
IIGITAL I.C. AS AUDIO MIXER 
JULY 1967 

Three Shillings 

SEP ii 957 

ELECTRONICS 
TELEVISION 
RADIO AUDIO 

-+ 

www.americanradiohistory.com

www.americanradiohistory.com


Wireless World JULY, 1967 

assembled units courtesy of South London Electrical Equipment Co. Ltd. 

We've got the biggest little chassis in town 
SAVE TIME & MONEY with precision -built Keyswitch 
plug -in chassis. They're the ideal way to put a hand- 
ful of circuitry together, and not necessarily a small 
handful either. Even relays and small motors can be 
mounted in these versatile units. Here's your choice 
of mounting space:. 

Keyswitch P304S - 5,'-in3 

Keyswitch P304 (illustrated) - 721n3 

Keyswitch 2P304 (with 44-way connectors) -15in3 

Whether you use your own mounting board, or the 

optional Keyswitch printed- circuit board with its 
mounting -hole grid backed by interconnecting cop- 
per strips, you have an infinite variety of circuit and 
layout possibilities. And all this for as little as 15/- a 

time, from Keyswitch Relays Ltd, 120 Cricklewood 
Lane, London NW2; telephone 01 -452 3344; telex 
262754. 

KEYSWITCH 
WW -001 FOR FUR EHER DETAILS 
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by %di a4(6) 

Ex -stock delivery, competitive prices -music to 
any radio and TV setmaker's ears. But when 
you add Mullard quality and Mullard reliability 
you can see we're adding up to something big. 
It's the old problem. How do you keep a com- 
petitive edge on your products without the 
price creeping up ? Improve quality and relia- 
bility without cutting the profits ? 

You choose from the eleven Mullard ranges 
which cover 3.9pF to 16,000µF. Or tell us your 
requirements. You buy in bulk -just name the 
quantities. And you get them ex- stock. 
NT i 038 

The usual ranges are available in :- 
Foil /Film ; Metallised Polyester Foil ; Metallised 
Polycarbonate Foil; Aluminium Electrolytic; 
Tantalum Electrolytic; Plate Ceramic and Solid 
Dielectric Tuning for AM or AM /FM. 

Send for information to Mullard Limited, 
Consumer Electronics Division, Mullard House, 
Torrington Place, London WC1. Or Telephone 
01 -580 6633. 

W.4 -086 FOR FURTHER DETAILS 

Mullard 
EMO 19N 
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Common Standards for Components 
BETWEEN the usual grey covers and in the usual sober language, a recent British 
Standard* presents, unexpectedly, a plan of action for a bold scheme that will have 
far -reaching effects on the British electronics industry- eventually perhaps on the 
electronics industries of all Western Europe. This B.S. is, in fact, the first step 
in putting into force the Burghard Reportt, which recommends the establishment 
of a U.K. system of common standards for electronic components, to replace the 
multiplicity of specifications (B.S., DEF, CV, etc.) at present in use. The standard- 
ization applies basically to performance specification and to quality. The idea behind 
the scheme is to " make it possible for the maximum economic benefits to be derived 
from more extensive mass production, and for performance data to be obtained and 
accumulated from standardized acceptance tests based on this larger scale production." 

The authority of the scheme rests on the fact that it is virtually guaranteed by the 
British Government. If a manufacturer wishes to sell a component conforming to 
onc of the new standards he has to do more than just write a specification in the 
required manner: he must first obtain approval for his inspection facilities from the 
scheme's management body and then undertake tests to establish official acceptance 
of the component. Vetting of inspection facilities will in fact be done by the Ministry 
of Technology's Electrical Inspection Directorate, acting as agents for the management 
body. 

Thus these new standards on electronic components will have somewhat more 
power and authority than the usual British Standards. A further indication of the 
importance of electronics to the country's economy is that this scheme appears to 
be the first instance of a special management body concerned with a particular class 
of products being set up within the B.S.I. All sides of the electronics industry - 
component manufacturers and users -have been co- operating enthusiastically to get 
the scheme into operation and it looks as if a substantial number of U.K. Common 
Standards specifications for particular groups of components (e.g. fixed resistors, 
variable capacitors) will be published early next year. Integrated circuits, in spite 
of their inherent complexity, are likely to be quite early off the mark because they 
have no long history of established methods of manufacture and specification to be 
painfully adapted to the scheme's requirements. 

Advantageous as the scheme will be within the U.K. itself, there are likely to be 
longer -term benefits resulting from the fact that it is really part of a much larger effort 
aimed at establishing common standards for electronic components throughout Europe. 
Already European associations of manufacturers of active and passive components 
have been set up and have recently agreed on general principles for the harmonization 
of standards. At the same time, contacts between countries at Government level are 
being made to provide authoritative backing for the industrial arrangements. The 
removal of technological barriers will be of immense benefit to trade. 

Another big factor, though officials will not admit it openly, is that authoritative 
European common standards could become a much needed counterweight to the 
U.S. Government's system of " MIL " specs, which have played such a big part 
in assisting the American commercial invasion of Europe and in protecting the 
American electronics industry from European competition at home. Such a balance 
of power might even lead eventually to common standards on an international scale. 

*BS 9000: 1967, " Specification for General Requirements for Electronic Parts of Assessed Quality." British 
Standards Institution, price 15s. 

t" Second Report of the Committee on Common Standards for Electronic Parts," Ministry of Technology. 
H.M.S.O. Price 6s 6d. (The committee chairman was Rear Admiral G. F. Burghard.) 
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Reverse side of printed circuit or prototype; note mounting of the inte- 
grated circuit on a plastic pad supplied as part of the package in which 
the circuit is supplied. This spaces the i.c. off the paxolin and prevents 
accidental short circuits between the leads and the printed wiring. 

Integrated Circuit 
Stereo Mixer and 
Pre -amplifier 
Using digital i.cs for linear applications 

By A. J. McEVOY, B.Sc., B.D. 

THE January 1966 issue of Wireless World carried an 
interview with several leading figures in the electronics 
industry in the United Kingdom. In this article 

they gave a comprehensive review of the current state of 
the art in the manufacture and applications of integrated 
circuits. From the amateur's point of view, however, 
the picture presented was rather pessimistic; in fact, it 
was stated that " ... it will bee long time before Wireless 
World can have designs for the amateur using integrated 
circuits." This was not because of the price factor, 
since this was expected to (and in fact did) drop sharply 
as production expanded. Rather, it was because the 
integrated circuit is not a component but a sub -system, 
and " how many amateurs want to use the kind of sub - 
system that we're going to sell cheaply ?" This was a 
very reasonable question, since most of the integrated cir- 
cuits in quantity production are pulse types, designed for 
use in computers, where the same sub -system may be 
incorporated hundreds or even thousands of times. The 
manufacturers, therefore, have little incentive to produce 
circuits with the linear amplifying characteristics which 
the amateur is more likely to require. Since then, of 
course, the integrated circuit has made an appearance 
in an American television set and a Japanese portable 
radio, but the statement is still generally true. The pur- 
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A. J. McEvoy, now 25 and 
a clergyman of the Roman 
Catholic Church, is a native 
of Larne, Co. Antrim, N. 
Ireland, and graduated in 
physics at Queen's Univer- 
sity, Belfast, in 1963. He 
is at present associated with 
the Department of Physics, 
St. Patrick's College, May - 
nooth, Co. Kildare, Ireland, 
a recognized college of the 
National University of 
Ireland. 

pose of this article, however, is to establish once more 
the truth of the old saying, " Where there's a will there's 
a way," by reporting on the application found for a logic 
circuit in a typical amateur project, an integrated circuit 
stereo mixer and pre -amplifier. 

Design of the unit began by studying all the available 
data on integrated circuits available on the U.K. market. 
The mixer would require at least three inputs (records, 
radio and tape) with fair gain and very low noise. Fur- 
ther, it would be desirable to have a fairly high input 
impedance for matching both magnetic (medium imped- 
ance) and crystal (very high impedance) sources. When 
it was found that RCA (Great Britain) Ltd could supply 
a circuit described in their literature as a dual four -input 
gate, it seemed that further investigation would be worth 
while. Fig. 1 illustrates the circuit diagram of this unit. 
As is evident, the 14 -lead flat package contains within 
a 4--in square hermetically- sealed ceramic wafer, two 
identical circuits, each basically a four -transistor inver- 
ter amplifier. When used in a computer circuit, an 
emitter follower provides the high -level (1) state, and a 
saturated transistor supplies the low level (0) state, at 
the output terminals 6 and 8. The inputs to the unit 
are through any one of four transistors operating in the 
emitter -follower mode and developing the drive to the 
amplifier transistors across a common emitter resistor. 
The unit is intended to function as a four -input NAND 
circuit, so that a high level output is available if any 
one of the inputs is in a low -level state, and a low -level 
output only if all four inputs are in a high -level state. 
The gates have the additional advantage that there is 
an extra input on each, which may be used for the expan- 
sion of the number of input channels by the use of 
external transistors. All these input options offer extra 
flexibility for an amateur who wishes to persuade the 
circuit to accept and amplify continuous rather than 
pulsed signals, and for whom minimum distortion is 
an important consideration while rise time or overshoot 
may be disregarded. In other words, while the diode - 
transistor logic system in which this unit is normally 
employed relies on the gates alternating between a cut -off 
and saturated condition, with any small fluctuations to 
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be suppressed as noise, any linear application 
de ands stable operating conditions, and small 
sr als superimposed on these must be 
a plified. 

D.C. STABILIZATION 

Tate first objective to be attained is this 
st bilization of the working point. It has already 
ben pointed out that the basic element in each 
g4te of the CD2200 d.t.l. integrated circuit is 

inverting amplifier, and it will be noted from 
e circuit (Fig. 1) that complementary circuitry 

is used, with p -n -p transistors in the common - 
c llector input sections, and n -p -ns in the 
a plifiers following them. If, therefore, the 
d.. potential of the output at terminal 6 should 
tejnd to rise towards the " 1 " logic position, 
with Tr7 conducting and Tr8 cut off, some d.c. 
feedback must be applied at the input to 
c unter this. Similarly if the above process be 
r versed, the falling voltage at terminal 6 or 
8. if fed to one of the input transistors of the 
appropriate gate, would cause it to conduct 
more strongly, and counteract the drift. Each amplifier 
could then be looked on as an emitter- follower (Tr5 
and Tr12) driven by the signal developed across the 

rxer emitter loads (R, and R,), and feeding a 
ase- splitter (Tr6 and Tr11); the output of the pre- 
p is supplied by a class A push -pull stage (Tr7, Tr8 

bed Tr9, Tr10). Therefore the terminals 6 and 8 must 
maintained at approximately V, so that neither 

of the transistors in each pair can saturate or cut off, as 
they are designed to do, but rather rest with a small 
forward bias so that they can accept and amplify small 
signals with a minimum of distortion. However, as the 
perating point of the direct -coupled amplifying 
ystem is set by the voltage across the emitter resistor 
ommon to the input transistors, it follows that any 
tabilizing d.c. feedback arrangement must rely on regu- 
ating the current here. It was decided that, as three 
nputs to the mixer would be sufficient, the fourth could 

utilised in the d.c. feedback loop. (It may be noted 
at further inputs could always be provided using the 

erminals 3 and 11 with additional external transistors, 
lso operating in the emitter follower mode.) All the 
ignal input transistors can then be operated with very 
mall standing currents, as the working conditions will 
hen be unaffected by them; this gives the additional 
dvantage that the noise introduced by these, the first 
ansistors to handle the signals, will be lower, an im- 
ortant point for the noise level of the circuit as a whole. 

It can be safely assumed that all transistors will be 
operating within their prescribed ratings; after all, in 
logic applications the inputs vary from 0 to V,.,, as do 
the outputs, so in linear operation no transistor can 
exceed its voltage limitations. As for current, the manu- 
facturer's data allows up to 10 mA at the relevant inputs, 
and this generous rating will not be exceeded. In the 
output pair, up to 15 mA may be drawn from terminals 
6 and 8, and as the final circuit draws only 5 mA, the 
currents in the transistors, which can presumably reach 
the figure of 15 mA, must be tolerable. 

First investigations of a practical circuit were guided 
by the supplier's curves for static electrical specifications. 
If any potential divider circuit were to be chosen to 
supply the base of Trl (Tr13, channel B), joining it to 
terminal 6 (8) and the positive and negative lines, and 
taking into account the recommended value for the 
resistor between points 6 and 14 (8 and 14), this would 
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R1 

Tri 

4 

R12 
Tr13 

13 

0'2 

>R:o 

Tra Tr16 

Fig. f. Equivalent Circuit of RCA in- 
tegrated circuit type CD2200. 

Fig. 2. External circuit for 
one channel of the mixer/ 
pre -amplifier. Numbers in 
parentheses refer to other 
channel. 

R18 

- i e(B) CI 

D.C. 
FEEDBACK 

LOOP 

+9V 

D11 

> OUTPUT 

VR4 

BALANCE 
CONTROL 

MMT 
C7 TO OTHER T CHANNEL 

TONE 
CONTROL 

form a shunt across the output, of fairly low resistance, 
and to some extent degrade the performance of the pre - 
amp when operating into a transistor power amplifier. 
However, there is one point on the characteristic at which 
the input and output terminals are at the same potential, 
while neither of the transistors in the output pair are near 
the limits of class A operation. Therefore a feasible d.c. 
feedback system need be no more complicated than a 
resistor from 6 to 1 (8 to 13), decoupled at 1 (13) by a 
capacitor to earth. The base current is, of course, small 
so there is no significant voltage drop across the resistor; 
a fairly high value can therefore be used, so that the shunt 
effect across the load is reduced. The capacitor ensures 
that there is no audio frequency feedback through this 
loop. Terminal 3 (11) provides a method of further 
adjusting the operation of the circuit for maximum gain 
while the feedback maintains the stability of the circuit, 
since any current fed in or drawn from it varies the volt- 
age across R, (R,_), and the value of the resistor for this 
purpose, for best results, was 22 k! 1. 

A.C. CONSIDERATIONS 
The integrated circuit has other features which provide 
for audio frequency negative feedback, to maintain 
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COMPONENT VALUES 
R13 100 k0 CI 4 µF 
R14 100 ki2 C2 0.1 µF 

100 kiì C3 0.IµF 
R18 4.7 ki2 C4 0.1 µF 
R17 22 ki2 C,, 30 µF 
R18 1.2 C6 10 AF 

VR1 S kû VR4 10 ki2 
VR2 100 kû VR5 10 kiZ 
VR3 100 kû 
Note. -Components R1 -R10 and Trl -TrI6 are part of 
the integrated circuit. 

4 

Vcc=4V 

3 

o 

INPUT (VOLTS) 

TO OPTIONAL 
TONE CONTROL 

HIGH-Z 

Low -Z 

Fig. 3. Static electrical 
characteristics of i.c. 
alone. When R71 is 
added, the input and out- 
put voltage levels rise to 
a value nearer to +V, 
and the gain therefore 
rises. 

fidelity and dynamic stability (for an uncontrolled oscilla- 
tion would be equally as objectionable as a static in- 
stability which cut off or saturated transistors and 
prevented their functioning). Take Tr5 as an example. 
Its collector current flows through R2, and as far as this 
component of the current in R2 is concerned, Tr5 is a 
common -emitter amplifier, so that it is out of phase with 
the signal as applied to the base. Therefore it opposes 
the signal developed across R, and R2 by the emitter 
currents of the four p -n -p transistors. This reveals a 
further application of terminal 3. A capacitor to terminal 
14 would selectively ground the higher frequency com- 
ponents of the signal, and if it is in series with a variable 
resistor such a capacitor would provide a useful measure 
of tone control, without in any way interfering with the 
function of the terminal in the d.c. stabilization system. 
As far as the rest of the amplifier is concerned, Tr5 is a 
common- collector (emitter- follower) stage, with its in- 
herent negative feedback. Tr6, the phase splitter, has 
its emitter resistor unbypassed, so that a further element 
of negative feedback is involved. These facts were the 
basis of the expectation that this logic circuit would pro- 
vide an audio performance which would compare favour- 
ably with apparatus designed for that purpose, even 
though the data available was insufficient for a rigorous 
mathematical analysis. However, proceeding on the 
approximations and assumptions already indicated, a 
prototype was evolved, and optimum performance then 
attained by experiment. 

