1.5mV to ISv F.S.D. 
in nine ranges. 10:1 attenuator 
input; accuracy 19,,. Frequency range: 
10Hz to 100kHz. Input impedance: 
Greater than 50M u with 20pF. Full 
specification upon request. /33.10.0. 
Carriage 15' -. 
Regulated and stabilised P.S.U. SRS 
ISIA, 20 to 500V positive at 300mA in 
two ranges. Variable and fixed 170V 
negative output, 135. Carriage 20/ , 
CD 7115.2. Double beam, DC to 
7MHz'scope, 185. Carriage 30/ -. 
CD 643.2. Single beam Laboratory 

Model. DC to 14MHz price upon 
application. 
QD 910. Storage Oscilloscope, as new. 
Price on request. 

ENGLISH ELECTRONIC 
'onisauon amplifier, [3S. 
AIRMEC INSULATION TESTER 0-15KV built -in ionisation amplifier, L28. 
KELVIN & HUGHES PEN RECORDERS [35. Carriage 15/ -. 
BOONTON SIGNAL GENERATOR TS 497.8 URR, 2400MHz. OS. 
TS 418 B U SIGNAL GENERATOR, 400- 1000MHz. EIDS. Carr. 30. , 
AVO SIGNAL GENERATOR CT 378, 2- 225MHz. L58.10.0. Carr. 18/ , 

INSULATION TESTERS 0-10KV with built -in 

TELEPHONE ENQUIRIES relating to TEST EQUIPMENT should 
be made to 01- 748 8006 Extension 23. 

To view TEST EQUIPMENT please phone for appointment 

NTEGRATED CIRCUITS 
RCA CA 3005 wide band RF Ampl 300mW diss 27/- 

CA 3012 wide band ampi 150mW diss 22/- 
CA 3020 Audio power ampi 30 /- 
CA 3036 Audio pre -ampl 19/- 

STC MIC 93018 Digital dual 4 imput g 86/- 
MIC 709 -IC Linear operational ampi 190/ - 
MIC 9005D Highspeed flip -flop 54/- 

and many others. 

TRANSISTORS, ZENER DIODES etc. 
065 2/6 
0610 81- 
0670 21- 
OA71 21- 
0679 1/9 
0681 116 
06200 119 
OA21r1 21- 
06210 716 
06211 916 
OAZ209111/- 
OAZ2u1101- 
OAZ20'1 to 
OAZ2O6 8/6 
OAZ207 916 
062208 to 
OAZ2l3 8/6 

0 AZ223 G, 
OAZ715101- 
OCIO 15/- 
0C21 10/- 
0(25 716 
O(.>14 61- 
OC28 1216 
0029 161- 
0C36 101- 
OC:iN 8/6 
0044 41- 
0045 216 
0070 81- 
OC7l 216 
0072 4/6 
OC73 111- 
0075 6/- 
OC7o 61- 
OCBI 41- 
OC81 D 81- 
OCB1 DM 8/- 

01'Y2 6!- 
OC8213M 81- 
OC83 416 
OC8:1B 81- 
0l'84 61- 
O4171 101- 
oC139 616 
ocu0 916 
OC170 61- 
0C171 61- 
OC17a 716 
oC'1n0 7/6 
O( 2u1 7/6 
00206 10/- 
1821 8/6 
1N21B 6/- 
1N25 121- 
1043 41- 
1N70 41- 
2N1300 616 
2N1307 616 

26:MC1 10/- 
AC126 616 
AC127 7/6 
AC126 616 
AC176 7/6 
ACY28 4/- 
AU140 131- 
ADI49 16/- 
AP117 61- 
AP118 101- 
AF127 61- 
AF139 101- 
AP178 1616 
AFYl9 2216 
A8 Y26 616 
A81'28 6/6 
BC107 816 
RFY51 4/6 
BFY52 4/6 
B8Y27 61- 
BYZI3 61- 

RV'/.16 161- 
CR81110 6/- 
CR81120 916 
CR81130 

10/- 
CR81/35 

11/6 
CR81 /40 

1216 
CR83105 61- 
CR83/20 

10/- 
CR83/30 

11/6 
CR825/025 

16/- 
C11113;40 

1216 
GET103 41- 
011T115 91- 
GETIIö 81- 

MAN OTHERS IN STOCK (ndude Cathode Rae Tube. and 
Specie! Vale.. U.K. P. 6 P. up to In /- 1/ -: to CI 2/ -; over 
01 2/- In L. ver 13 Pot tree . O.O.D. 41- extra. 

MI'FUr1111- 
MI'F103 916 
MI'P1W 

10/- 
MPF105 

10/6 
Z Range 
Zenerdlodes 

8l6 ea. 
Z2A range 

716 ea. 
Z3B range 

61 -ea. 
ZL range 

6/- es. 
ZO range 

7/6 ea. 

PRECISION VHF FREQUENCY 
METER TYPE 183. 20-300 Mc.s with 
accuracy 0.03" and 300.1,000 Mc /s 
with accuracy 0.3',. Additional band 
on harmonics 5.0 -6.25 Mcis with ac- 
curacy + -2x l0-'. Incorporating 
calibrating quartz 100 kc /s + -5 X 
10-' 120 220v. A.C. mains. 085. Carr. [7. 
4, S and 8 bank 25 way uniselectors, 
24V, guaranteed perfect, 13.15.6; 
[4.10.0; [6.17.6 respectively. 

FOR EXPORT ONLY 
53 TRANSMITTERS. All spares 
available. COLLINS TCS. Complete 
installations and spare parts. 62 
WIRELESS SETS. Complete in- 
stallations and spare parts. P.S.U. 
for C42 & C45 12v and 24v R.C.A. 
TRANSMITTERS ET 4336. Com- 
plete installations and all spares. 
BC 610E & I TRANSMITTERS. 
Complete installations and all 
spares. No. 19 WIRELESS SETS. 
H.P. SETS and all spares 8.210 
RECEIVERS with all necessary 
accessories. 
PYE RANGER F.M. MOBILE 
RADIO TELEPHONE. Trans- 
mitter output 7 -IOW; double 
superhet receiver, 12v DC positive 
or negative earth. Full details and 
specification on request. 

SPARES FOR AR.88D. RECEIVERS. 
Ask for your needs from our huge 
selection. 
29 /4IFT. AERIALS each consisting of 
ten 3ft., {in. dia. tubular screw -in 
sections. Ilft. (6- section) whip aerial 
with adaptor to fit the 7in. rod, insu- 
lated base, stay plate and stay assemblies. 
pegs, reamer, hammer. etc. Absolutely 
brand new and complete ready to erect, 
in canvas bag. ¿3/9/6. P. & P. 10/6. 
HARNESS "A" & "B" control units, 
junction boxes, headphones, micro- 
phones. etc. 

FIELD TELEPHONE TYPE "F ". 
Housed in portable wooden cases. 
Excellent for communication in and out- 
doors for up to 10 miles. Pair including 
batteries, fully tested. /6.10.0, or with 
220 yds field cable in drum ¿7.10.0. 
END OF RANGE ITEMS in 'as seen' 
condition: CR 410; H.R.O. -110; 
Coils at 15/--; TF 144 Signal Generator 
(Rack Models) L20; Furzhill VTVM 
10mV to 100V -LI5. 
PANEL METERS 
Just a few from our huge stock: 
25µA round pi M.C. 21' 27/6 
50µa round M.C. 21' 32/6 
501.LA square M.C. 21" 27/6 
100µA square M.C. 41' 37/6 
100µA round M.I. 21' 32/6 
100µA round M.C. 31" 
200µA round N.C. 21' 27/6 
250 -0 -250µA round M.C. 31" 351- 

500-0 -500µA round M.C. 21' 22,/6 
500µA round M.C. I' (calibrated 

I mA) 22.6 
1 mA round M.C. 21" 25 - 

5mA round M.C. 2' clip fit 22, 
10mA round M.C. 21' 22'6 
20mA round M.C. 2' 20 
25mA round M.C. 21' 22'6 
25- 0-25mA round M.C. 21' 22/6 
30mA round M.C. 21' 2V - 

50mA round pi M.C. 21' 19/ - 

IOOmA round M.C. 2' 22/6 
200mA square M.0 20' - 

10- 0-IOmA round M.C. 21" 20 - 

100- 0 -IOOreA round M.C.21" 22,6 
250mA round M.C. 21' 20 - 

400mA round M.C. 18' - 

I amp round M.C. 21' thermo 276 
I amp round M.C. 31' 22;6 
2 amp round M.C. 21" 22/6 
3 amp round M.C. 21' 20/ - 

3 amp round R.F. 27/6 
9 amp round R.F. 21" 32/ - 

25 amp round M.C. pÍ 27'6 
25 amp round 21' thermo 22'6 
25 amp round M.i. 31" 19, 
SO amp round thermo 22 6 

2V round M.I. 21' 22 6 

3V round M.C. 21' 22.6 
8V square M.C. 3 27,6 
15V round M.1.21' 30 - 

20V square M.C. 2' clock scale 176 
50V round M.C. 21' clock scale 20/- 
100V round M.C. 4' clock scale 25/- 
15V-150V round M.C. twin 

range 27/6 
1500V round electrostatic, plug - 

in 21' 32/6 
7KV round electrostatic 31 " 27/6 
59 -63 cycles 21" freq. meter 32/6 
and very many others, full list of 
meters upon request. 

All overseas enquiries & orders please address to: 

COLOMOR (ELECTRONICS) 

170 Goldhawk Rd., London, W.12 
Open 9- 12.30, 1.30 -5.30 p.m. except Thursday 9 -1 p m. I TeI.OI- 743 0899 
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TECHNICAL 
TRAINING 

in radio television 
and electronics 

Whether you are a newcomer to radio and electronics, 
or are engaged in the industry and wish to prepare for 
a recognized examination, ICS can further your tech- 
nical knowledge and provide the specialized training 
so essential to success. ICS have helped thousands of 
ambitious men to move up into higher paid jobs -they 
can help you too! Why not fill in the coupon below and 
find out how? 

Many diploma and examination courses available, in- 
cluding expert coaching for: 

C. & G. Telecommunication Techns'. Certs. 
C. & G. Electronic Servicing 
R.T.E.B. Radio/T.V. Servicing Certificate 
Radio Amateurs' Examination 
P.M.G. Certs. in Radiotelegraphy 
General Certificate of Education, etc. 

Examination Students coached until successful 

N EW SELF -BUILD RADIO COURSES 

Learn as you build. You can learn both the theory and practice 
of valve and transistor circuits, and servicing work while building 
your own 5 -valve receiver. transistor portable. and high -grade 
test instruments, incl. professional -type valve volt meter - 
all under expert tuition. Transistor Portable available as separate 
course. 

POST THIS COUPON TODAY 
for full details of ICS courses in Radio, T.V. and Electronics. 

r 
I INTERNATIONAL CORRESPONDENCE SCHOOLS i 

1 I 
1 Dept. 222, Intertext House, Stewarts Road, London, S.W.8 

Please send me the ICS prospectus-free and without obligation. 1 

(state Subject or Exam.) 

i 

NAME 

ADDRESS 

1. 70 

INTERNATIONAL CORRESPONDENCE SCHOOLS 

Wireless World, January 1970 

R.S.T. VALVE MAIL ORDER CO. 

BLACKWOOD HALL, 16A WELLFIELD ROAD 

STREATHAM, S.W.16 

A61 9/6 
ACT9 5001- 
ARP38 13/- 
AZ31 101- 
BT19 601- 
BT79 57/- 
10089 87/- 
CIC 201- 
CBLSl 16'- 
CCH35 151- 
CV5 95/- 
CV74 80/- 
CV82 50/- 
CV315 80/- 
CV354 110/- 
CV370 300/- 
CV372 57/- 
CV408 60/- 
CV428 46/- 
CV 129 360/- 
CV 450 261- 
CV 1144 60/- 
CV 1385 

140/- 
CV1522 

1801- 
CV1526 80/- 
CV2155 32/6 
CV23011 

860/- 
CV2312 85/- 
CV4003 10/- 
CV4004 10/- 
CV4005 8/- 
CV4008 18/- 
CV4007 7/- 
CV4014 7/- 
CV4015 10/- 
CV4024 6/- 
CV4025 7/- 
CV4031 7/- 
CV4033 7/- 
CV4044 12/- 
C V 4045 10/- 
CV4046 90/- 
CV4048 12/6 
CV4062 17/6 
C V 4064 301- 
CY3o 1216 
DA F91 4/6 
DAF96 7/6 
uCX)90 20/- 
DET3 

1.000/- 
DET19 6/6 
11ET20 2/8 
DET2'2 

110/- 
DET23 

110/- 
DET24 

60/- 
DET25 16/- 
IIF91 4/- 
DF96 7/6 
01163 
01177 4/9 
DK3'2 719 
DE91 6- 
01192 01- 
DK 96 7/9 
D1.06 23 - 
DL92 8 3 
DL94 6 9 
DL96 7/9 
DL810 18/6 
01.816 301- 
01.819 30/- 
DY86 6/- 
DY87 6/- 
I0/842 9/6 
E88CC 12I- 
EI8oF 17/6 
E810F 60/- 
EI82CC 22/6 
EABC80 

6/6 
EAF42 101- 
E12.91 5/- 
EBC33 8/6 
EBC41 10/6 
EBC'90 4/8 
EBF80 7/6 
EBF83 9/- 
ERF89 6/6 
r:IlL21 121- 
I 81.31 37/6 
1:,C33 16/- 
E(X:40 17/8 
EOC7o 16/- 
ECC81 6/- 
EO(M2 6/9 
EIXMS 6/3 
ECXá3 5/- 
E(X,88 7/6 
ECF'80 6/6 
ECF82 8/6 
ECHSE 11/6 
ECH42 12/6 
ECF181 6/9 
ECHOS 8/6 
ECL80 5/9 
ECL82 71- 
ECLBS 10/3 
ECU/6 9/- 

ECLL800 
30/- 

EF9 801- 
EFS7A 71- 
E1,39 8/- 
EF41 12/- 
EF50 6/- 
EF80 4/3 
EF86 6/8 
EF89 516 
EF91 2/9 
EF92 218 
EF98 15/0 
F.F1B3 6/8 
EF184 7/- 
EF804 21/- 
EFP60 10/- 
EH90 7/6 
EL33 12/6 
EL34 10/6 
E1_í6 93 
EI.38 25/- 
EIAl 10 
E142 10/6 
E1.81 91- 
EL84 4/9 
EL85 7'9 
EL88 8/3 
EL90 8/3 
EL96 06 
EIS60 24/- 
EL820 6l- 
F.L821 7/6 
E1.822 16/- 
ELL80 20/- 
25134 21/- 
E1100 7/6 
EMeI 8!3 
EM84 7/6 
EN32 26/- 
EYbI 8/- 
EY8l 7/- 
EY83 8/6 
EY84 9/- 
El 86 7/- 
EZ40 8,'9 
EZ41 9/6 
EZ80 5/6 
EZeI 6/6 
OTIC 57/6 
01120 100/- 
GU2l 100/- 
GY5o1 151- 
G7.30 101- 
07.3'2 10,'- 
07.34 11/- 
07.37 15/- 
1163 18/- 
HL41DD 

13/6 
ETA 35/- 
KTOt 17/6 
KT66 21/- 
KT87 46/- 
KT81 16/- 

(7CS) 
KT81 

(GEC) 36/- 
KT88 34/- 
KTW61 816 
KTW82 

10/- 
11505 600/- 
51513 600/- 
ME140016/- 
111(150128/- 
111.4 17/6 
N37 17/6 
0178 19/- 
PC86 11/6 
PC88 1116 
PC97 8/9 
PC900 

816 
PCCA4 6/6 
1'0085 8/- 
P(X;89 10/6 
POC1891016 
PCF80 6/9 
PCF86 9/- 
PCF20016/- 
PCF201 15/6 
PCFBW 115/- 
PCF801 9/9 
PCF802 

919 
PCF80613/- 
PCH'2W 

u/6 
PCL82 7/9 
PC1.83 10/3 
PCL84 816 
PCI.83 9/3 
PCL86 918 
PDS00 89/- 
P EN B4 20/- 
PEN46DD 

18/- 
PFL200 

14/- 
PI.36 10/9 
PL81 81- 
P1.82 8/6 
PL84 7r 
PL506 29/- 

l'L509 37/8 
l'1.802 16/6 
I'T15 151- 
l'X4 14/- 
PX25 14/- 
I'1-3: 189 
PY33 109 
l'Y8l 6/9 
PY82 4/9 
PY83 7/- 
PY500 86/- 
PY800 9/6 
í'Y801 916 
P7.30 10/- 
QF41 400/- 
QQV02/0 

46/- 
QQV03/10 

2716 
QQVO3%20 

106/- 
QQV04/15 

106/- 
QQV06-411A 

1001- 
QQVOri/40 

90/- 
QQOS/10 

Q870/20 5)6 
Q875120 6/6 
Q875/60 

20/- 
Q883/3 7/8 
Q8s02/10 4/- 
Q895/10 6/6 
Q8108/45 

15/- 
Q8160115 

8/- 
Q8150/30 

Q8160/96/- f 
Q8150/460/- 

20/- 
Q8150/80 

80/6 
Q81209 7/3 
QVO3-12 

12/- 
QV04-7 12/6 
Q V05-25 9/- 
QV06.20 

27/8 
QY3-125 

180/- 
1110 15/- 
1117 8/- 
R18 7/6 
R19 7/9 
R115/500 

80/- 
RG3/1250 

120/- 
81M2 32,'6 
811E12 70/- 
8130 40'- 
8130P 40./- 
8041 6/6 
BPeI 6/- 
8T V280/40 

BTV280180 
961- 

8U21501216 
6U2160A 

12/6 
T41 17/6 
TD03-5 

110/- 
TDO3-I41 

110/- 
T7.40 40i- 
1.119 
1124 84/- 
U25 16'6 
U26 15,'6 
1133 27/6 
U37 201- 
03191 13/9 
U404 7/6 
0801 83I6 
UABC80 6'6 
1TAF42 10/6 
UBC4I 9/6 
UCH42 10/6 
UCH81 7/- 
UCI.82 6/9 
UCL83 10/- 
UTA1 121- 
01.84 
UUO 21/- 
L'U7 81/- 
UU8 21/- 
11.741 8/6 
1.1085 5/6 
VIB63130/- 
VP4B 26/- 
V8105/30 

8/6 
V R350/30 

8/- 
WBIM 12/6 
X118/100 

300/- 

1513/200 
190/- 

7.06 161- 
Z319 261- 
5709 83/- 
2800 20/- 
Z801 80/- 
Z803U 161- 
062 8/8 
0112 6/- 
0'/A 4/6 
ICP31 120/- 
1B3OT 7/3 
1Z2 86/- 
2021 6/6 
2C39A 140/- 
2C43 701- 
2k:16 80/- 
2K25 1601- 
3A/ 167M 

801- 
3A5 20/- 
3B24 70/- 
3H240M 

110/- 
3B241M 

110/- 
31128 401- 
:u`24 80/- 
%G45 66/- 
31F21A 36/- 
3E29 15/- 
4C:15 300/- 
4CX250B 

240/- 
4X150A 

95I- 
4X150D 

200/- 
4X2508 

180/- 
5B/254M 

58/355M 
37/- 

37/6 
sen 820/ - 
51140V 10 /6 
51.140 6/6 
5V40 81- 
3Y30T 6/- 
6540 7/- 
6/301.2 16 /- 
OAKS 5'- 
6.4Kß 12'6 
BALS 3/- 
6A116 3/6 
6158 101- 
61Q4 4/- 
6AQ5 6/3 
6,486 6/- 
6187 16/- 
6ÁT8 4/9 
GAUSOT 

20 /- 
61140 20/- 
61116 6/- 
68E6 6/- 
68116 9/- 
6x26 9/- 
6ßK4 21/6 
61156 7/6 
6 BIC 2 7/- 
611107 17/- 
65108 12/6 
61187 26 /- 
611We 14/8 
BHW7 13 /- 
6C4 61- 
eCBe 5/- 
0(71)60 24/- 
(CHO 7/6 
601.8 8/6 
6CW4 12 /- 
654 1St- 
61)1(6 9/- 
61,23 16 /- 
6F:r2 2/9 
6F33 19/6 
BJIG 4/- 
6.16 3/6 
6J7G 6Á- 
6K7 1/9 
6K7O 8/- 
6118 2/9 
61030 3/- 
8160 7/9 
6L41WOB 

17/6 
68Q7M 7/6 
6(570 6/- 
68117 6/- 
68.1751 7/- 
68L70T 8/- 
68N7GT 5/6 
6V60 418 
6X4 4/6 
6X50 4/6 
7B7 7/6 
706 22/6 
7CB 161- 
7147 616 
707 461- 
7Y4 8/6 
10F1 14/9 
11E3 70;- 

12 AC6 101- 
121,06 11/- 
128E6 9/6 
12 ATO 4/9 
12AT7 6/- 
12AU7 619 
12AX7 6/3 
12ßA6 ß'- 
128E8 6'8 
12E1 80 /- 
12K7OT 7/- 
12K8OT 8/- 
12Q70T1 
1321 190/- 

6/- 

2004 90 /- 
2481 110 /- 
2574 6/8 
257.50T 8/- 
25Z00T 8/6 
27111 72/6 
SOCIO 15 /- 
30017 16/- 
36F3 17/- 
SOFLl 16 /- 
30L15 17/- 
301.17 17/- 
30041 16 /- 
SOF19 16 /- 
30PL1 16/- 
3001.1318/8 
3OPL1415 /- 
351.6 9/- 
35L6(lT 9/- 
35W4 8/6 
357.4GT 8'6 
4X t) 

8001 - 
SOCS 

130 

6/3 
5001160 

31/- 
80 7/6 
85A1 
85A2 7/3 7/3 
8ßL 160/- 
90,40 46 /- 
BOA V 46/- 
90C1 1ß1- 
9000 
9oCV 26/- 
15052 118 
150113 8/8 
601 96 
609 86 /- 
807 9/- 
811 ß6 /- 
8I9 75/- 
ß13U81 

180/ 
70ßA 10 /- - 

/- 
725/ 

723A/ß 

240100 /- 
82911 60 /- 
833A 360 /- 
8)7 17/8 
806A 16 /- 
8722 / 

9311 7267/6 

6 

954 5'8 
955 3/- 
5050 15 /- 
5644 40/- 
5631 7,3 
3654 8/- 
5672 7/- 
6667 10 /- 
5691 25/- 
3694 30/- 
5702 15 /- 
6749 10 /- 
5769 19/- 
5784 86 /- 
5842 66/- 
5876 60/- 
5879 12/- 
5893 160/- 
5899 10/- 
5102 17/- 
5963 10/- 
6057 10 /- 
6058 10 /- 
6059 18 /- 
6060 6/- 
6061 12/- 
6062 14/- 
0063 71- 
6064 7/- 
6065 9/- 
8067 10 /- 
6080 25 /- 
6072 12 /- 
6111 12/6 
6148 27'6 
7475 14'- 
9099(3 8/- 

8/4 2/8 
Diode. 

Transis(on 
18112 4/6 
18115 4/6 
18191 4/3 
2152 4/3 
20210 12/6 
20381 6/- 
30383 6/- 
20401 6/- 

Valves tested and released to A B.B. 410mi/10otlon 17 required. 

Express postage 9d, per valve. 
Ordinary postage 6d. per valve. 

Over LS postage free. 
Tel. 01 -769 0199, 1649 

20402 6/- 
20414 6/- 
20413 6/- 
2(1416 6/6 
20417 6/- 
25^-47 9/6 
25555 12/6 
AC107 10/- 
AC127 7/6 
AC128 6/6 
ACY19 6/8 
ACY20 6/- 
ACY21 61- 
AD140 18/8 
AF114 71- 
AF113 71- 
AP116 71- 
AF117 7/- 
BYI00 6/8 
0ET571 51- 
0ET8/3 6/- 
N K T2I1 61- 
NKT214 4/- 
5K T218 7/6 
N KT217 81- 
N KT218 8/- 
N K T228 6/- 
N KT404 

18/6 
N K T676 6/- 
N K T677 6/- 
N Kills 7/6 
OCIO 80/- 
°C19 17/6 
OC20 161- 
OC24 16/- 
0C23 11/- 
0026 7/6 
0C28 181- 
0C29 161- 
OC33 11/6 
0C44 4/6 
OC43 41- 
OC71 4/6 
0072 6/- 
OC74 6/- 
0075 6/- 
O(.76 61- 
OC77 81- 
0078 6/- 
0081 4/- 
OCB1D 4/- 
009111 6/6 
0C81DM 

8l- 
0082 (V- 
008213 8/- 
OC83 6/- 
0C109 6/- 
0C170 71- 
OC171 8/- 
0C200 7/8 
81E642 8/6 
XA101 8/8 
XA111 316 
XA112 4/6 
XA125 6/- 
XA141 7/- 
XA142 8/- 
XA143 8/- 

TUBES 
1CP31 1201- 
2API 80'- 
31101 851- 
SDP) 40/- 
3501 66!- 
3577 291- 
3001 401- 
5801 80'- 
eCPI 66/- 
5FP7 35- 
88L 80 - 
88D 200 - 

ACR2'2 80- 
C27A 160/- 
Cv960 761- 
CV966 361- 
C V 1526 40/- 
CV 1607 601- 
CV 1588 35/- 
DHS/91 

120/- 
E4504/B/16 

76/- 
ECR30 35.1- 
ECR3S 60'- 
MW6-2 601- 
090 80/- 
090 801- 
O9L 801- 
VCR97 86/- 
VCRISe 

501- 

VCR138A 
501- 

VCR139A 
351- 

VCR510 
80/- 

VCR517A 
48/- 

VCR517B 
49/- 

VCR617C 
461- 

Monday to Saturday 
9 a.m. -5.30 p.m. 

Closed Sat 1- 30 -2 -30 p.m. 
Complete range of TV Tubes 

available from £4.5.0. 

SEND S.A.E. FOR LIST of 6,000 TYPES 
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RADIO & TV COMPONENTS (Acton) LTD 

21a High Street, Acton, London, W.3. 
also 323 Edgware Road, London, W.2. 
Goods not dispatched outside U.K. Terms C.W.O. All enquiries S A E 

Complete stereo 
system £29 lOs. 
The new Duo general -purpose 2 -way speaker system is beauti- 
fully finished in polished teak veneer. with matching vynair 
grille. It Is ideal for wall or shelf mounting either upright or 
horizontally. 
Type 1 SPECIFICATION - 

Impedance 10 ohms. It incorporates Goodmans high flux 6" 4" speaker 
and 2," tweeter. Teak finish 12" 6 .1" 5.1" 4 guineas each. 7,6d p & p 
Type 2 as type 1. Size 17i" 101" 6j Incorporating 101" 61' 
bass unit and 21" tweeter 3 ohms impedance 51 guineas plus 
15/- p- & p. 
Garrard Changers from E7.19 6d p b p. 7/6d. 
Covnr and Teak finish Plinth fit .15.Od. 7/6d. p & p. 

ae £9 10s. 
Integrated Transistor Stereo Amplifier plus7 6d. p. bp. 

The Duetto is a good quality amplifier, attractively styled and 
finished. It gives superb reproduction previously associated with 
amplifiers costing far more. 
SPECIFICATION 
R. M S power output. 3 watts per channel into 10 ohms speakers 
INPUT SENSITIVITY: Suitable for medium or high output crystal 
cartridges and tuners. Crosstalk better than 30dR at 1 Kc /s. 
CONTROLS: 4- position selector switch (2 pos mono and 2 pos stereo) 
dual ganged volume control. 
TONE CONTROL- Treble lilt and tut Separate on off switch A preset 
balance control. 

c-//1C C/IQOOLc 
TEAK FINISHED CASE 

f9 
plus 7/6 p & p. 

. Built and tested. 

SPECIFICATION 
Sensnivies for 10 wan output at 1 KHz Into 3 ohms. Tape Head: 3mV at 31 p.s.l. Mag. P.U. 
2 mV. Car. P.U.: 80 mV. Tuner: 100 mV. Aux. 100 mV. Tape/Rec. Output. Equalisation for each 
input is correct to within ± 2dB IR.I.A.A.) from 20 Hz to 20KHz. Tone Control Range: Bass 
a 13 dB at 60 Hz. Treble t 14 dB at 15 KHz. Total Distortion. (for 10 watt output '. 1.5 %. 

Signal Noise: C -60dB. AC Mains 200-250v. Size 121" long. 41" deep. 21" high. 

SPECIFICATION 

OUTPUT. 10 watts into a 3 ohms speaker. 
INPUTS: 111 for mike 110 m v I. Input 121 for gram 
m v 1 individual bass and treble control 
TRANSISTORS. 4 silicone and three germanium 

radio 1250 

THE DORSET 
(600mW Output) 

f5.5.0 
plus 7/6 p. 8 p 
Circuit 2/6 FREE WITH PARTS 

MAINS POWER PACK KIT: 
9/6 extra. 

7- transistor fia ly tunable MW-LW, superhet portable - 
with baby alarm facility Set of parts The latest modulized 
and pre -alignment techniques makes this simple to build. 
Sires 12" v 8 x 3 

NEW COMPLETE HI -FI 
STEREO SYSTEM £39 
comprising SP25 Garrard Mkll with diamond stereo 
cartridge. Viscount amplifier Mkl. Two type 2 
speakers. plinth and cover 

f39 plus E2 p & p 

These 5 items can be purchased 
toçether for E29 10s +E 1 10s p. & p. 

/ham li:Y-re i 
INTEGRATED HIGH 

FIDELITY TRANSISTOR 

STEREO AMPLIFIER 

f14 5s. + 7/6 p 8p 

SIZE 121" x 8" e 21" in teak -finished case 
Built and tented. 

SPECIFICATION 
OUTPUT: 10 watts per channel into 3 to 4 ohms speakers 120 watts) monoral. 
INPUT. 6- position rotary selector switch 13 pos mono and 3 pos. stereol. P.U. Tuner. Tape 
and Tape Rec. out Sensitivities All Inputs 100 mV into 1.8M ohm. 
FREQUENCY RESPONSE. 4OHz- 2OKHz208. 
TONE CONTROLS: Separate bass and treble controls. TREBLE 13dB lift and cut let 15KHzl 
BASS 15dB lift and 25dß cut let 50Hz). 
VOLUME CONTROLS: Separate for each channel. AC MAINS INPUT: 200 -240v. 50 -60Hz. 

Viscount Mark II for use with magnetic pick ups specification as above. Fully equalised fro - 

m.inneiir pics lips Suitahle fo cartridges with minimum output Of 4mV'cm sec at lkc 
Impedance 47k. C15 15s. plus 716 p. 8 p. 

THE RELIANT MK.II 
Solid State 
General Purpose Amplifier 
In teak- finished case 

f6 16s. 
/ 6 p 8p 

MAINS INPUT: 220/250 volts. 
SIZE: 101" e etc, 
MIKE TO SUIT (CRYSTAL): 12/6d. 1 /6d. p & p. 

8" x 5" speaker 14/81. I+ 3/- p. & p. 

Mk. 1 ES 15.. + 7/6d. p. & p. lees Teak -finished case 

ELEGANT SEVEN 
MK. III 
(350mW Output) 

f4.9.6 
plus 7/6 p 8 p 

Circuit 2/6 FREE WITH PARTS 

MAINS POWER PACK 
KIT: 9/e extra. 

7-transistor hilly tunable M.W. -L.W. supsrhet portable. 
Set of parts. Complete with all components including ready 

etched and drilled printed circuit board -back printed for 
foolproof construction. 

STEREO PRE -AMPLIFIER 
loculo 6 pompon rotary switch 13 position mono. 3 position stveoi lunar ISO mV 

into 680k Magnetic pick up fully equalised and soluble foi mapunc 

canndges with minmrsing output of 4mV croseo load 4/k Guano pickup 

150 mV info 680k Sensiliwpes taken fui 200mV output Cannois septale 

volume controls foi each channel Twin ganged bass. 1248 lift and I5dB mi at 

60c s Thon ganged treble. Ioda lift and 15d8 cut at 10kos Voltage iepmed 

23 30v DC at 5mA Sue 17 {" x 31' s 21' In teak finished use compleiewtth 

ham panel and knobs BAINS lasid E7.7. Flsa 5/- p. S F. 

X101 10w. SOLID -STATE HI -FI AMP 
With Integral Pre-amp. 
Speptications Power Output linto 3 ohms speaks 
10 watts Sennnvny Ilor taud output) I mV into 31( 

ohms 1033 microampl Total Distortion in 1 KHoI AI 

5 sans 035.. At rated output 15% Frequency 

Response Minus 3 dB pointa 20 Ht and 40 Elk 

Speaker 3-4 ohms 13 15 ohm may be used) Supper 

volug t lAo O C at 800 teA 16 24v may be used) 

69/6 plus 26 p 8p 
CONTROL ASSEMBLY imcludnN manas and capacnorsi I Volume Pdca L-. 
1 Treble Pea 5 -. 3 Camptahenno, bans and treble Pees tOr. The above 3 

items un be purchased 1n use esth the X101 POWER SUPPLIES FOR Kt01 

P I o l M I mono l 3S- p 8 p 46 P101 I stares l 421 p& p d 6 

50 WATT AMPLIFIER 

AC MAINS 200,250v 

f28 10s. 
plus 20 p 8 p 

An extremely reliable general purpose valve Amplifier - 
with six electronically mixed inputs Suitable for use with 
mica. guitars. gram. tuner. organ, etc Separate bass and 
treble controls Output impedance 3. B and t 5 ohms, 

SPECIAL OFFER 
Convoi, . omprising BALFOUR 4 speed auto 
player with star eu head 2 DUO speaker systems size 12 x 61 x 

51. Plinth liess cover) and the DUETTO stereo amplifier. 
All above items 

f20 plus 20/- p. & p. 
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AMATRONIX LTD (WW) 
TRANSISTORS \II \ I '\Il -1.I .,N1,-, NO 

- I \ I I L - . 
i . l I: \\ I l:l.111,, -1'II . 

AD161 162 12 

AF239 10 

B-50000 11 3 

BD121 18 

BC107B 3 

BC168B 2 3 

BC169C 2 6 

BF167 5 3 

BF178 9 - 

BF224 4 

BF225 4 - 

BFV51 4 2N3055 16 6 

IS44 1 4 2N3707 4 - 
IS557 3 - 2N3794 3 - 
MC140 4 2N3983 5 8 

MEM564C16 - 2N4058 4 6 

SF115 3 2N4285 3 

T1407 5.8 2N4289 3 

TI SOWN 4/8 2N4291 3 

TIS61M4/11 2N4292 3 

2N706 2/7 2SB187 2 

2N29260 2/6 40468A 7 8 

CERAMIC I.F. RESONATORS. Tailor - 
make 455kHz i,f. selectivity to your own 
requirements. New Brush Clevite Identical 
Resonators need only the addition of fixed 
capacitors of standard values to create superb 
filters with a wide range of bandwidth options. 
Makers' data gives capacitor values for filters 
with 2 -8 resonators. Example: 4- resonator 
filter, -8dB @ 1.9kHz off tune; -60dB ,o 

10kHz. Resonators Type TF04 -442, 10 - 
each, 4 for 30 / -. 

INTEGRATED CIRCUITS- PA234, new í1n,11 
'nline 1W audio atop, with data, 241-; CA3020 
1'0 -5 push -pull amp., usable to 6MHz 28 -; 
TAEI101, transistor quad for ring modulator, 21 - 

AMPLIFIER PACKAGES- Component kits for 
efficient transformerless class B power amps. Low 
standby current, simple circuitry, no adjustments. 
AX2 9V, 300mW in 10 -20 ohms, other loads usable, 
1216: AX9 9V, 800mW in 8 ohms, 20mV In 20K 
input, 22/6; AX4 24V, 5W in 8 ohms, 4W In 
15 ohms, input 100mV in 40K. Operable 18V with 
12mA standby current and 2 -3W output. Uses 
AD161/2 output pair with silicon low -level stages. 
Still only 3 ,'.. AXS, 12V, 3W in 3 ohms, 35/ -. 

MINI MAINS TRANSFORMERS- 1" x1'x13" 
Osmor MT9, 9 -0 -9V 80mA, 12/6. MT6, 6 -0 -6V, 
100mA, 13 /8; MT12, 12- 0 -12V, 50mA, 19'8. 
Mail order only. Cash with order. List 6d., free 
with orders. U.K. post free on orders over I01 -. 

396 Selsdon Road, South Croydon, Surrey, CR2 ODE 

BAILEY PRE -AMPLIFIER 
High quality pre- amplifier circuit described by 
Dr. A. R. Bailey in the December, 1966, "Wireless 
World ". This is a low distortion circuit of great 
versatility with a maximum output of 2 volts making it 
suitable for driving Bailey 2OW and 30W Amplifiers, 
Linsley Hood Class A Amplifier and many others All 
normal pre -amplifier facilities and controls are 
incorporated. A new Printed Circuit Board containing 
latest modifications 7in. by 3 }in. features edge con- 
nector mounting, roller tinned finish and silk screened 
component locations. This board is available in S.R.B.P. 
material or fibreglass and the complete Kit for the 
unit contains gain graded BC.109 transistors, polyester 
capacitors and metal oxide resistors where specified. 

BAILEY 30W AMPLIFIER 
All parts are now available for the 60 -volt single 
supply rail version of this unit. We have also designed 
a new Printed Circuit intended for edge connector 
mounting. This has the component locations marked 
and is roller tinned for eue of assembly. Size is also 
smaller at 45in. by 2f in. Price in SRBP material I I /6d. 
in Fibreglass 14/6d. 

BAILEY 20W AMPLIFIER 
All parts in stock for this Amplifier including specially 
designed Printed Circuit Boards for pre -amp and 
power amp. Mains Transformer for mono or stereo 
with bifilar wound secondary and special 218V 
primary for use with CZ6 Thermistor, 35/6d., post 

Trifilar wound Driver Transformer, 22/6d., post 1 / -. 
Power Amp., I2 /6d., post 9d. 

Reprint of " Wireless World "articles, 5 /6d. post free. 

DINSDALE IOW AMPLIFIER 
All parts still available for this design. 
Reprint of articles S /6d., post free. 

LINSLEY HOOD CLASS A AMPLIFIER 
Parts now available for this unit including special matt 
black anodised Metalwork and all power supply 
components. 

PLEASE SEND S.A.E. FOR ALL LISTS. 

HART ELECTRONICS, 
321 Great Western St., Manchester 14 

The firm for quality. 
Personal callers welcome, but please note we are 
closed all day Saturday. 

Wireless World, January 1970 

OSMABET LTD. 
WE MAI. I 1 - FORMERS AMONGST OTHER THINGS 

AUTO TRANSFORMERS. 0- 110. 2011.220.240 v a.c. up or down, 
fully shnwldr i fitted terminal blocks. 50 311 -; 75 871 -: 
loo w 4b -: 150 w 67/6; 20 w 7116; 300 w 9111 -; 400 w 11216: 
500 w 127,6: 6h10 w 135/ -: 750 w 17E16; 11100 w 210/ -; 
Isou w 346 -: 20011 w 4001 3000 w 580/ -; 4000 w 7501 
MAINS ISOLATION TRANSFOEIIEES. Input 200.240 v 

1 : I ratio, 50 w SO'.; leo w 90/ -; 200 w 150/ -; 500 w 3001 -, 
MAINS TRANSFORMERS. Prim 200.240 v a.c. TX1. 425 -0.425 v 
250 Ma, 6.3 v 4 a, CT, 6.3 y 4 CT, 0.5.6.3 v 3 a, 1851 -; TX2 
250.0.250 v 150 Ma, 6.3 v 4 Ct, 04.6.3 v 3 /8; TX3 
250.0.250 v 100 Ma, 6.3 v CT 26, 6.3 v I a, 58/8; TE4 300.1' 
300 v 60 MA. 6.3 v 2 a CT, 6.3 v I a, 511/6; TX5 300.0.300 v 
120 Mx, 6.3 a I a. 6.3 V 2 Ct, 6.3 v 2 a, 6716; TX8 250.0.250 n 
65 Ma, 6.3 v 1.5 a, 32/6; MT2 230 v 45 Ma, 8.3 e 1.5 a, 25/ -. 
INSTRUMENT TRAESPORMEEI. Prim 200/250 v a.c., OMT4/ 
1 tapped sec., 5- 20.30.40.60 v, giving 5.10.15.20.25-30.35.40 - 

55-60, 10 -0-10, 20.0.20, 30-0-30 v a.c. 1 amp 40/ -: ditto trim 
2 amp OMT412 (10 / -: OMTS /I tapped sec. 40.50.60-80-90-100- 
110 v, giving 10.20- 30.40. 50.60. 70.80.90. 100.110, 10.0.10, 
211.0 -20, 30-11-30, 40.0.40, 50.0.50 a.c. I amp. 601 -. 
HEATER TRANSFORMERS. Prim 200/250 v cc. 6.3 v 1.5 a 
11'8;: ;18/ 9 ;6aCT801- ;12v1.5a18 /913CT 30 /-; 
6 a 561 -; 24 v 1.5 27/8; 3 561 -; 5 75/ -: 8 108/ -; 12 e 

160/ -; 12.0.12 s- 1 a 19/6; 20.0.20 v 0.7 19/8 - 
MIDGET MAINS TRANSFORMERS. Fw rectification, sloe 
2 11 c 11 Ins. prim 2001250 v a.c., output PTI 9.0.9 v 0.3 e; 
PTt 12.0.12 v 0.25 a; PT3 20 -0.20 v 0.15 a, all at 19 /8 each. 

OUTPUT TRANSFORMERS. Milliard 5 /IO UL 87/6; 7 watt 
stereo UL 66/ -; :t watt PPa 30/ -; PP í1K/:1.7.5.15 ohm 21 / -; 
Multi ratio 7/10 watt 30/ -; 30 watt IKT66 etc.) 3.15 ohm 76/ -; 
50 watt IKTSII etc.) 135/ -: 100 watt 225/.; auto matching 
transformer 10 watt, 3.7.5.15 ohm, up or down 1118. 
CHOKES. Inductance 10 H. 65 Ma 12/ -: 85 Ma 16/ -; 160 Ma 
21 / -. Flying leads, clamp construction. 

W.W. COLOUR TELEVISION RECEIVER 
Transformers and Choke as specified. 

Choke LI 60 / -; Transformer Ti 57/6; Field O/P 
transformer 80/ -. 

Carriage extra on an Ireneformer. 4/6 minimuw. 

BULK TAPE ERASERS. '200/250 r a.c., immediate and complete 
erasure of any sloe sped of magnetic tape, also suitable for 
tape head demagnetization. 42,6. P. a P. 3/-. 

FLUORESCENT LIGHTING. 12 s- LT, complete fitting.. 12 Ina 
o watt 110, -; 21 ins. 13 watt 1301 -: special offer 18 ins.15 watt 
[145/o. Transistor ballast 12 s- for single 40 watt or twin 20 o 

,tones, 150/ -; single 20 watt. 100/- - 
LOUDEPEAKERS. Complete range, famous make,' 25 watt 
107/-; wat 

1 i0 -'. 50 
watt 

33 A 0/ 
et eetc., all at discount. 

ohile stock lasts, 
LOUDSPEAKERS. Es- equipment, perfect. 3 ohm.. Elac, Good - 
m. ,, ,-te. x ins. 15' -; 6 ins. 10/ -; 5 In.. 7/8. P. a P. 3/6 min 

oo., all orders. 

S.A.E. ALL ENQUIRIES PLEASE 
MAIL ORDER ONLY 

46 KENILWORTH ROAD. EDGWARE. MIDDX. 
HA8 8YG. Tel: 01 -958 9314 

WW-095 FOR FURTHER DETAILS 

Wilkinsons FOR RELAYS 
P.O. TYPE 3000 AND 600 

BUILT TO YOUR REQUIREMENTS - QUICK DELIVERY 
COMPETITIVE PRICES - VARIOUS CONTACTS 

DUST COVERS - QUOTATIONS BY RETURN 
LARGE STOCKS HELD OF MINIATURE SEALED RELAYS 

EQUIPMENT WIRE. 7:.0076, I .024, 14.0048 
P.V.C. type I and 2 various colours SO'- per 1,000 yards. 
14 .0076 type 11 colours only Red and Natural available 
LIS per 1,000 yards 

MINIATURE SILVER ZINC ACCUMULATOR 
1.5 volt, 1.5 ampere. Size 2 x 1.13 x 0.63in. Weight I I oz 
deal for model work, 12/6 each. 1201- dot., post 1/6. 
STROBOSCOPE FORK. 125 cycles. P.O. No. 5, 30; 
each, post 2/6. 
LEDEX ROTARY SOLENOIDS AND CIRCUIT 
SELECTORS. SIZE Ss. 4 pole, I I way and off 1101-, 4 pole, 
12 way I10/ -, 24 pole, I I way and off 210/-, 54 pole On/ 
Off ISO', 
N.S.F. SOLENOIDS type 3E 1 15.2 ohms 48v. D.C. 17/6 ea. 
CERAMIC AND PAXOLIN WAFER SWITCHES 
available from stock at keen prices, send for list. 24 way 
Double Pole Pax Wafer Switches 12;6 each, post 2/6. 
P.O. STANDARD RACKS 6ft. U channel sides drilled 
for 19in. panels heavy angle base, ISO/ -, cge 20/ -. Desk 
Units for Racks 301 -, cge 7/6. 
MINIATURE BUZZERS. 12v. with tone adjuster. 7/6. 
PLASTIC -FILM CONDENSERS TMC S12S017LM 
0.9+0.1 mfd. 500v. also I mfd. l'l,. 150v. TCC 20/- each. 
AIR BLOWERS. 200/250 volt. A.C. cylindrical 7in- 
7in. suitable for intake or extraction. I /50th h.p. £10. 
1115th hop. L11. I /10th h.p. L14. 
ELCOM STUD SWITCHES. 12 pole 2 way or 3 way 
types on 3 Banks, break before make action, S0 /- each. 

GEARED MOTORS. I r.p.m. or 3 r.p.m. 4 watts very 
powerful, reversible 24v. A.C. 35 /- post 2/6, can be oper- 
ated from 230v. with our 20 /- Transformer. Post 51 -. 

VACUUM GAUGES. tin. scaled. 0/30 inches of mercury, 
20- rich, post 2,6. 

STANDARD LEVER 
KEYS, 3 POSITION 
4C Iock;4C lock 17 6 each. 

®2 
n 

each. 
2C 2M 

n 
on -lo-lock 

2C 2M non -lock 
14/6 each. 
4C non- lock/6C lock 20 - 
each. 

ONE HOLE FIXING. Stop /4 C.O. non -locking 2 
position 10 6. 6 C.O. lock /2 C.O. lock 3 position 17/6. 
TRANSFORMER. 200 240v., tapped 6.3v., 8.3v., 
10.3v. 17 amps, 70 -, post 6i -. 

LAMP HOUSES with pair of 6ín. lenses m unted n a 

9i n. square case. Ideal spotlight 701- each, post 10; -. 

BATTERY CHARGERS at special price made by West- 
inghouse, worth £35. Input 200 250v. A.C. output 6v. IS 
amps D.C. with ammeter, fuses; lated by a 4- position 
switch and sliding resistance. OUR PRICE 170/, Cge. I5 / -. 

MINIATURE DIGITAL DISPLAY SERIES 661 
Counting Posts. Ltd., an assembly of five units each 
displaying I I messages in numbers with decimal point, 
and letters OS complete, send for details. 

HIGH SPEED 

COUNTERS 
31 x lino, 10 
counts per 
second with 4 
figures. The 
following D.C. 
voltages are 
available, 6v., 
12v., 24v., 
50v. or IOOv. 
SUB- MINIATURE Microswitch Honeywell S. P.D.T. 
type I I SM I TN 13 size tin. x lin. x lin. 6i6 each, or 
mounted in fives for 22/6 post free. 
JACK PLUGS. 2 Point 

w 
ith 

screw -on cover. 2/6, post 9d. 
PO 201 on headphone cord 3/ -, post 1 /6. 
PLUG-IN RELAYS. Londe. 4 change -over HD contacts 
28v. D.C. or 240v. A.C. with base and cover, 35 /- each. 

RELAYS. 24 volt D.C., 4 make, 4 break heavy duty contacts 
with dust cover, 12;6 each, quantities available. 

MINIATURE BUZZERS. 12 volts with 
tone adjuster, 7/6 each as illustrated 

MIRROR GALVANOMETER BB 3000. 
N.E.P. Focal length 20 cm LIS each. 

ROOM THERMOSTAT. Adjustable between 45 and 
75 deg. Far., 250v. 10 amp. A.C. ideal for greenhouses, 35 - 
Post 4 6. 

TERMINAL BLOCKS. 2 way SC,430 
or 3 way 5C1432 SOS- per 100 or L20 
per 1,000. (As illustrated.) 
ROBUST AIRCRAFT PUSH. 5Cí898 of bakelite barrel 
type construction, with Itin. square hole fixing top with 
actual push below the level of a I in. bakelite circle to prevent 
it being used accidentally. Samples 5;- each large quantities 
available. 
MAGNETIC COUNTERS. Weder Root with zero reset. 
800 counts per minute, counting to 999,999. 110 or 125 volts 
A.C. or 110 volts D.C. 6S - each, post 31 -. 
VACUUM CONDENSERS, 25 pf., 32 KV, 27/6, post 3 / -. 
METERS GUARANTEED. Complete list available. 

Microamps 0/500 tin. MC....25 /. 
Microamps 0/ 500 2I in. MC....37/6 
Milliamps 0'50 21in. MC 35 /- 
Milliamps 0;500 31in. MC 54/- 
Amps 50 -0 -50 tin. MC 1716 
Amps 0:52in. MC 42/6 
Volts 5/015 21ín. MC 
volts O'202 /n. MC 42/6 
Volts O- 402ín. MC 42/6 
Volts 0;10 A.C. 31ín. MCR 70 /- 

MICROAMPS 0 50 scaled in Rontgen. 21in. MC 451 -. 
PORTABLE VOLTMETERS 0 :250 Moving Iron A.C. /D.C.. 
6nn. scale, In polished wood case, O IO -. 

>` 

ONE HOLE FIXING SWITCHES 

DOUBLE POLE ON/OFF 
3 amp er0 volt A.C. ín. e n I in. 
30,- per dozen, 200,- . i ,- Per v Pon. 
3i- per dozen, 6/- per 100. 

MASTER CONTACTOR. Precision made. Contac s 

making and breaking twice per second in sound proo case, 
hermostat controlled heating. 12 or 24v. 1MM6, Po t 6/ -. 

VISCONOL- CATHODRAY" CONDENSERS. .001 
mfd. 10 kV, 5.-:.002 mid. 15 kV, 9'-; .02 mfd. 10 kV. 10 / -; 
.025 mfd. 2.5 kV, 5 -:.05 mfd. 5 kV, 9;-; 0.1 mfd 4 kV, 9 / -; 6 

kV, 17,6; 0.5 mfd. 2.5 kV, 17,6; I mfd. 2 kV. 17,6. 
RESISTORS, wire wound or carbon, potentiometers, 
condensers, quantities ex -stock at low prices. 
BRIDGE MEGGER series I. With resistance box 
1,000 volts, range 0 100 megohms- infinity, usual price 
C189, our price L60. 

L. WILKINSON (CROYDON) LTD. 
LONGLEY HOUSE LONGLEY RD. CROYDON SURREY 

Phone . 01- 684 -0236 Grams: WILCO CROYDON 
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Slect/Po -Yea Sates 
Motor Driven Variable Voltage 
Transformers by Ohmite 
(U.S.A.). Input 1201240v.. 50/60. 
c.p.s. Output 0 -240v. at 480 v.a 
A ible 115v. a.c. geared motor 
drives the contact sweep arm in the 
direction required. There is micro 
switch mounted at each end of the 
track which is cam-operated and 
intended to be connected u a safety -stop. First dus 
condition. £8.15.0. Carriage 15 /-. 

New "Croydon" I /50th HP, cont. rating 240v. A.C. 
motor, 1500 RPM, foot mounted. 
Size: 31' high X 5' long -I- 
spindle length 11 "X1" dia. 
A really beautiful motor at 
less than half maker's original 
price. L6.10.0 each. P. & P. 5/ -. 

MINIATURE "LATCHMASTER" RELAY 
6. 12, or 24v. 
D.C. operation. 
One make one 
break, contacts 
rated 5 amps 
at 30 volts. 
Once current is 
applied, relay re- 
mains latched 
until input 
polarity is re- 
versed. Manufac- 
tured for high 
acceleration re- 
quirements by 
Sperry Gyro- 
scope Co. Size: Length ", dia. 9/16" (including mount). 
Actual size as illustrated. Please state vertical or hori- 
zontal mount and voltage. £3.10.0 each. P. & P. free. 

Brand new "Discus" Centrifugal 
Blower by Watbins & Watson, 
240v. 
A.E.I. motor, cont. 2,850 r.p.m., 
overall diam. IO", outlet flange 2- I.D. 
additional coupling mounting flange 
supplied. Limited supply. 0.10.0. 
Carriage £1.0.0. 

Vice "Hi -Meg" Resistors. One value only 
50,000 meg i 2 %. glass encapsulated 15 /- post free. 

BRAND NEW 
ALTERNATORS 
MANUFACTURED BY 
ENGLISH ELECTRIC CO. 
Type Motor Input 

V. Ph. C.P.S. R.P.M. 
I 220 3 50 3000 
2 380/440 3 60 3600 
3 IIS 3 60 3600 
4 220 3 60 3600 
S 220 D.C. 
6 110 D.C. J £47.10.0 Each 

Also in stock several types of heavier duty units. Full 
Details upon request. 

All types give the 
same Dual outputs 

as below. 
V. Ph. C.P.S. V.A. 
11S 3 400/20 SO 

85 I 400/20 300 

NEW HYSTERESIS MOTORS BY WALTER 
JONES. Type 14050/12, 240v. 50 c,s 1500 RPM cont. 
rating, output 2.0 oz. /in. 
Size: Length (leu spindle) 
3 }'. Width 2 }'x2 }'. 
Spindle 1 "x3/16". Weight 
3 lb. Maker's price in region 
of £22.10.0. Our price 
£7.15.0 each. P. & P. 5 /-. 

SCHRACK ROTARY STEPPING RELAY RT304 
48v. coil (28 ohm). The 
relay has 48 basic segments 
shorted in step by the 4 

sweep contacts to 4 pole - 
plates (banks of 12). There 
are 2 secondary switches: 
(I) one c/o H /Duty contact 
set which changes over and 
back with each step; (2) two 
H /Duty changeovers which 
changeover on each 12th 

step and return on the 
following pulse. Size: Basa 3 }'XI!'x4}' high. New 
in maker's packing, limited supply, also few only, as 

above, but I 10v. (1,290 ohm coil), £6.10.0 each. 

P. & P. free. 

Welwyn high value Resistors Type GA 36501. 
Values between 9.4 and 10.9 kilo-meg ± 1 %, glus 
encapsulated IS /- post free. 

English Electric } h.p. Motors. 240v. single -phase, 
standard foot mounted, 1,425 r.p.m., continuous 
rating. £4.15.0. Carriage 20/-. 

"Parvalux" Reversible 100 RPM Geared Motor 
Type S.D.14, 230/250v. A.C., 
22 lb./in. Standard foot mounted, 
variable angle final drive. Re- 

movable 9 -tooth chain 
spiggot on 3/l6' spindle. 1st 

class condition. L7.10.0 each. 
P. & P. 10/ -. 

Isolation Transformen. I to I. 250v. input, 250v. 
centre tapped out, at 2 K.V.A., mounted in metal case 
measuring 84'X8 }'X 1I" high. Weight 651b. £18.10.0. 
P. & C. 25/ -. 

K.L.G. Sealed Terminals. Type TISI AA, overall 
length 11/16 ", box of 100, 25s. 
Type TISI BB, overall length I ", box of 100, 35e. 
P. & P. Free. 

Precision Motor -driven Potentiometer 
By "Precision Line" (U.S.A.). Con- 
tinuous track with 2 platinum 
contact wipers set at 90° C.W. 
resistance 300 ohm only, ± 5% LIN 
±01%. ball bearing spindle column. 
Size: dia. 1 13/32", height I I/32 -. 
spindle length II/32" by }' dia. 
These potentiometers were pur- 
chased by the importer at a cost 
of approx. L25 each. Our price 
£6.15.0 each. P. & P. free 

Mullard Geiger Muller Tubes Type MX115 (new). 
Max. threshold voltage 370. Mm. plateau length (volts) 
100. Active length 45mm. Wall thickness 375 M.G./ 
sq. cm. Two-pin base. 0.10.0. Post free. 

Dubilier Nitrogol Capacitors. 24 mfd. at 350 V.D.C. 
Size (approx.) 4)" high x 3'1 x 21 ". 10 /- each. P. & P. 
2/6. 

New 7S -0-7S Micro -ammeter 
750 ohm movement, clear 
reading, 5µa divisions X 

} "; plastic front, projection 
4" (tapering forward). Size: 
41"X 3 }'. 57/6 each. P. & P. 

2/6. 

by Sifam. 

Muirhead S.M. Drive Typa B902C. 3' dia. (not 
calibrated). 180 deg. sweep. 10 /- each. P. & P. 1/6. 

Barco Rotary "Regavolt," variable voltage trans - 
formen input 240v. 50/60 cps., output 120-0-120v. at 
6 amps. Not new, but in 1st class condition. Few only, 
E9.10.0. P. á C. 10/ -. 

MINIATURE 
B.P.L 500 -O 500 Micro-Ammeter. 13'16" Diam. 
scale. Through -Panel mounting. 45/ -. P. & P. free. 

We have in stock a large, range of new laboratory 
equipment, Glassware and Filter Paper all below 
makers prices, It should pay you to pay us visit 
when in our vicinity. We list here just a few 
selected items: 
Griffin- Grundy, Incubator -Steriliser Type I/200. 
Heating chamber 12" x 12' x 14' high, 2 x 300 watt 
elements, aluminium case, variable up to 200° C. Thermo- 
stat setting ± 0.5 %, 240v., 127.10.0. 

Griffin -Grundy Drying Oven. Model C2/105. De- 
signed to meet B.S.1377 spec. for soils drying, very useful 
as a general purpose drying oven. Outer casing zinc /steel 
in grey enamel. External size 40' x 21" x 35" high. 
The heated chamber constructed of compressed asbestos 
sheet, internal size 36" wide 19" deep 20' high, four 
shelf runners, three perforated shelves supplied, heating 
by 6 x 300 Watt elements, thermostat setting 105 ° - 
110° C. Two doors hinged at outer edges. £97.10.0, 
one only. 
Copper, gas heated hot air drying Ovens. 
Internal size 20 x 20 x 20 cm. .. .. 110. 0.0 

25 x 25 x 25 cm. .. .. 111.10.0 
30 x 30 x 30 cm. 612.10.0 

Similar to above but hot water, double walled . 

20 x 20 x 20 cm. .. .. 115.10.0 
25 x 25 x 2.5 cm. .. .. 116.15.0 
30 x 30 x 30 cm. .. £18.10.0 

SPEEDIVAC Vacuum Pump Type ES35 .. £30. 0.0 
SPEEDIVAC Diffusion Pump Type E01 .. £25. 0.0 

Roberval Balance, double pan, counter scale balances, 
capacity 4 lb., brass pans, 20 cm. diam. 125.0.0. 

Griffin Flask Shaker. For up to eight bolthead or 
standard flasks 240v. AC /DC. 125.0.0. 
Also in stock various centrifuges, balances, flask heaters, 
de- ionisers, etc. 

E SHIES 

Gardner Transformer Type I.T.N. 876 (new). 
Enclosed in ventilated metal cue. Prim 200/250, sec. 
2x 12v. windings rated 4 amps each (96 v.a. in series/ 
parallel). L3.2.6. P. á P. 7/6. 

American "Powerstat" Variable Voltage Trane- 
former by Superior Electric Co. Input 120v. 50/60 
c.p.s. Output 0 -120v. at 2.25 amps. }' spindle with 
alternative pre-set locking device. Size (approx.) 3" 
dia. x 2" long. First class condition. £2.15.0. P. á P. 5/ -. 

Mallory Tubular Capacitor, with mounting clip. 
1,000 mfd. 45 V.D.C. Size 2}" long by I}' dia. 7/6 each. 
P. á P. 1/6. 

S.T.C. Midget Relay Type 4190 GC. (new). 2 change- 
overs, 12v. 40 m.a. coil (170 ohms). 10/6 each. P. & P. 1/6. 

Jackson Air -Spaced Trimmers Type C003. Pre- 
set locking type. ceramic end -plate, 2 -hole fixing. 
3 -10 p.f., 2/6. 4-20 p.f., 2/6. 4-60 p.f., 4/ -. 5 -100 p.f., 
4/ -. (Minimum order any 4 pieces.) P. & P. 1/6. 

New beautifully -made 3 change-over Key- Switch. 
Neat action, either locking 
or spring -return, as required 
determined by reversing fix- 
ing- plate. Attractive plastic 
prestle. Available red, green, 
grey, cream. Limited number 
only. 17/6 each. P. & P. 1/6. 

"AUTOMATIC ELECTRIC" 
ENCLOSED RELAYS 
6v. S0(3 2 c /o, 14/6 
24v. 470(1 4 e /o, 15/6 
48v. 2,780(1 4 c /o, 15/6 
48v. 1,260(1 6 c/o, 10/6 
P. á P. free. 

New "M is Devine" 
solenoid 240v. A C. Type 42117, 
I to 3 Ib. pull, frame size 1 }'X 
I }" x I -. 20/- each. P. á P. free. 

Ad Constant Voltage Transformer (new). 
Input 190 -260v. Output volts 12 R.M.S. at 50 v.a. 
L4.19.6. Carriage 10/ , 

Robust M.E.S. Dual- circuit Panel 
Lamp by Thorne, adjustable length with 
press- to-test dome. l' fixing hole. Avail- 
able red, green, amber. 10/6 each. P. & P. 

free. 

VICKERS -SPERRY -RAND 
Hydraulic Power Units as 
III ed. Full details upon 
request. Approx. 60% below 
makers price at 1150.0.0 
each. 

DEPT. E.W. 101, 264 PENTON 
(ONE MIN. FROM KINGS X STATION) 

VILLE ROAD, LONDON, N.1 
Tel. 01 -837 7401 
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SPECIAL MONEY SAVING DISCOUNIS 
on the Best Hi- Fidelity Equipment on the 

Market Today 

AMPLIFIERS 
ARENA F210 2 x 10 watts 

Stereo Amplifier teak 
came 

PHILIPS RH580 stereo 
amplifier magnetic input 

DULCI 207M as above but 
accents magnetic cart- 
ridge .. 

GOODMANS Mazamp 
teak or walnut 

LEAK Stereo 30 plus 
chamsis model . 

LEAK Stereo 30 Plus teak 
cased 

LEAK Stereo 70 chassis 
model 

LEAK Stereo 70 plus teak 
cased 

NIKKO TRM 4011 .. 
NIKKO TRM 120 .. 
ROGERS RAVENS - 

BOURNE teak cased .. 
ROGERS RAVENS - 

BROOK chassis model 
ROGERS RAVENS - 

BROOK In teak case .. 
SANSUI AU 222 .. .. 
SANSUI AU 555 .. 
TRUVOX TSA200 teals 

cased 
ROGERS Cadet Mark III 

teak cased 
QUAD 33 Control Unit 

and 303 Power Amplifier 
TELETON 203E .. .. 
FM TUNERS 
ARENA F211 with Decoder 
DULCI FMT7 Mono tuner 
DULCI FMT7S Stereo 

tuner 
GOODMANS Stereornaz 

teak stereo tuner 
LEAK Stereo Troughline 

tuner chassis mounting 
LEAK Stereo Troughline 

teak cased 
QUAD Stereo Tuner 
TRUVOX FM200 less De- 

coder .. .. .. 
TUNER AMPLIFIERS 
ARENA T1500 teak only 

ARMSTRONG 4.25 .. 
ARMSTRONG 426 .. 
B & O Semester 1000 .. 
GOODMANS 3000 .. 