Fig. 2 illustrates the circuit of the pre -amplifier and 
component values are given in the table. It will be noted 
that two of the pairs of inputs differ from the third, in 
the values of coupling capacitor and volume controls 
used. The idea is to improve the matching between the 
signal sources and the amplifier in that devices with high 
output impedances will transfer the signal more efficiently 
into a high impedance input. Therefore smaller capa- 

citors and much larger volume 
controls are advisable. The emit-. 
ter follower type of input has a 
higher input impedance naturally, 
and in this case even this is im- 
proved on by the type of bias cir- 
cuit employed, which, with a single 
high -value resistor, avoids loading 
the input. On the other hand, 
when an electrolytic coupling capa- 
citor is incorporated, with a 5 kf2 
volume control, the circuit accepts 
all low impedance sources, e.g. 
magnetic microphones, quite as well 
as any other transistor amplifier. 
The question of output matching 
was touched on in the discussion of 
the d.c. feedback system for static 
stability above. If the unit is to 
feed a valve amplifier, with its high 
input impedance, the balance pre- 
set should be a 50 kn linear type, 
again to avoid excessive loading of 
the circuit. However, for a tran- 
sistor power amplifier, it will be 
found that the lower 5 kfl value is 
better, since the loading is high 
anyway, and the smaller control is 
more suited to these conditions. 

As for the details of construction 
(Figs. 4 & 5), the question of mount- 
ing this unit in the user's equip- 
ment is not considered, as it 

CHANNEL B 

HIGH -Z 

CHANNEL A 
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TO OPTIONAL 
TONE CONTROL 

Fig. 4. Copper side of 
the printed circuit 
board. The integrated 
circuit is in the centre, 
held in position only 
by the leads soldered 
to the copper foil, 
and spaced from it by 
a plastic pad supplied 
with it. 

Fig. 5. One of the 
writer's prototypes. 
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ill depend so much on circumstances, and as the 
it is so small and impedances generally are 

, this is much less critical than with valve types. 
nstruction begins with the preparation of the printed 

rcuit board. Readers will, no doubt, be familiar with 
t e process involved -the painting of the desired pattern 

conductors on the copper foil laminated on a paxolin 
eet, so that, when dry, these areas will be protected 

hile the remainder is removed by the action of a con - 
entrated solution of ferric chloride (FeCl;;). In this 
ase, however, greater care than usual is required in the 
pplication of the resist paint, since the terminals cf the 
4 -lead flat package are separated by a mere 0.034in 
rom each other. Otherwise there is greater tolerance 
or deviation from the pattern shown, since there are no 
omponents employed with fixed pin spacings. Assembly 
ollows standard procedure. The controls are not shown, 
nd are placed to suit the constructor. Ganged potentio- 
eters are used for all controls, with a preset balance 

ontrol to cómpensate for any asymmetry in the per - 
fformance of the pre -amplifier or power amplifier. The 
user may rely on the tone controls, if any, provided on 
his power amplifier, or extend the tone control of the 
pre- amplifier to suit his requirements. The pre- ampli- 
fier itself has only one set of components, which are 
frequency -selective (aside from any correction employed 
across R, +R_ and R,_ +R,), and that is the input coup- 
ling capacitors. Otherwise, the response of the circuit 
is perfectly flat up to and beyond 50 kHz (Fig. 6). As 
for sensitivity, a prototype gave an output of 80 mV across 
a 2.5 ki'- load, when driven by a 1 kHz sine wave of ampli- 

1 

u 

30 40 50 60 70 80 90 100 

FREQUENCY (Hz) 

Fig. 6. Frequency response (tone control omitted). Beyond the range 
affected by the impedance of the input capacitor, output is constant 
up to at least 50kHz. Results above obtained with an Advance type 
H -1 audio oscillator,j input 14mV, and output measured across a 
2.5kí2 load. 

tude 10 mV from an audio oscillator, all other inputs 
being short -circuited. Due to the quality control exer- 
cised in the manufacture of integrated circuits, the con- 
structor can confidently expect similar results. For the 
writer at least, this circuit holds promise of even better 
things to come for the amateur in the field of integrated 
circuits; at the very least, the pessimism of a year ago is 
definitely no longer justified. 
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unusual terms is included and the applications of integrated 
circuits are examined. Pp. 132. Price 28s. Chapman & 

Hall Ltd., 11 New Fetter Lane, London E.C.4. 
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RING -OF -TWO REFERENCE 

High -stability voltage reference using constant -current circuit 

By P. WILLIAMS, B.Sc. 

Ring -of -two reference circuit described offers a 
simple means of providing highly stable reference 
voltages. There are two such references which can 
be identical or quite different. They are sufficiently 
insensitive to supply variations that for most 
purposes these can be ignored, giving additional 
freedom to the designer. Output resistance and 
temperature coefficient are almost exactly those of 
the same reference supplied from an external con- 
stant- current source. One version of the circuit uses 
transistor base- emitter junctions as Zener diodes. 

IN the design of d.c. regulators, a prime requirement is a 
stable d.c. reference voltage. This is normally pro- 

vided by a Zener diode chosen either for zero tempera- 
ture coefficient or some specified coefficient that will 
compensate for a temperature drift occurring elsewhere in 
the regulator. For high stability against supply voltage 
changes, the Zener diode may be fed with current from a 
source which is itself stabilized. One common method is 
to derive the current from the output whose stability is 
ensured by that of the reference. Precautions have to be 
taken to " start " the circuit automatically since it might 
be possible for the Zener diode to receive no current 
initially, and hence develop no reference voltage. The 
output could stay at zero and in turn never provide cur- 
rent to drive the Zener diode into conduction. 

A second method often employed is to feed the refer- 
ence from another approximately stable voltage, such as a 
Zener diode with a higher breakdown voltage, but oper- 
ated from the main supply. Thirdly, a transistor may 
be used to supply a constant current to the reference 
circuit by being biased, in turn, from a Zener diode. 
In addition to these arrangements, there is one which the 
writer has rarely seen used, but which combines many of 
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the merits of the above approaches. It can give extremely 
high rejection of supply variations; is economical of 
current; requires a supply voltage that need be little 
greater than that or the reference, or at most up to twice 
that value; is flexible enough to use Zener diodes of any 
breakdown voltage, and also other devices with suitable 
non -linearity of V -I characteristics. From its appearance 
the writer has found " ring -of -two reference " to be a 
helpfully descriptive name for the circuit. 

For the purposes of this article it may best be intro- 
duced by considering a combination of methods one and 
three outlined above. To improve further on the stability 
achieved in method three, it would be possible to cascade 
such complementary constant -current stages feeding 
Zener diodes indefinitely. After three or four such stages 
the limit would be reached in which only the output 
dynamic resistance in common base for the last transistor, 
would permit any change in current in the final reference. 
With a Zener diode of low slope resistance (a few tens of 
ohms at a current of milliamps) and an output resistance 
running into hundreds of kilohms, the stability factor will 
be extremely high. In such a case, temperature drift and 
noise are likely to be the dominant sources of instability and 
these will be primarily functions of the Zener diode itself. 
Thus a major merit of the system is that one can virtually 
ignore the effect of supply variation and select the final 
reference unit simply on the basis of required voltage 
and temperature performance. (This additional degree of 
freedom in design is often sufficient justification for this 
circuit.) The number of stages required to reach the maxi- 
mum overall stability factor can be estimated by calcu- 
lating the product of the stability factors of such stages, 
and stopping when this product is comparable with that 
imposed by the output resistance of the final transistor. 

CIRCUIT PRINCIPLE 
In the first method a comparable stability is achieved 
where the Zener diode receives its current from the output 
of a stabilizer for which it is itself providing the reference 
voltage. There are many cases where such a stabilizer 

Fig. I. Series of Zener diodes biased by constant- current stages. 
Each stage has better stability than the previous one. 
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is dither not present in the system (e g. where the ref- 
erence is used to define the switching point in a level - 
sensing circuit) or where the output voltage is not sufficient 
to act as a source of bias for the reference. Now consider 
Fig. 1. By breaking the circuit at points A and B and 
joining them we use only two Zener diodes, two transis- 
tors and two resistors. The circuit then has total comple- 

ntary symmetry of form, though not necessarily of 
ponent values. Assume that one Zener diode pro - 

es a constant potential at the base of its associated tran- 
tor, hence forcing a constant current to flow in the 

e fitter resistor. The collector current is only slightly 
le s, and so the other Zener diode receives a constant 
c ent in turn. In the same manner this ensures a con - 
st t current to operate the original Zener diode, with a 
c nsequent high stability, guaranteeing the validity of the 

o 
eIginal assumption. It can be seen that the stability of 
ach Zener diode will be comparable to that of the last 

Mich diode in an indefinitely long chain of the type in Fig. 1. 

As indicated recently by Rudge,3 the stability factor might 
expected to be of the order r,./rz where rz is the slope 

r sistance of the Zener diode at the operating point. The 
uivalent value for Fig. 2 might reach r,.lrz in the limiting 
se of an infinitely long chain- though of course, three 

r four such stages should approximate to the ideal. 

From the above it can be seen that the total current 
rawn by the circuit is substantially constant, since it is 
qual to the sum of the collector currents. Some recent 
orrespondence' " 

"'3'4' has outlined the relevant charac- 
eristics of the circuit used as a constant -current source, 

d has shown how the circuit may be improved in respect 
f rejection of supply voltage variation3. In particular 

r. Baxandall has suggested a modified form which 
should provide almost perfect stability of current against 
variation of supply and temperature. The circuit used 
as a two -terminal device is a dual of the Zener diode, 
with greater flexibility in return for increased com- 
plexity. 

TYPICAL APPLICATION 
When used to provide an accurate voltage reference, the 
additional components required over the simple Zener 
diode circuit might seem a high price to pay. In many 
cases the remarkable improvment in stability factor is 
sufficient justification. If it is realized that the circuit 
has total complementary symmetry of form, the second 
major advantage can be brought out. There is a Zener 
diode tied to each side of the supply, i.e. we have two 
stable reference voltages, not one. It is at this point that 
the flexibility of the circuit must be indicated. Let us 
assume for the moment that the circuit is to be used to 
provide a reference voltage for a d.c. regulator, whose 
output voltage is too low to permit its use as the source 
of current for the Zener. In such a regulator the error 
amplifier may best be operated with a load of high slope 
resistance to obtain the maximum loop gain. This is 
frequently provided, as shown in Fig. 3, by a common 
base transistor stage. Using the ring -of -two reference a 
suitably stable bias voltage for such a stage is already 
available. A departure from symmetry of component 
values might well be of benefit in such an application. 
The Zener diode of Fig. 4 could be a selected unit of 
about 6 V breakdown, having the zero temperature coeffi- 
cient. Provided the current through it is stable to about 
1%, its stability should be extremely high (small changes of 
current will move it slightly away from its zero tempera- 
ture coefficient point in addition to the direct change in 
output voltage produced). To achieve this accuracy of 
current definition, it will not be necessary to use a Zener 
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Fig. 2. Ring-of-two reference. Breaking at 
A and B in Fig. I and joining gives stability 
equivalent to infinite chain. 

Fig. 3. Typical application requiring two 

reference voltages (high -stability d.c. volt- 

age regulator). V' 

OUTPUT 
AMPLIFIER 

DIFFERENTIAL 
AMPLIFIER 

DIFFERENTIAL 
AMPLIFIER 

Fig. 4. Ring-of-two reference provides voltages with higher stability 
factors. 

diode of comparable accuracy for the other diode. The 
change in transistor V Tr2 over a temperature range 
of, say 30 deg C, would be approximately -60 mV. 
Assuming this to be the major source of current drift 
with temperature- justified for high -gain low- leakage 
planar transistors -this would represent a current 
change of approximately 1 °;, if a 6 -V Zener diode of 
negligible temperature coefficient were being used. 
An alternative solution can be seen if the temperature 
drift of Zener diodes with breakdown voltages in the 
range 2.5 to 5 V is examined. A recent article has shown 
that for such diodes the drifts approximate to - 2mV /deg C 
though the tolerance is fairly broad. Using unselected 
Zener diodes of nominally 3.3 V breakdown at a current 
of 1 mA, the writer has found that the net temperature 
coefficient is often appreciably better than l mV /deg C. 
This is equivalent, over a temperature range of 30 deg C, 
to an overall accuracy of better than -1 " for the resulting 
current. 

LIMITS OF OPERATION 
The stability of the reference diode is assured, but 
with it comes the added advantage that the temperature 
drift of the 3V diode is just that value to provide 
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+13 - 40V 

Fig. 5. Practical circuit using 6 V 
Zener diodes and operated at about 
6 mA. 

compensation for the VBE drift on any transistor that is 
to be biased from it. In addition the total voltage 
required by the circuit is less than that required when 
using identical zero temperature- coefficient Zener diodes. 
With diodes of nominally 6.2 V and 3.3 V breakdown 
voltage the supply can be as low as 9 V without impairing 
stability. Two factors contribute to this low value: (a) 
operating the 3.3 V diode 9 at say, 1 mA results in a voltage 
drop less than the nominal -in practice, perhaps 3 V, 
(b) the saturation voltage of the transistors may be 
about 0.2 V and the total voltage required to stay out of 
saturation can then be estimated as: 

VZ9 +VC1sat +(VZi -VBEI) 8.9 V. 

It should not be thought that taking wide tolerance 
components, the resulting minimum voltage can be held 
to this precise value. The figures merely illustrate that 

AV= 

mV 

3 

2 

o 
lo 

A V3 INSTANTANEOUS O 

A V3 INCLUDING SELF HEATING X 

1 

x 

X 

o 

o 

o 

o 
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40 

/ 

Fig. 6. Changes observed in V. due to instantaneous change in V. 
and resulting rise in temperature of transistors in circuit of Fig. 5. 
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the minimum voltage needed can be slightly less than 
the combined voltage drops across the Zener diodes. 
Silicon planar transistors are used unless otherwise 
specified with epitaxial units showing a further slight 
advantage in respect of saturation. 

In the upper voltage limit of operation, the ring -of -two 
reference offers further advantages over conventional 
Zener diode circuits. In these the current drawn is 
proportional to the difference between the supply and 
Zener diode voltages. If the supply voltage doubles, the 
current will more than double, and the power drawn 
from the supply increased by more than four times. 
For example, if a 6 -V Zener is operated over a supply 
range of 10 to 20 V, the current would be due to voltage 
drops across the series resistor from 4 -14 V. The 
resulting range of power drawn from the supply would be 
7 : 1. It is fair to argue that no reference circuit should 
be called on to operate over this range of supply voltages, 
and that a separate set of values should be calculated 
for each limited operating range. For the ring -of -two, 
the total current is constant throughout, and provided 
the transistors are operated within their power ratings, 
it can be used from any supply voltage up to the collector - 
base breakdown voltage of the transistors. The total 
power drawn from the supply is proportional to the 
supply voltage and not to its square. The upper limit 
can easily be above 50 V with suitable transistors, while 
the lower limit may be down to 5 V using low -voltage 
Zeners. Throughout this range, the current should be 
held to within one or two per cent and satisfactory Zener 
voltage stability maintained for a 10 : 1 change in supply 
voltage. Thus the same circuit can be used without 
change for many different applications requiring very 
different supply voltages. Design time can then be devoted 
to perfecting the basic circuit, e.g. the matching of 
temperature drifts, the whole circuit being treated as a 
building block in larger systems. 