NIKKO FAM 12F .. 
NIKKO ST 701 .. .. 
SANSUI 350 .. . . 
SANSUI 2000 .. 
SANYO D160 2 x 30 watts 

Rec. Mail 
Price 

£34 13 0 

£26 0 0 

£30 0 0 

£54 0 0 

£53 0 0 

£59 10 0 

£63 0 0 

£69 10 0 
£48 10 0 
£95 0 0 

£64 0 0 
Limited 

Quantity 

£46 10 
£62 17 
£80 9 

£54 12 

£37 10 

£98 0 
£28 7 

£39 18 
£22 1 

£29 8 

£82 10 

£51 10 

0 
7 
7 

0 

0 

0 
6 

o 
o 

o 

5 

6 

£59 13 10 
£51 0 0 

£37 12 11 

£64 1 0 

£79 14 9 
£88 19 0 

£101 15 0 
£77 14 7 

£68 8 3 
£136 3 11 
£129 1 10 
£162 3 0 

£99 0 0 

TELETON F2000 2 x 5 £51 19 0 
watts rote .. .. 

TELETON R8000 Timer/ £70 19 0 
Amplifier with 2 speaker 
enclosures .. .. 

SPEAKERS 
Prices quoted for single speaker unless otherwise 

specified( 
ARENA Hí'14 bookshelf 

type in teak .. £14 3 0 E i 2 0 
ARENA HT10 teak or 
rosewood.. £19 19 0 [17 0 

CELESTION Ditton 10 .. £21 13 1 L17 5 
CELESTION Ditton 15 .. £31 3 7 £26 5 
GOODMANS Maxim .. £20 15 6 E I6 S 

GOODMANS Marimba .. £24 0 5 £19 5 
GOODMANS Mezzo II .. £30 18 0 [25 0 
GOODMANS Magnum K £40 2 0 £29 S 

LEAK Sandwich .. .. £43 10 0 £37 0 
LEAK Mini Sandwich £29 15 0 [25 S 

LOWTHER Accousta PM() £45 10 0 £40 0 
LOWTHER Accousta 1'517 £55 10 0 ESO 0 
KEF Cresta .. £22 3 7 118 0 
KEF Celeste .. £29 0 0 [25 0 
KEF Concord .. £43 10 0 [37 0 
KEF (bncerto .. £53 10 0 [45 0 
QUAD Electrostatic £66 0 0 LS9 0 
WHARFEDALE Denton 

per pair .. £33 12 0 E29 0 
WHARFEDALE Super 

Linton per pair .. £42 0 0 £37 0 
WHARFEDALE Dovedale 

111 .. .. .. £39 10 0 [32 9 

Discorn.f 
I'ric 

129 IO 0 

121 5 0 

E21 

[42 

G13 

[48 

[50 

[55 
[39 
E84 

[54 

E34 

E39 
L56 
L69 

145 

E34 

[92 
[22 

IS 

IS 

10 

12 

15 

15 
10 
10 

10 

10 

10 
10 
10 

0 

10 

10 
10 

E34 15 

LI8 10 

[23 10 

E70 10 

[39 10 

[48 10 
E45 IS 

£32 10 

0 

0 

0 

6 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

0 
0 

0 
0 

0 

0 

0 

0 

0 

0 

1.57 IO 0 
(add 7 ens. 
for decoder) 

E71 IO 0 
L79 10 0 
E94 10 0 
£67 10 0 

(with 
decoder 
159 IO 0 

£120 0 0 
£114 10 0 
[147 10 0 

£89 10 0 
iuith 

decoder) 
E43 10 0 

(with 
decoder) 
[49 10 0 

(with 
decoder) 

\t HARI,EDAI.F: )'NIT 3 

Rec. Retail 
Price 

Speaker Kit .. £10 17 6 

PLAYING DECKS 
GARRARD 401 . .. £31 14 2 
GARRARD AP75 £23 16 7 
t:ARRARD SP25 Mark II £15 11 11 
GARRARD SR2 .. £6 12 10 
I ;ARRARD 51.95.. .. £45 9 1 
t:ARRARD 8L75.. .. £35 12 5 
GARRARD SI.65.. .. £18 8 4 
;ARRARD 8L55.. .. £13 17 9 

GARRARD 60 Mark II .. £17 5 10 
t:ARRARD 3500.. .. £12 4 10 
GARRARD 2025 T/C .. £11 3 11 
t:ARRARI) 1025.. .. £10 6 2 
:OLDRING 0L68 .. £22 7 2 

o ;OLDRINfl GL75 .. £35 15 5 
t:OLDRING (IL75P .. £46 18 8 
'I'HORENS TD150 .. £29 8 1 
'I'HORENS TD150A .. £35 14 6 
I'HORENS TI)150AB .. £39 16 9 

'I'HORENS TD125 £63 4 9 

Discount 
Price 

C9 5 0 

C27 
L17 
LI I 

LS 
[34 
[30 
[14 
LII 
C14 
[10 
[10 

L9 
[17 
L28 
L37 
[26 
[31 
L35 
LS4 

Plinths. tops and accessories of above avalla) 
I O " discount on retail price 
STEREO CARTRIDGES 

I'1111)'l'E1'HNICA A'í'66 
sliUH M:DM .. .. 
S11UHE MN; .. .. 
SHURE 32E .. 
BHURF 55E .. .. 
slIUHF 44F .. .. 
81IUHF M75E .. 
BHCJRF VI:3 Mk II .. 
t:OLDRING 11400 .. 
t:OLDRING 810 .. .. 

0 

S 

S 

0 

0 

0 
7 
2 
9 
9 
0 

0 

S 

5 
0 

0 

o 
o 
S 

e at 

£6 6 0 E5 10 
£7 8 3 L6 2 

£12 19 5 [II 10 
£12 0 11 410 IS 
£16 13 6 L13 19 
£14 16 6 L12 19 
£25 18 10 423 S 

£40 15 3 L35 0 
£5 4 0 [4 2 

£13 0 0 LII 11 

STEREO TAPE DECKS AND RECORDERS 
%KAI Model 4000D 3 -head 

stereo tape deck .. £99 19 6 £84 10 
.SIWA TP 11111 profes- 

sional stereo 3 head tape 
deck £164 6 0 C139 10 

. SANYO MR910 4 track 
stereo tape retonler £83 10 0 £74 10 

.s:1NY0 MR929 4 track 
stereo tape recorder. 2 
detachable speakers £100 16 0 £89 10 

SANYO MR801 stereo tape 
deck £79 0 0 £67 10 

IIEVOX model 1104 4- 
track tape deck .. .. £187 19 0 [169 10 

GRUNDIG TK247 de -luxe 
stereo tape recorder .. £139 18 9 [102 10 

MONAURAL MAINS TAPE 
GRUNDIG TK111 conti- 

nental twin -truck tape 
recorder . £39 5 0 

t:RUNDIG TK144 4 -track 
tape recorder . £47 13 1 

GRUNDIG TK149 Auto - 
matte 4 -track tape re- 
corder .. .. £55 18 10 

PHILIPS 4307 4 -track tape 
recorder .. £48 11 0 

PHILIPS 4308 2 -speed 4- 
track tape recorder .. £60 0 10 

COMPLETE HI -FI SYSTEMS 
1'1111.11'S OF818 Philips 

autoehange player. Inte- 
grated 2 < 4 watts ampli- 
fier, 2 separate speakers, 
all In teak finish £51 9 0 

RADON 404 SYSTEM 
Garrard eí'25, separate 
2 x 8 watt amplifier. 2 
bookshelf type speakers 
teak or blond oak £57 4 o 

WINDSOR 1500 Garrard 
2025 T /l'. integrated 
2 c. 4 watt amplifier. 2 
separate streakers, all 
finished In teak .. £57 15 0 

TOSHIBA SOPHIA Tran- 
scription turntable. mag- 
netic cartridge. inte- 
grated tuner amplifier, 
with stereo decoder. 
fitted hinged Perspex 
top. 2 separate sneakers, 
walnut finish .. £8.2 19 0 

SANYO 18534E Tran- 
scription turntable. 
magnetic cartridge. in- 
tegrated tuner /amplifier. 
2 x 12 watts nos, de- 
coder. fitted hinged per - 
apex top 

\latching SANYO SX /X 
speakers per pair £37 10 0 

RECORDERS 

£132 10 0 

o 
6 
o 
0 

0 
6 
0 

0 
6 
6 

0 

0 

0 

o 

o 

0 

E29 10 0 

[41 10 0 

E49 10 0 

L41 10 0 

C51 10 0 

E45 0 0 

L49 10 0 

£49 19 6 

[75 0 0 

£119 IO 0 

[32 10 0 

All goods are in manufacturer's sealed cartons and are insured against loss or damage in transit. 
Guaranteed "by return" service. Add 716 to all orders for p. b p. Send cashlcheque with 
order. Personal Callers Welcome - Business Hours. 

SMITH'S RADIO SERVICE (Wolverhampton) LTD. 
Mail Order Department, 26 Victoria Street, Wolverhampton, Staffs. Tel: WoIv. 29246 
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THERE ARE GEMS IN IRELAND 

\ \\ 111 / /i /, 
This is one 

%// / / //Itl \ \ \ 
THIS is another 

IF YOU WANT A REAL GEM CONTACT 

rr 

TECLARE LTD 
ENNIS, CO. CLARE. 21559 

AFTER ALL, WE'RE IN THE EMERALD ISLE 

SURPLUS 
BARGÄ)IIVS 

AMPLIFIER RF No. 2 MC III. 
Increases output of 19 set to 
25 watts. Brand New. 12v 

No 
ra 

119n Sets/ 
Carr. idAnclll 

Equipment Available. Ile D.C. 
Power Unite 50 / -. Carr. 10 / , 
12/24v D.C. Power units with 

Ibrator Mk. II No. 2 70/- Carr. 19 / , Y /YIC SETS. Used 10 /, 
Neer 22/O. P a P 0 /. Maine P.S.U.'s for 19 TB /RC N.AL6. 
Carr. 10 / , R.F. Antenna Tuner )ATU) 25/ -. P. a P. 5/ - 

COLLINS TCS RECEIVER. 7 valve Int. 
Octal Covers 1.5.12 Mc /s Tuneable 
HF.AF.EPO. Power required 240v D.C. 
SO MA 12v í.25A. 88.10.0. Carr. 15/ , 
CE 100 RECEIVERS. Amateur Shipping 
Broadcast. &tKc /e- 20Me /e A.C. or D.C. 
Maine operation. Fully tested. 023.10.0. 
Carr. 5111-. 

3.41 RECEIVEELF Version of 8.40. Coverage 15Kc /s- 700Kc /s. 
Mains Operation. As new 88.10.0. Carr. 301.. 

5.209 MK n COMMUNICATION 
RECEIVERS. 11 valve. Coven 1 -20 
51.. e. 4 hand.. AM/FM. CW. BFO. 
12v D.C. Internal Power Supply. 
Tested. 813.10.0. Carr. 15/.. 

TELESCOPIC MASTS. 20ft. Closes to 
SIt. lit. 70/ -. Carr. 15/. 341t. Ditto N /, 
Carr. 15/, 
SMt. AERIAL MASTS. Seven lin. dia. 
sections. Interlock Stn. Complete with 
Base, Nylon 0uys. 112.10.0. Cart. 50!- 

TELE 'F' FIELD TELE- 
PHONES. Communica- 
tion up to 10 miles. 
Teste.) with batteries. 
¡.16.0. pair. Carr. 20/ , 

LIVINGSTONE LAB TRANSISTOR 
AMPLIFIER. 50 watts R.M.P. Sine 
140n. x 91n, x 4ín. With retine p...n. 
else 1ä1n, x 9lln. x Silo. 22 Ons. 
Carr. 201 -. 

A.J.THOMPSON (Dept. W ) 

"Ming Lodge." Codicole. Hadar., Herts. Phone: Codtcote 242 
C.W.O. Carnage charge, apply to mainland only. 

www.americanradiohistory.com

www.americanradiohistory.com
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BRAND NEW SEMICONDUCTORS & COMPONENTS GUARANTEED 
SILICON RECTIFIERS 
Ply SO 100 200 400 600 
IA 2/9 3:- 3;3 3/6 3/9 
3A - 
6A - - S!- 6/6 7/6 
10A 11. 12/6 13.6 16/6 16/6 
17A - 15,6 16/9 21 /- 21 /- 
5 AMP only. I AMP Types are plastic. 

TRANSISTORS Brand new and fully guaranteed. PLEASE NOTE:-A large number of our stors have 

now been reduced in price. Many more semi-conductors in stock. Please enquire for types not listed. 

2G301 4/- 2N3053 6b 25103 6/6 BC126 II!- BSX2I 7 6 NKT275 1'- 

2G302 4/- 2N3054 12.6 25104 6!6 BC140 Ill- BSX26 10 6 NKT281 S 6 

2G303 4/- 2N3055 IS/- 25501 5:6 BC147 3 6 BSX27 10 6 NKTIOI 17 6 

2G306 8,6 2N3133 6!- 2502 Sb BCI48 3 6 B5X28 6 - NKT402 IB - 

2G308 6:- 2N3131 6'- 25503 5.6 BCI49 3 6 95X60 19 6 NKT403 15 - 

20309 6!- 2N3135 5- 3N83 37,6 BC157 1.- BSX61 Il 6 NKT401 12 6 

2G371 3/- 2N3136 5- 3N128 18'6 BC158 3 6 BSX76 1:6 NKT405 IS - 

2G374 5/6 2N3390 76 3N140 1916 8C159 4;- BSX77 6,6 NKT106 126 

2G381 416 2N3391 5,- 3N141 11/6 BC160 11,6 65X78 6/6 NKTISI 116 

2N388A 10/6 2N3391A 6,- 3N142 16/6 BCI67 3,6 BSVIO 5/6 NKT452 116 

2N404 4/6 2N3392 5 - 3N143 19,6 BC1688 36 BSYII 5'6 NKT453 96 

2N696 4,6 2N3393 S - 3N 152 14/- BC 168C 7 9 BSY24 4,- NKT603F 6 6 

2N697 S,- 2N3394 5- BCI69B 3 6 BSY25 4'- NKT6I3F 6 6 

2N698 6'- 2N3402 S 6 R.C.A.: BCI69C gSY26 4' NKT674F 5- 
2N699 7- 2N3403 56 40250 126 BC170 

337664 

BSY27 1'_ NKT677F S - 

2N706 2,6 2N3404 7.6 40309 9;6 9C171 85Y28 11- NKT717 S- 

2N706A 26 2N3405 9,- 40310 13/- BC172 )'6 BSY29 1'- NKT717 86 
2N708 1'- 2N3414 5'6 4031 I 10/6 BC182L 4 6 g5Y32 S'- NKT734 S 6 

2N709 126 2N3415 66 40312 176 BC183L 4.6 BSY76 S'- NKT736 7- 
1N718 6 2N3416 7 6 40314 10 6 gC184L 4 6 BSY37 51- NKT773 5- 
2N718A 6 - 2N3417 9 6 10315 10 6 BC212L 5- BSY38 4,6 NKT781 6- 
2N726 5/- 2N3439 796 10316 17.- BCY10 5:6 BSY39 4/6 NKT10339 66 
2N727 5/- 2N3440 15- 40317 11!- BCYI2 S,6 BSY40 6/6 NKT10419 

2N743 4/6 2N3605 5/6 40319 IS- BCY30 5/6 BSY51 8,6 NKT10439 76 

2N744 4/6 2N3606 S6 40320 10/6 BCY3I 5/6 BSYS2 91- NKT10519 66 

2N753 5'6 2N3607 4,6 40323 106 BCY32 76 BSY53 9,6 NKT20329 9'6 

2N9U )16 2N3662 7 6 40321 11/6 BCY33 4: BSY51 10 6 NKT20339 7 6 

2N916 76 2N3663 8! 40326 106 BCY34 4;6 BSY56 6'- NKT80111 15'6 

2N918 6,r. 2N3702 3/6 40329 7,6 8CY78 1:6 BSV78 9:6 NKT80112 196 

2N929 S/6 2N3703 416 40344 8,- BCY39 7/6 BSY79 916 NKT80113 216 

2N930 71- 2N3704 46 40347 916 BCYIO 6/6 BSY82 1016 
NKT80211 18 6 

2N987 IOl6 2N3705 41- 40348 14'6 gCV42 71- BSY83 1016 NKTB0212 1E6 

2N1090 6/6 2N3706 4/6 40360 Ilió BCY43 7!- BSY84 1116 NKT80213 18,6 

2N1091 6:6 2N3707 4/- 40361 11:6 BCY54 7'6 BSYBS 17I6 NKT80214 186 

2N1131 6i6 2N3708 3/6 40362 14 6 gCY58 1b BSY87 10/6 NKTB0215 186 

2N1172 6;6 2N3709 3/6 40370 8'6 gCY59 16 BSY90 11;6 NKT80216 18'6 

2N1302 3/6 2N3710 11- 40406 16,'- gCYO 196 BSY95A 2;6 0C20 21 6 

2N1303 3¡6 2N3711 4/- 40408 16! gCY70 1!6 B5W41 816 
0C22 8:- 

2N1301 4/6 2N3819 9/- 40467 1616 BCY71 86 gSW70 5/6 
0C27 B- 

2N1305 1'6 2N3820 llló 40468A 16'6 BCY72 4'- DI6PI 7/6 
0C24 9/- 

2N1306 5/- 2N3823 17/6 AC107 6,- BCZIO 46 D16P2 8I- 0C 8'- 

2N1307 5'- 2143854 5'6 AC126 4!- BCZII 1 6 D16P3 7/6 OC26 6:6 

2N1308 6'_ 2N3854A 5'6 AC127 S'- BD121 176 016P4 gi. OC28 8'6 

2N1309 6- 2N3855 5;6 ACI28 4- gD123 21.6 GET102 6l- 0C35 6/6 
6/6 

2N1420 S.6 2N3855A 6'- AC154 16 BD124 12!- GET113 41- 106 
2N1507 S,6 2N3B56 ACI76 5!- BFI 15 S!- GETIIA 4/- 0C41 46 

2N3856A 6!- OC42 5/- 2N1525 7/6 AC187 121- BF117 9/6 GETI IOl6 
2N1526 7/6 2N3858A 

2/" 
,_ 

ACI88 121- gF167 5'6 GETI IB 4/- OC1/ 
2N1527 7;6 ACY17 S,- BF173 7,6 GET119 4! OC15 2/6 
2N1605 9,6 2N3859A 6/6 

ACY18 5; gF177 IL6 GET120 66 OC46 3!- 
2N1613 56 2N3860 6,- 

ACYI9 51- gF178 106 GET873 3/. 0070 3/- 
2N1631 B6 2N3877 9/- 

ACY20 S/- gpI79 II!6 GET880 6!- OC71 316 
2N1632 8,6 2N3877A 9/6 

ACY21 SI- 
¡FIE 

GETBB7 4/- 0072 216 
2N1637 8/6 ACY22 11- gF181 6!6 GET889 46 0071 4/6 

2N3900 1016 ACY28 11- gF181 7!6 GETB90 116 
0075 

1'6 2N1638 716 2N3900A 1116 qCY10 11- BFI85 S'6 GET896 46 OC76 3- 
2NI7 1Í 6/6 2N3901 19,6 ACY41 S'- BF194 5'- GET897 1.6 0077 S6 
2N1889 6/6 2N3903 7!- ACY44 8'- BFI95 S'6 GETB9B 1.6 OC78 3- 

2N 2817 14/6 
2N3905 716 AD1 18/6 BF197 S,6 MATIÓÌ 6h OC81D = 

2N2118 1116 
2N3906 716 ADISO 16'6 BF19B 516 MAT120 61- OCBID 1/6 

2N210 1116 2N4p59 616 
AD161 716 BF200 106 MAT121 61- 0082 U- 

2N2193 516 2N4060 5,. AD162 7'6 gF221 6' M11W 1116 OC82D )I- 
2N2193A 5/6 2N4061 1/6 AF106 9:- BF225 6- M1420 2116 0083 4/6 

2N2194A 4:6 2N4062 1'6 AF114 6- BF237 66 M3421 2116 0084 S/- 

2N2217 6,6 2N4244 q,6 AF115 6- BF238 6/6 M1430 10/6 0C123 4;6 
2N2218 6i6 2N4245 I/O AFI 16 5!- BFXI2 46 MN40 19/6 0C139 616 

2N2219 . 66 2N4251 8i6 AFI IS 1216 
9FX13 6 M1480 3016 OC140 616 

2N2220 51- 2N4255 7/6 BFX29 12!6 M14B1 3716 OC170 61- 

2N2221 51- 2N4284 716 
AF119 1l BFX30 9,- M1490 2216 OC171 6!- 

2N2222 66 2N4285 3/6 AFI24 1:6 BFX43 86 M1491 29/6 0C200 66 
2N2287 11/6 2N42B6 116 AF126 4'6 

8FX14 B6 MPF102 I/O OC201 7:6 

2N2297 61- 2N4287 7'6 BFX68 13'6 MPF103 7/6 0C202 10/6 

2N2303 5/- 2N4288 316 AF127 3 6 BFX68A 13 6 MPF101 716 OC203 6/6 

2N2368 51- 2N4289 4I6 AF139 7/6 BFX81 76 MPF105 8/- 0C204 6/6 
2N2369 5/- 2N4290 4l- AF178 12/6 BFX85 9'- MPS3638 6/6 0C205 8/6 

2N2369A 516 2N4291 3,6 AF179 1116 BFX86 6'6 NKT0013 9'6 OC207 716 

2N2410 9,6 2N4292 );6 AFI80 11,6 BFX87 66 NKT124 8,6 OCP71 1016 

2N2111 I11- 2N4433 5:6 AF181 8'6 BFX88 5'- NKT125 5 6 ORP12 8'6 

2N2I12 12!- 2N4434 5!6 AF239 7:6 BFX89 12,6 NKTI26 56 ORP60 10'- 

2N2483 5;6 2N4435 S/6 AF279 16.6 BFX92A 11/6 NKT128 S6 ORP6I 10- 
2N2484 81- 2N5027 10/6 ÁF280 16 6 BFVIO 4/6 NKTI35 5/6 P346A 4 6 

2N2539 4/6 2N5028 II/6 AFZII 5,6 BFVII 116 NKT137 6l6 TIS31 176 

2N2540 4/6 2N5029 9/6 AF212 8,6 gFYl7 4/6 NKT210 61- T1513 9,- 

2N2613 7/9 2N030 I/O ASY26 S'6 gfY18 Ii6 NK7211 6/- TIS14 26 
2N2611 7l6 2N5172 7/- ASY27 8:6 BFY19 1'6 NKT2I2 6/- T1515 316 

2N2645 6'- 2N5174 10 6 ASY28 5'6 BFY20 126 NKT2I3 6/- TIS16 3'6 

2N2646 II'6 2N5175 t0'6 A5Y29 S6 BFY2I 8,6 TIS47 3/6 
ASY36 S'- BFY24 9l- NKT2N 416 T1518 3/6 

2N5176 4!' q5Y50 S'- gFY25 5/- NKT215 4/6 TI549 7I6 
2Ñ27ÌÌ 66 2N5232 5/6 

ASY51 6'6 BFY26 4/. NKT2I6 7/6 TIS50 5/6 
2N2712 61- 2N5232A 61- 

ASY53 51- gFY29 10!- NKT217 I/O TISSI 11- 
2N2713 5/6 2N5245 1216 

ASY54 5/ 
BFY30 10/- TIS52 4!- 2N5246 1216 

NKT2I9 61- 

2N271A 6'- ASY62 BFY36 NKT227 S!6 TI553 
2N2865 12!6 2N5249 III6 

ASY63 3,6 BFY37 5- NKT224 5,- TIS60 2N5249A 1316 
2N2904 81- 2N5305 7,6 ASY72 S,_ BFV11 10'_ NKT225 1;6 TI561 
2N2901A 81- 2N5306 8' ASYB3 BFY43 11,6 NKT229 6/- TIP31A 
2N2905 el- 2N5307 716 ASY86 6/6 BFYO 4/6 NKT237 7i- TIP32A 
2N2905A 81- 2N5308 716 ASZ20 76 BFY5I 4!6 NKT238 51- ZTX107 
2N2906 6/- 2N5309 1216 ASZ2I 7,6 BFY52 4/6 NKT240 5,6 2TXIOB 
2N2906A 81- 2N5310 I/O AUY10 30!- BFY53 S,'6 NKT241 S,6 ZTX109 
2N2907 81- 2N5354 5'6 BC107 3,6 BFY56A I11- NKT242 1' ZTX300 
2N2923 4I- 2N5355 5/6 BC108 3'6 BFY75 6/- NKT243 11:6 ZTX301 
2N2924 4/- 2N5356 10/6 BC109 3,6 BFY76 8'6 NKT244 16 ZTX302 
2N2925 3/6 2N5365 9,6 BC113 616 BFY77 11l6 NKT245 4i- ZTX303 
2N2926 2N5366 10/- BCI IS 6/6 BFY90 1216 NKT261 4!- ZTX301 

Green 31- 2N5367 1116 BCII6 I2!6 BFW58 S/6 NKT262 4/- ZTX500 
Yellow 2/9 2N5457 7/6 gCIIB 6i6 BFW59 51- NKT264 4/- ZTX501 
O 219 25005 15/- BCI21 11- BFW60 S1- NKT271 1'- ZTX502 

2N3011 11/6 25020 37/6 BC122 1/- BSXI9 3/6 NKT272 4/- ZTX503 
2N3014 6/6 25102 6/6 BCI25 III- BSX20 36 NKT274 4/- ZTXSO4 

PANEL METERS 5 Milliamp 151- 

38 Series -FACE SIZE 42 x 10 15/ SP 42 mm. All prices for 1 -9 
100 15/- pieces. .. 

25/. 50 Microamp 37/6 500 
100 35/- I Arno 2S /- 
200 32/6 5 25/- 

500 17/6 10 Volts 25/- 
50 -0.50 .. 35 /- 20 25/- 

100-0-100 32/6 50 15 /- 
500-0.500 .. 13/- 300 

251 
1 Milliamp 13 /- 500 .. - 

SPEAKERS (3ohrn) 
10' x 6- .. 7 '6 
9' x 4' .. 234 
B' it S' .. 19,6 
7' x 4' .. 15/6 
5' x 3' .. 1116 

3' .. 9/6 
5' .. 14/6 
8' .. 17/6 

12' .. 39,6 
Post and pocking I /6. 

PRESETS Miniature and Sub miniature (.2 watts) ........ I/O Vertical and Horizontal 
CARBON POTENTIOMETERS ]I7 Log. and Lin. Less switch .. 

4/6 Log. and Lin. With switch .. .. .. .. 

Telephone: 
01 -452 0161/213 28 CRICKLEWOOD BROADWAY, LONDON, N.W.2 

6/- 
6/6 
6/6 

19/6 
21/6 

3/6 
3/6 
4Ì/- 
41- 
5/- 
S/- 

7/6 
5/- 
SI- 
6/- 
5/- 

12/6 

Wire -wound Pots 3 watts) . . 6/6 
Twin Ganged Stereo Pots. Log. and Lin. Less Switch 17/6 

HEAT SINKS 
4.8' x 4' x l' Finned. For Two To-3 Trans. .. 9/6 
4.8_ x 2' x l' Finned. For One To -3 Trans. 6/6 
For SO -I 6d. For TO -S II- Finned 
For TO -IS I/- Finned For TO -I I/- Finned 

ZENER DIODES 
400 m W (from 3.3v to 33v) .. 
I Watt (from 2.4 to 200v) .. 
10 Watt (from 3.9v to 40v) .. 

.. 7/6 

.. 7/6 

CIR -KIT 
5 ft. x 1 /16 in. and 1 in. .. 
D.G. 30 W. Soldering Irons .. each 

2/- 
17/6 

SPECIAL OFFERS 
Bag of mixed diodes + Transistors (New. Approx. 
60 devices per bag) 
Bag of 1W mixed resistors approx. (120 pieces) .. 
Bag Miscellaneous Comps (trans. caps. Res. Switches 

7/6 
5/- 

II/. 

800 1000 12000 
4/- 4/6 - 
6/- - - 
9/- 10/ - 

19/6 23/- 30 /- 
261- 32/6 43/6 

DIODES & RECTIFIERS 
N161 1'6 AA119 V- 
N914 1/6 AAZI3 1 - 
N916 1/6 AAZI5 l'6 
N4007 4,6 AAZI7 1.6 
S010 31- BA100 1!- 
5021 41- BA 102 4 

S/- BA115 1;6 
5113 31- BAXI3 1,6 
5120 116 BAXI6 2,6 
5121 116 BAYIB 3/6 
5130 2 6 BAY31 1!6 
5131 3 - BAY38 2.6 
5132 1.6 BY100 4,6 

BY 103 416 0A70 1/6 
BYI22 7/6 0A73 21- 
BY124 7/- 0A79 /9 
BYXIO 5/6 

Ì BYZI 7/6 0A85 6 

BYZI2 6;6 0A90 6 
BYZI3 5/- 0A91 6 
FST3/4 4,6 0A95 16 
FST3/8 6/- 
OAS 2/6 0A182 21- 

0A9 1/- 0A200 1 
0A47 I/O 0A202 11- 

RCA INTEGRATED CIRCU TS 
CA3005 30/. CA3021 42/6 
CA3011 10;- CA3022 35/- 
CA3012 25'- CA3023 3216 
CA3013 CA3026 27/6 
CA3014 70'- CA3028A 15 /- 
CA3018 25 /- CA3028B 35/- 
CA3019 25/- CA3035 3S'- 
CA3020 301- CA3036 20/- 
Data and application beets 2/- per type 

CA3039 
CA3041 
CA3012 
CA3043 
CA3041 
CA3045 
CA3046 
CA3051 

25'- 
326 
32 6 
35 - 

32 6 
32 6 

25 
25 - 

PLESSEY 
SI-402A .. .. .. 

Data 6 Application Sheet .. 

49 6 
54 
2- 

FAIRCHILD 1.6 6-II 12+ 
L900 Buffer 11 /- 9,6 814 
L914 Dual 

Gate 111- 9,6 9/4 
L702C 40/- 
L923 1K Flip 

Flop 14 /- 11 /6 11/9 
L709 Op Amp 17/6 13 /- 21/- 
Quantity Prices on Application. 

MOTOROLA 
MC724P Quad 2 Input 

Gates 
MC789P Hex I 

MC790P Dual 1K Flip 
Flop 

MC792P 
MC799P Dual Buffer 

MULLARD I.C's 
FCH 211 Hextuple DTL Inverter Gate .. 
FCH 221 Triple 3 Input DTL Line .. .. 
FC1 101 3 Input 1K Flip Flop .. 
TAA 241 Operational Amplifier .. .. 
TAA 243 Operational Amplifier .. .. 
TAA 263 Linear A.F. Amplifier .. 
TAA 320 Most L.F. Pre Amplifier .. .. 

GENERAL ELECTRIC 
PA230 Low Level Amplifier 
PÁ234 I Watt audio Amplifier 
PÁ237 2 Watt Audio Amplifier 
PA246 5 Watt Audio Amplifier 

196 
19 6 

316 
20 - 

29 6 

28 6 
286 
35 - 
476 
45- 
18 6 
15 6 

.. 27 6 
266 

.. 57 6 

THYRISTORS 
Ply 50 100 200 
IA 5/- 5/6 76 
3A 6/- 7/6 8.- 
SA - el- 9/- 
7A - II;- 13/- 
25A 27,6 )0;- 33/- 
Also 12 Amp 100 PIV ISI-, 600 PIV 35/6. 

300 
B.- 
9,- 

14/- 

400 
916 

10/6 
12/6 
19/6 
37/6 

VE RO BOA RD 
21' X W 
3)' x 31' .. 
31' x 17' .. .. 

31' x 17' (Plain) .. 
5' x 17' (Plain) 
Vero Pins (Bag of 36) 
Vero Cutter 9/ -. 

.15 Matrix .1 Matrix 
.. 3/6 4- 
.. 4/3 49 

4/3 4 9 
5/6 5 6 

161- 21 6 
11 6 

171- 
., 31- 3 - 

RESISTORS 
Carbon Film 
} watt 10 ".. .. 
I watt 5'b .. 
2 watt 10',, .. 
Wire Wound 
2.5 watt 5 ".. (Up to 270 ohms only) 
5 watt 5 "" (Up to 8.2k ohms only) 
10 watt 5 ".. (Up to 25k olms only) 

watt 10',. .. 6d. 

6 

29 

CAPACITORS. Polyester, ceramics, Polystyrene, silver mica, 
tantalum, trimmers etc. 
El 
MFD. 

1 

26 
2.5 
4 
4 
4 
5 
5 
6.4 

lytics 
V. 