PRACTICAL CIRCUIT 

A particular form of the circuit is now considered in 
which the aim is to provide two low temperature-coeffi- 
cient voltages one with respect to each supply line. In 
the simplest case, and operating at low currents, the 
breakdown voltages will be in the region of 6 to 7 V. (For 
example, a typical alloy junction Zener diode of nominal 
breakdown voltage 6.8 V, had a drift of less than 10 mV 
over a temperature range 20 -70 deg C with an operating 
current of 100 pA. The voltage at this lower current 
level was approximately 6.5 V). At higher currents the 
voltage for zero temperature coefficient is less. The circuit 
is as shown in Fig. 5. Alloy junction Zener diodes have 
been commonly available, but their characteristics are 
not necessarily guaranteed at low currents. Accordingly 
the component values were chosen to ensure that each 
Zener diode is operating within its normal range. No 
difficulty was experienced in starting this particular 
experimental circuit, suggesting that the Zener diodes 
were low -leakage units, i.e. they would develop an 
appreciable voltage from the leakage currents supplied 
by the transistors, and initiates switching into the on 
state. The voltage drop across each diode is of the 
order of 6.5 V and hence the current in each emitter 
circuit is 6 mA, since the emitter resistor will see 0.6 V 
less -the VBE of the transistor. Assuming high -gain 
transistors are used, the collector current is not substan- 
tially less, and so the current in each Zener diode is 
stabilized to about 6 mA. We may consider the circuit in 
isolation, since any load placed on either Zener diode 
will have almost the same effect as if the diode were 
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s pplied from an independent constant current source, 
a d hence may be simply calculated from the diode slope 
r sistance, An increase in the supply voltage appears 
largely between collector and emitter of the transistors. 
There are two different but related ways in which the 
resulting changes produce an increase in current and 

nce in Zener diode voltages. The first, direct and 
t stantaneous, is, as outlined above, related to the rc 
a the transistors, if small signal analysis is used. Alter - 
natively, the physical mechanisms can be invoked to 
account for the variations in li, 'cBo and VBE with 

creases in V V. The observed change in Zener diode increases 
is seen in Fig. 6. The second effect stems from 

the additional power dissipated in the transistors, and its 
rate of appearance depends on their thermal time - 
Constant. Their temperature will rise and the VBF- required 
to maintain an approximately constant current will fall. 
The change is of the order --2 mVdeg C and a dissipa- 
tion close to transistor maximum might result in a change 
in V B1 of several hundred millivolts i.e. the current 
could change by two or three per cent in a short period, 
following the initial increase in supply. The two effects 
can only be distinguished by noting the initial change in 
Zener diode voltage, and then its final stable value some 
seconds, or even minutes, later. Both of these effects are 
extremely small in view of the large changes in supply, 
and the second can be made negligible if components are 
used that permit operation at much lower currents. Note 
that where both are included the stability factor is still in 
excess of 5,000. 

The major source of change will thus be ambient 
temperature variations- directly on the Zener diode 
and indirectly via the small changes in current produced. 
These latter will be of the same order as the power 
induced changes described above, while the former are 
dependent on the individual Zener diodes. For this 
reason no separate measurements were made on the 
temperature performance of this version since the 
temperature- induced current changes would only be 
significant for reference units or others specially selected 
for very low temperature drift. Referring to Fig. 6 it can 
be seen that at a voltage level giving a dissipation of 

150 mW per transistor (and hence a junction temp- 
erature rise of many tens of degrees centigrade) the total 
change in Zener diode voltage was ,-,,,4 mV. For un- 
selected Zener diodes the effect would be masked by the 
much larger changes in voltage occurring as a direct 
function of temperature. 

LOW- CURRENT VERSION: THE " ZENISTOR" 
These results were obtained using the alloy junction diodes 
and transistors most easily obtainable at the time. Now 
that planar units are so easily obtainable a further version 
is possible that avoids one of the earlier limitations. 
The transistor leakage currents are of the order of nA 
rather than µA, and it proves possible to retain high gain 
at currents of a few IAA. Similarly, a planar diode with a 
breakdown voltage of about 6 V will have a voltage across 
it little changed at currents of this order. Now the total 
dissipation in the transistors is much less than 1 mW, 
resulting in a junction temperature rise of less than 1 deg C. 
In this way the change in current attributable to self - 
heating is negligible and we are left only with voltage - 
induced changes. A 2 : 1 change in supply voltage can be 
expected to produce a change in Zener diode voltage 
of less than 1 mV -on one assumption: that the slope 
resistance of the diode has not increased too rapidly as 
the operating current falls. 

To produce such a unit using planar Zener diodes 
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Fig. 7. Low -current version. Base - 
emitter junctions of planar tran- 
sistors used in place of Zener diodes. 

+13 -40V 

proved far too costly at the time the circuit was designed, 
and recourse was necessary to a technique which has 
some of the characteristics of a state secret -many people 
know something about it, but those who know most, 
say least. It concerns the use of transistors themselves 
as Zener diodes, and in particular the base -emitter diode 
operated with a reverse voltage. To obtain the desired 
transistor characteristics in regard to gain and frequency 
performance, the junction will be highly doped, and will 
have a low breakdown voltage. Since the transistor has 
to be used in circuits where it may receive appreciable 
reverse voltages, a compromise is struck as to the mini- 
mum value of this voltage. Manufacturers' data -sheets 
on planar transistors, usually quote a figure between 
5 V and 8 V, though for some applications it may be 
higher. The breakdown is surprisingly consistent, at 
least within a given batch, and is certainly adequate 
where high stability rather than a particular value of 

continued on next page 
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voltage is required. Among the transistors which have 
, performed well in such applications are: Clll, V205, 

2S512, 2N3702, 2N3707, 2N2925, 2N2926 and BSY27. 
Breakdown voltages between 6 and 14 V have been 
observed for these transistors. 

Perhaps it is not surprising that manufacturers of these 
transistors fail to stress that they can perform better, 
under certain circumstances, than Zener diodes several 
times more expensive. For higher voltages the collector - 
base breakdown bears investigation, and while the VEc 
breakdown includes a negative resistance region, the 
addition of a forward -biased diode in series with the 
reversed biased VBE can give some temperature com- 
pensation. 

CIRCUIT CHARACTERISTICS 

The circuit is shown in Fig. 7 and is identical in form to 
the previous one. For comparison it was decided to work 
at the same voltage levels but to reduce the current by a 
factor of about 500 to 25µA total. The " Zener diodes " 
were then the reverse -biased base -emitter junctions of 
two 2S512 transistors which had a voltage drop of 

6.5 V at this lower current. A 6 V drop across the 
resistors provides c12.51.1A with resistance values of 
470 kO. The transistors were types known to have high 
gain at these low currents. Voltage changes are measured 
by backing -off the " Zener diode " voltage against an 
external stabilized supply whose short -term stability was 
reliable to a fraction of a millivolt in 6 V. A digital 
voltmeter on its 20 mV range with a very high resistance 
was used to measure the difference. The change in volt- 
age observed was of the same order as the noise present 
i.e. about 0.2 mV and further work will be needed to 
specify it with precision. The stability factor for each 
reference voltage (defined as s = A VÉn /A Vout) is then 
about 100,000. It is fair to say that for most purposes 
the circuit provides reference voltages that are indepen- 
dent of the supply voltage, provided that this is greater 
than about 13 V. To confirm that the whole unit can be 
used as a constant -current diode if required, the current 
was measured in two indirect ways. First by measuring 
the voltage drop across each emitter resistor and noting 
the change with supply voltage- ar5 mV. And secondly, 
by placing a 220 k resistor in series and measuring the 
change in voltage across it -again F.$ 6 mV. Both measure- 
ments indicate a change in current of about 25 nA in a 
total of 25 µA for a supply range of 15 -30 V. The current 
is thus stable to about 0.1 %, though again temperature 
effects will be much greater. The reference voltage is 
stable to better than 0.01% over the same range, and 
possibly to 0.003 %. 

STARTING PROBLEMS 

A final reservation is necessary about the general form of 
the circuit. In common with the first method outlined 
for ensuring that constant current through the reference, 
there is the possibility of the circuit remaining com- 
pletely non -conducting. This is most likely where the 
leakage properties of the Zener diode, or equivalent, are 
worse than those of the transistors. Thus, for example, 
3.3 V Zener diodes with their poor knee characteristics 
may require a starting resistor between the bases if used 
with planar silicon transistors, but probably not with 
germanium ones. The writer has found that the units 
described are consistently self -starting, even when the 
supply voltage is applied slowly and they have shown no 
tendency to switch -off. If this were not so, some care 
would be needed in the choice of starting and com- 
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pensating resistors to achieve anything like the same stab- 
ility. No attempt has been made to compensate for the 
small existing drift in the circuits since it was comparable 
with the noise present. 
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STEREO DECODER 
INPUT IMPEDANCE 

IT has been brought to our attention that the input 
impedance of the stereo decoder design, published in 
the January 1967 issue, is not high enough for operation 
with certain tuners (e.g. Quad). In order to increase 
the input impedance Mr. Waddington suggests the use of 
an emitter follower as shown in the accompanying circuit 
and this necessitates removal of R, and R,. This results 
in an input impedance of greater than 100 kn. 

Alternatively, R, may be removed and R, increased to 
about 470 kn. R, should be adjusted so that the voltage 
at the emitter is 3 -V This method is likely to be more 
temperature sensitive than the first, particularly in the 
case of the p -n -p version when Trl is germanium. 

In connection with the decoder design attention is 
drawn to the corrections which were pointed out in the 
February issue. The reference to the limiting figure of 
60 mV should be read as 6 mV. In Fig. 9 the centre 
top of T3 secondary should be taken to earth and C 
connected to Tr6 emitter. Further, for the positive earth 
version, diodes Dl and D2 (Fig. 9) should be reversed. 
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Montreux Television Symposium 
and Exhibition 

THE exhibition which forms an integral part of the 
biennial Montreux Television Symposium was this year 
(May 22nd -26th) so much larger and more comprehen- 
sive that many delegates were asking " will it become 
the European equivalent of the American N.A.B. 
Show ?" The forthcoming International Broadcasting 
Cpnvention and exhibition to be held in London in 
September (20th -22nd) is seen in this role by the organ - 
iz.rs -the Electronic Engineering Association, I.E.E., 
and Royal Television Society -but one wonders whether 
the Montreux gathering has not already established 
itself in this position. Time will tell. Certainly, 
never before in Europe have so many different colour 
cameras and associated equipment been working in the 
same place. There were eight different types of camera 
f six manufacturers -Marconi, C.S.F., G.E., Thom- 
sc n-Houston-Hotchkiss-Brandt (who have a reciprocal 
agreement with E.M.I. on colour cameras), Fernseh, and 
P Blips -all of which were being demonstrated both 
under studio lighting conditions and also outside the 
Casino where the exhibition and symposium were held. 
Visitors had the opportunity of seeing both the original 
scene and that displayed on the large number of moni- 
tqrs. There is, of course, some degradation of colour 
ad on the Fernseh stand small slides of tinted glass 
were provided which, when held so that the scene was 
viewed through it, provided the necessary colour tem- 
p- rature correction and one could then see how faithfully 
the colours were reproduced. Incidentally, Philips were 
bold enough to include in their " scene " a variety of 
li sticks and the subtle differences in colour were 
f ithfully reproduced. 

As might have been expected the two schools of 
ought on colour cameras -whether or not a fourth 

t be should be used for luminance -were being hotly 
debated among participants, but one was disappointed 
in that, other than presenting formal papers on the 
two philosophies, there was no direct clash between 
proponents. Philips did, however, issue a formal state- 
ment towards the end of the conference stating cate- 
gprically that they had " firmly decided in favour of 
tile three -tube principle." They gave as their main 
reason the fact that once all the cameras in a studio 
are adjusted on a monochrome chart " perfect colour 
matching is ensured " when switching from one camera 
to another, and secondly that because of the low scatter- 
Mg losses due to the compactness of the tri- prismatic 
system the three -tube camera can work at illumination 
levels down to 250 lux. 

The symposium opened with reports outlining the 
progress in television in France, Germany, Italy, Japan, 
U.S.A., and U.S.S.R., but not the U.K. Why is it the 
broadcasting authorities in this country are so tardy in 
making known the contributions of U.K. engineers or 
was it that they were keeping their reports for 
tie forthcoming London convention? There were, 
nonetheless, several British papers presented. They 
included "Camera tubes and the requirements of 
colour " W. E. Turk (E.E.V.); " Distribution and broad- 
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cast by satellites " G. K. C. Pardoe (Hawker Siddeley 
Dynamics); " Wired broadcasting by the h.f. multi -pair 
method " G. P. Gabriel (Rediffusion); " A practical em- 
bodiment of the separate luminance principle " I. J. P. 
James (E.M.I.); " Colour fidelity in a four -tube colour 
camera " N. N. Parker -Smith (Marconi); " A dual - 
purpose monochrome photoconductive camera " J. D. 
Capers (Marconi); and " International aspects of educa- 
tional television " Dr. A. Ward (Glasgow University). 

Some idea of the interest in the symposium -or was 
it the venue ?-can be gained from the number of regis- 
tered participants; over 400 from 28 countries. As 
would be expected, the largest number (88) was from 
Switzerland, next Germany (73), the U.K. (53) and 
France (43). But, of the 32 exhibitors 10 were from 
the U.K., six from both Switzerland and the U.S.A. 
ana four from France. 

Although colour was the dominant note of the exhi- 
bition there were many other aspects of television which 
were dealt with by contributors to the symposium. Three 
papers were devoted to the question of broadcasting 
from satellites. Mr. A. Iorillo, of Hughes Aircraft, said 
" The next generation of Clarke's concept [W.W. Octo- 
ber, 1945] is the realization of domestic satellites." 
Although the American Broadcasting Company's appli- 
cation for its own satellite had been turned down by 
the F.C.C. he foresaw a domestic satellite television 
system in the U.S.A. in a few years. It would have a 
multiple beam aerial system providing individual ser- 
vices for the different time zones. Mr. Pardoe (Hawker 
Siddeley) in his paper dealt first with the use of satel- 
lites for the distribution of television. He referred to 
the studies now being conducted by Eurovision, Euro- 
space, the European Conference for Telecommunication 
Satellites (C.E.T.S.) and the Conference of European 
Postal & Telecommunication Administrations (C.E.P.T.) 
regarding a European regional telecommunication 
system, including television distribution, and the 
methods by which it can be met. He then went on to 
dicuss direct broadcasting by satellite " the obvious 
advantage of which is the high level of coverage that 
can be obtained compared with any extension to the 
existing terrestrial system." Mr. Pardoe said " The 
question is not if, but when, these facilities can become 
operational." However, Dr. Nestel of Germany put five 
pertinent questions in his paper which followed: -Have 
you a frequency? a missile? the money? the programme? 
a transmission standard? 

Although both the symposium and the exhibition were 
mainly concerned with the origination, recording and 
transmission of television there were several papers deal- 
ing with aspects of distribution and reception and also 
special applications of television in, for instance, educa- 
tion and medicine. Incidentally, one of the highlights 
was a live Ediophor colour demonstration which included 
ophthalmic manipulations and microscope investigations 
of plankton. On the receiving side considerable interest 
was created by the two -gun Jatron colour tube described 
by W. Jaeger of Florence. 

C 
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WORLD OF WIRELESS 

High Resolution Radar for London Airport 
A NEW radar installation is undergoing trials at London 
Airport; it is the Airfield Surface Movement Indicator 
Mk. 3 that has been developed by Decca Radar. A.S.M.I. 
is a high resolution radar that presents the local air traffic 
controller with a visual display of all movements of aircraft 
and vehicles on the airfield; it is thought that this equipment 
will be invaluable when blind landing in poor visibility is 
in widespread use. For once the aircraft has landed it is 
still necessary to guide it to the dispersal point; however, 
with this system the controller can be certain that there are 
no aircraft or service vehicle obstructing the taxi track at any 
point. 

With such a system it is essential that the movement 
of objects appear to be continuous and not a blip on a 
high persistence screen as was the case with the Mk. 1 
version. To achieve this with the minimum of flicker the 
aerial, which consists of an inverted cosecant squared re- 
flector, is made to rotate at 750 r.p.m. and is driven by a 
hydraulic motor to prevent the noise pick -up that could 

occur if an electric motor was used, the actual weight of 
the rotating head is 200 lb. 

The equipment operates in the Q band at 35 Gc /s, pulses 
have a reduction of 30 ms and a peak power of 12 kW; 
the p.r.f. is 15 kc /s. An overmoded X -band waveguide is 
used to couple the transmitter to the aerial, preventing losses 
that would occur if a Q -band waveguide was used; this enables 
the aerial to be mounted remotely from the transmitter. 
With the exception of the later stages of the modulator, 
transistors are used throughout the equipment. 

A 12 in p.p.i. display that has four switchable range scales 
0.5, 1.0, 1.5 and 2.5 nautical miles, is used. The display 
can be off -centred, thereby increasing the range in any par- 
ticular direction. An internal preset control enables the 
whole picture to be rotated. 

The performance of the system is such that it is possible 
to see the housings of the flare path lights, which project only 
a couple of inches above the runway surface; it is also possible 
to identify most aircraft types. 

Colour Television in Europe - the Latest Situation 
ACCORDING to information given at a recent meeting of 
the E.B.U. Technical Committee in Amsterdam, the dates for 
the commencement this year of colour television broad- 
casting on a regular basis in the countries of continental 
Europe are as follows. France will include regular colour 
programmes in the O.R.T.F's second television programme 
(625 lines u.h.f.) from 1st October. In Germany both the 
A.R.D. (Federal Republic) and the Z.D.F. (Democratic Re- 
public) will start officially on 25th August in the v.h.f. and 
u.h.f. bands. Colour will be included in both the first (v.h.f.) 
and second (u.h.f.) programmes of the Netherlands from 
21st September, although formally it will not open until 
the 1st January 1968 with a weekly eight hour service. 

Information received from Austria states that colour trans- 

New Space Science Laboratory Opened 
HOLMBURY HOUSE, near Dorking, Surrey, is the home 
of the Mullard Space Science Laboratory, which although 
officially opened on 3rd May, has been in full use since last 
October. These premises were purchased by University 
College, London, through an endowment of £65,000 from 
Mullard Ltd., for housing the laboratory which is part of 
the Department of Physics and is in fact the largest scien- 
tific space research centre in Britain, carrying out 25 °,, of the 
total space research in British universities. At Holmbury 
there are six laboratories used by 23 scientists, and seven 
research students. 

The origins of space research in Britain can be traced 
back to a letter in Nature, April 7th, 1956, entitled "Rocket 
Exploration of the Upper Atmosphere " signed jointly by 
Sir Harrie Massey, Quain Professor and head of the Depart- 
ment of Physics at University College, and Dr. F. E. Jones, 
now managing director of Mullard Ltd. Over the past ten 
years, research has progressed from ionospheric studies con- 
ducted with sounding rockets, to more sophisticated study 
programmes involving earth satellites, topside sounders, and 
a great deal of co- operation between U.C.L., N.A.S.A. and 
D.S.I.R. 

The present work of the laboratory concerns experiments 
on eight satellites, and over thirty sounding rockets. Investi- 
gations will include fresh work on ultra- violet and X -ray 
astronomy of the sun and other bodies. Ionospheric studies 
will continue to have the greater proportion of individual 
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missions due to start in the autumn have had to be post- 
poned because of high costs, but no new starting date has 
been given. The situation in Italy is much the same; for 
although R.A.I. has made a number of colour programmes, 
the government has decided to postpone colour television 
until 1970, on economic grounds. In Switzerland the recep- 
tion of French SECAM and German PAL programmes will 
be possible depending upon the location of the receivers, 
but the Swiss Post Office and television networks will not 
start regular programmes until 1968. It is also understood 
that in the U.S.S.R. test transmissions of the joint Soviet - 
French Secam colour system will start in October, but no 
definite date for the start of a regular service has yet been 
announced. 

experiments. The actual practical work in Holmbury House 
is of a purely scientific nature since it is concerned mainly 
with originating new measurement methods, and the calibra- 
tion of experiments before flight. Advanced projects now 
being prepared include a combined telescope -spectrometer to 
be launched in a star -pointing rocket for u.v. spectroscopy, 
and an experiment measuring the distribution on the solar 
disc of sources of intense chromospheric and coronal emis- 
sion lines. Full liaison is being maintained with other space 
programmes at British universities such as Imperial College, 
and Southampton University, as well as with international 
bodies such as E.S.R.O. (European Space Research Organi- 
sation) and N.A.S.A., previously mentioned. 

Stockholm 
.Telecommunications Tower 
THE 459 -ft high, angular concrete tower stands in Kaknäs, 
in the north -east of Stockholm. Constructed for the Swedish 
Telecommunications Administration, and officially opened 
on May 12th, it functions as a broadcast control centre, 
where selection, switching and supervision of sound and tele- 
vision circuits are carried out. Television and sound 
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aterial from the Stockholm 
s dios of the Swedish Broad- 
s sting Corporation, and pro - 

ammes originating in the pro - 
nces or t.om abroad, will all 

be relayed from this tower. Re- 
mote control of a large number 
of transmitters and radio -relay 
stations will also be effected, and 
there are tud facilities for the 
clperation of multiplex telephony 
s~rvices. The tower is 32 ft 
square, and the figure 3 in the 
photograph indicates the posi- 
don of the power supply control 
plant which includes emergency 
generators.and standby batteries, 
as well as power supply appara- 
tus for battery fed telecom- 
munication equipment. The 
ibve levels indicated by 10, house 
adio -relay equipment for sound 

television broadcasting, and for 
multi- channel telephony; para- 
bolic aerials for the radio -relay 
links will be placed in balconies 
on four of these levels. The 52- 
ft steel lattice tower will take 
radio -link aerials for special pur- 
poses, and it is provided with 
fixed and rotating flight warn- 
ing lights. Equipment is already 
installed for the possible future 
distribution of colour television. 
Other services within the tower 
include testing and repairing of 
radio equipment at 7, and air 
conditioning and moistening plant for the proper functioning 
of equipment at 2. Overall cost was over £2M. 

Advancement in Metrology 
THE awareness in this country of the need to develop the 
science of measurement, and to improve its academic status 
is demonstrated by the recent endowment of a Chair of 
Electrical Metrology by the Wayne Kerr Company at the 
new University of Surrey (formerly the Battersea Poly- 
technic), and a grant of £27,000 from the Ministry of Tech- 
nology to the University. This latter takes the form of a 
three -year contract for research into measurement standards 
in the radio frequency field. When announcing this con- 
tract, Mr. Edmund Dell, Joint Parliamentary Secretary, 
Ministry of Technology, said, " We must develop the nexus 
between industry and university. Industry in the end pays 
for the university, and the university should supply industry 
both with people and knowledge. Yet there seems to be a 
very different relationship in this country between univer- 
sity and industry from that which exists in the U.S.A." The 
strength of many American seats of learning is that manu- 
facturers' research facilities are built on the periphery of the 
campus, providing a wonderful opportunity for cross 
fertilization. 

More specifically, this contract will involve the Wayne 
Kerr Company, the Royal Aircraft Establishment, the 
National Physical Laboratory, and the Ministry of Tech- 
nology. The University will produce means of facilitating 
the measurement of transistors and integrated circuits, work- 
ing at frequencies in the order of 100 Mc /s. This embraces 
the development of a standard design of test equipment, 
standards of impedance, and techniques for connecting the 
test equipment to the circuit or component being measured. 
Among the benefits expected from this programme is a sub- 
stantial contribution to the development of a calibration 
service, commercial applications of these new techniques, 
the opportunity for Surrey University to develop as a centre 
in this specialized field, and for both the R.A.E. and N.P.L. 
to advance their own work programmes as a result of the 
techniques and tools developed. 

World Radio Club is the name of a new weekly, quarter - 
hour programme for short -wave enthusiasts to be broadcast 
in the B.B.C's World Service. It will be transmitted at 
0745 G.M.T. each Saturday morning, beginning on 1st July. 
The programme content will be news and comment on 
broadcasting and receiving, technical talks, advance informa- 
tion on listening conditions and DX news. Membership of 
this club is obtainable on request from World Radio Club, 
B.B.C., Bush House, London W.C.2, and questions and 
comments are invited from members. The programme will 
be broadcast again on Sundays (0245), Tuesdays (2100), and 
Thursdays (1245) in all the short -wave bands and also on 211 
metres. 

Belling & Lee have stated that they are prepared to 
champion the right of any tenant to enjoy a satisfactory 
colour television picture. In detail, they are prepared to take 
up the case of any tenant in negotiation with his landlord 
for an outdoor u.h.f. aerial, in view of the fact that satisfac- 
tory colour television depends to a large extent on suitable 
aerials being accurately installed. If necessary, the offer 
has been made to finance a test case. Simultaneously, 
Belling & Lee announce that u.h.f. set top aerials will no 
longer be made. A ten -element outdoor or loft aerial is 

recommended, " in order to give the introduction of colour 
television, the maximum chance of success." 

The schedule of BBC -2 colour trade tests was revised on 
June 5th, and transmissions are now radiated each weekday 
from 090Q to 1200, 1200 to 1300 (except Mondays) and 
1400 to 1915 when a colour film will be transmitted. The 
sequence of tests consists of the monochrome test card, 
colour bars and colour slides accompanied by a 440 c/s 
tone or recorded music, and an occasional film. 
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The Geoffrey Parr Award of the Royal Television Society, which is 

presented annually to either an individual or a team in recognition of 
a contribution to television engineering or on associated science, has 

been given to Dr. Walter Bruch and his team for their work on the 

PAL colour television system. It was presented at the Society's annual 
dinner on May 19th by Mrs. F. E. Parr and received on their behalf 
by Dr. Carl Zickerman, general manager, research and development 

service department of AEG -Telefunken. 
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PERSONALITIES 

N. R. Bell, B.Sc.(Eng.), M.I.E.E., has 
been appointed to the new post of chief 
design engineer (measurement stan- 
dards) at Marconi Instruments. He 
joined Marconi Instruments in 1953 and 
in 1961 was appointed a group leader 
responsible for a number of proprietary 
instrumentation projects. Latterly he 

N. R. Bell 

has been mainly concerned with oscillo- 
scope design and development. B. A. 
Murphy, senior measurement standards 
engineer, will continue in charge of the 
Standards Laboratory at St. Albans. 

At each of the biennial International 
Television Symposia held in Montreux 
presentations are made to several dis- 
tinguished television engineers in recog- 
nition of their "outstanding contributions 
and leadership." At this year's Sympo- 
sium (May 22 -26) Dr. W. Gerber, of 
the Swiss P.T.T., who was chairman, 
presented scrolls to Georges Hansen 
(E.B.U.), Dr. M. I. Krivosheev (Radio 
Research Inst., Moscow), Dr. R. D. A. 
Maurice (B.R.C.) and Professor V. 
Siforov (Popov Society, Moscow). Mr. 
Hansen, who is 58, is director of the 
Technical Centre of the European 
Broadcasting Union in Brussels which 
he joined in 1956. He has been secre- 
tary of the Union's ad hoc group on 
colour television since it was formed in 
1962. Prior to joining the E.B.U. he was 
with the Belgian Broadcasting Corpora- 
tion from 1936 (except for the war years) 
and became chief engineer and deputy 
director general. Dr. Krivosheev, who is 
45, worked in the Moscow Television 
Centre after graduating and was later in 
charge of the Television Department of 
the U.S.S.R. Ministry of Telecommuni- 
cations. Since 1959 he has headed the 
television department and the laboratory 
for television measurement of the Radio 
Research Institute. He obtained his doc- 
torate in technical sciences in 1966. Dr. 
Krivosheev is deputy chairman of the 
television study group of the Inter- 
national Radio and Television Organiza- 
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tion (O.I.R.T.) which is the Eastern 
European counterpart of the E.B.U. Dr. 
Maurice, who received his Doctorat 
d'Ingenieur from the Sorbonne, Paris, in 
1952, has been with the B.B.C. since 
1939 having previously spent six years 
with E.M.I. Dr. Maurice, who is 55, 
has been in the Research Department 
throughout his career with the B.B.C. 
He was appointed head of the television 
group in 1958 and has been assistant 
head of the department since 1961. Pro- 
fessor Siforov, who is 63, received his 
doctorate of technical sciences from 
Leningrad University where he was ap- 
pointed professor of radioelectricity in 
1938. In 1953 he became corresponding 
member of the U.S.S.R. Academy of 
Sciences Since 1954 Professor Siforov 
has been president of the Popov Society 
of Radiotechniques. 

Professor J. E. Flood, D.Sc., Ph.D., 
F.I.E.E., who has occupied the chair of 
light current electrical engineering at 
the University of Aston, Birmingham, 
for the past two years, has been ap- 
pointed head of the Department of 
Electrical Engineering. Dr. Flood, a 
graduate of Queen Mary College, 
University of London, was chief 
engineer in the Advanced Development 
Laboratories of A.E.I's Telecommuni- 
cations Division prior to entering the 
academic world in 1965. While at 
A.E.I. he was closely associated with 
the development of electronic telephone 
exchanges and was a member of the 
Electronic Research Committee set up 
by the Post Office and telephone equip- 
ment manufacturers. 

Edward Milton (right) 
receiving the 1967 John 
Logic Baird Travelling 
Scholarship (value 
E200) from Mr. J. C. 
O'Regan, of the Baird 
Company which donates 
the award, at the Royal 
Television Society an- 
nual dinner. Mr. Mil- 
ton, who obtained a 
B.A. degree in elec- 
trical engineering at 
University College, 
Cork, Ireland, has been 
in the Experimental & 
Development Depart- 
ment of the I.T.A. since 
1964. He is at present 
engaged on o two -year 
part -time M.Sc. course 
in physical electronics. 

Air Cdre. K. B. S. Wilder, C.B.E., 
B.Sc., M.I.E.E., who is 49 and has been 
director of telecommunications at the 
Air Ministry since 1963, is appointed 
air officer in charge of engineering, 
R.A.F., Germany. A graduate of 
University College, Nottingham, he was 
commissioned in the R.A.F. in 1940 
and during part of World War Il was 
at the Air Ministry on telecommunica- 
tions and radar duties. He has served 
as H.Q. signals officer in several opera- 
tional areas and in 1962 was appointed 
command electronics officer, Far East 
Air Force. 

J. H. Leek, M.Eng., Ph.D., M.I.E.E., 
who graduated at the University of 
Liverpool in 1945 and has been on the 
staff since 1950 (latterly as reader in 
electronic engineering) is the first in- 
cumbent of the new chair of physical 
electronics at the University. Professor 
Leck, who is 42, was in the research 
department of Metropolitan Vickers 
from 1946 to 1950. He has recently 
been at Washington State University as 
senior foreign visiting fellow. 

F. J. Ralston has been appointed resi- 
dent engineer at the B.B.C's. Atlantic 
Relay Station, Ascension Island, in suc- 
cession to J. M. Rowe who completes 
his tour of duty in August. Mr. Balston 
joined the Corporation in 1943 and 
served at several transmitting stations 
until his transfer in 1956 to the Wooffer- 
ton, Shropshire, short -wave station 
where he has been assistant engineer - 
in- charge since 1960. 
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vid R. A. Steadman, B.Sc.(Eng.), 
wh joined the Marconi Company as 
a s dent apprentice in 1955, has be- 
co marketing manager of the com- 
pan 's Radio Communications Division. 
After spending four years as an appren- 
tice he was given leave of absence to 
attend London University, where he 
took an honours degree in engineering. 

D. R. A. Steadman 

In 1960 Mr. Steadman returned to the 
Company to do a year's postgraduate 
course at Marconi College. He then 
joined the sales department of Commu- 
nications Division. In 1964 he spent a 
year with the Company's International 
Division as resident regional manager, 
Flax East Office, in Singapore. Mr. 
Steadman returned to the Radio Com- 
munications . Division and for the past 
year has been regional sales controller 
(Africa). 

Cyril Smith, B.Sc.(Eng), A.M.I.E.E.., 
has been appointed managing director 
of Radyne Ltd., of Wokingham. Mr. 
Smith was previously general divisional 
manager of the dielectric and magnetic, 
and the capacitor divisions of the Plessey 
Company, based at Towcester. He 
trained in telecommunications with the 
G.P.O. and during World War II served 
in the Royal Signals, retiring as a Cap- 
tain. He joined Sir William Penney's 
team at Fort Halsted, near Sevenoaks, 
in 1950 and later was superintendent in 
charge of electronic production, Atomic 
Weapons Research Establishment, 
Woolwich Common. He joined the 
Plessey Company in 1960. E. C. 
Stanley and C. E. Tibbs, founders and 
former joint managing directors of 
Radyne, now a subsidiary of the David 
Brown Corporation, will continue to be 
associated with the company as 
directors. 