40 
25 

350 
16 
10 
40 

3 9 
50 

1/9 
I/O 
1/. 
1/9 
1!6 
4/9 
1/3 
I/O 
I/O 

6.4 I/9 
116 
7/- 
116 
1/6 
Il9 
I/O 
I/O 
3/3 
I/O 
1/6 
I/O 

8 40 
8 

10 
10 
12.5 
16 
16 
16 
25 

iá 

450 
12 
25 
25 
10 
15 

450 
6.4 

10 
25 

MFD. V. 
25 50 
32 40 
32 450 
40 6.4 
40 16 

50 12 
50 25 
50 50 
61 25 
80 16 
80 25 

100 
100 
100 
100 

125 
200 
250 
250 

6.4 
12 
25 
50 

I/6 
1/6 
3/9 
I/O 
I/O 
1/6 
1/6 
2/- 
116 
I/O 
I/6 

1/6 
1/6 
1/9 
2/6 

10 1/6 
10 I/O 
25 1/9 
50 3/9 

MFD. V. 
320 10 1/6 

100 16 29 
SOO 6 26 
500 25 3 9 
500 50 4,9 
640 16 316 
640 25 5 - 

1000 16 5 - 
1000 25 5 - 
1000 50 
2000 25 
2000 
1500 25 
2500 50 
3000 25 
5000 25 

560+ 16 450 
50 

32 + 32 450 

7/6 
8/6 

12/6 
9/6 

13/6 
10/6 
11/6 
19/6 
7/6 
7/6 

THERMISTORS (MULLARD) 
VAI005 3/- VAI034 1/6 VA1053 
VAI010 2/6 VAI037 I/O I VA1066 
VAI015 3/9 VA1038 216 VAI074 
VA1026 2/6 VA1039 3/- VA1075 
VA1033 1,6 VA1040 2/6 VAI077 

2/6 VAI091 
314 

1 

VA1096 

4/6 VÁ1097 
4/- VA1098 

4/6 
4/- 
4/- 
4/- 

SPECIAL OFFER 
(Limited to last Saturday In January) 

To encourage personnel callers we are happy to offer a 

discount of 5% to al our customers on Saturdays only. 
We are happy to quote f orquantity supplies to manuf ac tu rers etc. 

Pose and Packing in U.K. 1/6; Europe 5 / -; Commonwealth 
(Air) 13i -- 

A. MARSHALL & SONS LTD CALLERS WELCOME 
Hours 9 -5.30 Mon. -Sat. 
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High grade of stability of electric parameters 
Resistance and durability 

Long operational life 

Polish 
electronic tubes for radio receiver sets 

electronic tubes for TV receiver sets 
and 

electronic components 
are offered by 

rv7 IJ OUP LL1 a 
Foreign Trade Enterprise 
Warszawa, Al. Jerozolimskie 44, Poland 

0: P.O. Box Warszawa 1 No. 370. alP 
Telex No. 81437 

To persons interested we forward detailed information, 
catalogues and tenders. 

WW-096 FOR FURTHER DETAILS 

D I OTRAN 
SALES 
P .O. BOX 5 
WARE.HERTS 
TEL. WARE 3442 

S.C.R. 161 1P 
1 -24 25 -99 100 uD 

100 PIV 9/6 716 6/- 
400 PIV 141- 12 /- 10 /- 
All tested perfect Junctional devices 
guaranteed. 

We will also buy 
surplus stock 

-Sand u your 
lists. 

OVER 3 MILLION SILICON ALLOY & GERM. TRANSIS- 
TORS AVAILABLE FOR IMMEDIATE DELIVERY. 
MANUFACTURERS END OF PRODUCTION SURPLUS. 
TRANSISTORS Qty- Qty- Qty. Qty. 
Type and Construction Price Price 1000 10,0e 

13. 500 1.000 10,00 
A 1 Germ A.F. NPN TO-I -AC127,NKT773,AC157, ASY86 L3.10 LIS L1S [100 A 2 Germ. A.F. PNP TO-5 -ACY17 -21, NK237 -245 LI 13 LS L40 A 3 Germ. A.F. PNP TO-I -ACI28, NKT271, 26381 LI L3 LS 1.40 A 4 Germ. R.F. PNP TO-I - 0C44 -45, NKT72/125, ASY54 £1.10 14.10 L7.10 160 A 5 Germ. R.F. PNP T0-5 ae2N1303 NKTI64 -7, 2G301 -3 LI.10 L4.10 17.10 160 A 6 Germ. V.H.F. PNP TO-I -AF116.7, KNT667, 2G417 13.10 115 CM L200 A 7 Assorted Germ. A.F-R F PNP mixed cans, ` !purpose I5s. ELIO 1.4 L32 A 8 Germ. A.F. SO-2 PNP -2G371 -89 ACY27 -31 OC71 -75 t2 [7.10 LILIO 1100 A 9 Sil. Alloy PNP TO-5 -15301 -5, ÓCY17.29, BCY30 -34 L2 47.10 L12-10 LI00 AIO Sil. Alloy PNP SO-2 -25321 -325. 0C200 -205 LI 17.10 112.10 1100 Al to A7 Guaranteed 00% Good usable Transistors Ideal for low cost production work and experimental use. 
A8toAlOare all perfect devices, factory tested, no open or short circuit Transistors in these lots. 

PLASTIC PNP SILICON 
TRANSISTORS. Manufac- 

2urers' 3 family. cheap 
trans. for 
L8 500, L13.10 (11,000(p pieces. 

PLASTIC NPN SILICON 
TRANSISTORS. Manufac- 
surer, seconds from 
2N3707 -371 I family. Ideal 
cheap trans. for manufacturing 
etc. 17.10 500, L12.10 1,000 
pieces. 

TO -IS METAL CAN SIL1- 
CON PLANAR TRANS. 
Very high Quality 99 % ood. 
Type 2N706, BSY27. LS per 
r pieces, 1I3 per 1,000 
pieces. 

1/- TESTED TRANSISTORS If- 
ONE PRICE ONLY PNP. NPN. each 
SILICON PLANAR I/. EACH each 

BC 108 2N6% 2N1132 2N2220 25733 
BC109 2N697 2N1613 2N3707 2N3391 
BFY50 2N706 2N1711 2N3711 71544 
BFYSI 2N708 2N2904 25102 2N2906 
BFX84 2N929 2N2905 25103 2N2907 
BFX86 2N930 2N2924 25104 2N2696 
8FX88 2N1131 2N2926 25732 
From Manufacturers' Over -runs- 

Unmarked 

TO-5 METAL CAN SILICON 
PLANAR TRANSISTORS. VERY 
HIGH QUALITY 99% good type. 
2N697, BFY51, 2N1893, LS per 
500 pieces. L13/0/0 for 1,000 pieces. 

TOP HAT SILICON 
RECTIFIERS. All good. No 
short or open circuit devices. 
Voltage range 25- 400PIV, 
750mA. L3 per 100, L12.10 
per 500. 

HIGH QUALITY SILICON 
PLANAR DIODES. SUB- MINIA- 
TORE DO -7 Glass Type, suitable 
replacements for 0A200, 0A202. 
BAY38, 15130, 15940, 200,000 to clear 
at L4 per 1,000 pieces. GUARÁN 
TEED 80% GOOD. 

GERM. PNP AND NPN TRANSISTORS 
TESTED, UNMARKED SIM. TO1 -I /6 EACH 
ACI25 ACY22 ACY36 NKT677 OC81 
AC126 ACY27 NKTI41 NKT713 OC82 
AC127 ACY28 NKTI42 NKT773 2G301 
ACI28 ACY29 NKT212 0C44 2G302 
ACI30 ACY30 NKT2I3 0C45 2G303 
ACYI9 ACY31 NKT2I4 OC71 26308 
ACY20 ACY34 NKT215 0072 2G371 
ACY2I ACY35 NKT27I 0075 2G374 

FULLY TESTED DEVICES AND 
QUALITY GUARANTEED -SURPLUS 

TO REQUIREMENTS 
OA201 Silicon Diode. Fully Coded. 
150 PIV 250mA Qty. Price L30 per 1,000 pieces. 
ßY100 SIL. RECT'S 800 PIV 550 mA. 
I-49 1/6 sch; 50-99 2/3 each; 100 -999 2/- each; 
1,000 up I /10 each. Fully Coded. 1st Qlsy 

TEXAS 16771 

Gen. 
0071 Term. 

Ga ̂ ' Purpose Trans. 
Each 

1-99 .. ..1/6 
100 -499 .. .. I/. 
500 -999 .. .. I/. 
1000 up .. ..9d. 
All Brand New and 
Coded. 

TRANSISTOR EQVT. BOOK 
2,500 cross references of transistors- British, European, 
American and Japanese. A must for every transistor user. 
Exclusively distributed by DIOTRAN SALES. 15 /- EACH. 

Vast mixed lot of subminiature glass diodes. Com- rising of Silicon, Germ, Point Contact and Gold 
Ìlended types plus some Znrs. 500,000 available at 
Lowest of Low Price. 
1,000 pieces L3.0.0. 5,000 pieces LI3.I0.0. 10,000 pieces 123. 

Post and Packing costa are continually rising. Please add (/- 
towards same. CASH WITH ORDER PLEASE. 
QUANTITY QUOTATIONS FOR ANY DEVICE LISTED 
BY RETURN. 

OVERSEAS QUOTATIONS BY RETURN SHIP - 
MENTSTOANYWHEREINTHEWORLD AT COST 

Wireless World, January 1970 

BUILD YOURSELF A 

TRANSISTOR RADIO 
HOMER EIGHT Mk 1 WITH TONE 
CONTROL SEVEN WAVEBANDS - 
MW1, MW2, LW. SV/1, SW2.SW3ANO 
TRAWLER BAND. a renentnn and 3 

(Lodes For, /e oe aer ant .eiescn, 
a a al Soclel Ins ray r J 1 , , n Speaker 
Ac,spar ed ganged ?prong oreeen r 

.earpiece neker ant eery ere SeheelsPIS 

's ̀. r i r Total Building 

Costs /6 19 6 

POCKET FIVE MIO AND LONGWAVES 
8 TRAWLER BAND WITH SPEAKER AND 
EARPIECE. 5 transistors and 2 diodes 
femte rod anal. Nang condenser, 
mowing cool speaker, etc 53 e II e 3 1m 

Teal Seeing Cab 44/N. P 8 P 3/6 
Plans and Pero E^ 16 I5.. .th pans, 

ROAMER SEVEN Mk 4. 7 WAVEBANDS 
MW I. WW2. LW, SWI. SW2. SW3. ANO 
TRAWLER BAND. 7 menton and 2 Aodes 
Fmtse rod aenel and telescopic atoll 
Socket for car aerial. 7 e Ira speaker 
/knotted ¡Roped Nnnp condenser etc 
Sue 9 e 7 e 4m 5.01 Seüng Caca 
(6/18/1. P 8 P 7/6 Personal earpece 
AIA notched wan for puree Interenp 
5, setts Plans and Pans hit 36 Ilan Aeth 

pans) 

TRANSOM FIVE MED. AND LONG AND 
TRAWLER BAND WITH SPEAKER AND 
EARPECE. 5 nansutors and 2 diodes. 
ferrite rod Renal numng cod speaker 

6i e 4i e l lin Tote Bolding Caa47 /11. 

P A P 3/9 Plans and Pen, hsr 1611n. 
Anh pans) 

TRANSEIGNT 6 WAVEBANDS. MW, 
SW. 3 SNORT WAVES AND TRAWLER 
SAND. B improved type Iransntors and 

diodes Ferule rod and telescopic aerials 
n speaker Push pull output Sue 9 e 5, 
21in Tate Bdldkq Cab OB(B P 8 P 

6 Plans and Panne list S (tree with kill 
nefanal earpiece Ann snitched socket 

private listening S sitio 

RADIO EXCHANGE CO. LTD. 
Dept WW. 61 High Street, Bedford. 

'Phone 0234 52367 
open 10-1. 2.30 -4.30. Set. 9.13 

Duariz 
Crystal 
ECONOMICAL! 

ACCURATE! 
RELIABLE! 

Private enquiries, 
please send two 5d. 
stamps for brochure. 

*) 
THE QUARTZ CRYSTAL CO. LTD. 

O.C.C. Works. Wellington Crescent, 
New Malden. Surrey (01- 9420334 & 2988) 

WW -097 FOR FURTHER DETAILS 

PRINTED 

n CIRCUITS 

and ELECTRONIC EQUIPMENT MANUFACTURERS 

Large and small quanti- 
ties. Full design and 
Prototype Service, As- 
semblies at Reasonable 
Prices. G.P.O. Approved 

Let us solve your problems 
K. J. BENTLEY & PARTNERS 

18 GREENACRES ROAD. OLDHAM 
Tel 061 -624 0939 
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B 1 -PR' 
LIMITED 

-PAK 
FULLY TESTED AND MARKED 

AC 1 07 3/- OC 1 7O 3/- 
AC128 2/6 OC171 4/- 
AC127 2/8 0C200 3/8 
AC128 2/8 OC201 7/- 
AC178 5/- 2G301 2/6 
ACY17 3/- 2G303 2/8 
AF114 4/- 2N711 10/- 
AF115 3/8 2N1302-3 4/- 
AF118 3/6 2N1304-5 6/- 
AF117 3/6 2N1308-7 8/- 
AF239 12/6 2N1308 9 8/- 
AF188 10/- 2N3819F.E.T. 9/- 
AF 139 10/- Power 
BFY50 4/- Transistors 
BSY25 7/6 OC20 10/- 
BSY26 3/- 0C23 10/- 
BSY27 3/- 0C25 8/- 
BSY28 3/- 0C26 B/- 
BSY29 3/- 0C28 7/8 
BSY95A 3/- 0C35 6/- 
0C41 2/8 0C36 '7/8 
0C44 2/6 AD149 10/- 
0C45 2/6 2N2287 20/- 
0071 2/6 2N3055 T6/- 
0072 2/6 Diodes 
0073 3/6 AAY42 2/- 
0081 2/8 0A95 2/- 
OC81 D 2/6 0A70 1 9 

0083 4/- OA79 1 9 
0C139 .2/6 0A81 1 9 

0C140 3/6 1N914 1 6 

FREE! 
PACKS OF YOUR OWN CHOICE UP TO 
THE VALUE OF 10/- WITH ORDERS 

OVER f4 

TRY OUR X PACKS FOR 
UNEQUALLED VALUE 
XA PAK 
Germanium PNP type transistors, equivalents to 
a large part of the OC range, i.e. 44, 45, 71, 72, 
81, etc. 

PRICE LS PER 1000 
POST & PACKING 4/6 U.K. 

X6 PAK 
Silicon TO -18 CAN type transistors NPN/PNP 
mixed lots, with equivalents to 0C200 -I, 2N706a, 
BSY27/29. BSY95A. 

PRICE f4 -5 PER 500 
PRICE E8 PER 1000 

POST & PACKING 2/6 U.K. 

XC PAK 
Silicon diodes miniature glass types. finished black 
with` polarity marked, equivalents to 0A200, 
0A202, BAY3I.39 and DK10, etc. 

PRICE f4 -10 PER 1000 
POST & PACKING 2/6 U.K. 

ALL THE ABOVE UNTESTED PACKS HAVE 
AN AVERAGE OF 75".. OR MORE GOOD SEMI- 
CONDUCTORS. FREE PACKS SUSPENDED 
WITH THESE ORDERS. ORDERS MUST NOT 
BE LESS THAN THE MINIMUM AMOUNTS 
QUOTED PER PACK. 

LOOK! TRANSISTORS ONLY 1/- EACH 
TYPE A 

PNP SILICON ALLOY 
TO -5 CAN 

Spec 
ICER AT VCE = 20v 

1 mA MAX. 
HFE, 15 -100 

leae ere of the 25300 type which 
is a direct equivalent to the 
OC200 +n" 

TYPE B 

PNP SILICON 
PLASTIC ENCAPSULATION 
Spec: - 

ICER AT VCE = 10v 
1 mA MAX. 

HFE. 10 -200 
These are of the 2N3702 3 

2N4059 62 range. 

NEW TESTED & GUARANTEED PAKS 
PHOTO CELLS, SUN BATTERIES. 

4 INC. BOOK OF INSTRUCTIONS 1O /- 
AD161 -AD162 NPN /PNP TRANS 

877 2 COMP. OUTPUT PAIR 

REED SWITCHES MIXED 
881 10 TYPES LARGE & SMALL 

5 SP5 LIGHT SENSITIVE CELLS 

889 2 LIGHT RES. 4009DARK 1 M f? 

10 /- 

10/- 

10/- 
NKT163/164 PNP GERM. TO -5 

B91 8 EQUIVALENT TO OC44. 0C45 

NPN SIL. TRANS. A06= BSX20. 

B92 4 2N2369. 500MHz. 360mW . 

GET113 TRANS. EQUIV. TO 

B93 5 ACY17 -21 PNP GERM. 

2N3136 PNP SIL. TRANS. TO-18 
1 O B96 5 HPE100 -300 IC. 600mA. 200MHz 

XB112 & X8102 EQUIV. TO AC126 

698 1 O AT 
156. 0081 /2, OC71/2, NKT271, 

10 
CAPACITORS. ELECTROLYTICS. 
PAPER, SILVER MICA, ETC. 

200 POSTAGE ON THIS PAK 2/6. 

10 /- 

10/- 

10/- 

TYPE C 

NPN SILICON 
TO -18 CAN 

Spec, 
ICER AT VCE = 20, 

1 mA MAX. 
HFE. 50 -900 

These are similar to the BC10 8.109 

NEW UNMARKED UNTESTED PAKS 
INTEGRATED CIRCUITS. DATA 
& CIRCUITS OF TYPES. 

B78 12 SUPPLIED WITH ORDERS 10 - 

SPECIAL 
OFFER 

12 \I 00 STABILISED 

POWER 
UNITS 

INPUT 110 -250 V. AC, 

OUTPUT 11 -13V Stabilised 

1 amp sut plus 

Bland New makets 

at the unrepeatable 

Price 0k £5 each 

Post & Packmy 
1 6 

DUAL TRANS. MATCHED 0/P 
B80 8 PAIRS NPL -SIL. INTO AN 1 O - 

200 TRANSISTORS. MAKERS 
REJECTS. NPN -PNP. SIL. & 

B83 201 GERM 

B.. 15 

B86 50 

DIODES MIN. GLASS TYPE 10 - 
SIL. DIODES SUB. MIN. 
IN914 & IN916 TYPES 10 - 

IL 'ANS. NPN, PNP, EQUIV. 
TO OC200t1, 2N706A, 
BSY95A. ETC. 

7 WATT ZENER DIODES. 
MIXED VOLTAGES 

MIXED RESISTORS 
H.1 250 POST & PACKING 2 

10/- 

10/- 
WIREWOUND RESISTORS MIXED 

H7 4O TYPES & VALUES. POSTAGE 1/6 1 0/- 

1 AMP. PLASTIC DIODES 
H5 10 50 -1000 VOLTS 10/- 

250mW. ZENER DIODES 
H6 40 DO -7 MIN GLASS TYPE 10/- 

Return of the unbeatable P.1 Pak. 

Now greater value than ever 

Full of Short Lead Semiconductors & Electronic 

Components. approx. 170. We guarantee at least 

30 really high quality factory marked Transistors 
PNP & NPN. and a host of Diodes & Rectifiers 

mounted on Printed Circuit Panels. Identification 
Chart supplied to give some information on the 

Transistors. 

Please ask for Pak P,1. Only i O- 
2/- P & P on this Pak. 

Make a Rev. Counter for your Car. The 
'TACHO BLOCK'. This encapsulated block 
will turn any 0 -1 mA meter into a perfectly 
linear and accurate rev. 

counter O countnt er }or any car. Feach 
FREE CATALOGUE AND LISTS 
for: - 

ZENER DIODES 
TRANSISTORS, RECTIFIERS 

FULL PRE -PAK LISTS 

& SUBSTITUTION CHART 

MINIMUM ORDER 10/- CASH WITH 
ORDER PLEASE. Add 1/- post and packing 
per order. OVERSEAS ADD EXTRA FOR 

AIRMAIL. 

MULLARD DATA BOOK 
SEMICONDUCTOR & VALVE 

DATA & EQUIVALENTS 
POSTAGE 6d 

3/6 
EACH 

FREE! A WRITTEN GUARANTEE WITH ALL OUR TESTED SEMICONDUCTORS 

BI-PRE-PAK LT DEPT. B, 222 -224 WEST ROAD, WESTCLIFF -ON -SEA, ESSE 

TELEPHONE: SOUTHEND (0702) 46344 
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INTEGRATED CIRCUIT 
AMPLIFIERS 

CA8006 RF Amplifier with 1041mNe bandwidth. Max. dlaelpation 
2610 W. For ose all RF amplifier, balanced mixer, product detector 
or self-oscillating mixer. 271_ 
CA8012 Wide Band Amplifier (up to 20mc /U, suitable as IF 
Amplifier for VHF /FM receivers. 22/_ 
CA3090 General Purpose Audio Amplifier of 650mW output. 30/- 
CA3030 Buffer Amplifier consisting of two "super- alpha" pair of 
t ran +istore abatable for stereo pick -up systems. 19/_ 
Th,.:.Iwvr four I.C'e are in TO6 encapsulation. 
PA222 Audio Amplifier providing max. output of 1.2 watta.051- 
PA234 Audio Amplifier provkliug a max. output of 1 watt. 27/6 
PA237 2 watts Audio Amplifier. 40/_ 
The shove three 1.C's are In epoxy moulded double four -In -line 
package. 

MC170901 General Purpose operational amplifier lu TO -99 
fies. 40/- 

TAAENi 3 -stage direct coupled amplifier for use from DC to 
,toke /s; 70mW dissipation. Output 10mW Into 1500 Mad. 1.5/- 
TAM= 3 -stage amplifier with correction brought out to the 
individual leads. Bandwidth BOOkc /s. 160mW dissipation. 
Output lomW Into 1500 load. 20/_ 
TAA320 MOST Input stage followed by a bi-polar transistor 
stage. 200mW dissipation. 13/- 
TAD100 All active components required for an A.M. Receiver, 
comprising mixer, oscillator. I.f. amplifier, a.g.c. and pre- amplifier 
+ragea. To build complete receiver only coils, capacitor. and 
resistors are required and output stage for which one of the above 
described I.C.s can be used. Dual seven-In -Ilse package. 45/_ 
f tats sheet available for all the above LC.s. 

NEW OSCILLOSCOPE FROM RUSSIA 
CI -5 SYNCHROSCOPE 

i 

Bandwidth ionic, s. 
Triggered and free - 
running time base. 
Pulses from .1 to 3,000 
microseconds can be 
observed. Max. over- 
shoot of 1 microsee. 
pulse 5%. Built -in time 
base calibrator and am- 
plitude calibrator. Sen- 
sitivity from .3 to 25 
Vrms /mm. Telescopic 
viewing hood. 

NOW AT NEW REDUCED PRICE OF £39 
Full servicing facilities available 

WESTINGHOUSE EPDXY ENCAPSULATED 
WIRE ENDED MINIATURE RECTIFIERS 

1E5399. 1,000 p.l.v., 1.6 amps D.C.; Max. surge 50A. Diameter 
140M. Overall length (with leads) 2-31u. 4/6. 
1N11408. 1,000 p.l.v., 8 amps D.C.; MAX. sums 200A. Diameter 
.210m.: overall length (with leads) 2 8751n. 6/3. 

26 ", DISCOMIT POR QUANTITIES OF 20 OR OVER 

SILICON 'LOCKFIT' TRANSISTORS 
111'147 4/6 BC148 4 8 
11F1u4 7/- BF195 4 6 

SPECIAL INTRODUCTORY OFFER: 
12 TRANSISTORS OF ANY OF THE ABOVE TYPES 

£2.5.0 POST PAID 

\ BRAND \ \ \ \ \\ \ \\ \ 
PLESSEY SL403A INTEGRATED CIRCUIT 

AUDIO AMPLIFIER 
Dual -in -line 10 -lead fiat package with beat slut strip. Maximum 
audio output 3 watts Into 7.60 loudspeaker. Circuit consista of 
a pre- amplifier followed by main amplifier. Dletortiou 0.2% at 
1 watt lucreaeing to 0.5% at full output. Frequency response 
20 c/e to 211 mc/s. Operating voltage 18v. BW5, -Io overvoitage 
cutout. Price, complote with application sheet 49/6 

SILICON MATCHED DIODE PAIRS 
154961 Two dkxlee In common Toll epoxy caer. Separate 
anode leads and joint cathode. Diodes are statically and 
dynamically balanced. Max. reverse voltage 20V. Max. die - 
etpatlon 200rmW. Suitable for TV horizontal phase discriminators 
and shriller applications. Price 3/- each. Considerable discount 
for quontitiee. 

MULTIMETERS TYPE I06-IT 
4 -fange precision portable meter. 5.000 o.p.e. .D.C. Volt 
2.6.10 -50.250- 500- 250OV. A.C. Volte: 10.50.100.260.500.2500 V. 
D.C. current 0.5.5.50 -500 mA. Redstance: 2,000. 20,000 ohms -2 
-20 megohme. Power output calibration for 600 ohms line. 
$8/S/ -. P.P. 7/6. Dimensions: 711n. x Stn. x bjin. Weight 3ilb. 

TYPE MFIS 
D.C. Voltage range 0.0.6- 10.60. 250 -50OV. 
A.C. Voltage range 04040460.500V. 
U.C. current ranges: 500µA- 10.100mA. 
Real tance imager: 100M Q -1M O. The meter Is also calibrated for 
capacity and output level measurements. Sensitivity 20610 V. 
Accuracy ±2.5% for D.C. and ± 4".. for A.C. meaeurements. 
Ullneusioms: afin. x 31ín. x 1 fin. Price £1'5/ -. 

WHEN ORDERING BY POST PLEASE ADD 2;'6 IN 
L FOR HANDLING AND POSTAGE. 

NO C.O.D. ORDERS ACCEPTED 
ALL MAIL ORDERS MUST BE SENT TO HEAD 
OFFICE AND NOT TO RETAIL SHOP. 

OAR 6/6 
0A3 9/- 
11A40 22/- 0 B 6/6 
OB3 10/- 
OC'2 17/- 
OCS 7/- 
ODS 6/6 
1A3 8/- 
'AAST 5/6 
1A7GT 7/6 
1B3OT 7/6 
1B24A 80/. 
1C40 6/- 
104GT 8/3 
108UT 7/6 

13A 
OT 7/6 

INGOT 8Ig 
1Q6QT 10/- 
15,4 7/- 
1E6 7/- 
182 6/6 
184 5/6 

1T4 4/6 
1T50T 8/- 
1U4 8/- 
1115 9/6 
1V2 9/- 
112B 7/6 
2A3 7/- 
2C28A 10/- 
2C39A 

2C4o 
1840/5/- 

2C61 8/6 
2C63 75/- 
2CW4 12/- 
21121 6/6 
2E22 38/- 
2E24 50/- 
2E26 80/- 
23E2 7/- 
3A3 11/- 
2A4 4/- 
3A5 10/- 
8A86T 10/- 
:tß24 30/- 
:1828 42/8 
:uvs 85/- 
:n18 3/3 
31r21A 50/- 
3E29 35/- 
3Q4 8/- 
:04507 8/- 
384 7/- 
:/ V4 8/- 
4-12SA 

l80/- 
4-250A 

4-400 300 - 
41132 80 - 

4CX250B 
CHAR60 /6 

4THA 8/- 
SARI 11/- 
61121 80/- 
6ß40Y 11 /- 
6540 6/- 
6U4OB 7/8 
1V40 9/- 
51'30T 6/- 
5Z3 9/- 
1Z40 7/6 
5Z4OT 8/- 
6/301.2 15/- 
ßA80 6/6 
6AB4 3/6 
6AC7 4l 
6AF4A 9/ 
6AOS 4/- 
6A07 7/6 

8Á 8/9 
6AK6 
BAKIW /- 
BAKE 11 /6 
6AK7 
BAL3 / 
BALS 3/3 
6AM5 5/- 
OARS 4/6 
BAN8 10/- 
6AQ6 3/6 
BAQB 10 /- 
CARS 6/6 
BARB 6/6 
ßA88 7/- 
8A870 16/- 
CATS 5/- 
6AU6 5/- 
BAVIOTA 

13/- 
BAVA 3/- 
BAWBA 

11/- 
6AX40TB 

9/- 
BAXIOT 

13/- 
OBIG 16/6 
6B7 7/6 
61110 3/- 
BBAB 4/8 
68E6 5/- 
6131,5 18/- 
BBFB 9/- 
CROCO 12/- 
BBHB 8/8 
8BJ6 8/8 
66E4 21/- 
6BK7A 10/- 
CBL7OTA 

12/- 

ß8N8 8/- 
BBQS 5/- 
6BQ6OTB 

BBQ7A 6 
8Bß7 17/- 
6ßE8 13/- 
6B87 26/- 
6BW8 16/- 
6BW7 13/6 
68X6 5/- 
68X7 14/- 
6ßZ8 6/6 
BC4 6/- 
8C1111 5/6 
gCD6OA 

23/- 
8Cí17 9/- 
6CH6 11/- 
6CL8 10/- 
8CÚ8 1 
OCW4 12/6 
BCYI 8/- 
CCY7 12/- 
603 11/. 
61)01 18/8 
60E6 8/8 
CDQIB 12 /. 
61384 15/- 
6EA8 11 /- 
6E117 6/6 
ßR17 7/- 
CFe 117- 
ßP80 5/- 
BPI1 6/6 
ßP13 7/- 
ßF14 12/- 
61216 11/- 
CFI? 9/- 
6FI9 8/- 
61022 6/6 
61'23 15/6 
6F24 13/8 
6P25 15/- 
6E28 14/- 
60E9 11/- 
60x6 12 /- 

SJMIT 
6.17 8/8 
BEAT 10 /- 
887 6/6 
6K80 6/- 
6K23 10/- 
6x25 15 /- 
6L6UT 9/- 
6L7 6/6 
6L1ß 6/- 
6L020 6/6 
6N7OT 7/- 
CPI 12r 
tl P28 12/6 
6Q7 7/6 

FULLY 
GUARANTEED 

aß76 7/- 
682 8/- 
884 11/- 
68A7 7/6 
6807 13/- 
6807 6/6 
68117 5/- 
6817 7/8 
68E7 6 
68L76T 6 
BBN70T ß/- 
88Q7 8/- 
6887 7/6 
6887 4/- 
888 ßl6 
6U46T 

12/6 
61.48 7/- 
BV86T 6/6 
6X4 5/- 
6X6GT 5/6 

BZ4 G 5/6 
7115 12/- 
766 12/6 
7B7 7/6 
7E5 15/- 
7F8W 17/6 
7Y4 12/- 
é á 0/6 
9BW6 8/8 
1,3e2 10/- 
loD1 8/- 

ióFl 181- 
lop9 10/- 
10F18 /- 

io0i ñ1111Ì- 
101.13 11/- 
lOPl4 20/- 
10Y 20/- 
I1D3 8/- 
1105 8/- 
11E2 40/- 
11E3 7 
128115 1.11/- 
12AC6 7/6 
12AD8 7,6 
12AH7OT 

12ÁL6 1- 

12AQ6 8/- 
12AT8 5/- 
12AT7 6/6 
12AU6 5/6 
12AU7 6/- 
12AV6 6/- 
12ÁV7 9/- 
12AX4OTB 

12AX7 8/. 
12AY7 13/6 
12B4A 10/- 
12BA6 6/6 
12BA7 8/8 
128E6 6/6 
1211E7 6/6 
128Y7 10/- 
12C8 8/- 
l'XIUB 15,- 
12E1 28/- 
12E14 55/- 
19J50T 
12J7GT /- 
191E5 10/- 
12K7GT 7/- 
12E8 10/- 
121470 5/- i 7/- 
128H7 5/- 
128J7 5/- 
128E7 ei- 
128L7OT 

128N7GT / 

12807 8'- 
128R7 8 8 
1487 18 - 
20CV 82 
20D1 9 -20L1 

20 - 
2oP1 10 -20P9 

12 - 
20P4 20 - 
20P6 2e- 
25C5 9/- 
26L4GT 7/6 
96240 8/- 
26ZCGT 

S0A6 
1 - 

308E3 8/- 
30C1 6/6 

suces 15 /- 
34)C17 18/ 
SOC18 15 /- 
30F5 17/- 
3OFL1 15/- 
301,1.12 

SOFL13 
18/6 

3OFLS I 
18/6 

SOLI 
178 

31íL15 17 /- 
30L17 17/- 
30P12 18/- 
SOPII 7/- 
30P19 15 /- 
30PLI 15/6 
30PLI318/- 
30PL1417/- 
35A3 10 /- 
35A5 11 /- 
SOB5 13/. 

13/- 
3516OT 9/6 
31Z 
35W4 

11 /- 
35240 5/- 
35Z50T 7/- 

60ÁS 18 /- 
COBS 7/- 

660CÚ86 
7/ 

BOLBOT 8/- 
52KU 7/8 
53KU 18/- 
7381 9/- 
7501 9/- 
60 9,- 
ß3A1 14/- 
ß5A1 25/. 
65A2 716 
85A3 9/- 
90AÚ 48/- 
90AV 48/- 
9001 12/- 
9000 25 /- 
90CV 25/- 
10801 6/6 
190B2 12/- 
150B3 11 /- 

150C4 11/- 
AIOA 27/6 
311A 37/6 
328A 40/- 
329 20/- 
329A 35/- 
7159 70 /- 
715C 80 /- 
807 9/6 
811A 30/- 
813 75/- 
82911 8Q/- 
83'lA 57/6 
833A 340/- 
837 15/- 
8ß6A 14/- 
872A 57/6 
884 10/- 
927 55 /- 
955 4/- 
437$ 25 /- 
6644 120 /- 
55555451A 

A 
150/ - 

320/- 
5654 8/- 
5670 10/- 
6761 12,- 
5796 280/ - 
5814A 12 /- 
6894 110/- 
6080 27/6 
8146 30/- 
61466 47/6 
6267 6/6 
8360 25 /- 
6650 33/- 

611229 12/ 
6939 42/- 
7199 15 /- 
76811 25/- 
7895 25/- 
8005 135/- 
9002 6/6 
9003 10 /- 
A1834 1ß/- 
A2293 23/- 
AC /HL/DD 

AC /THI 8/- 
ßT5 90/- 
ßT19 80/- 
CIA 90/- 

CIE 80/- 
CBLI 18/- 

C1A 1 12/- 
CL83 17/6 
DAM 10/- 
DAP91 5/6 
DAP92 9/6 
DAP98 7/9 
DC90 9/- 
DCC90 10/- 
131,91 v6 
DP92 3/6 
DF26 7/9 
DE76 6/6 
DH8l 11/- 
DHIOI 10/- 
DB40 
DB91 
DEN 
D898 
D368 95/- 
DI.68 13/- 
D169 35/- 
DL9l 5/6 
DL97 7/- 
DL93 4/- 
DL94 8/- 
131.95 8/- 
DL98 7/6 
DM70 6/6 
DM16011/8 
DY70 121- 
DY88 6/6 
DY87 7/- 
DY802 10/- 
ESIL 55/- 
E8(lOC 21/- 
EBOCF 29/- 
ROIL 18/- 
}NIL 22/- 
E83F 20/- 
EMIL 9/8 
E66C 24/- 
E88CC 12/6 
E90CC 9/- 
69111 10/- 
E130L 90/- 
E180P 19/- 
E 188(7C 

l0/- 
/- I- 
8/- 

E28oF 
16/6 

EAIO34)C40/- 

FIRST QUALITY 
VALVES 

EAF42 10/- 
EAFSOI 9/6 
EB34 3/- 
EB91 3/3 
EBC33 9/- 
EBC4110/8 
EBC81 6/6 
EBC90 5/- 
EBC91 6/- 
EBFtlO 8/- 
EBF83 8/3 
&BF89 6/6 
EBL31 95/- 
EC53 10/- 
ECM 19/- 
EC88 121- 
EC90 8/- 
RCN WB 
EC93 9/ 
ECC34 8/- 
EOM 11/- 
ECC70 171- 
ECC81 6/6 
ECx82 8/- 
ECC/33 

E é/é 
EC1C89 
ECC9l 41- - 
ECF80 7/- 
ECF82 7/- 
ECF83 15/- 
ECF86 12/8 
ECF80430/- 
ECU 35 12/- 
ECH42 13/- 
ECH81 5/6 
ECH83 8/8 
ECH84 9/- 
ECL80 9/- 
ECM' 8/6 
ECI6'2 6/6 
liCL83 12/6 
ECL84 11/- 
ECL8510/8 
EC:L88 8/8 
EF9 9/- 
EP39 9/- 
EF40 10/- 
EF41 1216 
EFI2 14/- 
EF66 13/- 
EF80 5/- 

Eres 10/- 
EF86 7/- 
EF86 6/6 
EF89 5/6 
EF9l 4/3 
EP92 7/6 
EF93 4/6 
EF94 5/- 
EF95 5/- 
EP98 4/- 
EF97 10/- 
EF183 6/6 
EF184 7/- 

EF804 /- 
EF811 15/- 
EF812 15/8 
EF814 18/8 
EK2 
RE90 15/- 
ELI 11 /- 
EL-34 10/8 
ELM 
EL 27//ELM 

BIM 
E142 11/8 

1 

EL84 
7/6 

ELS5 6/6 

EL90 & 
EL9l 5/- 
EL96 /- 
ELMO 2,/. 
E1.963 17/- 
EL821 11/- 
EL/122 18/- 
ELL80 15/- 
EM34 18/- 
EM71 12/6 
Eß80 8/- 
EM81 8/8 
EM84 7/6 
ENV 11/- 
ENIO 70/- 
EN11 70/- 
ENS') 30/- 
EN91 6/6 
EYII 9/- 
EY80 9/- 
EYel 8/- 
EY83 11/- 
EY84 10/- 

EY68 $/- 
EY88 8/6 
E235 5/ 
EZ40 7/ 
EZII 9/- 
KZ80 5/8 
EZ8l 5/ 
EZ90 5/- 
P017 90/- 
FW4/6a1 

18/6 
OCIOB 37/- 
OClOD 55/- 
UN4 30/. 
ORIOM 

G81013 5`3015/- 
0810$ 40/- 
58129 67/6 
0847X 55/- 
0060 35/. 
GY601 16/- 
0230 7/6 
0231 6/- 
0832 9/6 
0253 16/- 
0E34 111- 
HABC808/8 
HBC90 5/- 
HBC9l 6/- 
HF93 3/8 
HP94 5/6 
ßK90 6/8 
HMI 7/6 
HL23DD 

HL42DD 
16 

HL92 7- 
HL94 81- 
KTB 40/- 
KT33C 17/- 
KT38 20/- 
KT44 8/8 
KT45 30/- 
KT86 27/6 
KT71 8/- 
KT76 8/- 
KT88 33/- 
KTWB3 6/- 
LIA 9/- 
LP2 8/- 
ME9l 9/- 

11E1400 

KM Ì- 
MHIA 8 
MLA 9/- 
MIA 
MBPEN/T/ 

MT17 190a/- 
MT57 80/- 
MUl2/14 

N78 S1Ì- 
NSF' 70/- 
NBP2 70/. 
PABC80 9/- 
PCHE 11/6 
PC88 13/- 
PC97 8/8 
Peleo 9/6 
PIX:B4 7/- 
POC86 8/- 
P(x`88 12/- 
P0089 1016 
PCCl89 

PCC805 
11/- 

PCiC80617/- K17/- 
PCF80 6/6 
PCP82 6/9 
PCF84 91- 
PCF86 PCP- 
PCF88001- 
PCF80110/- 
FCF80210/- 
PCFe0a15/- 
PCFBO618/- 
PCF808 

PCH20) 
15/6 

PCL81 
i4//- 

PCL82 7/9 
PCL83 13/. 
PC1.84 9/96 

PC.T.66 9/8 
PCL88 17/- 
PC160018/- 

PCL601 
15/6 

PEÓ84Ó al/ 
PERIODO/- 

PE`-V38C 
8/ 

13/6 
PEN46 7/- 
PENI6DU 

PEN18 7/6 
PEN383 

PEN38: 
0/- 

PEN463DD 
11/- 

FF8ß 11/- 
PF818 17/- 
PFL200 

11/- 
PL38 11/- 
PL81 9/6 
PL83 8%- 

PL84 7/- 
P1.902 15/- 
PL500 15/- 
P1604 18/- 
P1608 17/6 
P1609 80/- 
PL801 18/- 
PL802 14/- 
PLL80 11/- 
PM84 9/- 
PX4 30/- 
PX26 30/- 
PY31 5/- 
PY32 11/- 
PY83 l2lé 
PYBO 6/6 
PY81 

PY83 7/6 
PY88 8l- 
PY500 
PY8110 12/. 
PY8o1 10/- 
PZ30 71- 
QQV02-6 

422- 
QQVO3-' 

QQVO3-A 
1051- 

QQV06-40A 
1101- 

Q883/3 7/6 
QUS7 30/- 
Q V03-12 

18/- 

QY3.125A 

QY4-2í110- 
230/ 

QY4.400A - 
800/- 

RIO SW- 
R18 9/- 
R03-260A 

RL18 10/- 
8130 35/- 
8130P 35/. 
BF2 9/- 
8P4 9/- 
SP41 7/- 
8r42 12/- 
SP81 7/- 

TP23 18/- 
7721 48/- 
TT22 50/- 
717 10/- 
U18/2013/6 
019 50/- 
1720 13/6 
U25 151- 

Ú 18Ì- 
U33 30/- 
U37 30/- 
060 
032 
076 5/- 
078 5/- 
U8l 13/- 
U191 14/- 
0201 7/- 
0281 8/- 
17282 8/- 
U301 11/6 
17403 10/- 
17404 7/6 
0801 20/- 
UABC808/9 
UAFII 10/- 
UAF4210/8 
UB4I 11/- 
UBC41 9/6 
UBC8I 9/- 
UBF80 7/3 
UBF89 7/- 
UBL1 101- 
UBL21 12/- 
UC92 6/6 
UCC85 8/- 
UCF8010/8 
UCH21 11/- 
UCH42 13/- 
UCH4312/- 
UCH81 6/6 
UCL81 11/- 
UCL82 7/- 
UCL83 12/- 
UD143 15/- 

UF9 11/- UP" 10/- 
UF41 10/ 
UF42 18/- 
ÚF43 11/- 
OPIO 716 
UF86 8/- 
UF89 7/- 
ÚL11 12/- 
UL84 6/6 
UM/ 5/6 
UMSI 4/- 
Uus 10/- 
UY1N 10 /- 
ÚY11 11 /- 
UY21 11 /- 
UY41 9/- 
UY82 10/- 
UY85 6/- 
V L883138/- 
VP23 8/6 
V P41 7/- 
VPI33 15/- 
VR75/30 9/- 
Vß1os/30 

V R150/3Ó / 
6 

VU33 10/- 
V11S9A 10/- 
V011l 10/- 
VU120 15 /- 
VÚ133 10/- 
W76 8/- 
W107 /- 
W 729 12/- 
X65 10/- 
X88 1Q/- 
X76M - 
XCII 1 
XC32 6 
xC12T 8/- 
xC1s 4/3 
XC15T 7l- 
XCR3 171- 
XC25 7/- 
XR1-1600 

XRI-3'l 
120/- 

Rß1.6410 
150/- 

Z:219 10/- 
Z319 
2329 7/- 
2520M 
Z700U - 
2700W 15/- 
Z719 5/. 
2729 6/6 
Z749 15/6 
Z800U 30/- 
2901U 30/- 
Z803U 17/6 
290UT 13/- 

Head Office: 
44a WESTBOURNE GROVE, LONDON, W.2 
Tel.: PARK 5641 2 3 

Cables: ZAERO LONDON 
Retail branch (personal callers only) 
85 TOTTENHAM COURT RD., 
LONDON W.2. Tel: LANgham 8403 

A.R.B. Approved for inspection and 
release of electronic valves, tubes, 
klystrons, etc 

WE WANT TO BUY: 
723A'B; 2K25; 4C35 -50/- paid subject to test. 
Please offer us your special valves and tubes 
surplus to requirements. 

OUR NEW /969/1970 CATALOGUE IS NOW READY. 
PLEASE SEND QUARTO S.A.E. FOR YOUR FREE COPY TELEX 261306 
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APPOINTMENTS VACANT 

DISPLAYED SITUATIONS VACANT AND WANTED: £7 per single col. inch. 

LINE advertisements (run -on): 8/- per line (approx. 7 words), minimum two lines. 

Where an advertisement includes a box number (count as 2 words) there is an additional charge of 1 / -. 

SERIES DISCOUNT: 15% is allowed on orders for twelve monthly insertions provided a contract 

is placed in advance. 
BOX NUMBERS: Replies should be addressed to the Box number in the advertisement, c/o 
Wireless World, Dorset House, Stamford Street, London, S.E.1. 

No responsibility accepted for errors. 

Senior Test Engineer 
H.N.C. or equivalent knowledge of 
electronics. Responsibility will be to 
the Q.C. Manager for the supervision 
of the Test Room. Good knowledge of 
Transistor Pulse and Linear Circuitry 
Test procedures are essential. His main 
technical responsibility will be the 
commissioning of complete equipment 
and assisting in the assessment of 
new equipment. 

TEST ENGINEERS 
Required for the above Test Room. 

Please apply : 

PANAX EQUIPMENT LIMITED 
Holmethorpe Industrial Estate, 

Redhill, Surrey 
Tel: 63511 

UNIVERSITY OF CAMBRIDGE 

ELECTRONICS 
TECHNICIAN 

required. Opportunity to gain experience of a 

wide range of instrumentation and to con- 
tinue training on a day -release basis, if 
required. Candidates should have either 
ONC and be studying for HNC or have 
substantial servicing experience not neces- 
sarily in the field of chemical instrumentation. 

Salary in the range of £924- E1,266. 
Apply to the Superintendent, Uni- 
versity Chemical Laboratory, Cam- 
bridge CB2 1EW. 2755 

COUNTY BOROUGH OF LUTON 

Telecommunications 
Technician 

For the Borough Architect's Depart- 
ment for servicing ground -to -air equip- 
ment at Luton Airport. The duties will 
involve the servicing of Decca 424 
Radar, Marconi AD 210C Direction 
Finder, Mufax facsimile reproduction 
equipment and I.L.S. equipment. 

Applicants should be in possession of 
City and Guilds Telecommunications 
Full Technological Certificate or Finals, 
but holders of Intermediate who are still 
studying will be considered. 

Duties will involve shift working. 
Commencing salary within Technician 
Grades T.4 :516 (£1,095- £1,775 per 
annum) according to qualifications and 
experience. Housing accommodation 
considered. Reasonable removal ex- 
penses paid. 

Forms of application may be obtained 
from the Chief Executive Officer and 
Town Clerk, Town Hall, Luton, Beds., to 
whom completed applications should be 
returned as soon as possible. 

2745 

Advertisements accepted up to 
THURSDAY, to p.m., 8th JAN. 
for the FEB. issue, subject to 
space being available. 

COMMUNICATIONS 
ENGINEER 

British Petroleum has a vacancy for a Communications Engineer for Das Island in 

the Arabian Gulf. This is a bachelor posting only, but with generous home leave 

allowances. The successful candidate will be required to work on the installation, 

maintenance and supervision of an offshore oil producing, modern telecommuni- 
cations, telemetry and control network. 

Candidates should possess a minimum of HNC or equivalent and have several 

years experience in telecommunications /electronics. 

Apply giving details and quoting reference R 11106/9WW to P. J. 

Montanjees, External Recruitment, The British Petroleum Company 

Limited, Britannic House, Moor Lane, London E.C.2. 

Radio 
Operators 
Your chance of 
ashore job 
with good pay 
from the start! 
If you hold a 1st Class Certificate of Competence 
in Radiotelegraphy issued by the Postmaster 
General or the Ministry of Posts and Telecommuni- 
cations, or an equivalent certificate issued by a 

Commonwealth administration or the Irish 
Republic, the Post Office can now offer you a 

starting salary of £917 -£1149 or, after 1st January, 
1970, £965 -£1215 (depending on your age). 
Annual rises will take you to £1650 and there are 
good prospects of promotion to more responsible 
and better paid posts. 
If you are over 21, write for more details to: 

The Inspector of Wireless Telegraphy, 
External Telecommunications Services, 
Wireless Telegraphy Section, (ww) 
Union House, St. Martins -le- Grand, 
LONDON E.C.1. 

,,.H 
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APPOINTMENTS 
a96 

ELECTRONIC 
SYSTEMS 
SERVICE 

ENGINEERS 

THE JOB 
Systems Service Engineering on Advanced 
Training Aids for Aircraft, Radar Networks, 

Nuclear Reactors and Submarines. 

THE MAN 
Electronic Engineer preferably with O.N.C. 
or H.N.C. having had practical experience 
of electronic devices with a keen desire to 

learn new techniques and applications. 

THE AWARDS 
Salary offered will be up to £1 700. High job 
interest. Opportunity to work on complex 
systems incorporating digital and analogue 
computers, associated peripherals, colour 
television systems and servo systems, as a 

member of a team. Opportunity to fly and 
operate simulated aircraft and other equip- 
ments. High quality training will also be 

given. 

OTHER BENEFITS 
Our terms and conditions of employment 
are good and include contributory pension 
scheme, free life assurance, etc. We are not 
merely offering posts which will afford 
candidates opportunities of attaining a 

good job. Selected candidates will be 
offered long -term careers. Opportunities for 

travel at home and overseas. 

There are vacancies at both Aylesbury and 
Crawley locations. Applications should be 

made in the first place to 

H. C. Hall, Personnel Manager 
REDIFON LIMITED 

Flight Simulator Division 
Gatwick Road, Crawley, Sussex 

Tel: Crawley 28811 

RE D IF ON 
A Member Company of the Rediffusion Organisation 

Wireless World, January 1970 

RACAL INSTRUMENTS LIMITED 
AIRMEC DIVISION 
SEATON, DEVON 

REQUIRE 

TEST ENGINEERS 
To work on a wide range of analogue and 
digital measuring instruments employing 
the latest techniques. 

Entrants may be graded as Test Engineers 
Grade I , Grade I I or Project Leaders accord- 
ing to qualifications and experience. 

Salaries up to £1,600 per annum. 

These positions offer permanent and pro- 
gressive employment in a seaside area of 
great natural beauty. Both private and 
local authority housing will be available. 
Apply : 

Personnel Department, 
Racal Instruments Limited, 
Airmec Division, Seaton, Devon. 
Or telephone Mr. G. Hatt, Chief of Test. 
Seaton 1100 1. 

2727 

SENIOR 
ELECTRON ICS 

INSPECTOR 
Due to expansion a vacancy for inspector has 
been created. Applicant will preferably have 
several years of inspection experience and be 
familiar with defence specifications and B.S. 

9,000 procedure. A knowledge of high precision 
electrical and coactual connectors would be 

advantageous, but a sound basic knowledge of 
electronic equipment may in itself be sufficient. 

Attractive conditions of employment and corn - 
mencing salary would be offered with good 
prospects of promotion for the right man. 

Please apply in writing to: 
Technical Manager, 
PRECISION CONNECTORS LIMITED, 
56 -58 GREEN STREET, 
FOREST GATE, 
LONDON, E.7. Tel.: 01 -552 3405 

A member of the Delta Metal Group 
of Companies. 

2736 
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Government of UGANDA 

REQUIRES 

BROADCASTING 
ENGINEERS 

APPOINTMENTS 

To serve on contract for one tour of 21 -27 months in the 

first instance. Salary according to experience in scale 

Uganda Shg. 21,12o-27,78o (,EStg. 1,232- 1,62o) a year, 
plus an Inducement Allowance, normally tax free, of 

£Stg. 778 -886 a year, paid direct into a Uganda bank 
account nominated by the officer. Gratuity 25% of total 

emoluments drawn. Liberal paid leave. Accommodation 
provided at reasonable rental. Outfit and education 
allowances. Free passages. Contributory pension scheme 

available in certain circumstances. 

Candidates must possess the City and Guilds Final 

Certificate in Telecommunications (with Radio) or an 

equivalent qualification and have wide practical experi- 

7,SY .57..J 

ence of technical broadcasting equipment including 
transmitting and studio control equipment. 

The officer will be required to undertake senior 
operational duties including the maintenance of broad- 
casting equipment in transmitting stations and studios; 
outside broadcasts and recordings in remote districts; 
and to give assistance with the training of junior 
engineering staff. 

Apply to CROWN AGENTS, `M' Division, 4 Mill - 
bank, London, S.W.t., for application form and 
further particulars stating name, age, brief details 
of qualifications and experience and quoting 
reference M2K/69o995/WF. 

2691 
.60 

TECHNICIAN 
required for 

ELECTRONICS WORKSHOP 
Applicants should have a minimum of two 
years' experience of construction and /or 
servicing of electronic equipment using 
transistors and integrated circuits, and some 
knowledge of digital and pulse techniques. 
Qualifications to ONC or Intermediate City 
and Guilds technicians level. Opportunities 
for day release. Salary according to age, 
qualifications and experience. 

Apply to the Administrative Secretary, 
Medical Research Council's Laboratory of 
Molecular Biology, Hills Road, Cambridge. 

2731 

NORTH -EAST ESSEX 
TECHNICAL COLLEGE 

Sheepen Road, Colchester 

DEPARTMENT OF ELECTRICAL ENGINEERING 

LECTURER GRADE II 
is required to teach TELECOMMUNICATION 
SUBJECTS up to first degree standard. 
Applicants must have a University degree in 

Electrical Engineering or Physics with suit- 
able teaching and /or industrial experience. 
Salary: Lecturer Grade II- [l,827- [2,417 p.a. 

Assistance with removal expenses may be 

considered. 
Application forms are available from the 
Principal at the College, to whom they should 
be returned within fourteen days of the 
appearance of this advertisement. Please 
state ref. WW. 

2730 

Rank Strand Electric Limited, who are leaders in their field of theatre 
and television studio equipment, require two 

electronics 
commissioning engineers 
around £1,500 p.a. 

To test and commission sophisticated lighting control systems into theatres and television 

studios at home and abroad. 

Based with the Research and Development Unit at Brentford. Middlesex, they 

will initially complete a three -month training course before commencing operations 

in the field. 

Applicants must have sound knowledge and experience of electronics. Ability to 

communicate effectively with customers important. Knowledge of theatre and television 

an advantage. 

Must be willing to travel extensively and work irregular hours. 

AUDIO 
VISUAL 
DIVISION 

Please apply for application form: The Personnel Officer. 

Rank Strand Electric Limited. 29 King Street. Covent Garden. 

London, W.C.2. 836 4444 en. 147/148 

yr The Rank Organisation 
The man with the gong a man of many skills 

4 4) 4 4 

www.americanradiohistory.com

www.americanradiohistory.com


a98 

V 
WWI 

and work at 
the nerve centres 
of civil aviation 
The National Air Traffic Control Service of the Board of Trade 
needs Radio Technicians to install and maintain the very latest 
electronic aids at Civil Airports, Air Traffic Control Centres, Radar 
Stations and specialist establishments. Vacancies exist in various 
parts of the United Kingdom. 

This is responsible demanding work (for which you will get 
familiarisation training) involving communications, computers. radar 
and data extraction. automatic landing systems, and closed- circuit 
television. It offers excellent prospects with ample opportunities t 
study for higher qualifications in this fast -expanding field. 

If you are 19 or over, with at least one year's practical experience 
in telecommunications. fill in the coupon now. Preference will be 
given to those having ONC or qualifications.in Telecommunication 

Salary : £985 (at 19) to £1,295 (at 25 or over); scale maximum 
£1,500 (higher rates at Heathrow). Some posts attract shift -duty 
payments. The annual leave allowance is good and there is a 

non -contributory pension scheme for established staff. 

Complete this coupon for full details and application form : 

To: A. J. Edwards, C. Eng., M.I.E.E., M.I.E.R.E., Room 705, The Adelphi, 
John Adam Street, London WC2, marking your envelope 'Recruitment'. 

Name 

Address 

ww/B3 
Not applicable to residents outside the United Kingdom. 

NATCS National Air Traffic Control Service 

Wireless World, January 1970 

INTERTEL 
COLOUR TELEVISION 

ENGINEERS 
in their Vision and Video Tape Departments 

to be based at their Dean Street, London, 

Studio. Applicants should have a good 
working knowledge of Colour Television 

Practice. 

Applications to: 

CHIEF ENGINEER 

INTERTEL COLOUR TELEVISION 
WYCOMBE ROAD, WEMBLEY 

MIDDLESEX 
2726 

couuiputei 
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NCR requires additional ELECTRONIC, ELECTRO 
MECHANICAL ENGINEERS and TECHNICIANS to 
maintain medium to large scale digital computing 
systems in London and provincial towns. 

Training courses will be arranged for successful 
applicants, 21 years of age and over, who have a 

good technical background to ONC /HNC level, City 
and Guilds or radio /radar experience in the Forces. 

Starting salary will be in the range of £900/£1,250 
per annum, plus bonus. Shift allowances are payable, 
after training, where applicable. Opportunities also 
exist for Trainees, not less than 19 years of age, with 
a good standard of education, an aptitude towards 
and an interest in, mechanics, electronics and 
computers. 

Excellent holiday, pension and sick pay 
arrangements. Please write for Application Form to 
Assistant Personnel Officer 
NCR, 1,000 North Circular Road, 
London, NW2 
quoting publication and month of issue. 

Plan your future with N C R 
A5 

www.americanradiohistory.com

www.americanradiohistory.com


Wireless World, January 1970 aqy APPOINTMENTS 

Governniient of Zambia 
REQUIRES 

MAINTENANCE 
ENGINEER 

for the Zambia Broadcasting Services, Ministry of Informa- 
tion, Broadcasting and Tourism, on contract for one tour of 
36 months in the first instance. Commencing salary Kwacha 
3,408 (£Stg. 1988) rising to Kwacha 3,516 (£Stg. 2051) a 
year, plus an Inducement allowance of Kwacha 1002 -1034 
(£Stg. 585 -£Stg. 603). A Direct Payment of £291 is also 
payable direct to the officer's bank in the U.K. Salaries are 
subject to upward revision with effect from 1st January 
1970. Gratuity 25% of total salary drawn. Both Gratuity 
and Direct Payment are normally TAX FREE. Free 
passages. Accommodation at moderate rental. Education 
allowances. Liberal leave on full salary or terminal payment 
in lieu. Contributory pension scheme available in certain 
circumstances. 
Candidates, between 25-55, must have passed City and 

Guilds final certificate in Telecommunications or equivalent 
and should have had at least eight years experience with a 
broadcasting organisation, with particular experience in the 
installation of recording equipment and studio control 
equipment. 
The officer will be required to maintain and service audio- 
visual aid equipment and install and operate public address/ 
recording film projection equipment when and where 
required. He will be required to supervise workshops and 
staff in the absence of the Senior Maintenance Engineer. 
Apply to CROWN AGENTS, 'M, Division, 4 Milbank, 
London, S.W.zi., for application form and further 
particulars stating name, age, brief details of 
qualifications and experience and quoting reference 
number MsZ/69iozgIWF. 

2692 

EXETER AND MID -DEVON HOSPITALS 

MANAGEMENT COMMITTEE 

GROUP WORKS DEPARTMENT 

Technician -Medical Physics 
Grade II, 

for maintenance of dialysis machines and 
electronic equipment. 
Salary [1,313x(8) to £1,671. 
Qualifications required- H.N.C. or H.N.D. in 
Electrical Engineering or equivalent. 

Applications together with names of three 
referees to reach the Group Engineer, 
26 Queen Street, Exeter, Devon, within 
10 days. 

2769 

COMPUTER 
STAFF 

Vacancies exist in our Computer Services Dept. 
for EQUIPMENT CONTROLLERS to be respon- 
sible for the installation and performance monitor- 
ing of three IBM360/50 Computers used for 
real -time data processing. Applicants should have 
some knowledge of digital computers and may at 
present be employed as commissioning engineers 
or in a similar post. Knowledge of teleprocessing, 
Date! services and computer terminal equipment 
would be an advantage though it is not essential as 
full training will be given. 
Salary up to £2000 according to experience and 
ability. Assistance with house purchase is available. 

Please apply in writing giving full particulars to: 
P. Jordan. Computer Services Manager, CENTRE - 
FILE LTD., Park House, 16 Finsbury Circus. 
London, E.C.2. 2763 

GIC-Marcooì Oectronhis 
Technicians and Engineers 
for St. Albans and Luton 

qualified or not ! 
Vacancies in all grades 

VACANCIES exist for work on testing and calibrating valve and solid -state 
electronic measuring equipments embracing all frequencies up to u.h.f. in 
Production. Service and Calibration departments. 
APPLICATIONS are invited from people of all ages with experience or formal 
training in electronics and from ex -Armed Services technicians. 
SALARIES up to £1,600 negotiable and backed by valuable fringe benefits 
RE- LOCATION EXPENSES available in many instances. 
CONDITIONS excellent: free life assurance. pension schemes, canteen., social 
club. 
372 -hour, 5 -day, office -hours week. 
WRITE or 'phone Personnel Department stating age, details of previous 
employment, training. qualifications, approximate salary required. 

mi Marconi 
Instruments 
Limited 

Longacres. St. Albans. Herts. Tel: St. Albans 59292 
Luton Airport, Luton, Beds. Tel: Luton 31441 

A GEC - Marconi Electronic. Company 
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Product 
Test 

Technicians 
Career Opportunities 

with IBM Manufacturing 

We need high calibre men to fill vacancies created by 

promotion and programme expansion. 

The job 
Is to commission the latest IBM products and systems in 

production at the Scottish plant, near Greenock, and 
requires an intimate knowledge of the equipment under 
test, which can include computers, punched card and tape 
peripherals, magnetic disk and tape storage, high and low 

speed printers, visual display units, multiplexors, Tele- 
processing and optical character recognition equipment. 
The products have to be tested thoroughly, and all faults 
traced and rectified. The work is interesting and absorbing, 
and the prospects for the right man are good. 

Training 
Will be a mixture of formal and "on the job" instruction. 
We will teach you all you need to know about IBM equip- 
ment - providing your basic knowledge is to the required 
level. 

Pay and conditions 
Starting salaries 1n ill be excellent. 

Benefits include a non -contributory pension, immediate 
free life assurance and full sickness pay for up to 26 weeks 

in any iz months. The 2S4,000 square feet plant is modern 
and situated in a pleasant rural valley. There is a subsidised 
restaurant. 

Working conditions are excellent and there are good 

recreational facilities in the area. IBM will assist with 

removal expenses where applicable. 

The man 
Will be at least 18 and probably less than 3o and have a 

strong electronic background, with experience in, for 

example, the testing of electronic products, maintenance 
of radio, radar or TV or similar work in the armed forces. 

He will probably have, or be near to attaining, a qualifi- 

cation such as HNC, ONC, first class PMG, final RTEB, 
or final City and Guilds (Course Nos. 47, 48, 49, 57, 300) 
A knowledge of transistor circuitry and the use of oscillo- 

scopes will be a distinct advantage. 
If you have what we need, and are keen to join a 

vigorous, expanding and up- to-the- minute industry, please 

write, giving details of your age, experience and qualifica- 
tions, and quoting ref. No. PIN/WW/169 
to: Manager, Personnel Selection, 
IBM United Kingdom Limited, 

>7 P.O. Box 3o, Spango 
Valley, Greenock. o 

IBM 2690 

Wireless World, January 1970 

ASSISTANT _^ 
ENGINEERS 1=1 
(INSTRUMENTS) 
for 

TRAWSFYNYDD NUCLEAR POWER STATION 

Trawsfynydd, Merionethshire, North Wales. 

The work involves the diagnosing of system faults, carrying out 

special investigations. originating, modifications and designing 

special test equipment. The successful applicant will also be 

expected to assist in the training of Maintenance Craftsmen. 
Some experience within this field would be an advantage. 

Applicants must possess academic qualifications leading to 

Graduate Membership of the I.E.E. or I.E. R.E. 

Salary is within the range £1,500- £1.880 per annum. 

Superannuable. 

Conditions of service are in accordance with the National 
Joint Board Agreement for the Electricity Supply Industry. 

Applications in writing stating age. experience etc.. to 

Regional Personnel Manager, 825 Wilmslow Road, East 
Didsbury, Manchester M20 8RU to arrive not later than 

30th December 1969. Please quote Vacancy No. E.566/567/W. 