Eric Willis Jones is appointed chair- 
man and Jack Shields, B.Sc., Ph.D., 
M.I.E.E., managing director of AEI - 
Thorn Semiconductors Ltd., the new 
company, formed to combine the semi- 
conductor interests of AEI and Thorn, 
which is to operate as part of the Com- 
ponents Group at Lincoln. Mr. Willis 
Jones was commercial manager and 
later general manager of AEI Semi- 
conductors. Since December last year 
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he has been general manager of the 
AEI Components operation, a post he 
will continue to hold in addition to his 
new responsibilities. He is also chair- 
man of the VASCA Semiconductor 
Division. Dr. Shields led the develop- 
ment of microelectronics at the AEI 
Central Research Laboratory, Rugby, 
until his appointment, in 1964, as the 
chief engineer, AEI Semiconductors. 

George H. Doust, director of the 
Plessey Company's Australia Group 
for the post two years, has returned to 
the U.K. to take up the post of director 
of the Plessey Components Group. Mr. 
Doust, who is 50, joined the company 
in 1956, and before going to Australia 
was managing director of Plessey Inter- 
national Ltd. and sales director of 
Plessey UK Ltd. His successor in 
Australia is Robert Hall, at present 
general manager of the Plessey Com- 
ponents Group's three mechanical 
Group's three mechanical divisions at 
Swindon. 

A. F. Burke, M.B.E., has been ap- 
pointed by the International Tele- 
communications Union as adviser on 
telecommunications and planning engin- 
eer to the Ministry of the Interior, 
Kuwait. During the war he served as 
a Signals Officer in the Navy and com- 
manded the Brussels and Hamburg 
Naval Signal Centres. He has since 

A. F. Burke 

served as Force Signals officer to the 
Police Forces of Tanganyika, Cyprus, 
Uganda and Fiji. 

Arthur F. Dyson, Grad.I.E.E., Grad. 
I.E.R.E., has been appointed engineering 
director of Erie Resistor Ltd. with 
special responsibility for product and 
engineering development. His early 
experience was with A.E.I. where he 
undertook a five -year course of training 
in electrical engineering followed by 
three years' research work. From 1961 
to 1963 he worked in the U.S.A. with 
Erie Resistor's parent company in 
Pennsylvania, and since 1963 he has 
been with Erie in this country. Mr. 
Dyson, who is 34, is the elder son of 
the chairman and managing director of 
Erie Resistor Ltd. 

D. R. W. Thomas, M.B.E., M.I.E.E., 
has been appointed chief engineer of the 
Data Systems Division of Standard 
Telephones & Cables in succession to 
Dr. G. G. Smith, who has been seconded 
to British Overseas Airways Corpora- 
tion. Mr. Thomas joins S.T.C. from 
the Ministry of Defence. He served 
with the Royal Corps of Signals from 

D. R. W. Thomas 

1942, and latterly as a General Staff 
officer in the Ministry of Defence. 
F. W. Simpson is appointed assistant 
chief engineer of the S.T.C. Data 
Systems Division. He has transferred 
from Standard Telecommunication 
Laboratories at Harlow, where he has 
been in charge of projects dealing with 
the reliability and dependability of 
digital electronic equipment, computers 
and satellite communication equipment. 

OBITUARY 
Alfred Harold Whiteley, M.B.E., 

managing director of Whiteley Electrical 
Radio Company, of Mansfield, Notts, 
which he founded in 1926, died sud- 
denly in London on May 23rd while 
visiting the Components Exhibition. 
Mr.. Whiteley, who was 74, was also 
joint founder and governing director of 
Marrison and Catherall the permanent 
magnet manufacturers. In 1949 he was 
elected a companion of the Institution 
of Electronic & Radio Engineers and 
has served for some years on the coun- 
cil. 

John Arminson Rouse, general mana- 
ger and secretary of the Radio Society 
of Great Britain, died suddenly at his 
home near Guildford, Surrey, on May 
26th, aged 46. Mr. Rouse held an arti- 
ficial aerial licence (2AHL) prior to 
World War II and obtained a full trans- 
mitting licence (G2AHL) in 1946, after 
operating from India as VU2HL while 
serving in Royal Signals. He was keenly 
interested in v.h.f. and mobile work. 
He joined the R.S.G.B. in 1952 as 
assistant editor and became editor ten 
years later. He was appointed general 
manager and secretary on the retire- 
ment of John Clarricoats, O.B.E. (G6CL) 
at the end of 1963. 
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Thyristor Speed Control for 
Electric Drill Motors 
Governor using motor back- e.m.f. as regulating voltage 

By K. C. JOHNSON, M.A. 

THE advent of the thyristor has opened up the possi- 
bility of making compact and efficient electronic 
controllers for equipment powered directly from 

the mains electricity supply. One application for them 
that will be of interest to readers is the regulation of 
the running speed of ordinary small electric drills. These 
tools normally contain a simple series -wound commu- 
tator motor that drives the chuck through reduction 
gearing. Sometimes the gear ratio is adjustable, but 
there is no form of governor to prevent the speed from 
rising and falling with every change of load. The addi- 
tion of such a governor can extend the usefulness of 
the drill not only for drilling masonry or other materials 
which require a low cutting speed, but also for a variety 
of different jobs, winding coils for example, for which 
the use of an ungoverned drill would never be considered. 

Electrical measurements on a typical drill show that 
when stationary the motor has a resistance of 45 !I and 
an inductance of 0.5 H. At mains frequency this means 
a minimum impedance of about 16012 at a phase angle of 
near 75 °. In normal usage the motor spins and the 
drill then presents a higher impedance than this to the 
mains, but it is important to notice that even under 
stall conditions the peak current is unlikely to exceed 
perhaps 3 A. 

The iron laminations which are used to make the 
field in such a motor have an appreciable amount of 
magnetic hysteresis. This means that a remanent mag- 
netic field is left when the motor current falls to zero, 
and measurement shows that this is sufficient for an 
e.m.f. of about 7 V to be generated when the drill is 
spinning near maximum speed but has no current flow- 
ing through it. Naturally this voltage appears in such 
a direction as to oppose the last large current that was 
passed through the motor. Further measurement shows 
that a current of 100 mA or more must flow before this 
remanent magnetism is seriously disturbed, but that 
smaller currents can add or subtract from the remanent 
field without having any permanent effect. A current 
of 5 mA will, in fact, cause a change of about 10% in 
the remanent field and hence in this generated voltage. 

It is this remanent generated voltage which is to be 
used in the controller to be described as a measure of 
the drill speed. A thyristor in series with the motor 
will be fired at the appropriate phase -angle of the mains 
so as to regulate the power delivered and maintain the 
motor speed at a desired value. If the drill slows down 
the firing angle will be advanced so that more power 
is delivered, while if it speeds up the power will be 
decreased. 

The thyristor used (s.c.r.) must be capable of carrying 
the full centre -to -peak mains voltage, so that a device 
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rated for 400 V is advisable. It must also carry the 
peak current when the drill stalls, so that a 3 A rating 
is necessary, and an adequate heat sink must be provided. 
Lastly the thyristor must fire reliably from a trigger 
current of 20 mA. Many manufacturers offer types that 
meet these requirements; in the STC range, for example, 
the appropriate device is CRS3 /40AF. 

It will be seen from the diagram that this thyristor 
is connected directly between the " live " wire at the 
mains input and the output socket into which the drill 
is plugged without its having to be modified in any 
way. The use of this simple arrangement does indeed 
mean that the drill can receive voltage only during the 
positive half -cycles of the mains, but it is surprising 
how little difference this makes to the power available. 
A full -wave arrangement would have to be much more 
complex and expensive for comparatively little advantage. 
Note that with this circuit a switch connecting the input 
L direct to the output L can be added, so that un- 
governed full power is quickly obtainable without any 
worry about the small currents that flow in the resistors 
which remain connected across the high voltage. Simi- 
larly no harm results from switching off at the drill itself, 
when this is more convenient, for the same reason. 

For safety a fuse, set initially as low as 1 A but perhaps 
increased to 3 A if failure occurs under legitimate load- 
ing, is included at the input terminal. Again for safety 
it must be remembered that this circuit contains parts 
at the full mains voltage and it is absolutely essential that 
these must be fully protected before the device is put 
into everyday use as part of an electric drill. A feature 
of the circuit is that large voltages are not applied to 
the control potentiometer, but even so it should have 
its spindle earthed in the proper way. 

CIRCUIT OPERATION 

Consider the group of components at the right hand side 
of the circuit diagram. The 1 kSì resistor here serves 
purely to limit the surge current when the thyristor fires, 
but the diode and capacitors form a low- voltage power 
supply. At peak negative mains voltage the diode con- 
ducts preventing any significant reverse voltage on the 
capacitor across it. As the mains rises from negative 
towards zero, current from the 0.05µF capacitor charges 
up to the 2 µF capacitor, which can be an electrolytic 
type, to about 8 V and a voltage of at least this magnitude 
will then be available throughout the positive half -cycle 
if no current is taken by the transistors. Notice that if 
power is used the only effect is that the diode conducts 
sooner than would otherwise have been necessary; the 
available voltage in the following cycle is unaffected. 
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e diode to serve in this position need only be able 
to and a peak voltage of 20 V and currents of perhaps 
10 mA, so that the requirements present no difficulty. 
A Ferranti type ZS70 is suitable, but really almost any 
other commercial diode could have been used. The 
capacitors have to be able to stand the peak voltages 
involved and must not mind being cycled at mains fre- 
quency with brief surges of as much as 350 mA when 
the thyristor is fired near the peak voltage. Even so the 
powers involved are not large and ordinary components 
are, 

The two transistors form a trigger circuit which in 
many ways resembles a baby thyristor. During each 
negative half -cycle of the mains this circuit is brought 
to the state where both transistors are cut off, as the 
voltage from the power supply goes to zero. They re- 
main in this state, both being silicon types with neglig- 
ible leakage current, until the lower one, the n -p -n, re- 
ceives enough forward base current to make about 6µA 
flow at its collector. When this happens the p -n -p 
begins to conduct and regeneration rapidly turns both 
devices hard on, so that about 40 mA flow from the 2 µF 
capacitor into the gate of the thyristor. This current is 
big enough and lasts long enough to ensure firing despite 
the time required for the necessary minimum holding 
current to be established in the inductance of the motor 
windings. The 10 kf2 resistor ensures that the transist- 
ors cannot be turned off again when the thyristor first 
fires while the second ZS70 diode helps this action and 
also prevents damage to the transistors from the reverse 
current, which can exceed 3 mA at peak mains voltage. 
A low- leakage diode, which in practice means a silicon 
type, is essential for this position, but the peak reverse 
voltage and current requirements present no difficulties 
whatever. 

The sensitivity of this trigger circuit is better than 
1 nA while more than a million times this current can 
be turned on by the thyristor within a few microseconds. 
The transistors used must, therefore, also be of silicon, 
so as to have leakage currents small compared with 1 AA, 
aijd they must be able to stand 20 V at the collectors 
bdfore this leakage starts to increase seriously. When 
saturated the two must be able to carry 40 mA between 
them without requiring more than perhaps 1 V, but 
there is no requirement for the current gains to be 
matched and indeed values of no better than say five 
would be adequate while any larger value will do. Types 
which are epitaxially grown will generally have better 
current carrying ability, while the planar process makes 
fqr lower leakages, so that both these features are de- 
sijable. The Mullard types BSY38 and BSY40 would 
b4 admirable, but once again a large choice is available 
from many manufacturers. 

The network at the left of the diagram uses a 10 V 
Zrner diode to make a reference voltage which acts only 
d firing the positive half -cycles of the mains. A suitable 
d ode is STC type ZE 10. The variable potentiometer 
selects a proportion of this voltage according to the drill 
s eed required and this is compared with the remanent 
g nerated voltage from the drill motor at the transistors. 
I the drill does not generate sufficient voltage the thy- 
ristor is fired and more power applied. The 100 kf.2 

series resistor prevents excessive current being taken 
after the thyristor has fired, while the 0.04µF provides 
smoothing both to prevent spurious triggering due to 
vViltage transients and also to stabilise the servo action. 

The selection of the value of the capacitor for this 
s abilisation requires something of a compromise. If 
t e value is made smaller then the servo works well at 
f irly high drill speeds but the slow- running perform- 
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Complete circuit of thyristor motor speed regulator. Similar types of 
diode, thyristor, and transistor can be used in place of those suggested. 

Thyristors with less sensitive gates should not however be used. 

ance is rough, whereas an increased value gives very 
good slow -running but a much " softer " characteristic 
at higher speeds. The cause of this is that the motor 
has to carry the capacitative current drawn from the 
mains by the power supply arrangement while its 
voltage is being measured by the servo. At high speeds 
this current first augments the remanent field as the 
half -cycle is starting and then decreases through zero 
so as to subtract a similar amount, 10% or thereabouts, 
from it at the finish. Thus the generated voltage is 
made to fall steadily and the servo action is stabilised 
automatically without further trouble. Unfortunately, 
though, this generated voltage becomes small at low 
speeds and the self- inductive voltage from the motor 
windings due to this same current becomes important. 
This, of course, is in simple antiphase with the mains 
so that it can make the total motor voltage actually 
increase near the end of the half -cycle where firing will 
be required when the speed is low. This results in a 
hit and miss action with firing in only some mains cycles 
instead of all, but the servo can be made stable again, 
at the expense of some loss of gain, by increasing the 
time- constant of the smoothing network. The value of 
0.04µF chosen seems, in fact, to be a good compromise 
and the servo works reasonably well throughout the 
speed range. If a more sensitive type of thyristor could 
be used then the power supply current could be reduced 
and the trouble would be less, while a thyristor needing 
more trigger current could not easily be employed in 
this form of circuit. 

CONSTRUCTION 

Since all the components of this circuit, except the 
thyristor, dissipate only negligible power they can be 
packed close together. A piece of plastic board about 
2 in square is large enough for all of them with modern 
types. The thyristor generates only about 1 W, so it 
will be adequately cooled by an aluminium fin of about 
this same size, and so the whole circuit can be put into 
a cube about 2 in on each side. Even with the necessary 
protecting box it will still be of the same sort of size 
as a standard power socket and can easily be incor- 
porated into the end of an extension lead. The author's 
model works well, holding any selected speed down to 
about 10% of the maximum over wide ranges of load 
and giving a useful control even at much lower speeds 
than this. 
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WORLD OF AMATEUR RADIO 
Phone -only Licences in the 
Netherlands 
IT has been the practice in the Netherlands since 1955 to 
issue licences for operation on 144 Mc /s and above to 
amateurs who pass a technical examination but not a Morse 
test. Statistical information published in the April number 
of I.A.R.U. Region I Bulletin discloses that the number of 
such new licences issued each year now exceeds the number 
of general licences. The figures for the past six years are :- 

Number of New Licences 

General Phone only 

1961 
1962 
1963 
1964 
1965 
1966 

32 67 
34 92 
20 74 
24 86 
27 85 
21 98 

Last year the number of phone -only licences in force in 
the Netherlands represented one -third the full total. If 
the present trend continues a situation may well arise in 
the near future when the number of such licences will exceed 
the number of general licences. In the United Kingdom 
phone -only licences are granted for work on 420 Mc /s 
and above, and holders are identified by a G8 call -sign 
followed by three letters. Applicants for a U.K. phone -only 
licence have to pass the Radio Amateurs' Examination. 

European Fox Hunting 
Championships 
THE fifth of a series of biennial Fox Hunting Champion- 
ships arranged by the International Amateur Radio Union, 
Region I Division, will take place this year in Southern 
Bohemia, about 80 km from Prague. Organized by the 
Central Radio Club of Czechoslovakia an extensive 
programme has been drawn -up for competitors and visitors. 

Participants will assemble at Tábor (on the main railway 
line from Prague to Ceské Budejovice) on September 22nd, 
prior to the official opening on the following day when 
there will be practice runs for competitors. The Fox Hunts 
will take place on September 24th (3.5 Mc /s) and 25th 
(144Mc /s) and on the 26th there will be visits to factories 
and places of historic interest. The entry fee for each 
member of a team will be U.S. $30. This will cover accom- 
modation, board and the full programme of events. The 
fee for visitors will be U.S. $35 and will also cover the 
full period September 22nd -27th. Full details can be 
obtained from the secretary, C.R.C., P.O. Box 69, Prague 1. 