2696 

University of London 
Audio -Visual Centre 

requires 

TELEVISION ENGINEERS 
and JUNIOR 

TELEVISION ENGINEERS 
to work on maintenance and operational duties with its 

studio and mobile equipment, under the supervision of 
the Chief Engineer, R. H. Bradley, MBE. 

Applicants for the post of Television Engineer should have 

technical experience in broadcast or educational television. 
A broad knowledge of other audio -visual equipment would 

be an advantage. 

Applicants for the Junior posts should be 18 -20 years old, 
with a basic knowledge of electronic equipment and some 

experience in its use. Formal technical or educational 
qualifications would be an advantage. 

Salaries : 

TV Engineer. Starting at £1600 -£2000 according to 

qualifications and experience. University Pension Scheme. 

Junior TV Engineer. Starting salary E800 -£1000 according 
to qualifications. 

Applications to the Director: 
University of London Audio -Visual Centre 

11 Bedford Square, London, WC1 
2759 
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EAST AFRICAN COMMUNITY 
D Meteorological Department 

requires 

Sectional Engineer Grade II 
(Telecomms.) 

To serve on contract for one tour of 21 -27 months in the 
first instance. Salary in scale EA.Shg. 24300 -27780 
(approx. £S.1417 -162o p.a.) plus an Inducement 
Allowance normally tax free. of ,ES.822 -886 p.a. paid 
direct into officer's bank in U.K. Gratuity 25% of total 
emoluments. Generous paid leave. Education Allowances. 
Furnished accommodation at reasonable rental. Free 
passages. Contributory pension scheme available in 
certain circumstances. 

Candidates, up to age 45, must possess O.N.C. or City and 
Guilds Final Certificate (Telecomms) plus 7 years 
relevant experience in telecomms. engineering. Equivalent 
experience in one of the armed services is acceptable. 
Candidates must have a good theoretical and practical 
knowledge of FSK, ISB and SSB receivers and trans- 

mitters and of Mufax and facsimile transmitters and 
recorders. A good working knowledge of radar systems 
is essential. 

The officer will be responsible to the Chief Sectional 
Engineer for the operation and maintenance of the 
Department's radio telecommunications. radio -sounding 
and radar equipment. He will be liable for service any- 
where in East Africa but will probably be stationed at 
Entebbe, Dar es Salaam or Nairobi. 

Apply to CROWN AGENTS, 'M' Division, 4 Millbank, 
London, S.W.I., for application form and further 
particulars stating name, age, brief details of qualific- 
ations and experience and quoting reference number 
MaK 69°413 WF 

D 

D 
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TECHNICIAN 
required for calibration and servicing 
of flow meter instruments. Electronic 
experience required in television servicing 
or pulse techniques. Transistor experi- 
ence essential. Digital experience an 
advantage. Good commencing salary 
and prospects. Permanent pensionable 
position. 
Apply: B. RHODES & SON LTD., 

Danes Road, Off Crow Lane, 
Romford, Esssex. 

Telephone Romford 62333/4/5. 
2774 

ELECTRONICS 
TECHNICIANS 

SENIOR TECHNICIAN prototype wire - 
man required for research contract. 
TECHNICIAN for interesting project and 
development work in research and 
teaching laboratories. Day release avail- 
able. 
Incremental salary ranges £868- £1252. 
£1151 -£1486 depending on age, experi- 
ence and qualifications. 371 hour week. 
good working conditions and holidays. 
Apply in writing to Mr. E. Thompson, 
Royal School of Mines, Mining & 
Mineral Technology Department, 
Prince Consort Road, London SW7 

2764 

Electronics 
Engineer 
Professional Audio, Video and 

Instrumentation Equipment. 

3M Company, one of the 
world's foremost names in 
magnetic recording, is ex- 
panding distribution of its 
"Mincom" range of equip- 
ment in the audio, video and 
instrumentation fields in the 
United Kingdom. 

An interesting opportunity is 
available for a young man 
aged 23 -26 to join us as an 
Electronics Engineer. He 
must possess a good elec- 
tronics background, possibly 
obtained in the radio com- 
munications field. Ideally he 
should be qualified to C & G 
or ONC /HNC standard but 
lesser qualifications may be 
acceptable in the case of an 

applicant with exceptional 
practical experience. 
The position will be London 
based but ultimately the suc- 
cessful applicant will be re- 
quired to undertake some 
travelling working on his own 
initiative on field assignments. 
This is a progressive position in 
a fast growing held. The start- 
ing salary will be attractive and 
there are first class employee 
benefits. Please write in confi- 
dence with concise details, age, 
qualifications and experience to: 

Mr. D. J. Stuckey (Ref. MT) 
3M Company Ltd., 
3M House, 
Wigmore Street, Inn 
London W1A IET. 3COMPANY 
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TECHNICAL 
AUTHORS 

We are one of the World's leading manu- 

facturers of Flight Simulators which 
incorporate both analogue and digital 
computers. We require Technical Authors 
with a sound knowledge of electronics who 
preferably have some knowledge of basic 

digital computer operation. Authors will 
produce operating and maintenance 
manuals, and must be able to write 
literature in a clear and concise style. 

Formal qualifications are desirable, but 

not essential. There will be ample oppor- 
tunity to employ a measure of creative 

expression. Simulation is based on novel 

applications of known techniques. This 

work is certainly not of a monotonous 
nature. 

INSTRUCTORS 
are required to lecture to customers and 

engineers on digital and analogue com- 

puting techniques at basic, intermediate 
and advanced levels. Students are required 

to maintain and programme highly sophis- 
ticated flight simulators. Applicants should 
preferably be qualified to at least H.N.C. 

level or equivalent. Preference will be 

given to those with practical analogue or 

digital computing experience, but appli- 

cations from men with several years' in- 

dustrial experience and /or who have a 

flair for and a genuine interest in lecturing 
will certainly be welcome. Training in the 

Company's advanced computing tech- 
niques will be given. 

This Company offers good working con- 

ditions, welfare benefits. There is a con- 

tributory pension scheme coupled with 
free life assurance. 

Apply to: H. C. Hall, Personnel Manager, 

REDIFON LIMITED 
Flight Simulator Division, 

Gatwick Road, Crawley, Sussex 
Telephone: Crawley 28811 

IREDIfON 
A Member Company of the Rediffusion organisation 

Wireless World, January 1970 

ST. JOHN'S COLLEGE 

OF EDUCATION YORK 

Dept. of Closed Circuit Television 

Applications are invited for the post of 
SENIOR TECHNICIAN, to join a team 
making television programmes for this and 
five associated colleges. 

Duties will include the maintenance of 
cameras and videotape recording equipment. 
Opportunities for operational and production 
work will occur. A mobile recording van is in 
regular use and ability to drive would be an 
advantage. 

Salary : Local Government Scales : Technical 
Grade 6 (at present £1,540- £1,775) : the 
post is superannuated and good holidays 
are given. 

Applications (no special form), should 
be made in writing to the Principal, 
stating qualifications, experience and 
the names of two referees. Closing 
date 31st December, 1969. 2762 

SOUTH AFRICA 
FULLY QUALIFIED 

RADIO & TELEVISION 

TECHNICIAN 

Applicants should be capable of supervising 
a workshop from which the installation and 

repairs to all types of radios and television 
are undertaken. 

Applications with full details of experience 
etc., should be sent in the first instance to 
Mr. E. B. UNWIN. 

NEL & UNWIN (PTY) LTD. 

P.O. BOX 199, KROONSTAD 

SOUTH AFRICA 
2725 
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CONTINUOUS 
E)CPANSIO 

Standard Telephones Et Cables, Micro- 
wave and Line Division based at Basildon 
are growing fast. In order to keep pace 
with this consistent growth rate we require 
the following 

Installation Engineers 
Technicians b. Testers 

Ref. 25720 
To test and commission Multiplex, Co -axial 
Line and Microwave Radio Systems. 

Ideal candidates will be less than 45 years 
of age with practical experience on some of 
the above equipment. These challenging 
posts call for drive, initiative and common 
sense. It is necessary for applicants to be 
prepared to work anywhere in the U.K. 

Applications should be addressed to 
The Personnel Officer. 

STC Chester Hall Lane, 
Basildon, Essex. 

Test Technicians 
Ref. 27221 

The diversity of products manufactured at 

the Basildon Plant demands experienced 
testing staff for work on complex trans- 
mission systems. 
Candidates should hold an ONC in elec- 
trical engineering and be able to offer 
considerable practical experience in the 
field of testing and fault clearing all types 
of land -unit, pcm and microwave equip- 
ment. 

STC 
TECHNICIAN 

required in APPLIED ACOUSTICS RESEARCH 
LABORATORIES situated near Fulham Broadway, 
S.W.B. Varied work, but a knowledge of electronic 
construction and design an advantage. Day release 
facilities for further study. 

Salary: E868- E1,252 p.a., depending upon age, 
experience and qualifications. 

Application forms and further information 
from the Superintendent of Laboratories 
(T.A.), Department of Physics and Electronics, 
Chelsea College, Manresa Road, London, S.W.3. 

2735 

EAST SUFFOLK COUNTY COUNCIL 
Lowestoft College of Further Education 

Principal A. E. Boddy, B.Sc. (Econ.), F.R.G.S. 

LECTURER GRADE 1 

required for City and Guilds Radio and Television 
Servicing Mechanics' and Technicians' Courses, 
including colour television. 

Applicants should have appropriate technical 
qualifications, together with suitable Industrial and 
Teaching experience. Ability to offer teaching in 
similar courses would be an advantage. 

The appointment is vacant u from the 1st April, 1970, 
but an earlier commencing date may be negotiated. 

Salary in accordance with the Burnham Scale for 
Lecturers Grade I, L1,110 to [1,955, plus increments 
for approved qualifications and training. Starting 
point within the scale determined by previous 
Industrial and Teaching experience. 

Applications should be sent as soon as possible to 
The Principal of the College. on application forms 
available from the Secretary, Lowestoft College of 
Further Education, Sc. Peter's Street, Lowestoft, 
Suffolk. 

2766 

A SENIOR ASSISTANT with a good understanding of elec- 
tronics is needed to join a small team providing physics support to the 
Isotope Production Unit at Harwell. The team is mainly concerned with 
making accurate measurements of a wide variety of radiation sources and 
with the development and maintenance of the necessary measurement 
system. The post is tenable at Harwell. 

QUALIFICATIONS & EXPERIENCE: - 
The minimum age for appointment is 27 and the minimum qualifications 
necessary are four `O' levels including English Language and Mathe- 
matics or a Science subject. Electronics experience is essential and 
experience in the measurement of radiation sources would be advantageous. 

SALARY: £1,350 rising to £1,755 
APPLY TO: The Personnel Officer 

THE RADIOCH[MICA[. CENTRE 
petersham Bucks 
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SKILLED IN 
ELECTRONIC 
ENGINEERING? 
Help keep aircraft on 

the straight and narrow 
Air traffic has become so congested that complex elec- 

tronic techniques are used as an aid in controlling aircraft 
both on airways and on airport approaches. As a Tele- 

communications Technical Officer III in the National Air 
Traffic Control Service of the Board of Trade, your job 

would be to install and maintain various air navigational 
and landing aids at civil airports, and communications and 

computer systems at radar stations and signals centres. 

Because you handle such advanced equipment, you will 
receive thorough training. Study for higher qualifications 
is encouraged, and this could range from short courses 
with financial assistance to full -time study at a university 
or technical college. 
Pay: (London rates -a little less elsewhere) £1,350 starting 
salary at 23, £1,625 at age 28 or over on entry, rising to 

£1,810. Within 3 years you could be upgraded, and on a 

scale rising to £2,050. A few years after that, you could be 

in the salary bracket going up to £2,375, and there are 

several higher grades still. 
Qualifications: O.N.C. in Engineering, including a Pass in 

Electrical Engineering; or equivalent standard of technical 
education. 
Send for full details and an application form (which must 

be returned completed by January 2nd, 1970) to: Civil 

Service Commission, 23 Savile Row, London, W1X 2AA. 
Please quote S/207/ -. 

.69 
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SENIOR DEVELOPMENT ENGINEER. f1900. 
Our clients seek electronics engineer of at least 
H.N.C. standard with additional qualifications 
in control or digital techniques preferably around 
30 years and living, or prepared to work. in the 
Hertfordshire area. The applicants should have 
shown some administrative ability in project 
coordination, possibly in avionics, military control 
systems or high speed digital control circuits. 
Please apply in writing and in strict confidence, 
quoting the above reference to: 

ELECTRONICS 
APPOINTMENTS LTD. 

/NORMAN HOUSE 105 109 STRAND LONDON W.C.2 
TEL 01 -836 5557 

r 
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HENRY'S RADIO LTD. 
303 EDGWARE ROAD, LONDON, W.2 
HAVE THE FOLLOWING VACANCIES 
IN THEIR ORGANISATION 

SALES ASSISTANTS 
Young man with good general knowledge of elect 

runic components required for our retad sales dept. 

Please telephone 723.1008/9 ext. 1. 

SALES ASSISTANTS 
Young man with a good general knowledge of 

HIGH FIDELITY EQUIPMENT required for our 
retad HI -FI SALES DEPT. Please contact MR. 

STEVENS, Telephone 723 -6963. 2585 

An immediate vacancy occurs at 

THE WIRELESS COLLEGE 
COLWYN BAY, NORTH WALES 

for an additional instructor to assist in preparing students 
for P.M.G. M.P.T. examinations. The primary responsi- 
bility will be the practical instruction on modern marine 
radio equipment. Applicants must hold a P.M.G. Certi- 
ficate and should have a sound technical knowledge. 
Recent marine operating and. or teaching experience 
is desirable but not essential. 

Write In the first instance to the Principal, 2776 

SPECIAL OPPORTUNITY 
Small company in medical electronics develop- 
ment (Richmond, Surrey) offers starting 
salary LI 300 to keen man suitable early 
directorship. Founder approaching retire- 
ment. Self -contained flat available. Phone 
01- 9400865 evenings. 

2766 

SITUATIONS VACANT 
AFULL -TIME technical experienced salesman re- 

quired for retail sales; write giving details of age, 

previous Radio, 
Ltd.,salary Edgw Edgware Rd., London,n 

W.2, 
Henry's Radio, [67 

ARE 
YOU INTERESTED IN HI FI? It so, and you 

have some experience of selling in the Retail Radio 
Trade, an excellent opportunity awaits you at Telesonic 

Ltd., 243 Euston Road, London, N. W.1. Tel. 01- 387 7467. [21 

CENTRAL AMERICA: Radio Engineer required to 
install and manage broadcasting equipment at new 

Radio School to be established at Choluteca. Republic 
of Honduras. Challenging post for the adventurous. 
trying to get out of the rut! Volunteer terms: fares, 

board, lodging, pocket- money, allowances. - Write : 

CIIR /OV, 38 King Street, London, W.C.2. [2737 

CHIEF ELECTRONICS TECHNICIAN required to 
supervise Electronics Workshops developing and 

maintaining electronic equipment for use in the teach- 

ing and research laboratories of the Departments of 
Electronics and Physics. Salary C.1.510-£1.103 p.a. 

according to age and experience. Further information 
and application form from the Laboratory Superin- 
tendent, Departments of Physics and Electronics, 
Chelsea College, Manresa Road, London, S.W.3. [2775 

COLOUR TELEVISION. Multi- National Advertising 
Agency require a Technical Assistant, or Assistant 

Engineer, to operate and maintain colour television film 
scanning equipment. Candidates should be between the 
ages of 22 and 30 and should have "C" ana "Oh 
Telecomms. or equivalent. and preferably 
experience on this type of equipment. Salary is 

negotiable. Write to Mr. R. Martin, J. Walter Thompson 
Co. Ltd., 40 Berkeley Square, W1X 6AD. [2753 

ELECTRONICS TECHNICIAN required to assist in the 
development, construction and installation of elec- 

tronics instruments used in biochemistry. Applicants 
should possess O.N.C. or equivalent and be able to 

construct and test equipment from circuit diagrams. 
Salary according to age and experience in the range of 
£ 1,025 to £ 1,295 per annum. Supplementary payments 
for certain qualifications. Superannuation scheme. 
Good conditions of service. Applications in writing to 

Departmental Superintendent, Department of Bio- 
chemistry. MRC Metabolic Reactions Unit, Imperial 
College, London, S.W.7. [2778 

ELECTRONIC 
TEST ENGINEERS required for work 

on a new range of Digital Measuring Equipment 
using Silicon Transistors and Microcircuits. Fully 
qualified applicants preferred, although proven expe- 
rience in electronics would be considered. Prospecta 
for advancement are good. Weekly staff status and 
salary commensurate with qualifications and experience. 
We would welcome applications from ex- service 
personnel or those about to leave the services. Please 
apply to: The Personnel Manager, Venner Limited, 
Kingston By -Pass, New Malden, Surrey. Telephone: 
01 -942 2442. [2760 

IP.C. research and development. ELECTRONIC 
ENGINEERS AND TECHNICIANS. Advanced 

optical /electronic systems to process text and pictures 
for publication are being developed in the Information 
Science and Technology Unit's laboratory. There are 
several immediate opportunities for: QUALIFIED 
ELECTRONIC ENGINEERS to join a team working on 
the design and development of systems using computer, 
CRT, TV, and optical techniques. Expert knowledge in 
at least one of these Is essential. Salaries within the 
Development Officer scale, ranging from L 1,500 to 
£3.500. LABORATORY TECHNICIANS for layout, 
construction and testing of prototype electronic 
apparatus. Salary scale up to L1,675. Write for 
application form to the Director of R & D. IPC 
Laboratories, Wood Lane, Hemel Hempstead, Herts. 

[2748 

11 UALIFIED ENGINEERS considering emigration to 
`o[ Australia 1970 required to join new and vigorous firm 
of communications consultants. Interviews London and 
Birmingham. Brief resume to Box W.W. 2627, Wireless 
World. 
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Turnover doubled since 1962 -now growing faster in the 
decimalization rush. Burroughs dominate the U.K. market in 
the new terminal computers and accounting machines. A 
wide variety of machines, an expanding market and a policy 
of promotion from within -all mean exciting opportunities, 
for trained electronics engineers, to develop their skills into 
the computer field or into the supervisory grades and 
beyond. Join the Burroughs boom -and grow with us. 

If you are between 20 and 30, with an electronics qualifica- 
tion and want to train as a computer engineer -then there's 
a job for you with us With Bur oughs, you can find the free- 

Cokolotors 

dom to develop your talents, open fresh horizons, learn new 
skills -on the largest third -generation systems in the World 
-these are the exciting prospects at Burroughs. In return, 
we're offering you 3 weeks' paid holiday, free life assurance 
and a contributory pension scheme. 

Take a big step now into one of today's development indus- 
tries -fill in the coupon and send off for one of our applica- 
tion forms. The address is 
Bob Timms, Personnel Officer, 
Burroughs Machines Limited (Z), 
Heathrow House, Cranford, Hounslow, Middlesex. 

NAME 

I Burroughs ADDRESS ADDRESS 

NM1V/d22,1an 

L- ------------ NI MN NM----- Ji 
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APPOINTMENTS 

ELECTRONICS 
TECHNICIANS 

21RO 

Hampstead High Fidelity 
require the services of a qualified 

SERVICE ENGINEER 
He must be conversant with the repair and service 
of quality High Fidelity equipment, useful asset 
would be experience with CCTV and Colour TV. 
The man we are seeking must be very conscientious, 
adaptable and prepared to undertake occasional 
field work. He will be expected to sec up and 
organise a completely new service department and 
control a small staff. 

Applications are invited in writing giving full details 
of qualifications, experience, etc., and marked for 
the attention of P. A. Rispoli, Esq., Hampstead High 
Fidelity, 91 Heath Street, London, N.W.3. 2746 

UNIVERSITY OF ESSEX 

DEPARTMENT OF PHYSICS 

SENIOR TECHNICIAN 
required for maintenance of electronic 
equipment, supervision of equipment 
in a teaching laboratory and assistance 
to research groups. Candidates should 
preferably have H.N.C. or equivalent 
qualification in electronics and ex- 
perience with modern electronic cir- 
cuitry and equipment. Salary range 
£1,056- £1,311 with additional allow- 
ance for approved higher qualifications. 

Applications to the Registrar, Uni- 
versity of Essex, Wivenhoe Park, 
Colchester, Essex. 

2732 

V.H.F. TELEVISION RELAY & 

COMMUNAL AERIAL SYSTEMS 
We are planning a considerable expansion of our activities and have 
the following vacancies: 

I. A SENIOR ENGINEER 
to have control of all aspects of systems design, planning, estimating, 
installation and commissioning. 

II. ENGINEERS 
capable of undertaking either: 
(a) System planning and estimating. 
(b) control of installation work. 

or (c) test and commissioning duties. 

Candidates for these appointments must have a good background of 
practical experience in this field of work, and an up -to -date knowledge 
of techniques and equipment. 
Applications, which will be treated in strict confidence, should be 
sent to: 

BRITISH RELAY 
The General Manager, 
Special Services Division, 
British Relay House, 

41, Streatham High Road, S.W.16 2 n54 
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REDIFFUSION * 
Television 

Service Management 
Applications are invited for vacancies in the North East Region from 

mature T.V. Service Managers who are experienced in the operation ofa 
large scale rental service organisation. 

Applicants must be technically competent and have a strong flair for the 

solution of organisational, administrative and personnel problems. 

An attractive salary will be offered and a car provided. 

Applications please to: 
The Chief Engineer, 
Rediffusion (North East) Ltd., 
Rediffusion House, 
Forth Banks, 
Newcastle upon Tyne. 
NE1 3RX. 

2683 

BRISTOL POLYTECHNIC 
FACULTY OF APPLIED SCIENCE 

Applications invited for the following post, duties to commence as soon as possible- 

SENIOR TECHNICIAN IN PHYSICS 
(Grade T.3)--Ref. No. T698/66/2 

to take charge of Nuclear Physics /Radiochemistry Laboratory. 

Applicants should be over 21 and have qualifications to at least O.N.C. or C. & G. Ordinary Technician standard 

and previous laboratory experience. 38 -hour, 5 -day week with generous holiday and sick pay schemes. 

Opportunities for evening work with additional pay. Permanent posts with superannuation under Local Govern- 

ment conditions of service. 

Salary Scale: £930 L1,095. Starting salary dependent upon age, qualifications and experience. An additional 

L50 or L30 per annum will be paid for appropriate National Certificate and C. & G. qualifications. 

Further particulars and application forms (to be returned within fourteen days of this advertisement) from Chief 

Administrative Officer, Bristol Polytechnic, Ashley Down, Bristol BS7 9BU. 

Please quote Ref. No. T698/66/2 in all communications. 2767 

Customer Services Department 

Service Engineers 
These appointments will be of interest to electronic engineers who have attained High 

National Certificate standard. 

The Department is responsible for the installation and maintenance of high -power 

electronic and mechanical equipment. mainly on customer premises, both in the U.K. 

and abroad. 

These monthly staff appointments offer an attractive salary and, in addition, the full 

use of a Company car. 

The Company operates a generous contributory pension scheme, with a holiday 

entitlement of three weeks per year. 

Applications should be made by letter or telephone 
to the Customer Services Manager. 

LTV Ling Altec Limited, 
Heath Works, Baldock Road, Royston, Herts. 
Tel: Royston 2424 2699 

Wireless World, January 1970 

RADIO SCHOOL IN PANAMA: Radio Technician 
required to operate radio school in Santiago de 

Veraguas, The school provides an elementary adult 
education programme and is now unable to function 
Ior lack of a technician to take charge. Challenging 
opportunity to fill a vital need in the development of 
rural areas. Volunteer terms: board. lodging. pocket - 
money. fares, allowances. Write CIIR /OV 38 King 
Street, London. W.C.2. [2770 

REDIFON LTD. require fully experienced TELE- 
COMMUNICATIONS TEST ENGINEERS and 

ELECTRONICS INSPECTORS. Good commencing 
salaries. We would particularly welcome enquiries 
from ex- Service personnel or personnel about to leave 
the Services. Please write giving full details to- 
The Personnel Manager, Redifon Ltd., Broomhlll Road, 
Wandsworth, S.W.18. [26 

SENIOR ELECTRONICS TECHNICIANS are required 
by the Department of Applied Psychology to support 

the development of instrumentation for research work. 
Opportunities available for enterprising Technicians to 
gain experience in any of the following fields: Electro- 
physiological recording, magnetic tape systems, analogue 
computing. digital circuiting and building special peri- 
pherals for the departmental on -line PDP 9 computer. 
Experience and interest in building or maintaining 
equipment in at least one of the above fields essen- 
tial. Salary on the scale X1,026 to X1.280 per annum. 
with supplementary payment up to L80 per annum if 
approved qualifications held. Five day week. Pension 
Scheme. Application Forms from the Stall Officer, The 
University of Aston in Birmingham. Gosta Green. 
Birmingham 4, quoting reference L/515 W.W. [2739 

UNIVERSITY OF SHEFFIELD: CHIEF TECHNICIAN 
required in Department of Chemistry to take charge 

of Electronics Workshop, concerned with development 
and construction of new electronic equipment for re- 
search and teaching. and maintenance and repair of 
wide range of electronic equipment. Experience neces- 
sary, qualifications preferable. Salary X1,385- E 1,578 p.a. 
Write, stating age. qualifications and experience, to the 
Bursar (Ref. 8.390). The University, Sheffield S10 2TN. 

[27411 

WE HAVE VACANCIES for Four Experienced Test 
Engineers In our Production Test Department. 

Applicants are preferred who have Experience of Fault 
Finding and Testing of Mobile VHF and UHF Mobile 
Equipment. Excellent Opportunities for promotion due 
to Expansion Programme. Please apply to Personnel 
Manager, Pye Telecommunications Ltd., Cambridge 
Works. Haig Road, Cambridge. Tel. Cambridge 51351. 
Extn. 327. [77 

ARTICLES.FOR SALE 

AR88 mains transformers, £2.10.0; 12/24V carbon p11e 
voltage regulator units. 301 -: 40 amp. 4 -way 

terminal blocks. 5/ -; Rotax rotary inverters, input 24V 
dc. output 115V. 3 phase. 400 Hz. 1.8 amps., £7.10.0; 
200 amp. terminals. insulated heads, 8/6. Carriage and 
packing extra. Also, high voltage capacitors and in- 
sulators in stock. Westover Electronic Man. Co., 
Braidley House, St. Paul's Lane, Bournemouth. Tel. 
23944. [2771 

DRAM) NEW ELECTROLYTICS. 15/16 volt, 0 5, 1, 
2, 5, 8, 10. 20. 30. 40, 50, 100, 200 mfds. 8d. Carbon 

Film Resistors 1 watt 554 El2 Series 10 ohms to 
I Megohm 1/6 dozen, minimum order 7/6, postage 1 / -. 
The C. R. Supply Co., 127 Chesterfield Rd., Sheffield S.8. 

[2747 

BUILD IT in a DEWBOX quality plastics cabinet. 
2 in. X 21 in. X any length. D.E.W. Ltd. (W), 

Ringwood Rd.. FERNDOWN. Dorset. S.A.E. for leaflet. 
Write now--Right now. [76 

CLOSED 
CIRCUIT TV Mobile Control Room for sale. 

Purchased January 1969 and built by Ampex. The 
unit Includes 3 Vidicon Cameras by Marconi and full 
sound and communication facilities. There Is also a 
pelican scan V.T.R. unit and an audio tape recorder on 
board. botti built by Ampex. Offers should be made to 
Television Facilities, Queens Hall, Leeds 1. Loan 
Finance available. [2738 

COPIES of "Wireless World" from 1954 to 1968; offers 
please.- Grant. The Bungalow, 93 London Road, 

Hurst Green, Sussex. [2743 

DISC RECORDING UNIT complete with Leak stereo 
amplifier, mod. meters, console, motorised swarf 

suction unit. spare blank. sapphires, etc., etc. Suaden 
cutter unit. Good condition. Best offer over £50. -John 
King (Films) Limited, Film House, 71 East Street. 
Brighton, BNl 1NZ. [2749 

FERRANTI. AF3, AF5, BI, OP2, OPM1(2), OPM5, 
OPM6, OPMIc, X17, £5 o.n.o. CARRIAGE PAID. - 

Norwood, May Hill, Ramsey, I.o.M. 2757 

FOR SALE BY TENDER 

170,000 Valves 
The Commissioners of CUSTOMS AND 
EXCISE are offering for sale by competi- 
tive tender approx. 170,000 valves in 
lots of approx. 1,000. 

For further particulars, apply in writing 
to: 
The Officer, Customs and Excise, 
Queen's Warehouse, Custom House, 
Lower Thames St., London, E.C.3, 
before January 2nd, 1970. 2751 

HOW 
to Use Ex -Govt. Lenses and prisms. Booklets. 

Nos. 1 & 2, at 2/6 ea. List Free for S.A.E. H. W, 
ENGLISH. 469 RAYLEIGH RD., HUTTON, BRENT- 
WOOD. ESSEX. [87 
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ELECTRONIC TECHNICIANS 
Ampex Quality Control Department now has vacancies for technicians to be 
responsible for fault finding and testing a wide range of Professional Audio 
and C.C.T.V. Magnetic Recording Equipment. 

Experience gained in the electronic industry, radio or television servicing 
would be an advantage or a qualification of O.N.C. standard. 
Excellent salaries, three weeks annual holiday, canteen, life assurance, 
pension and sickness benefit schemes in operation. 
Please write or telephone the Personnel Officer, 
Ampex Electronics Limited, Acre Road, Reading, 
Berkshire. Telephone Reading 84411. 

AMPEX 
2688 

PRODUCTION TEST ENGINEER 
With experience of valve and transistor 
audio equipments, wanted to join our senior 
staff. 40 hour week. Salary £1,200 per annum. 

ASSOCIATED ELECTRONIC ENGINEERS LTD., 
Dalston Gardens, Stanmore, Middlesex. 

Tel.: 01 -204 2125 2729 

Bath University of Technology 

A TECHNICIAN 
is required in the School of 
Mathematics to assist mainly in 
servicing and developing 
ANALOGUE AND DIGITAL 
COMPUTING devices. 
Candidates should have experi- 
ence in electronics, should possess 
a basic qualification and be com- 
petent in elementary workshop 
skills. 
Salary in the range of £773- 
£1,077 per annum, according to 
age, experience and qualifications. 
Further details and application form 
from Registrar (S), The University, 
Bath, BA2 7AY, quoting ref. 69/83. 

2754 

TRANSFORMERS 
Working Foreman 

for small shop producing 
transformers, 20vA- 10KvA. 
Must be fully experienced, all 
stages of production. Com- 
mencing salary about £1,200. 

Also Young Assistant 
with testing experience 

S.S. Electronics Limited, 
Severalls Avenue, 
Chesham, Bucks. 

Phone: Chesham 4774 
2761 

RADIO & TELEVISION SERVICING 
RADAR THEORY & MAINTENANCE 

This private College provides efficient theoretical and practical training in the 
above subjects. One -year day courses are available for beginners and shortened 
courses for men who have had previous training. 
Write for details to: The Secretary, London Electronics College, 20 Penywern 
Road, Earls Court, London, S.W.5. Tel.: 01 -373 8721. 84 

RADIO 
OPERATORS 

There will be a number of vacancies in the Composite Signals Organisation for 
experienced Radio Operators in 1970 and in subsequent years. 

Specialist training courses lasting approximately nine months, according to the trainee's 
progress, are held at intervals. Applications are now invited for the course starting 
in September 1970. 

During training a salary will be paid on the following scale: 

Age 21 £800 per annum 
22 £855 
23 £890 
24 £925 
25 and over £965 Of 

Free accommodation will be provided at the Training School. 

After successful completion of the course, operators will be paid on the Grade 1 scale : 

Age 21 £965 per annum 
22 £1025 
23 £1085 
24 £1145 
25 (highest age point) £1215 

OP 

Of 

then by six annual increases to a maximum of £1,650 per annum. 

Excellent conditions and good prospects of promotion. Opportunities for service 
abroad. 

Applicants must normally be under 30 years of age at start of training course and must 
have at least two years' operating experience. Preference given to those who also have 
GCE or PMG qualifications. 

Interviews will be arranged throughout 1970. 

Application forms and further particulars from : 

Recruitment Officer, Government Communications Headquarters, Oakley, 
Priors Road, CHELTENHAM, Glos., GL52 5AJ. 