Beacon Station on St. Helena.- Reception reports of signals 
transmitted from a beacon station on St. Helena will be 
welcomed by the R.S.G.B. Scientific Studies Committee, 28 
Little Russell Street, London, W.C.1. The station transmits 
on 28.983 Mc /s in accordance with the following one- minute 
schedule: Test de ZD7WR, Test de ZD7WR, followed by an 
tsnmodulated carrier. 

English DX News Bulletins are now being transmitted from 
Stockholm every Saturday at 14.00 G.M.T. on 7.025 Mc /s 
by the Swedish National Amateur Radio Society station 
SM5SSA. Transmissions are made at a speed of about 14 
words per minute and the operators (SM5ACQ and SMDXU) 
stand -by from 13.00 G.M.T. every Saturday on 7.025 Mc /s 
for information to be included in that day's Bulletin. Items 
may be posted to P.O. Box 213, Vasteras, Sweden. 
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Amateur Radio at World Jamboree. -During the period of 
the World Jamboree of the Boy Scout movement (to be held 
this year in Farragut State Park, Idaho, U.S.A., from August 
1st to 9th), radio amateurs of that State and of the American 
Radio Relay League will ensure that amateur radio is well presented to the boy scouts of the 80 countries expected to 
send contingents. The main amateur station -call sign 
K7WSJ (" World Scout jamboree ")--will be set up with 
three operating positions in tents on the camp grounds. Its 
primary frequencies will be c.w.: 3.525, 7.025, 14.025, 21.025 
and 28.025 Mc /s; telephony: 3.950, 7.290, 14.290, 21.290 and 
28.590 Mc /s. Another station, probably located outside the 
camp site, will be operated by Idaho amateurs using the call 
K7BS on frequencies 20 kc /s off those used by K7WSJ. The 
Jamboree -on- the -Air will take place during the weekend 
August 5th and 6th. 

E -M -E Work Recognized. -The Technical Merit Award of 
the American Radio Relay League has been made to the 
U.S. West Coast amateur, William Conklin (W6DNG) and the Australian amateur Ray Naughton (VK3ATN) for out- 
standing earth -moon -earth work on v.h.f. W6DNG 
uses a pair of 4X250Bs running at nearly 800 watts output into a 32- element expanded collinear aerial producing a gain 
of 18.3 dB over a dipole. The array is rotatable both in azimuth and elevation. His receiver uses a transistor pre- amplifier in front of a converter, the output of which is fed through a noise clipping and blanking system into a much -modified Collins 75A -4. 

Danish Jubilee. -The 40th anniversary of the formation of Eksperimentende Danske Radio Amatprer -the Danish national amateur radio society -is to be celebrated in Copenhagen, at the Resturant Josty, Pile Alle 18, on Satur- day, August 19th. Foreign radio amateurs in Denmark at that time who wish to attend the celebrations are invited to contact the secretary, E.D.R., Post Box 79, Copenhagen K. 

Old Timers' Reunion. -Sir Francis McLean, Director of Engineering, B.B.C., was elected an honorary member of the Radio Amateur Old Timers' Association at the ninth reunion on May 5th, when a best -ever attendance of 85 was recorded. Making their first appearance were a number of pre -war artificial aerial licence holders. Membership of the Association is now 225 and is open to those who have held a full United Kingdom amateur transmitting licence for a period of 25 years including the war years as well as to pre -war artificial aerial licence holders who obtained a full licence in 1946 and have retained it ever since. 

R.S.G.B. National Mobile Rally.-- Gilwell Park, owned by the Boy Scout Association and situated on the edge of Epping Forest, Essex, is to be the venue of the R.S.G.B. National Amateur Radio Mobile Rally on Sunday, July 9th. Per- mission has been given by the Camp Chief (Mr. John Thurman) for cars and caravans to be parked at Gilwell from July 7th and although no reservations are required prior notification to Mr. J. M. Stuart (G3TU *' ), 10 Stewards 
Close, Epping, Essex, will assist the arrangements. Talk -in stations will operate from 09.00 on 20, 40, 80 and 160 metres on the day of the Rally. 

Artificial Ionosphere Cloud. -A study is under way to deter- mine to what extent, if any, normal propagation conditions 
were disrupted by the artificial ionosphere cloud fired by rocket from Wallops Island, Virginia, U.S.A., during the evening of March 30th. Amateurs having knowledge of disruption of normal conditions that evening are requested 
to forward complete details to the American Radio Relay League, 225 Main Street, Newington, Connecticut, 06111. 

JOHN CLARRICOATS, G6CL. 
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SORTING OUT THE COLOUR SIGNALS 

How a colour television receiver takes the colour signal sidebands, 

centred on 4.43 McIs suppressed subcarrier, and demodulates them 

to isolate the two colour- difference amplitude modulations from 

which the drives to the three grids of the colour tube are derived 

IN previous articles we analysed the receiver sections 
in which the colour subcarrier is regenerated by a 
local oscillator kept in phase with the transmitter by 

means of the colour burst (June, 1967), and the de- 
modulated chrominance signals are decoded into a form 
suitable for driving the three grids of the shadow -mask 
colour tube (May, 1967). Now we turn to the " chromi- 
mince " circuits where the colour signals themselves are 
isolated from the other signals in the transmission, 
amplified and then demodulated in two local-oscillator- 
controlled-demodulators to produce outputs suitable 
far the subsequent decoder circuits. 

COLOUR SIGNALS FROM TRANSMITTER 
TO RECEIVER 

To understand the chrominance section, it is well to 
take another look at the colour signals it handles. At the 
transmitter, the chrominance signals start as separate 
colour- difference signal voltages, ER -EY and Eg -EY, 
amplitude- modulated onto a subcarrier, L = 4.43 Mc /s, 
m 90° -apart phases. (This is the same as modulating onto 
two separate subcarriers sin 2i1ft and cos 2.77. Lt = sin 
:2nfrt + 90 °) as shown in Fig. 1(a).) The subcarrier is 
then suppressed and the resulting double -sideband 
signals are used to modulate the main transmitter 
carrier along with the luminance modulation, Y. This 
gives rise to colour modulation appearing as a 4.43 1 Mc /s 
band upon the luminance modulation as shown shaded in 
the illustration for one raster line in Fig. 1(b). After the 
video detector in the receiver, these colour -difference 
modulations, separated from the other signals, remain 
as two sets of sidebands out to 1 Mc /s centred on 
4.43 Mc /s as in Fig. 1(c). It is this last set of signals 
that the chrominance section of the receiver amplifies 
and demodulates. 

COLOUR SIGNAL HANDLING IN 
CHROMINANCE SECTION 

The overall separating, amplifying, and demodulating 
of the colour signals in the chrominance section is illus- 
trated in block form in Fig. 2. After the video detector, 
the input signal to the chrominance section is a 0 -6 Mc /s 
mixture of luminance (0 -5.5 Mc /s), line sync pulse 
(d.c. with 0.3 µs risetime), colour -burst (4.43 Mc /s), 
f.m. sound (6 Mc /s ± 0.15 Mc /s), and chrominance 
(4.43 Mc /s f 1 Mc /s). 

In the first controlled chrominance amplifier stage, 
(A) in Fig. 2, the luminance signals between 0 and 3 Mc /s 
are removed, before the remaining 3 -6 Mc /s is passed 

*Newmarket Transistors Ltd. 
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on to the second stage, (B). Between (A) and (B), in 
passing, the 4.43 Mc /s colour bursts are fed off on a 
separate path to control the colour oscillator. The first 
stage A, moreover acts as a colour a.g.c. stage, gain -con- 
trolled by feedback from the colour oscillator section. 

In the second stage, the " chrominance bandpass 
amplifier ", (B) in Fig. 2, the chrominance signals are 
further isolated by removing the colour burst and sync 
pulse signals. This is done by a " gating " pulse during 
the line flyback which shuts the amplifier off when the 
sync and burst signals reach its input. The bandpass 
amplifier also usually includes a tuned 6 Mc /s trap to 
reject the sound signals, and sometimes a 1.57 Mc /s 

trap to reject the intercarrier beat between the sound 
(6 Mc /s) and colour (4.43 Mc /s). 

Another feature of the chrominance bandpass amplifier 
is that it is controlled by a " colour killer " d.c. bias 
signal from the colour burst section. This holds the 
amplifier conducting during colour transmissions and 
cut off during black -and- white. 

B -Y MODULATION R -Y MODULATION 

Asin2iTfct Acos2rrfct 

(a) 

(c) 
1Mcls- 1Mc/s- 

4.4 Mcis 

( b) 

Fig. I. How colour signals change from transmitter to receiver. 
(a) B -Y, R -Y amplitude modulations of 4.43 Mc /s subcarrier at 90° 

phase difference at transmitter. (b) Single line of transmitted signals 

showing mixed B -Y, R -Y modulated sidebands (shaded) " riding on " 
luminance signal (solid line). (c) Chrominance sidebands centred 
±IMcls on suppressed colour -subcarrier after video detection and 

removal of sync pulses, colour bursts, luminance and sound signals. 
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TO COLOUR BURST 
SECTION 

i.C.C. (D.C.) 
A 

FEEDBACK 

0-6Mc /s MIXED 
LUMINANCE, CHROMINANCE, 

SYNC, BURST & SOUND 

CONTROLL D 

CHROMINANCE 
AMPLIFIER 

3.4- 6.0Mc/s 

0 -3Mc/s LUMINANCE REMOVED, 
A.C.C. GAIN CONTROL STABILIZES OUTPUT, 

COLOUR BURST DIVERTED 

LINE FLYBAC. 
GATING PULSE 

SATURATION 
CONTROL 

D.C. 

COLOUR- KILLER 
BIAS 

CHROM NAN E 

BANDPASS 
AMPI FIER 

4 43 ±IMc /s 

CHROMINANCE 
DRIVER 

AMPLIFIER 

443 ±IMc /s 

*© 
1 

64fcsec 
-= DELAY 

LINE Pt DETECTOR 

(PROVIDES LOW- IMPEDANCE 
DRIVE TO DELAY LENE 

COLOUR BURST REMOVED BY GATING PULSE, 
COLOUR SATURATION (GAIN) MANUALLY CONTROLLED, 

KILLER BIAS PERMITS SIGNALS TO PASS ON 
COLOUR TRANSMISSION, SOUND SIGNALS REMOVED 

Fig. 2. Block diagram illustrating the processing of the colour -difference 
receiver. 

Finally, the receiver must have some form of manual 
control for the viewer to adjust the colour depth or 
saturation on the picture -tube screed, and this is usually 
located in the chrominance bandpass amplifier. 

The third stage (C), in Fig. 2 is an impedance -changing 
stage included to provide a low- impedance drive in the 
correct phase to the next stage, (D). 

The delay line (D), is peculiar to the PAL system, 
and will be discussed in detail later. 

From the delay -line output transformer (E), the outputs 
to the colour demodulators (F) and (G) are signals from 
3.4 -5.4 Mc /s. These are combined in the synchronous 
detectors with the 4.43 Mc /s from the subcarrier -rein- 
sertion oscillator, to give two separate, R- Y and B -Y, 
0 -1 Mc /s colour- difference signals. These final signals 
pass to decoder circuits which convert them to drive 
signals for the shadowmask, colour -tube grids. 

UNWANTED SIGNALS BLOCKED OFF IN 
CHROMINANCE AMPLIFIER 

Towards the end of this article we will take a look at 
a full commercial circuit for the chrominance section 
of a colour receiver, but, before we turn to that, we might 
well examine the sort of individual circuits to be expected 
to perform the various processes outlined above. 

Luminance signals from 0 -3 Mc /s are usually rejected 
by a simple high -pass RC filter like Fig. 3(a), although a 
more elaborate nt- derived, high -pass filter as in Fig. 3(b), 
with infinite rejection at 1.57 Mc /s has been used to give 
rejection of the sound -carrier intercarrier beat as well. 

Sound on 6 Mc /s can also be rejected by a simple 
tuned LC rejector circuit, Fig. 3(c), in the signal path. 

There are many ways of applying line -blanking pulses 
to cut off the chrominance amplifier to prevent sync 
pulses and colour bursts passing through. The simple 
circuit of Fig. 3(d) illustrates one approach. It shows a 
transistor, Tr, biased normally into conduction by the 
network R5, R,. During line flyback a negative pulse is 
applied via an isolating resistor, R3, to the base of Tr 
to cut the transistor off. 

GAIN CONTROL IN CHROMINANCE 
AMPLIFIER 

Circuits to control gain in the chrominance amplifier - 
section are needed for three purposes: for " a.c.c. ", for 
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ONE-LINE DELAY ADDS CONSECUTIVE 
LINE CHROMINANCE SIGNALS AT P 

AND SUBTRACTS THEM AT N 
ON CENTRE -TAPPED COIL (E) 

SYNC DEMODULATORS 
RECOVER R-Y, B -Y, 
O- I Me /s ACIDULATION 
FROM 3.4- S4Mc/s 

CHROMINANCE SIGNALS 

signals in the post- video- detector chrominance ampler section of the 

" colour killing " and for " saturation " level setting. 
Colour a.g.c. or automatic colour control (a.c.c.) is 

usually applied to the first stage of the amplifier in some 
arrangement such as Fig. 4(a). The mixture of signals 
from the video detector is amplified in the n- p- n -tran- 
sistor stage Tr. At its output the colour bursts are di- 
verted on a separate path through a colour burst amplifier 
and phase detector and thence onward to control the phase 
of the colour local oscillator. However, the colour burst 
signal at the phase detector input is also fed off to the 
a.c.c. detector circuit D, C Ra, C, which produces a 
negative d.c. output voltage proportional to the amplitude 
of the colour burst at that point. This negative voltage 
is fed back through R., to the base of Tr and provides a 

15p 

(c) 

C 

NEGATIVE LINE 
BLANKING 
PULSES R3 

(d) 

Fig. 3. Removing the unwonted signals entering the chrominance 
amplifier section of the receiver. (a) RC high -pass filter attenuates 
0 -3 Mc /s portion of luminance. (b) m- derived high -pass filter rejects 
0 -3.4 Mc /s luminance and 1.57 Mc /s sound -colour subcarrier beat. 
(c) LC parallel -tuned rejector eliminates sound signals around 6 
Mc /s. (d) Line -blanking pulse used to cut off chrominance amplifier 
stage to suppress colour bursts. 
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b s that reduces the gain of that stage as the burst ampli- 
t e increases and vice versa. This form of a.g.c. ensures 
t t the burst amplitude remains fairly constant at the 
o tput of Tr despite changes in the level of the incoming 
t nsmissidn signal. The preset potentiometer RV enables 
t e a.c.c. level to be set up in manufacture or servicing. 

Diode D in Fig. 4(a) gives a d.c. output only when colour 
bursts are being received, i.e'. only when a colour pro- 
gramme is being transmitted. Now, we know that during 
black- and -white transmissions it is desirable to keep the 
c)4trominance amplifier turned off to avoid spurious colour 
signals passing through to the picture tube and tinting 
the display. You can do this by using this a.c.c. diode 
output as the d.c. bias source for a chrominance amplifier 
silage, which will be unbiased, i.e. cut -off, on black -and- 
vjhite. 

Using the output of the a.c.c. diode for colour killer 
purpose is the only method that can be employed with 
the American N.T.S.C. system. With swinging -burst 
PAL another approach is possible. Here, in the colour 
burst control loop for the local oscillator, there exists a 
7.8 kc /s, half-line-frequency, ripple signal that is present 
only on colour transmissions. Some PAL designs rectify 
this ripple signal to provide an " on " bias for the chrom- 
inance amplifier. Fig. 4(b) illustrates such a swinging - 
burst " killer control " system. It shows a chrominance 
amplifier stage Tr receiving its base bias via a resistor 
R., from the ripple -detector circuit D, CI, R C,. 