Telephone No. Cheltenham 21491 Ext. 2270. 
92 
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;; INTERNATIONAL AERADIO LTD 

TELECOMMUNICATIONS 
INSTRUCTOR 
Applicants should possess a recognised qualification in telecommunications, e.g. City & 

Guilds. ONC. HNC with electronics. These are desirable qualifications but personnel with a 

sound basic and applied radio theory capability would be considered. 

Ex- Services/Civilian personnel who have completed an instructional technique course and have 
had instructional experiences in the field of telecommunications would be preferred. 

A liking and aptitude for this work is essential together with general experience of UHF. VHF 
and HF communications equipment providing fixed and mobile services. Applicants should 
also be familiar with Radio Navigational Aid equipment as installed at airports for use by air 

craft and ATC personnel. It is inherent that applicants will have a knowledge of solid state 
techniques. 
This is a permanent and pensionable position at our Radio Training School outside Southall 
which address is in easy access of surrounding areas. The post offers good career prospects. 
Starting salary will be in the region of £1 500. Benefits also include membership of an excel- 
lent contributory pension and life assurance scheme and substantial rebates on holiday air 
fares. after a year's service. 

To apply for this position write to 

Personnel Officer (Recruitment) 
INTERNATIONAL AERADIO LIMITED, 
HAYES ROAD, SOUTHALL, MIDDLESEX. Tel: 574 2411 

ML 

.csfar..y . .. . ........ . s . e. .. 

\ Wireless \ World, Januar' 1970 

NEW 
FULL SPECIFICATION DEVICES. Integrated 

Circuits complete with data: GE PA230 Audio Pre- 
amplifier 18/6 each; GE PA234 1W Audio Amplifier 
17/6 each; GE PA237 2W Audio Amplifier 32/6 each; 
MEL II Photo Darlington Amplifier 9/6 each; high 
quality low cost plastic transistors: GE 2N5172 '. NPN 200mW Transistor l!9 each; ME 0412 PNP 200mW 
Transistor 3/9 each; Westinghouse guaranteed plastic 

S4rectifier: IN4820 1.5A 400V Si Rectifier 2/6 each. 
'4t 
'' 

GI W005 IA 50V Full Wave Bridge Si Rectifier 7/6 each. 5... C.W.O. P. & P. 1/- per order. JEP ELECTRONICS. 
York House. 12 York Drive, Grappenhall, Warrington, 
Lancs. Mail Order Only. (2750 

THE HANNAH DAIRY RESEARCH INSTITUTE 
AYR 

ELECTRONICS TECHNICIAN 
ASSISTANT EXPERIMENTAL EXPERIMENTAL OFFICER required for 
duties in the Department of Physiology, including servicing of electronic 
and electrical equipment, construction of special instruments, devising 
and construction of electrophysiological apparatus. Previous experience 
in a physiological laboratory desirable, but not essential. 

Qualifications: a degree, H.N.C., N.H.C., Grad. I.E.E.E. or equivalent 
in electronics engineering, applied science or applied physics. 

Salary: A.E.O. up to £1,208 in a scale to £1,454; 
E.O. in a scale £1,190 to £2,006. 

Further particulars may be obtained from the Secretary of 
the Institute, to whom applications, with the names of two 
referees, should be submitted by 17th January, 1970. 

2734 

WE OFFER A 

YOUNG ENGINEER 
the opportunity of working in an up -to -date tape recorder service department on Uher 
recording equipment. 

The applicant should be familiar with the latest transistorised circuitry as well as being 
able to carry out mechanical work on such equipment. 

We offer a good salary, non -contributory pension scheme, subsidised canteen 
facilities and some local transport. 

If you are interested, please write giving brief details about your qualifications and 
experience to: 

The Personnel Manager, 
BOSCH LIMITED, 

Rhodes Way, Watford, Herts. 
2777 

PYE 
VHF RADIO TELEPHONE 
comprising one Base Station 
F27AM 25 watts output, and two 
'CAMBRIDGE' mobile units type 
AM10D. Latest transistorised de- 
sign-as new and in perfect order. 
Cost over £500. 
Offered at £320 the lot. 
H.P. terms available. 
For demonstration call Mr. 
K. M. V. Crump, Baldock, 
Herts. Tel. 3196. 2752 

UHF KITS and T.V. SERVICE SPARES. Suitable for 
Colour: Leading British Makers dual 405/625 six 

position push button transistorised tuners L5 5s. Od., 
405/625 transistorised sound & vision IF panels 
£2 155. Od. incl. circuits and data. P/P 4/6. Basic dual 
purpose 405/625 transistorised tuners intl. circuit 
£2 10s. Od., P/P 4,6. UHF list available on request. 
UHF tuners. PLESSEY Incl valves 55/ -, P/P 4/6. 
EKCO / FERRANTI 4 position push button type, Incl. 
valves, leads. knobs L5 10s. Od., P/P 4/6, SOBELL/ 
GEC UHF tuner kit Incl. valves. right angle slow 
motion drive assy. leads. fittings. knobs, instructions 
£5 185. 6d.. P/P 4/6. SOBELL /GEC 405/625 IF & out- 
put chassis Incl. circuit 32/6. P/P 4/6. Ultra 625 IF 
amplifier plus 405/625 switch assy Incl. circuit 25/ -, 
P/P 4/6. New VHF tuners. Cyldon C 20/ -, Ekco 283/ 
330 range 25/ -, Pye CTM 13 ch. incremental 25/ -. P/P 
4/6. Many others available Incl. large selection channel 
coils. Fireball tuners. used good cond. 30/ -. Push 
button tuners RGD 612/619 type used good cond. 30/ -, 
P/P 4/6. LOPTs, Scan coils, Frame output trans- 
formers. Mains droppers etc., available for most popu- 
lar makes. TV signal boosters transistorised PYE/ 
Labgear Bl/B3. or UHF battery operated 75/ -. UHF 
mains operated 97/8. UHF masthead 85/ -, post free. 
Enquiries invited, COD despatch available. MANOR 
SUPPLIES. 64 GOLDERS MANOR DRIVE, LONDON. 
N.W.11. CALLERS 58913. HIGH ROAD, N. FINCHLEY, 
N.12 (near GRANVILLE RD.). Tel. 01 -445 9118. [60 

BUSINESS OPPORTUNITIES 

PROTOTYPE DEVELOPMENT 
I seek a firm or individual of proven com- 
petence to design and produce prototype 
important invention (provisional pat.) in- 
volving op.- to- electronics, R.F., logic, control 
circuits and small high speed electro- magnetic 
mechanism (from specialists) Box No. 2635. 

TEST EQUIPMENT - SURPLUS 
AND SECONDHAND 

SIGNAL generators. oscilloscopes, output meters, wave 
voltmeters. frequency meters, multi -range meters. 

etc., etc., in stock. -R. T. & I. Electronics, Ltd., Ash- 
ville Old Hall. Ashville Rd., London, E.11. Ley. 4986. 

[64 
STEREO GENERATORS: 1 Ohmatsu LSG /230, L25; 

1 Heathkit. L 35; 14 volumes "Radio and TV 
Servicing" until 1962. Offers considered. -H. F. 
ENGINEERING. 3 Willowbank, Sunbury -on- Thames. 
Middlesex. Telephone 83232. [2756 
/ 1 ` Mullard Double Beam Oscilloscope, L.101. 
1 / Excellent general condition but may possibly need 

recalibrating. £80. (2) Marconi BFO, type TF195L. 
L30. (3) Avo model 7. L15. (4) Evershed Bridge 
Megger 500 volt, £20.- Burgess Lane & Co. Ltd.. 
Thornton Ave. Chiswick, London W.4. [2638 

RECEIVERS AND AMPLIFIERS - 
SURPLUS AND SECONDHAND 

RO Rx55, etc., ÁR88, CR100, BRT400, 0209, 5640, 
.1 etc., In stock. -R. T. & I. Electronics. Ltd., 
Ashville Old Hall. Ashville Rd., London, E.11. Ley. 
4986. (68 

NEW GRAM AND SOUND 
EQUIPMENT 

CONSULT 
first our 76 -page Illustrated equipment 

catalogue on Hi -Fi (6/6). Advisory service, generous 
terms to members. Membership 7/6 p.a. -Audio Supply 
Association, 18 Blenheim Road, London. W.4. 
01 -995 1661. [27 

GLASGOW.- 
Recorders bought, sold. exchanged; 

cameras, etc., exchanged for recorders or vice - 
versa.- Victor Morris. 343 Argyle St., Glasgow. C.2. 

[11 

TAPE RECORDING ETC. 
IF quality, durability mutter, consult Bntain's oldest 

transfer service. Quality records from your suitable 
tapes. (Excellent tax -free fund raisers for schools, 
churches.) Modern studio facilities with Steinway 
Grand. -Sound News. 18 Blenheim Road, London. W.4. 
01 -995 1661. [28 
TAPE to disc transfer, using latest feedback disc 

cutters; EPa from 22/ -; s.a.e. leaflet.- Deroy. 
High Bank. Hawk St., Carntorth, Lanes. [70 
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VALVES 

VALVE 
Cartons by return at keen prices; send 1/- 

for all samples and list.-J. & A. Boxmakers, 75a 
Godwin St., Bradford. 1. [10 

VALVES. To clear Large quantity ex Admiralty. 
CV2127, CV455, CV4055, CV4024. 3/- each, 6 for 

12/.. Post paid. GREENE. Fieldings, Poulner, Ring- 
wood. Hants. [2740 

FOR HIRE 
FOR hire CCTV equipment including cameras, 

monitors, video tape recorders and tape -any period. 
. -Details from Zoom Television. Amersham 5001. [75 

ARTICLES WANTED 
LEAK Dynamic Mu, iig Coll Pick -up for L P. Records. 

Parts acceptable. -S.B., 167 South Avenue, Southend - 
on -Sea. [2744 

WANTED, 
all types of communications receivers 

and test equipment.- Details to R. T. & I. 
Electronics, Ltd., Ashville Old Hall, Ashville Rd., Lon- 
don, E.11. Ley. 4986. [63 

WANTED: Bruel & Klaer automatic frequency 
response recorder type 3308 (2305/10221 20 Hz- 

20 KHz or earlier model). Details please to Mr. 
C. Heinlein, CTH ELECTRONICS, Hoddesdon, Herts. 
Phone Hoddesdon 64798. [2772 

WANTED, televisions, tape recorders, radiograms, 
new valves, transistors, etc. -Stan Willetts, 37 

High St., West Bromwich, Staffs. Tel. Wes. 0186. (72 
WANTED: Wireless World 1938 Communication 

Receiver. Condition immaterial. Box WW 2773 
Wireless World. 

VALVES WANTED 
WE buy new valves. transistors and clean new com- 

ponents, large or small quantities. all details. 
quotation by return. -Walton's Wireless Stores, 55 
Worcester St., Wolverhampton. [62 
SCRAP R.F. Heating and Transmitting Valves wanted. 

TY5 -500, TY6 -800, TY7 -600, ESA 1500, BR 1126. May 
be interested in other types. Good price paid for valves 
still under vacuum. Electronic Heat Co. 01 -654 7172. 

[2606 

CAPACITY AVAILABLE 
AIRTRONICS, Ltd., for toll winding, assembly and 

wiring of electronic equipment, transistorised sub- 
unit sheet metal work. -3a Walerand Rd., London, 
S.E.13. Tel. 01 -852 1706. [61 

ELECTRONIC and Electrical Manufacture and 
Assembly. Prototypes and short production runs. 

East Midlands Instrument Co. Ltd., Summergangs 
Lane. Gainsborough, Lincs. Tel. 3260. [88 

METALWORK. all types cabinets, chassis, racks, 
etc., to your own specification. capacity available 

for small milling and capstan work up to lin bar. - 
PHILPOTT'S METALWORKS, Ltd., Chapman St., 
Loughborough. [17 
SKILLED WIREMAN, own workshop, seeks out -work. 

No estimating. your price accepted 'refused. Box 
W.W. 2758 Wireless World. 

TECHNICAL TRAINING 
BECOME "Technically Qualified" in your spare time, 

guaranteed diploma and exam. home -study courses 
in radio. TV, servicing and maintenance. R.T.E.B.. 
City & Guilds, etc., highly informative 120 -page 
Guide- free.- Chambers College (Dept. 837K), College 
House, 29 -31 Wrights Lane, Kensington, London, W.8. [16 

CITY 
& GUILDS (Electrical, etc.), on "Satisfaction 

or Refund of Fee" terms. Thousands of passes. 
For details of modern courses to all branches of elec- 
trical engineering. electronics, radio, T.V., automation. 
etc.; send for 132 -page handbook- free. -B.I.E.T. 
(Dept. 152K), Aldermaston Court, Aldermaston, Berks. 

[13 
RADIO officers see the world. Sea -going and shore 

appointments. Trainee vacancies during 1970. 
Grants available. Day and boarding students. Stamp 
for prospectus. Wireless College, Colwyn Bay. [80 
TECHNICAL TRAINING IN Radio, TV and Electronics 

through world- famous ICS. For details of provers 
home -study courses write: ICS, Dept. 443, Intertext 
House, Stewarts Road, London, S.W.8. [24 

TV and radio A.M.I.E.R.E., City & Guilds. R.T.E.B.; 
certs., etc.. on satisfaction or refund of fee terms; 

thousands of passes; for full details of exams and home 
training courses (Including practical equipment) in all 
branches of radio, TV, electronics, etc., write for 132 - 
page handbook -free; please state subject. -British 
Institute of Engineering Technology (Dept. 150K), 
Aldermaston Court. Aldermaston, Berks. [15 

TUITION 
ENGINEERS. -A Technical Certificate or quallflca- 

lion will bring you security and much better pay. 
Elem. and adv. private postal courses for C.Eng, 
A.M.I.E.R.E., A.M.S.E. (Mech. & Elec.). City & 
Guilds, A.M.I.M.I., A.I.O.B., and G.C.E. Exams. 
Diploma courses In all branches of Engineering - 
Mech., Elec.. Auto, Electronics. Radio, Computers, 
Draughts, Building, etc. -For full details write for 
FREE 132 -page guide: British Institute of Engineer- 
ing Technology (Dept. 151K), Aldermaston Court, 
Aldermaston, Berks. [14 

KINGSTON- UPON -HULL Education Committee. 
College of Technology. Principal: E. Jones, M.Sc.. 

F.R.I.C. 
FULL -TIME courses for P.M.O. certificates and the 
Radar Maintenance certtflcate.- Information from 
College of Technology, Queen's Gardens, Kingston -upon- 
Hull, [18 

BOOKS, INSTRUCTIONS, ETC. 

MANUALS, 
circuits of all British ex -W.D. 1939 -45 

wireless equipment and instruments from original 
R.E.M.E. instructions; s.a.e. for list, over 70 types.- 
W. H. Bailey. 167a Moffat Road, Thornton Heath, 
Surrey, CR4 -8PZ. [66 

REQUIRED 1937 Jones Radio Handbook. Lither- 
land, G8CFB, 11 Birch Grove, Chippenham, Wilt- 

shire. [2742 

a109 
APPOINTMENTS 

REDIFFUSION 

COLOUR TELEVISION 
FAULTFINDERS & TESTERS 

We have a number of vacancies in our Producticn Test 
for experienced faultfinders and testers. 

Knowledge of transistor circuitry and experience with 
together with R.T.E.B. Final Certificate or 
required. 
These will be staff appointments with all the expected 

Applications to: 

Departments 

Colour Receivers 
equivalent qualifications 

Works Manager, 
Rediffusion Vision Service Ltd., 

Fullers Way South, 
Chessington, Surrey (near Ace of Spades). 

Phone: 01 -397 5411 

benefits. 

83 

AIR FORCE DEPARTMENT 
RADIO TECHNICIANS 

Starting pay according to age, up to £1,189 p.a. (at age 25) rising to £1,500 p.a. with prospects 
of promotion. 

Vacanies at RAF Sealand, Near Chester 
and RAF Henlow, Bedfordshire 

Interesting and vital work on RAF radar and radio equipment. 

Minimum qualification, 3 years' training and practical experience in electronics. 

5 -day week -good holidays -help with further studies -opportunities for pensionable 
employment. 

Write for further details to: 
Ministry of Defence, CE3h (Air), 
Sentinel House, 
Southampton Row, 
London, W.C.I. 
Applicants must be UK residents. 

FOR 

ANNECY (FRANCE) 
Winter sports town 50 Kms. from Geneve 

International firm for Electronic Measurements 
is seeking 

Electrical Technical Editor 
Knowledge of French for use in measurement apparatus. 

Monthly salary £135. Annual holidays, 4 weeks. 
Housing facilities. 

Reply: METRIX B.P. N° 30 - ANNECY 74 - France 
2733 
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POWER TRANSIS- 7501.1.HlnductorsS/ -doz. 
TORS Ex Eqpt. Sim. THERMOSTATS. r 
to 0C28. 4 for -I0 /- 

a r x 1 }. O.C. above 
p. & p. 1/ -. 100 for 610. 
Post free 120 °F. 260v. 5/-ea. 

REED SWITCHES 
(:lass encased. switches operated by external mag- 
net -gold welded contacte. 
Miniature. lin. long a approximately lin. 
diameter. Will make and break up to IA. up to 
300 volte. Price 2/6 each. 24/- dozen. 

MINIATURE GLASS NEONS 12/6 doz. I 

TRIM POTS on _ 4' bds. + Ta. caps. and 
other comiKmente. 1000. 5000. 15K. 20K. Please 
state requirements. 5 for 10 /- + 2/- P. & P. 

THIS MONTH'S SNIP 
9 0A5, 3 OA10, 3 Pot Cores, 26 Resist- 
ors, 14 Capacitors, 3 GET 872, 3 GET 
872B, 1 GET 875. All long leaded on 
panels 13' x 4'. 2 for 10 /- p. & p. 1 /6d. 
4 for 20/ -, Poet free. 

COMPUTER PANELS 2in. x 41n. 
10 for 10 /- + 1/6 p. & p. Min. 35 
transistors; 25 for LI p. & p. 3./8. min. 
85 transistors: 100 for 6S / -. P.& p. 6/8, 
min. 350 transistors; 1.000 for L30 

t' CRrr. 

GIANT PANELS 5i' x 4' min. 
20 transistors 9 x 56 tell. Inductors. 
resistors, capacitors etc. 3 for LI + 
2/- p. k P. 
As above, only 21 transistors, 70 
diodes, 62 min. 1 /10thW resistors, 
3 for 2S /-. P. & P. 2/- 

QUANTITIES AVAII,ABLE 
EXTRACTOR /BLOWER FANS 

(Papatl 
100 c.f.m. 41 x 41 x 244. 2800 r.lv.tl1. 
240v. A.C. Precision made in N'e,t 
Germany by Papst. These Fans are 
the 1,44 available. Genuine bargain 
,I 50 - each. List price. 

DESK TELEPHONES 

Not new but workable. Suit- 
able for all applications. 
Only 19/6 each. p. & p. 5 /-. 
Two for 39/6 post free. Four 
for 70/- post free. 

LARGE CAPACITY 
ELECTR O LYTICS. 41in., 
2h1. diano. Screw terminale. 
Top quality Lerman manu- 
facture. Will withstand short 
circuit discharge. 

4,1100µF 72V d.c. wkg. 7.'6 
6,300µF 72V d.c. wkg. 7.6 
16,000µF 12V d.c. wkg. 6, - 

0.22 MFD 250V POLYESTERS S/- dog. 
2.2 \1FI) 50V TANTALUM 10/- doz. 

NEW PLESSEY CAPS 
1' x 3' 2000111, 25V d.c. 6/- each. 
2' x 41' 1.500µF 150V d.c. wkg. 0/- each. 

i 
250 Resistors } and 1 watt. 12/6 
150 Ri- Stabltesistors, I,1 and 1 watt 12/6 

DIODES EX EQPT SILICON 
150 PIV 10Amp 4 for 10/- 
150 PIV 20Anp 4 tLr 20 - 

KEYTRON ICS, 
52 Earls Court Rd., London, W.8 
Tel. 01 -478 8499 
MAIL ORDER ONLY. Retail and 
Trade supplied. Export enquiries 
particularly welcome. 

S.A.E. FOR LIST 

Bantex 
for Aerials 

All over the 5 continents and the 7 seas Bantex aerials are helping to 

maintain reliable communications. Day in and day out. 

Bantex aerials are selected because of their established reputation 

for reliability. A reputation earned over many years. 

Bantex manufacture all types of marine aerials and for land use they 

have a range of mobile and base station aerials which operate through 
all bands and are used by the armed forces. police. taxi networks 

and industry. 

Although Bantex is best known for glass -fibre aerials with a unique 

process for high strength. designs for metallir aerials have also been 

developed. 

The photograph shows two boats of the Ford team in the 1 969 Round 

Britain Power Boat Race. Both used Bantex aerials. 

Bantex Ltd . 186 WALMER ROAD, LONDON W.11 

Telephone 727 3432/3 Telex 82310 

WW -099 FOR FURTHER DETAILS 

Wireless World, January 1970 

LINEAR INTEGRATED CIRCUITS FOR 
ALL YOUR REQUIREMENTS 

Plessey SL403A 3 Watt Audio Amplifier . 49/6 

G.E. type PA230 Low Level Amplifier 21/- 

G.E. type PA234 1 Watt Audio Amplifier 23/- 

G.E. type PA237 2 Watt Audio Amplifier 34/- 

G.E. type PA246 5 Watt Audio Amplifier 57/- 

RCA type CA3000 D C. Amplifier 54/9 

RCA type CA3011 Wide Band Amplifier 20/- 

RCA type CA3020 Watt Wide Band Amplifier 321 - 

RCA type CA3028A Differential,Cascode Amp 1120 MHZI20/- 
RCA type CA3029 Operational Amplifier 55/2 

RCA type CA3035 Ultra High Gain Amplifier 30/- 
Mullard Type TAA263 A F Amplifier 15/9 

Mollard Type TAA293 General Purpose Amplifier . 21/8 
Mollard Type TAA310 Record /Playback Pre-Amplifier 32/- 

Mulling Type TAA320 MOS L F Amplifier .... 13/5 

G.E type 2N53O6 Darlington Pair 11/6 

G E type DI3TI Programmable Unijunction Transistor 10/8 

ADD 1- each to the above i.c. s. for data sheets if 

required Data sheets may be purchased separately at 

1 /6d each post free Issued free with SL403A only. 

TRANSISTORS 
ACy17 8/8 BC212L 3/9 OC26 9/- 2N1308 9/6 

ACy18 4/5 BC213L 3/9 0C28 9/- 2N1309 9/6 

ACY19 5/3 BC214L 4/- 0C35 9/- 2N2906 13/- 

ACY20 4/6 BCY70 5/4 OC36 9/- 2N2924 4/4 

ACY21 4/11 BCY71 10/4 OC71 3;- 2N2925 5/3 

ACY22 2/10 BCY72 4/6 0072 3,9 2N2926 3/- 

ACY39 18/- B0121 18/- 0075 3/9 2N3053 6/8 

ACy4O 3/5 BF184 7/6 0081 3/- 2N3055 19/6 

ACY41 4/4 BF194 7/- 0C170 3/9 2N3702 3/6 

ACY44 8/- BFY50 5/- OC171 3/9 2N3703 3/3 

ASY26 6/2 BFY51 4/6 2N696 4/9 2N3704 3/9 

ASY27 8/- BFY52 5/- 2N697 5/- 2N3705 3/4 

ASY28 6/2 BSY95A 3/11 2N706 3/3 2N3707 4. 

ASy29 8/- MJ481 27/3 2N1132 10/9 2N3708 2 B 

8C107 3/3 MJ491 32/11 2N1302 3/11 2N3819 9 

BC108 3/- T1P31A 17/- 2N1303 3/11 2N3820 18.9 

BC109 3/3 TIP32A 23/- 2N1304 5/- 2N3826 5/11 

BC182L 3/2 T1544 1/9 2N1305 5/- 2144058 4/6 

BC183L 2/5 TIS49 2/6 2N1306 6/5 2N4059 3/5 

BC184L 3/2 TIS50 3/9 2N1307 6/5 40408 14/11 

2N2160 Uniluncnon 14/11 

DIODES 
AA119 3/- 0A91 1/3 1N82A 9/6 15134 5;3 

AAY11 2/6 0A202 2/- 1N87A 4/6 15940 1 

AAZ15 3/3 1N34A 4/- 1N914 2/- 

BAY3B 3/9 1N60 4/- 1544 1/8 

0447 2/- 1N64 4/- 15131 3/. 

VEROBOARD 
0.1 0.15 

21 " 5 4/9 4/2 
21 " a 31" 4/2 3/5 

31 " a 5 " 5/6 5/6 

31" x 3}" 4/9 3/11 

17" a 21" 10/6 

17" x 34 14/8 
Plain Veroboard IUncoppered) 

10.15- Matrix only) 
a 5' 

21 "a31° 
17° a23 -" 
17" a3}" 
17" 5" 
Cutter 
Pin insertion Too110.1 f 

Pin Insertion Tool 10.151 
Pkt. of 36 pins 10.1) 

Pkt. of 36 pins (0.15) 

3/8 
3/- 
7/6 
9/8 

14/8 
7/3 
9/B 
9/6 
3.11 
3 11 

INTERNATIONAL 
RECTIFIER HANDBOOKS 

HB10 Rectifier Engineering Handbook 16/9 
HB20 Zener Diode Handbook 16/9 

H830 Solar Cell 6 Photocell Handbook 16/9 

1-1B40 SCR Handbook 20/5 

PHOTOCELLS 
IR CS 120 19/8 

Mullard Type ORP12 . 9/- 

ZENER DIODES 
152030 Series 1400mW. 3.3v to 15v1 4/8 
Z1100 C I1 Watt. 3.9v to 27v1 7/11 

COMPONENTS CATALOGUE -V- Post Free (Inland) 

P & P 1;6 inland, overseas at cost (min. 10 / -) 

Cash with order please. discounts may be deducted as follows order over 

E5 -10 %: order over E 10 -15 %. Trade orders -net 30 days. 

Please send SAE with enquiries. CALLERS WELCOME 

Open 9.00 a. m. -12.50 p.m., 2.00 p.m. to 5.00 p.m. Weekdays 
and Saturday Mornings 9.00 a m -12 50 p m. 

STONE LANE KINVER 
STOURBRIDGE WORCS 
Telephone KINVER 2099 
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NEW I HSL.700 Mono Transistor Amplifier 

A 

A really high 
fidelity monaural ::-/° I. I amplifier wRh L. 
performance I li 

[tN 
chaneteri ( 
to stilt the most {. ?/. 
IlKtener. a trap- ;v 
stator circuit .,., 
with Integrated 

o.se 
mPllfler 

special printed Nile 
cab panel. AD- (/ lb///- 

161-AD162 oper- 
ating in .vmetric- 
al complementary pair. Output transformer eotUdel to 3 ohm 
and 15 ohm speaker sockets. Standard phono Input sockets. 
Full wave bridge rectifier power supply for A.C. mains 20) -240 v. 
Controls: Bass, Treble, Volume /on/off. Function selector for 
PUl, P112, Tape, Radio. The HSL.700 Is strongly constructed 
on rigid steel chassis, bronze hamper enamel finish. size 91 in. , 
6 In. x el In. high. Performance figures: 

Sensitivity- PUI.50 m /v., 56K Input impedance. 
PÚ2.110 in/v, 1 meg. Input tnpedance. 
Tape -110 m /v, 1 meg. Input impedance. 
Radio -110 m /v, 1 meg. Input Impedance. 

Output power measured at 1 Kc-6.2 watts RMB Into 3 ohms, 
6.8 watts RMS Into 15 ohm. Overall frequency response 30 
c/s -18 Kole: Chntlnuously variable Lone controls: Bus. + 8db 
to 12 db at 100 c/s. Treble, + 10 db to - 10 db at 10 Kc /s. 
The HSL.700 hie been designed for true high fidelity reproduction 
from Radio Tuner, Gramophone deck $ nd Tape Recorder pre 
amp but is also capable of being teed in con)unctinn with 
guitar by connecting to PU1 socket and the peak output power 
will then be in the region of 15 watts. 
Supplied ready built and Leafed, complete with knobs, attractive 
anodised aluminium front escutcheon panel. long epindlea (can be 
cut to suit your housing requirements). full circuit diagram and 
operating Instroctione. OUR SPECIAL PRICE £7/19/6. 
P. Sr P. 7/6. 

BRAND NEW 
PARMEKO MAINS TRANSFORMERS 

Primary 110v -250v Secondary 330- 0 -330v. IOOmA and 6.3v. 
at 2 amps, 6.3v. at 2 amps and 6.3v. at 1 amp. Conservatively 
rated. Fully impregnated. Electrostatic screen. Suitable for 
vertical or drop through mounting. Overall size 41in. - 31 in. 
31in. Weight Sibs. Limited number only at 3716 P. & P. 8' -. 

Transistor Stereo 8 +8 Mk. II 
Now using Silicon Translators in Snit five stages on each channel 
resulting In even lower noise level with improved seneithdty. A 
really firat -class Hi -Fi Stereo Amplifier Kit. Uses 14 tranaieton 
giving 8 watts push pull output per channel (I6W, than. o, 
Integrated pre-amp, with Bass, Treble and Volume controls. 
Suitable for use with Ceramic or Crystal cartridges. Output stage 
for any speakers from a to 15 ohms. Compact deals.. all parts 
supplied including drilled metal work. etr -Kit board. attrartiv.' 
front panel knobs, wire, Killer, nuts. bolts -no extra. to Ioty. 
Simple step by step instructions enable any conetnetor . 11011,1 

an amplifier to be proud of. Brief Specification: Freq. respeaoe 
33dB, 20.20,000 c /s. Bass lx,net approx. to + l2d R. Treble rut 
approx. to -i11dB. Negative feedback 10áB. over main amp. 
Power requirements 25V. at .6 anrpe. 
PRICES: Amplifier Kit £10/10/0; Power Pack Kit £3/010: 
Cabinet 13/0/0. ALL POST FREE. 
Circuit diagram, constr.-Gal &tails and parts list (free with 
kit) 1/6 (B.A.E.). 

SPECIAL OFFER: 
HT Fl CELESTION SPEAKER UNIT. Sine Sin. x Co. Powerful 
11.000 line magnet with specially treated cone surround. 10-12 
ohm impedance. Few only at 20,- P. A P. 3 6. 

QUALITY RECORD PLAYER AMPLIFIER RK. II 
A tap- quality record player amplifier employing heavy duty 
double wound mains transformer. ECY'83, ELM, EMI) valves. 
Separate base. treble and volume controls Complete with output 
transformer matched for 3 ohm speaker. Sae 7in. w. x 3in. d. x . 

Sin. h. Ready built and tested. PRICE 751 -. P. A P. 6/ . 
ALSO AVAILABLE mounlei on boani with output transi irn.er 
and speaker ready to fit into cabinet below. PRICE 97/6. 
P. a P. 7/6. 
DE LUXE QUALITY PORTABLE R- PLAYER CABINET MK. 2 
Uncut motor board size 141 x 1210.. clearance 20. below, 
55ín. above. Will take amplifier above and any Iiet. H. or 
GARRARD Autochanger or single Player Unit (except AT60 
or SI'15). Size 18 o ID o 81n. PRICE 79!6. (ace. 9/O. 

S-VALVE AUDIO AMPLIFIER MODEL HA34 RK. II 
Designed for 11141 reproduction of 
records. A.C. mains operation. 
Ready built on plated heavy gauge 

1.-'..: 

metal clouds, Use 7fln. w. x din. 
d. x 41in. h. Incorporates E(X183. 

t/v EL84. EZ80 valves. Heavy duty, \ double wound mains transformer 
ti and output transformer matched for 

IE 
M 3 ohm speaker. Separate volume 

control and now with Improved wide 
range tone controls giving bass and treble lift and cut. Negative 
feed -back line. Output 41 watts. Fn mt.1amcl can be detached and 
lead. extended for remote mounting of controls. The 1EÁ34 hat 
been specially designed for us and our quantity order enables us 
to offer them complete with knobs. valves. etc.. wired and tested 
fuir only F4/15 /-. P. A P. 6 /, 

10/14 WATT HI -FI AMPLIFIER KIT 
A etylahly finished moo- 
aural amplifier with an 

III output of 14 watts from 
2 EL84s in push -pun 
Super reproduction of I 

_ both musk and @Leech 'ñÓ - 
with negligible hum. 
Separate Inputs for mike ', " L yIr 
and gram Wow records F 
and announcements to - , / -_ - follow each other. Fully 
shrouded section wound = - -- - - - output trustonoce to - 

match 3.150 speaker ' 

and 2 Independent vol. 
ume control.. and separate bus and treble controls are provided 
giving good lift and cut. Valve line-up: 2 ELe4s, ECv'83, E:F86, 
and EZ80 rectifier. Simple instruction booklet 1/6 (Free with 
parts). All parts sold separably. ONLY 17/9/6. P. A P. 8 /0. 
Also avaiable ready built and tested complete with standard 
input sockets. 19/5/ -. P. A P. 6/o. 