Apart from a.c.c. and killer bias, the chrominance 
amplifier most, as noted earlier, have a manual " satur- 
ation " control. Just as the viewer can adjust the contrast 
i 1 a black- and -white picture by means of a " volume 
control " in the video amplifier, so he should be able to 
adjust the depth of colour (" saturation ") in a colour set 
to suit his eye. In some chrominance amplifier designs 
this saturation control takes the form of a simple potenti- 
ometer as shown in Fig. 4(c). Because it may be necessary 

at locate the saturation control some distance from the 
ctual amplifier, difficulties can arise in arranging for 

adequate screening of the leads (which must carry 3.4- 
%4 Mc /s). Because of this, it is more usual to find an 
drrangement such as Fig. 4(d), where the control is d.c. 
from a potentiometer, which can thus be located freely away 
from the chrominance amplifier. In the specific example 
of Fig. 4(d), the impedance of the diodes Dl and D2 
in the signal path are varied by varying the forward bias 

4plied via, RI, R2 and R, from RV and R, across the 
c. supply rail. This provides a smooth saturation control 

without difficulties of lead screening or potentiometer 
location. 

PAL DELAY LINE SECTION 
The chrominance bandpass amplifier feeds into the 
PAL delay -line section, in which an ultrasonic, glass, 
delay line provides automatic electronic cancellation of 
phase (and hence colour tint) errors that may occur in 
tlransmission and reception. The most likely sources of 
such phase errors are mistuning of the receiver or the un- 
equal response of the i.f. amplifier to the sidebands of the 
chrominance signal. In the PAL transmission, the R -Y 
phase is reversed on each line, so that in theory the phase 
errors on alternate lines tend to cancel themselves by 
optical averaging in the picture display. Such optical 
averaging is imperfect, however, and tends to degrade 
the picture. The complementary hue errors on successive 
ones of each field, can lead to the so- called " Hanover 
blind " effect of a grid of horizontal, spurious- colour 
lines. At close distances this can be objectionable. Also 
it is often aggravated by the interlaced field scan arrange- 
ment which can introduce pairs of lines with alternating 
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Fig. 4. Controlling the gain of chrominance amplifier for various 
purposes. (a) a.c.c.-automatic chrominance control= a.g.c. applied 
to amplifier stage so that output level (measured by colour burst 
amplitude) stays constant. (b) Killer bias control (PAL system). 
(c) Potentiometer control of saturation (gain). (d) D.C. voltage control 
of gain by biasing of diodes. 

complementary hue errors. Rather than rely on imperfect 
optical averaging of the PAL -S (S = simple) receiver, 
the PAL -D (D =delay line) receiver avoids the Hanover 
Blind effect by cancelling the phase- errors electronically in 
a glass delay -line circuit so that the chrominance signals 
are phase- corrected before demodulation. 

How this works in principle is shown in Fig. 5. During 
the n ;- l th line the transistor feeds the chrominance 
±1 Mc /s sidebands centred on 4.43 Mc /s, denoted 

P (L1,4.14 Co 

Ln+i 

Fig. 5. Principle of combining successive lines of PAL transmission 
by means of a one -line delay element so that two outputs are obtained 
-one, at (P), corresponding to adding signals, and the other, at (N), 
to subtracting. 
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Fig. 6. Glass 64iLs delay line for chrominance section of PAL -D 
colour receiver (Mullard type DLI). 

line and from the emitter direct to the output, O. Mean- 
while, the chrominance signals of the previous line, de- 
noted L,,, after being fed into the delay line from the 
transistor collector have been delayed for one line period 
(approximately 640 on 625 -line transmission) in the delay 
line and are issuing from the output and coincide with the 
L,,, + , signals arriving direct from the emitter. The delay - 
line thus stores one line of chrominance information. At 
the output, L and L . , are combined in a transformer, 
PON, to give two outputs, one the addition and the other 
the subtraction of consecutive line information. Because 
the R- Y modulation is reversed in phase on each line, 
the " sum " output at Pis largely B - Y with the sidebands 
corresponding to R- Y modulation on consecutive lines 
mostly balanced out. Similarly the " difference " output 
at N has the B- Y sidebands much reduced leaving mostly 
R -Y sidebands. 

Meanwhile, the phase errors, which do not alter grossly 
from line to line, tend to balance themselves out in both 
R -Y and B- Y outputs. 

PAL DELAY -LINE DETAILS 
Fig. 6 gives an actual illustration of a commercial ultra- 
sonic delay line, type DL1, developed by Mullard 
for PAL -D receivers. Made of glass with ceramic trans- 
ducers, it has an insertion loss of only 10dB and a basic 
bandwidth of 2 Mc /s. 

The colour subcarrier frequency of 4.43361875 Me s 
chosen for the system implies a total of 283.75 cycles per 
line -scanning period on the 625 -line system. The delay - 
line must introduce a delay of an exact whole number of 
half -cycle periods, and the nearest to 283.75 are 283.5 
or 284.0. The lower number, 283.5, is chosen because it 
requires no increase in the luminance amplifier delay 
which would be necessary if 284.0 were used. One colour 
subcarrier period is 225.549 ns, so the glass delay line is 
ground to produce a nominal delay of 283.5 z 225.549ns = 
63,943.0ns. Experience so far has suggested that for 
satisfactory performance under normal operating con- 
ditions this must be held to a tolerance of about - -3 ns. 
As 63943.0ns = 63.943µs, engineers usually talk loosely 
of a " 640 " delay line. 

The delay -line is designed to have an input and output 
impedance of the order of 150 ohms, and has inbuilt 
preset inductors across each end. These are to enable 
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the delay to be exactly adjusted and the output capacitance 
of the line to be tuned out so that it does not affect the 
add -subtract transformer across its output. The inductors 
are normally preset- adjusted in manufacture and only 
exceptionally should require adjustment by the user. 

By the end of the chrominance amplifier and delay - 
line section the chrominance signals have been "tidied 
up " into a form suitable for feeding into the synchronous 
detectors which follow. 

CHROMINANCE SYNCHRONOUS DETECTORS 
These colour signal inputs to the synchronous detectors are 
double -sideband, suppressed- carrier, r.f. signals centred 
on 4.43 Mc /s, and containing R -Y, B -Y informa- 
tion amplitude -modulated 90" apart in phase. The colour 
demodulation or detection process takes place in two 
separate demodulators, one for R -Y and one for B - Y. 
Basically it consists of inserting a subcarrier from the 
receiver local oscillatór exactly in phase with the trans- 
mitter- suppressed subcarrier, which means that the 
reinserted subcarrier for B -Y will be phase -shifted 
exactly 90° from the R- Y subcarrier. 

There are many ways of carrying out this carrier 
reinsertion, but the process can be illustrated in the bridge 
diode type of synchronous demodulator finding increasing 
favour in current designs in the U.K. and illustrated 
diagramatically in Fig. 7. This shows the 4.43 -L 1 Mc /s 
output from the subcarrier fed single -ended into one 
apex of the four -diode detector bridge while the regener- 
ated 4.43 Mc /s subcarrier is fed in balanced push -pull 
across the other arms of the bridge. The bridge then acts 
as an amplitude detector, and its output consists ideally of 
the 0 -1 Mc /s colour- difference signal that was modulated 
at the transmitter onto that phase of the subcarrier which 
has been reinserted in the synchronous demodulator. 
A small residue of subcarrier signal also leaks through, 
however, due to the imperfect balance of the subcarrier 
reinsertion drive, but this is easily suppressed by the 
4.43 Mc /s tuned LC output filter shown, leaving only 
the desired 0 -1 Mc /s colour -difference modulation at the 
output. 

COMPLETE CHROMINANCE SECTION 
To gather together in perspective all the matters dis- 
cussed above, Fig. 8 gives the circuit of the complete 
chrominance amplifier -demodulator section of a recent 
Mullard colour receiver design. This uses three v.h.f. 
silicon n -p -n transistor amplifier stages operating on a 
+15 V d.c. supply with a separate -20 V supply for the 
colour burst suppression circuit. Trl is the controlled 
chrominance stage, Tr2 the chrominance bandpass 
amplifier and Tr3 the delay line driver amplifier. D4 -D7 

4.43 Mc Is 

±IMcls 
CHROMINANCE 

SIGNALS 

4.43Mcls FROM 

LOCAL OSCILLATOR 

O -IMcls 
WITH RESIDUAL 

4 43Mcis 

b -I Mc!s 
COLOUR 

DIFFERENCE 
SIGNALS 

Fig. 7. Basic principle of 
synchronous demodulation of 
colour -difference signals. 
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Fig. 8. Commercial design for complete chrominance amplifier and synchronous detectors. 

L, from the collector to the input, I, of the delay - 
and D8 -D11 are the two synchronous demodulators. 

The 33 pF, 68 -ohm high pass filter at the input of Tr1 
removes from the 0 -6 Mc /s much of the lower frequency 
luminance signals up to around 3.4 Mc /s. The remaining 
band of signals is amplified in Trl before the colour bursts 
are diverted at the secondary of its output transformer, 
T1, to the colour oscillator control loop. From this loop 
the separate d.c. feedback signal can be seen returning 
at the bottom left via 150-k Sl to the base of transistor 
Trl to provide a.c.c. by controlling its gain. The preset 
100 k û potentiometer RV, sets up the a.c.c. level. 

From the secondary of Tl the chrominance signals 
pass via a 0.04714F capacitor to amplifier stage Tr2. In 
this the potentiometer RV, applies variable forward bias 
to the diodes D1, D2 and varies their impedance. This 
variable impedance in the signal path constitutes a gain 
(colour saturation) control. Associated with this saturation 
control is the provision for preventing colour bursts 
passing through. An 80V negative flyback pulse from the 
line output transformer passes through diode D3 (which 
is normally biased cut -off) and cuts off the two diodes 
D1, D2. When cut -off, D1 and D2 present a very high 
impedance in the chrominance signal path, and the colour 
bursts are thus gated off in the amplifier. 

In the stage Tr2 in Fig. 8, the inductance L, with its 
damping 2.2 k a resistor broadly tunes out the transistor 
base circuit capacitance at 4.43 Mc /s to maintain the 
required ±1 Mc /s bandpass. D.C. bias to the base of Tr2 
comes during colour transmission in the form of " killer 
bias " from the separate colour oscillator control loop. 
On black- and -white transmissions, the killer bias dis- 
appears, and, with no positive d.c. bias voltage to its 
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base, Tr2 is cut off, and no chrominance signals can pass 
through. 

Tr2 is resistance -capacitance coupled to the delay -line 
driver, Tr3, via a tuned parallel- resonant 6 Mc /s rejector 
circuit L_, C2 which suppresses sound signals centred 
on the 6 Mc /s sound subcarrier. 

The delay -line driver stage Tr3 is designed to drive the 
low- impedance 150 -ohm, glass delay -line from its col- 
lector and to provide an undelayed signal direct from its 
emitter. The un- bypassed variable emitter resistor, 
RV3, enables the output from the delay -line to be set 
exactly equal to the direct signal from the emitter. 

In the delay -line itself, the two preset inductances, 
L3-L4 are available to tune out the input and output 
capacitances of the line. 

The delay line feeds into a centre -tapped, bifilar 
transformer, T2, wound on a ferrite core. This provides 
delayed chrominance signals of opposite polarities at its 
ends for adding to and subtracting from the undelayed 
signals which reach the centre tap via 0.1 µF, 47 S3 from 
the emitter of Tr3. From the ends of the transformer 
separate R -Y and B- Y signals pass to the corresponding 
demodulators, D4 -D7 and D8 -D11. 

The carrier reinsertion balanced inputs to the two de- 
modulators come in correct phases (90° apart) from the 
separate local oscillator loop. The 0 -1 Mc /s outputs of the 
demodulators then pass through 4.43 Mc /s subcarrier 
suppression parallel -tuned LC filters and arrive at the 
outputs in a form suitable for feeding subsequent decoder 
matrix circuits. (A full discussion of decoder circuits has 
already been given in a previous article in this series, 
" Colour Decoding Matrix Circuits," Wireless World, 
May, 1967). 
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Regulated Power Supply with 

Overload Protection 

0 to 30-V transistor unit supplying 0.5A 

By P. F. RIDLER, B.E., M.I.E.E. 

THIS article describes a general purpose power supply 
intended to supply direct voltages to transistor 
circuits that is capable of delivering currents of up 

to half an ampere at any voltage in the range 0 -30V. 
A feature of the instrument is a switchable current- 
limiting protective device. Although the supply is not 
intended to meet the highest standards of stability and 
regulation, it is quite adequate for the majority of lab- 
oratory projects and does cost so little that quite a number 
of the units can be constructed for the price of a single 
commercially manufactured supply. 

The performance of the supply is modest, the more 
significant figures being: 

Regulation: less than 0.5 °;, no load to half full load 
1 0 no load to full load 

Ripple: less than 7 mV peak to peak at full load. 
2 mV r.m.s. at full load. 

Output impedance: less than 0.0512 over audio fre- 
quency range. 

DESIGN CONSIDERATIONS 

The circuit is quite straightforward and is of the usual 
variable series impedance type, consisting of an unregu- 
lated supply with a transistor acting as a variable resist - 
tance in series with the load. A signal derived from the 
difference between a sample of the output voltage and a 
fixed reference voltage is applied to the input of a control 
amplifier and the output current of this amplifier varies 
the impedance of the series transistor. The elementary 
circuit diagram of such a supply is given in Fig 1, but the 
author contends that this method of interpreting the 
circuit is inconvenient, and does not allow the full use of 
experience which has been gained on other types of 
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feedback amplifiers; experience which can help consider- 
ably In the design procedure. 

If ;he circuit diagram of Fig. 1 is redrawn as in Fig. 2a 
and then the reference voltage is moved as in Fig. 2b, 
it is immediately clear that this is the normal direct - 
coupied operational amplifier which is i.he fundamental 
unit of nearly all electronic analogue computers. The 
output of such an amplifier is equal to the (negative) 
reference voltage multiplied by the ratio of the shunt 
feedback resistor R2 to the series input resistor R or 

E _ - E,R, 
R, 

so that if R2 is a variable, the output will be directly pro- 
portional to its resistance and can be varied from zero 
to any predetermined maximum. Any experience which 
may previously have been gained on operational amplifiers, 
or fqr that matter on any type of d.c. amplifier, may now 
be teed to help in the design. The first thought that will 
occur, is that to achieve moderate degrees of stability 
it is normal practice to use a long -tailed pair in the first 
stage so that the thermal drifts in the two transistors of the 
pair will tend to cancel out. However, as with any other 
type of amplifier, it is usual to start the design from the 
output end. For the output voltage to cover the range 
0 to 30 V, it is obvious that the voltage supplied by the 
unregulated supply must be rather higher than 30 V, 
and to allow for the drop in voltage when this supply is 
fully loaded, the no -load output voltage of this supply can 
be fixed at 40 V. Measurement or calculation will show 
that this supply falls to about 35 V when loaded to the 

-14V 

+ioV 

R3 
390 

-6V 

R2 
Ik(SEE TEXT) 

required 0.5 A using a normal design of transformer. 
The figures above show that the output transistor must 
have a collector voltage rating greater than 40 V, and in 
fact a transistor having a 60 V collector rating is specified. 
When the output of the supply is set to almost zero volts, 
then practically the whole of the unregulated supply 
voltage must appear across the output transistor, at the 
maximum load of 0.5 A this puts the dissipation in the 
output transistor at 0.5 A ; 35 V = 17.5 W. This 
dissipation is well within the capabilities of the TI3028 
provided that a reasonable area of heat sink is used. 

From the data sheet of the TI3028, the minimum 
current gain at 0.5 A is 50, implying that the driver 
transistor must be able to deliver 500!50 = 10 mA 
to the base of the output stage. As the potential divider 
necessary for direct coupling will also draw some current, 
the driver stage should have a standing current of about 
20 mA, of which it can pass on the necessary 10 mA 
when called upon to do so. When the driver is drawing 
the full 20 mA its collector will be at a potential of about 
0.7 V, so that the dissipation is only 0.7 V x 20 mA 
14 mW. with which any small germanium transistor can 
cope under normal ambient temperature conditions. 
When the output current is zero, then the full current 
will be flowing through the driver stage, Tr3 (Fig. 3), 
although the potential at the collector of Tr3 should not 
fall below about 0.7 V to avoid saturation. The base of 
the output stage Tr4 requires to be at only 0.3 V: this 
calls for the aforementioned potential divider between 
Tr3 collector and Tr4 base. From these preliminary 
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The completed unit show- 
ing the neat appearance 
of the prototype. 