HARVERSON SURPLUS CO. LTD. 
170 HIGH STREET, MERTON, LONDON, S.W.19 

Telephone, O1.54O 3985 
S.A.E. all enquiries. 

Open all day Saturday (Wednesday 1 p.m.) 
PLEASE NOTE: P. & P. CHARGES QUOTED APPLY TO U.K. 
ONLY. P. A P. ON OVERSEAS ORDERS CHARGED EXTRA. 

ONDON CENTRA 
RADIO ST I RES 

ELECTRICITY SLOT METER (1 /- in .l0Ú for A.C. mains. Firer. 
tariff to your requirements. Suitable for hotels, etc. 200/250 v. 
10 A. 80/ -, 15 A. 90/ -. 20 A. 100/, P.P. 7 /6. Other amperage. 
available. Reconditioned u new, 2 years' gnaratstee 
WIRELESS SET No. 38 A.P.Y. Freq. range 7.3 to 9.0 Mc /a. Work- 
ing range l to 2 miles. Hite 101 x 4 x Clin. Weight 011b. 
Includes power supply Hilo. -end span valves and vibrator also 
tank aerial with late. 18 per pair or14 single. P.P. 25/, 
MODERN DESK PHONES, red. green. blue or topaz, 2 tone 
grey or black. with internal bell and handset with 0 -1 die. 
£4/101, l'. r. 7/0. 
10-WAY PRESS- BUTTON INTER -COR TELEPHONES in Bake- 
lite case with junction bra: handset. Thoroughly overhauled. 
Guaranteed. £8 /101 -Per unit. 
20-WAY PRESS- BUTTON INTER -COM TELEPHONES In Bake- 
lite use with Junction box. Thoroughly overhauled. Guaran- 
teed. 27/15/- per unit. 
TELEPHONE COILED HAND SET LEADS, 3 core. 5/8. P.P. 1/ -. 

QUARTERLY ELECTRIC CHECK METERS. Reconditioned 
as 

t 

200/210 V. Ill A. 42/6: IS A. 52/6: 20 A. 57/6. Other 
arnperagca available. 2 years' guarantee. P.P. 5/ , 
8-BANK UNISELECTOR SWITCHES. 25 contacts, alternate 
wiping £2/151 -: 8 bank half wipe 12/15/ -: 6 bank half wipe. 
25 contacts 47/8. P.P. 3N. 
FINAL END SELECTORS. Relays, various callers, also 19 
Receivers hi stock. All for callers only. 

23 LISLE ST. (GER 2969) LONDON W.C.2 

Closed Thursday 1 p.m. Open all day Saturday 

FANTASTIC 
SPEAKER BARGAIN 
Famous English. 12 high flue, heavy cone 
watts speakor with built -in tweeter. 3 

l/ 15 ohms 12 -month guarantee 39/6 
2 for 70 / -IP 81 6,91 , 8, 49,: 

NEW RELEASE 
HI -FI COLUMN 

7 SPEAKER CABINET 
Beavhludy made Suitable for 7.12' speakers 

Rosewood finish Screwed wad glued Annctnu 
grey cloth front measures 24" s 13" O 10" with neon 
hole above Mark II de hoe model !Core. 10/-/ With 
12 toeeke, as a.t.ert,sed shove 

95/- 

LATEST RELEASE ! 

Nickel Cadmium li 1 25u 1.6 A H 

Sue21- non ,li die 

29/6 
uwwd MO .- .. ' 

`' i,,, 
1 

iLh 

125v 045ÁH 86/- 
9v equn Ell 39/6 

!RECHARGEABLE CELLS 

f I-` I PAP19 on each 

swaa' CHARGERS AVAILABLE used SAE for de, ids 

4- TRANSISTOR 

, 

.1. 

toe i 
« c4 0 

AUDIO 
AMPLIFIER 
11 watt) 

34 2, , 

Output 8 or 16 ohms 
rAPI9 oneerh ® TAPE SPECER/ 

EDITOR IVA 
PAP 19 on each 

ELECTRAMA Dart W 62 ry High SL SadsMa. Swain 

VACUUM 
OVENS. PUMPS, PLANT, GAUGES. FURNACES, 
ETC . GENERAL SCIENTIFIC EQUIPMENT 
EX- STOCK, RECORDERS. PYROMETERS. OVENS, 

R. F. HEATERS. FREE CATALOGUE. 

V. Na BARRETT 8g CO. LTD. 
I MAYO ROAD, CROYDON, 

CRO 2QP. 0I-684 99174 -9 

WANTED - 
Redundant or Surplus stocks of Transformer 
materials (Laminations, C. cores, Copper wire, etc.), 
Electronic Components (Transistors, Diodes, etc.), 
P.V.C. Wires and Cables, Bakelite sheet, etc., etc. 

Good prices paid 

J. BLACK 
44 Green Lane, Hendon, N.W.4 

Tel. 01 -203 1855 and 3033 

EXCLUSIVE OFFER 

AMPEX 
MODEL FR -100 A 

DATA TAPE 

RECORDER - REPRODUCERS 

COMPLETELY FITTED IN 6 It. TOTALLY ENCLOSED 
CABINETS with recording and reproducing Amplifiers. 
electronic frequency control and al! Power Supplies. 

*SIX SPEEDS li', 31". 7!-, 
15', 30' and 60' per second. 

*INTERCHANGEABLE 
HEADS. 

* I" TAPE. 5 TRACKS. 

*UP TO 14' REEL 
CAPACITY. 

*DC- FM- PCM -NRZ 
SYSTEMS. 

*DC to 30.000 cycle. 

*UP TO 10000 Pulse Rate. 

*DRIFT FREE WITHIN 1 

*SERVO CONTROL to 0.75 
ri s. 

*TRACK TIMING 50. s. 

*ACCURACY 10° per week. 

*ELECTRONICS IN 
MODULES FRONT ACCESS 
TO ALL PARTS. 

*POWER INPUT 105 125e 48 to 500 e. 

*Made in U.S.A. these tine units cost the American 
Government £9,000 each before devaluation. 

Full details on pplioation. 

FREE 
40 -pate list of over 1,000 different Items in stock 

availble -keep one by Tot. 

*Collins R -390 Communications Receivers 
05 30.0 m cs £365 

*Hoffman CV -157 ISB SSB Conveners £230 
*Mackay 128 AY L.F. Receivers 15;600 Res FAO 
*E.M.I. Tape Reccrden BTR -1 £175 
*Weston 2i -D.B. Meters 10 , 6 £20 
*E.E.B Telephones .. £3 1 

*Wharfdale SPB -3 Loudspeakers walnut £14 
*R.C.A. 6 ft. Enclosed 19- Cabinets open front 

with door £14 
*Du Kane 0 R. 0 in. Enclosed 19' Cabinet* 

open front with door £15 
*Motorola 5 R. ditto recessed 19' mounts and 

2 doom £12 
*Candlestick microphones with push to talk 

switch £2 
*R.C.A. 5820 Image Orthicons £55 
*Lattice lightweig2t steel tnansuler Aerial 

masts 12 to 16 inch sides up to 200 R. high According 
to height 

WANTED VIDEO TAPE 
Good price paid 

*V)tavox 20 watt It' loudspeakers 
*I.C. Testers with plus boards 
*Williamson Amplifiers 
*E.M.I. WM -3 Meuunne Oscilloscopes 
*Marconi TF -1055 Noise Measuring Sea 
*54 inch. die. Meteorological Balloons 
*Micrometer Wavemeten General Electric 

900 1530 and 1530 4000 mos each 
*455 k es Mechanual Band Pau Filien . . 

*5- New Magnetic Recording Tape made by 
E.m.l. USA , 3600 R on N.A.B. Spool.... *l' Used ditto -Scotch" Brand 4800 ft 

*Sieben Measuring Microscopes .001 m m 
*Collaro Transcription Turntables . * Collius 500 w. Radio Telephone Trans- 

millers Autorune 2 to 18 mie. 230 
input new 

*8 Track Data High Speed Tape Readers 
* Mason Illuminated Drawing Tables 50' 36' 
*Stelma Telegraph Distortion Monitors 
*Teletype Model 14 Tape Punches 
*TS- 497'URR Sigr al Generators 2/400 m /cs 

*Sarah Trans /Receivers and Aerials 
*Frei: Airport "Weather Man" Masts 
*75 toot high Lattice Triangular Wind up 

Muts 
*Uoiselectors 10 hank 25 way lull wipe e:. 

new 
*Precision Mains Filter Units new 
*Marconi HR.22 SSB Receivers 2132 m; ca 

*Aro Geiger Counters new 
Carriage extra at cost on all above 
All goods are ex- Government stores. 

£2 10 
£95 0 

£32 10 
£150 0 

£1 10 

£22 0 
£.3 10 

£5 10 

£5 5 
£2 10 

P. U. R. 
£40 
£17 1 
£25 
£29 1 
£85 

£3 
£25 

£285 

£1 
£1 

£75 
£7 

1 

1 

We hare large quantity of "bits and pieces" 
we cannot list- please send us your requirements 
we can probably help -all enquiries answered. 

P. HARRIS 
ORGANFORD - DORSET 

BH166ER 
WESTBOL'1LNE 05051 
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TECHNICAL TRAINING by 
IN RADIO, TELEVISION AND 

ELECTRONIC ENGINEERING 'Cs 
First -class opportunities in Radio and Electronics await the I C S trained man. Let 
I C S train YOU for a well -paid post in this expanding field. 
I C S courses offer the keen, ambitious man the opportunity to acquire, quickly and 
easily. the specialized training, so essential to success. Diploma courses in Radio/ 
TV Engineering and Servicing, Electronics, Computers, etc. Expert coaching for: 
* C. & G. TELECOMMUNICATION TECHNICIANS' CERTS. 
* C. & G. ELECTRONIC SERVICING. 
* R.T.E.B. RADIO AND TV SERVICING CERTIFICATE. 
* RADIO AMATEURS' EXAMINATION. 
* P.M.G. CERTIFICATES IN RADIOTELEGRAPHY. 

Examination Students Coached until Successful. 
NEW SELF -BUILD RADIO AND ELECTRONIC COURSES 
Build your own 5 -valve receiver, transistor portable, signal generator, multi -meter 
and valve volt meter- all under expert guidance. 

POST THIS COUPON TODAY and find out how I C S can help YOU in your career. 
Full details of I C S courses in Radio, Television and Electronics will be sent to you 
by return mail. 
MEMBER OF THE ASSOCIATION OF BRITISH CORRESPONDENCE COLLEGES 

r 

INTERNATIONAL 

CORRESPONDENCE 

SCHOOLS 

A WHOLE WORLD 
OF KNOWLEDGE 

AWAITS YOU! L 

NAME 

International Correspondence Schools 
(Dept. 2301. Intertext House, Stewarts Road, 

London. S.W.8. 

Block Capitals Please 

ADDRESS 

, 

_J 

LAWSON BRAND NEW 
TELEVISION TUBES 

12' Types 14.10.0 
14' Types 14.19.0 
17' Types £5.19.0 
i9' Types 16.19.0 
21' Types 17.15.0 
23' Types 19.10.0 
19' Panorama 18.10.0 
23' Panorama LI 1.10.0 
19' Twin Panel 19.17.6 
23' Twin Panel 112.10.0 

Carriage and insurance 

12' -19' -1216 
21' -23' -150 

The continually increasing demand for tubes of the very 
highest performance and reliability is now being met by 
the new Lawson !`Century 99" range of C.R.T.s. 
"Century 99" are absolutely brand new tubes 
throughout manufactured by Britain's largest C.R.T. 
manufacturers. They are guaranteed to give absolutely 
superb performance with needle sharp definition screens 

of the very latest type giving maximum Contrast and 
Light output; together with high reliability and very 
long life. 
"Century 99" are a complete range of tubes in all 
sizes for all British sets manufactured 1947 -1968. 

Complete fitting i ions are supplied with 
every tube. 

2 YEARS FULL REPLACEMENT GUARANTEE 

WW-100 FOR FURTHER DETAILS 

LAWSON 
TUBES 

18 CHURCHDOWN ROAD 
MALVERN, WORCS. 

Tel. MAL 2100 

BAILEY 30 WATT AMPLIFIER 
10 Tr's as spec'd and Fibreglass Pcb 16.7.6 
20 Tr's as spec'd and 2 Fibreglass Pcb's 112.10.0 
BC125/126/40361 11/6 40362 15/6 
MJ481 25/6 MPFI03 8/6 M1491 28/- 
RI-R27 (5^,,, low noise) & P. 10/6 CI -C6 (Mullard) 7/6 
Mullard C431 2500mFd /64vw with clip 15 /- 
Ali H/Sink (Drilled 2 x TO3) 4 x 43 in 10 //- 

LINSLEY HOOD CLASS A AMP 
Set IO C.F. R's S/- Set 5 Capacitors 22/6 
M1480 (Matched for <0.1% T.H.D.) per pair 42/6 
M1481 (Matched for <0.1% T.H.D.) per pair S2/6 
2N3906/2N4058/2N697/2NI613 6/6 BC 109 3;6 
Pair of H /Sinks as spec'd for Mono S X 4 in. 21/- 
Lektrokit Pinboard 4 x 43 in., pins & Layout 5/6 
M1480 16/6 Hunts KAI I2BT 2500mFd /SOvw 12/6 
1250mFd/40vw 9/- 250mFd /50vw 3/- SOOmFd /50vw 5/9 

A.1 FACTORS.72 BLAKE ROAD.STAPLEFORD.NOTTS. 

WE BUY 
any type of radio, television, and electronic 
equipment, components, meters, plugs 
and sockets, valves and transistors, cables, 
electrical appliances, copper wire, screws, 
nuts, etc. The larger the quantity the 
better. We pay Prompt Cash. 

Broadfields & Mayco Disposals, 
21 Lodge Lane, London, N.12 

RING 445 2713 

445 0749 

958 7624 

Wireless World, January 1970 

SURPLUS HANDBOOKS 
19 set Circuit and Notes .. .. .. 618 DID 6d. 
1155 set Circuit and Notes .. .. .. 816 DID 6d 
H.R.O. Technical Instructions .. .. b/8 We ed. 
38 set Technical Instructions .. .. .. 6/0 Dlp 6d. 
46 set Working Instructions .. .. .. bio DID 6d 
88 net Technical Instructions .. .. . 71- PIP 8d. 
ßC.221 Circuit and Nota . . 5 1 DIp 6d. 
Wavemeter Class D Tech. Inst. .. .. .. bl PIP 6d 
1e set Circuit and N o t a . . . 51 Pip 6d. 
BC. 1000 (31 set) Circuit and Note: .. .. bl pip 6d. 
CR. 100 /B.28 Circuit and Nota .. .. .. 101- DID 6d. 
R.107 Circuit and Nota .. .. .. 7 - DID 6d. 
AR.88D Instruction Manual .. .. .. 181 DID 6d 
62 set Circuit and Note Yip M. 
Bu tall Dlagtam SI- each poet tree. R.1116/Á. á.12241A, 5.1366. 
R.F. 24. 25 and 26. A.1184, T.1154. CR.300, BC.312, BC.342, 
BC.348J BC.348 (E.M.P.), B0.524, 22 set. 
52 set Sender and Receiver circuits 718 post free. 
Colour Code Indicator 2/6. pip 6d. 

B.A.E. with all smokier please. 
Postage rates apply to D.E. only. 

Lea order wag u: 
INSTRUCTIONAL HANDBOOK SUPPLIBS 
Dept. W.W. Talbot House, 28 Talbot Gardens, LEEDS S 

WE PURCHASE 
COMPUTERS, TAPE READERS AND ANY 
SCIENTIFIC TEST EQUIPMENT. PLUGS 
AND SOCKETS, MOTORS, TRANSISTORS, 
RESISTORS, CAPACITORS, POTENTIO- 
METERS, RELAYS TRANSFORMERS, ETC. 

ELECTRONIC BROKERS LTD. 
49 Pancras Road. London. N.W.1. 01 -837 7781 

GEARED MOTORS 
Microswitches, Timers, Meters, 
Potentiometers, Capacitors, all new 

6d. stamp for catalogue. 

F. HOLFORD & CO. 
6 IMPERIAL SQUARE, CHELTENHAM 

FOR YOUR ... 
SYNCHRO & SERVO 

REQUIREMENTS! 
SERVO & ELECTRONIC SALES LTD. 

43 HIGH ST.,ORPINGTON,KENT. Tel:31066, 33976 
Also at CROYDON. Tel: 01 -688 1512 

and LYDD, KENT. Tel : LYDD 252 

AMERICAN 
TEST AND COMMUNICATIONS EQUIPMENT 

* GENERAL CATALOGUE AN /104 lf6 * 
Manuals offered for most U.S. equipments 

SUTTON ELECTRONICS 
Salthouse. Nr. Holt, Norfolk. Clay 289 

DRY 
JOINT 

LOCATOR 
Techmation Limited 
58 Edgware Way Edgware 
Middx Tel 01- 958 5636 

R 6c R RADIO 
51 Burnley Road, Rawtenstall 

Rossendale, Lancs 
Tel.: Rossendale 3152 

VALVES BOXED, TESTED 6 GUARANTEED 
EBF80 3/- EBC4I 4/6 PY81 3/6 
EBF89 3/6 PCC84 3/- PY800 3/6 
ECC82 3/- PCF80 3/- PY82 
ECL80 3/- PCF82 3/6 U191 4/6 
EF80 I/6 PCL82 4/- 6F23 
EF85 3/- PCL83 4/- 30F5 26 
EF183 3/6 PCL84 S/- 30L15 
EF184 3/6 PL36 5/- 30P12 4/6 
EY86 4/- PL8I 4/- 30C15 
EL4I PL83 4/- 30PL13 Sj6 
EZ40 4/6 PY33 S/- 30PL14 5/6 

POST, ONE VALVE 9d. TWO TO SIX 6d. 
OVER SIX POST PAID. 
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AINB 
eMynectnr 

A REVOLUTIONARY NEW PRODUCT 

cuts out plugs 

It's "the Newest, Safest and 
Quickest way to connect 
Electrical Equipment 
to the mains 
No plugs- no sockets - no risk 

of bare wires. To connect anything 

electrical. from an oscilloscope to 

an electric drill, simply open the fuse housing. depress the 

keys. insert the wires and close the housing A neon light 

on the front of the Keynector glows to indicate proper 
connection. Multi-parallel connections can be made up 

to 13 amps Keys are colour coded and lettered LEN for 

quick identification The Keynector casing is in two -tone 

plastic and measures bin. a 3in s Ilin Please send for 

further minrmatmn 

issued by 

E.B. INSTRUMENTS 
DIVISION OF ELECTRONIC BROKERS LTL 

49-53 Pancras Ro,d. London. N W 1 Telephoto. 
-. 

01.1137 !! /01 

BAKER MAJOR £8 
30-14,500 c.p.s., Hi -Fi dosable cone 
woofer and tweeter cone together 
with a BAKER ceramic magnet 
assembly having a flux density of 
14,000 gauss and a total flux of 
145,000 Maxwells. Bass resonance 
45 c.p.s. Rated 20 watts. Voice coils 
available 3 or 8 or 15 ohms. Price £8, 
or Module kit, 30- 17,000 c.p.s. with 
tweeter, crossover, baffle and 
instructions. E10.19.6 

LOUDSPEAKER CABINET WADDING 
18 in. wide, 2 6 ft. 

ELECTRIC MOTORS 
(I 20v. or 240v. A.C.) 

Clockwise 1,200 R.P.M. off load 
Heavy duty 4 pole 50mA. 
Spindle } ;.- 3'20 in. diameter. 
Size 21 21 x I} in. 

PRICE 1'7/6 BARGAIN Post 

TRANSISTOR AMPLIFIER 
WITH LOUDSPEAKER 
A self- contained portable 
mini p.a. system. Many 
uses -Partis, Baby Alarm. 
Intercom, Telephone or 
Record Player Amplifier. 
Attractive rexine c ered 
cabinet size 12x9x4 in., 
with powerful 7 x 4 in. 
speaker and four transistor 
one watt power amplifier. 
Uses PP9 battery. Brand 
new in Maker' carton with 
full maker's guarantee. 

THE INSTANT BULK TAPE 
ERASER AND RECORDING HEAD 

DEMAGNETISER 

1411811-- 

GaaNaoA4 

Ì 

Aoll !or 75/- nfo 7 rune 4l6 

200'250 A.C. 42/6 Putt 

Leaflet S.A.E. J 2;6 

EXTENSION SPEAKER 
Smart plastic cabinet speaker with 20ft. I, 

lead for transistor radio, intercom, mains 
radio, tape recorder, etc. 3U,_ Post = I 
Size: 71in. x 51in. o Sin. . 2'6 Y 
RETURN OF POST DESPATCH - CALLERS WELCOME 

HI -FI STOCKISTS- SALES - SERVICE - SPARES 

RADIO COMPONENT SPECIALISTS 
337 WHITEHORSE ROAD. CROYDON. Tel: 01 -684 1665 

a11 

Thanks to a bulk purchase 
we can offer 

BRAND NEW 

P.V.C. POLYESTER & MYLAR 

RECORDING TAPES 
Manufactured by the world- famous reputable 
British tape firm, our tapes are boxed in polythene 
and have fitted leaders, etc. Their quality is as 

good as any other on the market, in no way are 

the tapes faulty and are not to be confused with 
imported, used or sub -standard tapes. 24 -hour 
despatch service. 

Should goods not meet with full approval, purchase 

price and postage will be refunded. 

S. P. 

LP. 

D.P. 

J a i n. 16INc. 2/- Sin. 600ft. 6/- 
151in. 900f t. 8/. 7r n. 1,200ft. 9/- 

{3in. 225fc. 2/6 Sin. 500ft. 8/6 

5}in. 1,200ft. 10/- 7in. I,800ft. 13/- 

[3n. 350ft. 
51m. I,800ft. 

4/6 Sin. 1,200ft. 12/- 
16/- 7in. 2,400ft. 20 

Postage on all orders 1/6 

COMPACT TAPE CASETTES AT 
HALF PRICE 

60, 90, and 120 minutes playing time, in original 
plastic library boxes. 
MC609,'- each. MC 90 12/6 each. MC 12018 /3 each. 

STARMAN TAPES 
28 LINKSCROFT AVENUE 

ASHFORD, MIDDX. 
Ashford 53020 

1111'-101 FOR FURTHER DETAILS 

Would IC's eat into YOUR pocket ? 
If you think that IC's are still too expensive for your 

930 Series DTL:- 

ST 930 
ST 962 
ST 946 
ST 936 
ST 951 
ST 945 

equipment design - read on 

Dual 4 -input gate 
Triple 3 -input gate 
Quad 2 -input gate 
Hex inverter 
Gated monostable 
Clocked R -S /J -K flip -flop 

9/6 
9/6 
8/6 
9/6 

13/- 
12/- 

These IC's are completely compatible with 
other manufacturers DTL and TTL, and 
meet the full electronic spec for 930 series 

devices. 

e.g. 

gates:- 25 ns propagation delay typ 

flip flops:- 4.5MHz toggle rate typ 

Power Dissipation:- 40mW per package typ 

Temperature Range:- 0 to +75 °C 

Fan Out:- 8 min 

*Dual in line Packages. 

*Linear Devices also available. 
*Data Sheets for S.A.E. 
*Quotations for Quantities available 
on request. 

74747 
Simpson Taylor and Company Limited 
Bryans, Newtongrange, Dalkeith, Scotland 

include 1/6 postage & packing per order below £5 

WW-098 FOR FURTHER DETAILS 
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GRAMPIAN REPRODUCERS L` D 
Hanworth Trading Estate, Feltham, Middle 

TRANSFORMER LAMINATIONS enor- 
mous range in Radiometal, Mumetal and 
H.C.R., also "C" & "E" cores. Case and 
Frame assemblies. 

CONNECTING WIRES 
Large selection of stranded single p.v.c. 
covered Wire 7/0048, 7/0076, 14/0076 etc. 
P.T.F.E. covered Wire, and Silicon rubber 
covered wire, etc. 

J. Black 
OFFICE: 44 GREEN LANE, HENDON, N.W.4 

Tel: 01 -203 1855. 01 -203 3033 
STORES: 30 BARRETTS GROVE, N.16 

Tel: 01 -254 1991 

240T0tt 

ElECTRICITY 

BEST EVER 200 /240 VOLT "MAINS" SUPPLY FROM 
12 VOLT CAR BATTERY. Exclusive World Scoop Purchase 
The fabulous Mk2D American Heavy Duty Dynamotor 
Unit with a meseive 220 watt output and giving the most 
brilliant 200240 volt performance of all time. Marvellous 
for Television, Drills, Power Tools, Mains Lighting, AC 
Fluorescent lighting and all 200/240 volt Universal AC /DC 

mains equipment Made at tremendous cost for U.S.A. Govt. 
by Delco -Remy This magnificent machine is unobtainable 
elsewhere. Brand New and Fully Tested only í4.1S.6 
106 postage. C.D. D with pleasure. Money back if not 
de hunted. Please send s.a e for interesting illustrated 
details Dept. W.W., STANFORD ELECTRONICS, Rear 
Derby Rd., North Promenade, Blackpool, Lancashire. 

INDEX TO ADVERTISERS 
Appointments Vacant Advertisements appear on pages 95 -109 
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Acoustical Mfg. Co. Ltd 
Adcola Products Ltd 
Adler, B. & Sons (Radio) Ltd. 
AEI Semiconductors Ltd 
Ahuja Radios 
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Wireless World, January 197o 

CLEARWAY 
to lower 

production costs 
with 

ADCOLA 
1 Precision Tools 

For increased efficiency find out more about 
our extensive range of ADCOLA Soldering 
Equipment and we provide: 
* THREE DAY REPAIR SERVICE * INTER- 
CHANGEABLE BITS STOCK ITEMS * 
SPECIAL TEMPERATURES AVAILABLE AT 
NO EXTRA COST. 
ADCOLA TOOLS have been designed in co- 
operation with industry and developed to 
serve a wide range of applications. There 
is an ADCOLA Tool to meet your specific 
requirement. Find out more about our ex- 
tensive range of efficient, robust soldering 
equipment. 

1 No. 107. GENERAL ASSEMBLY TYPE 

Fill in the coupon to get your copy of 
our latest brochure: 

ADCOLA PRODUCTS LTD DCOL 
Adcola House Gauden Road London SW4 ° ° ° °; 
Tel. 01- 622 0291/3 Grams: Soljoint, London SW4 

Please rush me a copy of your latest brochure: 
NAME 

COMPANY 

ADDRESS 

WW 

WW -002 FOR FURTHER DETAILS 
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Wireless World, January 1970 

1 9 6 6 

he world's largest exporters of cored so 
FERSIN 

present a comp 

of compatible JIticoi' 

preditEfor r ti sldìiiL g 

of printed crcìt assemblies 
lowtwit 

5 CORE 

W LIQUID FLUXES 

EW SOLDERING CHEMICALS 

NEW PACKAGING providing indefirlit :. storage life gar LAW ity eked sole 'r 

.6. 

The main assembly function of 
most electronics companies is the 
manufacture of soldered; pints. 
Mass - Soldering is not an art. When 
Multicore Soldering Che:nici -Is, 

-ilutd Fluxes and EXTRUSOL High 
Purity Solder alloy are used in 
combination, mass - soldering becomes 
a logical application of a Multicore 
technical process. achieving the 

High Purity 
Extruded 
Solder 
provides the most 
economical soldering. Its 
high purity and freedom 
from oxides, sulphide 
and other undesirable 
elements result in the 
following advantages :- 

Less dross on initial 
melting. 
More soldered joints 
per pound of solder 
purchased. 
Less re,ect joints. 
Improved wetting 
of electronic 
components 
& printed r.ircuit 
boards. 
More uniform results. 

All Extrusol is completely 
protected by plastic film 
packaging from the 
moment of manufacture 
until it is used. Available 
in bars and pellets. Can 
be released under AID 
authority and supplied 
to USA QQ- S -571d. 

PC.2 MULTICORE 
TARNISH REMOVER 
removes tarnishes and 
inorganic residues as the 
second half of a pre - 
cleaning process before 
soldering. It leaves the 
copper unaffected. 

PC.90 MULTICORE 
PEELOFF SOLDER 

RESIST 
is a temporary solder 
resist which can be 
peeled off with tweezers 
after soldering, leaving 
the original clean surface. 
It can be used for 
masking gold plated 
edge connections and 
holes to which heat 
sensitive or other 
components must be 
added later. 

PC.41 MULTICORE 
ANTI -OXIDANT 
SOLDER COVER 
which forms a liquid 
cover on the solder bath 
either side of the solder 
wave, largely preventing 
the formation of dross. 

PC.80 MULTICORE 
SCLVENT CLEANER 
removes organic 
contaminants such as 
grease, perspiration and 
residues of organic 
solutions from prior 
processes, as a pre - 
cleaning process before 
soldering. It is also very 
efficient in removing 
rosin -based flux 
residues after soldering. 

PC.10A MULTICORE 
ACTIVATED 
SURFACE 
PRESERVATIVE 
is a pre -soldering coating 
for preserving the clean 
surfaces established by 
the PC.80 Multicore 
Solvent Cleaner and 
PC.2 Multicore Tarnish 
Remover. PC.10A does 
not need to be removed 
before soldering and in 
fact contributes to the 
efficiency of the 
soldering process. 
PC.10A should be used 
whenever there is a 

delay between cleaning 
and soldering. 

Gallon Containers 
All liquid chemicals and fluxes 
supplied in 1 gallon polythene 
'easy pouring' containers, with 
carrying handle. 

Iß IH 

Aerosols 
PC.21 A, PC.25 and PC.52 
available in 16 0:. 
aerosol spray,. 

SEVEN STANDARD 
MULTICORE LIQUID 
FLUXES 
are now available, five 
of which are new :- 
PC.21 A Multicore Non - 

Corrpsive Liquid Flux is 
normally recommended 
for wave, dip, brush, 
spray and roller flux 
application methods. 
PC.25 Multicore Rosin 
Foam Flux is designed 
for foam fluxing and 
exhibits an unusually 
stable foam with a fine 
bubble size. 

PC.52 MULTICORE 
PROTECTIVE 

COATING 
is a lacquer which 
should be applied after 
soldering for protecting 
printed circuits from 
deterioration or failure 
in service. It can easily 
be soldered through 
if modifications or 
repairs are necessary at 
a later date. 

A typical Printed Circuit Soldering Process 
might contain some or all of these stages: 

c,.l o 
comas!» 
C..1CiT 

Mimons cOiYo.n 
11.1Y MsMT C OS 

SOL DS ti L',COPS 
ASSN, SOL V4140T 

CLSYa.1 

WO Vs 
SOL 011.. 

%Vito : 

OMa 
TMia., 

MSYOVIM 

VF 

C SO an Y COSE 
SSLO 
OCOa ee 

w 
0.3a. 

a3 1 <DY.D.e:a 
n0 .1O. SOtp.., snow,. 

ia. 

4 _t 
AI, K 10A 
YulTiCO1 
CTIVTaD WMCl 

1141001? 
COV4Mn 

L 
SOULTICORS t, 

.0 le 
LOUO lVs 

SO<W .1S1qv11 

aaT0O3 KM KAI 
SO 

sanaM SOLOM 

CCVS 
4in 

M 

.,.4C 
SNO04 AND a/Ol wITM1EVM 

sm « NO PC Wm. YOLT,CO.1a 
,CM4 0304.1 

w,M4 CL4 

ClaO MK 
T,COM 

00 
CLSMM 

L K Sa 
PAWL TKCMS 
MOTSCT,Y4 

COAT,Mp 

WW -003 FOR FURTHER DETAILS 

www.americanradiohistory.com

www.americanradiohistory.com