An internal view of the unit showing the layout of principal parts; 
note the mounting of the power transistor. 

figures we can start to calculate some of the component 
values. The voltage across the driver load at zero output 
current is an auxiliary supply voltage of 10 V less the 
collector voltage of Tr3, i.e. 10 - 0.7 = 9.3 V and the 
current through the load is 20 mA plus say 2 mA through 
the divider, so that the load resistance is 9.3 V/22 mA = 
420 Sl, or 390 Sl to the nearest 10 %% preferred value. 
We have allowed a current of 2 mA to flow through the 
divider, and as the drop across the top section is 
0.7 - 0.3 = 0.4 V, and the drop across the bottom 
section is nearly 10 V, the two resistors for the potential 
divider will be 220 n and 4.7 k Sl respectively. Fortu- 
nately this ratio will not reduce the gain of the amplifier 
seriously and there is no need to consider other voltage 
level shifters such as Zener diodes. 

As was stated at the start of the design, previous ex- 
perience suggests that the first stage should be a long - 
tailed pair. The current through each section of this pair 
should be the same in order to equalize any internal 
heating and, for the transistors specified, a standing cur- 
rent of 1 mA will be high enough to give reasonable 
current gain. The collector of each of the pair should run 
at about 3 V, which is high enough to avoid lowering of 
gain due to bottoming and low enough to allow a reason- 
ably high value of load resistor to be used so as not to 
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rob the following stage of current. Again a potential 
divider will be necessary in order to allow direct coupling, 
but as the currents are much lower than in the later 
stages the bleed current through the divider need be only 
1 mA. This gives the values of resistance for the two 
sections as 2.2 k Sl and 10 k íl, the calculations being 
exactly the same as before. The load resistance is also 
calculated as before, the value for the active side being 
3.9 k n, as there is a total current of 2 mA flowing 
in it, and that for the balancing side being 6.8 Id./ as here 
there is no potential divider current flowing as in the load 
resistor of Tr1. The series 680 Sl resistor in the base of 
Tr2 and the diode Dl protect Tr2 from large current 
surges and excess reverse voltages respectively, which 
might otherwise cause failure under transient load 
conditions. The 1 k n resistor in the base circuit of Trl 
is an attempt to balance the base impedances of the two 
halves of the long -tailed pair. Local negative feedback 
through a resistor -capacitor combination from the collec- 
tor of Tr3 to its base is employed to tailor the high 
frequency response of the amplifier in order to ensure that 
there is no overshoot when sudden changes in load take 
place. 

The silicon diode D, is a current limiting gate: unless 
the voltage across the emitter resistor of Tr4 is greater 
than 0.6 V this diode is nonconducting, but if the output 
current becomes large enough to exceed this voltage 
across R, the diode conducts, the gain of the amplifier is 
drastically reduced, the output voltage falls rapidly and 
the load current cannot be increased. By switching the 
value of the emitter resistor, the current limit may be 
set at any value up to the maximum rated current, 
although the current at which limiting commences is a 
little indefinite at the lower settings (Fig. 5). If a con- 
tinuously variable control is desired, a wirewound inverse - 
taper variable resistor can be used, although this may be a 
little difficult to come by: the value should be 100 ff. 
This form of protection is considered by the writer to be 
more satisfactory for general -purpose use than that which 
shuts down the supply when the load exceeds a certain 
value. 

The purpose of the diode D, is not particularly obvious, 
but it prevents an output voltage surge which occurs 

COMPONENTS LIST 

Resistors Capacitors 
R1 5k wire wound lin. C1 8µ 50V C6 500µ50V 
potentiometer. C2 2n C7 25p 25V 

C3 50µ 15V C8 100µ25V 
R2 lk* R13 220 C4 O.1p C9 25µ 15V 
R3 390 R14 220 C5 20µ 50V C10 500µ15V 
R4 680 R15 4.7k Semiconductors 
R5 3.9k R16 3V D1 0A70 (Mullard) 
R6 6.8k R17 22* D2, D3 1S130 (Texas) 
R7 4.7k R18 6.8* D4, D5 1S020 (Texas) 
R8 lk R19 3.3* D6 -D9, 1S130 (Texas) 
R9 10k R20 2.2* Z1 6V 5% Zener (Texas) 
R10 1.8k R21 1.5* 1S2062A or similar 
R11 2.2k R22 1.8k Tri -3 2G371 (Texas) 
R12 390 R23 120 Tr4 TI3028 (Texas) 

Transformer 
All resistors 1 /4W 10% Primary: Standard mains. 
carbon except those marked Secondaries :-32-0-32V at 1 
with an asterisk which are amp. 
iW high stability. 14 -0 -14V at 50 mA. 
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when the supply is turned off 
under light load conditions. If 
this happens, the voltage of 
the unregulated supply decays 
slowly and control is lost over 
the ciutput, as the control am- 
plifielr gain falls due to the 
more rapid decay of its power 
supply. This can cause a surge 
in output voltage of a magni- 
tude greater than 10 V, which 
may be disastrous when ap- 
plied to external circuitry. The 
diode D, is normally non -con- 
ducting, but when the internal 
supply collapses the anode of 
D;, is made positive, by the 
current flowing from the un- 
regulated supply through R 
and This current can then flow 
to die base of Tr4, biasing it 
off and preventing the output 
surge. This diode is connected 
into the potential divider be- 
tween Tr3 and Tr4 so that it 
is biased off under working 
conditions. Even with this 
precaution the time constants 
of the positive and negative 
internal supplies should be 
chosen so that they both decay 
at roughly the same rate or a dangerous surge can occur 
at the output as the base of Tr4 is pulled towards the 
mote slowly decaying rail after the mains are switched off. 

The auxiliary and main power supplies are quite 
standard. The auxiliary supply uses a double biphase 
rectifier giving both the positive and negative supplies 
for the amplifier. The diodes can be any general purpose 
diode with a peak inverse voltage of 50 V or greater and 
a direct current rating of 50 mA. The main supply 
requires 0.5 A diodes with a p.i.v. rating of at least 100 V. 
The transformer used was of the small utility power 
type rated at 250 -0 -250 V at 75 mA d.c. with a few 
filament windings. The secondary windings were re- 
moved and new secondaries wound: as the new voltages 
are quite low this is not a tedious job. The filter compo- 
nents for the auxiliary supply should be adhered to, as the 
values were chosen empirically to avoid the output surges 
referred to previously. 

A capacitor across the feedback resistor progressively 
increases the loop gain with frequency, thus decreasing 
ripple and noise output. Another pair of capacitors across 
the output reduces the output impedance at frequencies 
where the gain of the amplifier falls off and fails to 
maintain the desired output impedance: the two capacitors 
provide a low impedance over the full frequency range. 

LEI 

CONSTRUCTION 

Most components are mounted on a single -sided 
printed circuit board, the exceptions being the trans- 
former and output transistor which are mounted directly 
on to the metal cabinet, the latter with the usual mica 
insulating washer. The whole circuit is isolated from case 
SO that the supply may be used at either polarity with 
respect to earth, a separate earth terminal being provided. 
No metering was included, the output voltage dial being 
sufficiently accurate for most purposes, while a current 
meter would raise the cost to an unacceptable figure. 

Details of the printed circuit and panel are given in 
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Fig. 4. The printed circuit board. 
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Fig. 5. Showing the performance of the overload protection circuits 
incorporated in the power supply. 

Fig. 4 whilst the photographs show the general con- 
struction. No special precautions need to be taken in con- 
struction, except to ensure that separate leads are taken 
to the output terminals from the unregulated supply and 
from the feedback resistor as indicated on the circuit 
diagram. This ensures that the resistance of these leads 
does not degrade the performance. The 20 µF and 0.1 µF 
capacitors should be connected directly across the output 
terminals inside the cabinet. 

When first switched on, the maximum output voltage 
should be measured and if this is high the value of R, 
should be varied to correct it. Provision is made on the 
circuit board for this, by making R2 1.2 kcì instead of the 
indicated 1 kn and allowing space for a second resistor to 
be connected in parallel with the 1.2 k n. This may be done 
quite safely with the power on until the correct value 
(usually between 3 k it and 10 k t2) is found. This resistor 
can later be soldered in place. 
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LETTERS TO THE EDITOR 
The Editor does not necessarily endorse the opinions expressed by his correspondents 

Engineers - Professional and Technician 
IN your Editorial in the June issue you draw attention 
to the clearly defined levels which are emerging in the 
engineering field and the establishment of professional 
bodies to cater for the technician. 

I fully support the main contention of the Editorial, 
particularly the recommendation that recognition should 
be given to the status,, work and qualifications of the 
technician. 

However, I regard the last paragraph as niggardly in 
the extreme. It is implied that the Society does not 
apply its published Regulations with " unerring recti- 
tude " and I consider this to be a slur on the Council 
and Membership Committee of the S.E.R.T. 

Ever since the Society was established in June 1965 
all applicants for membership have had to satisfy the 
entry requirements in their entirety and inspection of 
these requirements will show that appropriate examina- 
tions must have been passed for all three grades of 
membership. The list of examinations accepted is the 
result of an analysis of the many comparable qualifica- 
tions and methods of training in this field. 

A. J. KENWARD 
(Secretary) 

Society of Electronic and Radio Technicians, 
London, W.C.2. 

AS a Corporate Member of the Institution of Elec- 
trical and Electronics Technician Engineers I endorse 
the views expressed in the majority of your June 
Editorial, but strongly deprecate the implication in the 
last sentence thereof that the membership requirements 
for Corporate Membership of the Institution are suffi- 
ciently loose to make the designations M.I.T.E. or 
A.M.I.T.E. meaningless. 

Admittedly when the Institution was originally formed 
Corporate Membership could be obtained by members 
of another association without paper qualifications. 
However, this practice has now ceased. 

There are now only two ways of obtaining Corporate 
Membership. The first of these is by having the neces- 
sary paper qualifications which are clearly set out by 
the Institution. The second is by transferring from 
Associateship to Corporate Membership by presenting 
and discussing an engineering report. In this case the 
regulations are quite clear and they entail a standard 
equivalent to that set by the educational requirements 
for Corporate Membership. Thus this method of entry 
is restricted to those people who have relatively senior 
positions and good technical knowledge. In this con- 
nection I would add that I have knowledge of quite a 
number of people in senior positions who, upon appli- 
cation, have been refused Corporate Membership and 
offered only Associateship due to the lack of paper 
qualifications. 

I would suggest therefore that Corporate Membership 
of this Institution is now meaningful and that the Insti- 
tution has established itself by limiting Corporate Mem- 
bership only to those people who are suitably qualified. 

A. G. F. HAWKINS 
Winchester, Hants. 

IN your leading article for June you said that you 
hoped that technician engineering societies would limit 
membership to those meeting examination requirements, 
thus making the designatory initials really meaningful. 

Corporate membership of the I.E.E.T.E., denoted by 
the initials M.I.T.E. and A.M.I.T.E., is attained only by 
those able to satisfy the Institution's academic require- 
ments and who have gained the requisite pra.tical experi- 
ence as well. Thus, the I.E.E.T.E. corporate member 
has qualified for admission in both respects. 

E. A. BROMFIELD 
(Secretary) 

Institution of Electrical and 
Electronics Technician Engineers, 
London, W.C.1. 

"Ring -of- three" D.C. Amplifier Design 
MAY I congratulate Mr. Garside on his clear description 
in the June issue of a simple design method for determin- 
ing the d.c. working points of the amplifier shown in 
Figs. 5 and 6. 

This circuit was first described in British Patent No. 
809,207 in October 1956. My article describing the bias 
principle involved was published in your sister journal 
Electronic and Radio Engineer (now Industrial Elec- 
tronics) in May 1957. The patent is still in force. 

As Mr. Garside realises, useful amplifiers must have 
their gain determined by feedback. This feature is further 
helped by the use of emitter -follower Tr2, which has the 
delightful property of reducing to a small series capaci- 
tance at infinite frequency thus increasing the forward 
gain without adding an extra " asymptote " to the loop - 
gain. This was pointed out in 1959 by Bowes of R.R.E. 

However, the absence of emitter decoupling in Tr3 
seems to limit the forward gain of the system to a value 
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RJR, multiplied by R, /R which, with the figures 
given is only just over ten times. 

I would like to suggest that the emitter stick of Tr3 
should be tapped at say 68 ohms from the emitter end 
and a large decoupling capacitor added at that point to 
ground. When this is done the second voltage ampli- 
fying transistor will have a gain of just over ten times 
and the overall gain will be 70. When this is reduced to 
20 by the use of R., and R,, there will be almost 10 
dB overall feedback. 

The advantages of this simple biasing principle, which 
I prefer to call the " Bias -Loop Circuit " come into their 
own when the principle is applied twice to control the 
Vrb of both Trl and Tr3. When this is done the second 
d.c. feedback connection can also be the signal feedback 
element, or part of it. 

J. SOMERSET MURRAY 
London, N.W.2. 
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IN his article in the June issue Mr. G. Garside stated 
that f the value of ß is increased from 30 .at 10 °C to 
55 t 35 °C when employing the potential divider and 
emitter resistance stabilization circuit, then the voltage 
acrdss R,.. (Fig. 3) and the current through R, would be 
unchanged. 

Surely to be more precise the increase of /3 due to a 
rise in temperature will cause an increase in I, and the 
emitter voltage will tend to approach that of the base, 
the base -emitter voltage therefore tends towards zero. 
Thus negative feedback due to R,, will tend to reduce the 
collector and emitter currents. This tends to offset the 
increase in current gain. However, the collector current 
will finally equalize itself to a value which is slightly 
higher than it was at a temperature of 10 °C. I have 
ignored the effect of the increase in collector currents. 

D. A. OAKENFULL 
London, S.E.22. 

The author replies: 
I AM indebted to Mr. Somerset Murray for bringing 
to my attention, and to that of the readers of Wireless 
World, the facts concerning patent protection of the 
circuit given in Figs. 5 and 6 in my article. I had pre - 
viously regarded the circuit as being one of a class, the 
members of which having " just growed." In connec- 
tion with his remarks concerning the decoupling of 
Tr3 emitter, however, some confusion seems to have 
arisen, and as a result of this I am prompted to men- 
tion another aspect of the circuit which was not specific- 
ally discussed in the article, viz : stability. 

Iin fact, in both Fig. 5 and Fig. 6 Tr3 is shown to 
be decoupled for signal voltages by capacitor C, mention 
of which is made in the text. In general it is extremely 
desirable that no signal voltage variations be present 
at Tr3 emitter for, although the consequent a.c. feed- 
back via RFD is nominally negative, it can happen that 
the circuit becomes unstable. In the article a conserva- 
tive estimate of the ß of Tr1 was made, and in practice 
thq value could be up to an order of magnitude greater : 

if this is found to be the case, RFe would have to be 
made 180kí2, and small stray capacitances then become 
quite important, as, for example, the capacitive react- 
ance associated with 10 pF is 160 k at a frequency of 
100kc /s. The input resistance of Trl also increases, 
approaching 150 kit, and Miller capacitance effects 
be ome significant if account has to be taken of the 
ci uit performance at these higher frequencies. 

'ince the article confined itself to low- frequency 
ap lications, I thought it simpler firmly to decouple Tr3 
e itter rendering the considerations above largely 
it levant. The position of the decoupling capacitor is 
p haps unusual, but is in my opinion better practise 
th *n the more normal configuration in which C appears 
across the emitter resistor. To experimenters wishing 
tot implement Mr. Somerset Murray's modification - 
in4luding some current feedback in Tr3 -I would there- 
fo e recommend that great care should be taken if 
in tability is to be avoided. 

should like to turn now to the letter from Mr. 
Okenfull. I think that he and I have, in reality, little 
d' erence of opinion, and I am in agreement with his 
el boration of the stabilizing circuit action of Fig. 3. 
I the article I chose to adopt a viewpoint which, in 
e ect, had for its basis the constancy of the voltage 
a oss a forward- biased semiconductor junction, and 
a ed readers to regard this " fact " as axiomatic. Having 
adopted this approach the stabilizing action of the cir- 
cuit of Fig. 3 was most simply appreciated, I feel, by 
consideration of the argument given in the article. Mr. 
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Oakenfull's analysis is more fundamental, in that the 
validity of my axiom is investigated along with the cir- 
cuit action. If a typical temperature coefficient of 
voltage is adopted for the base emitter junction, the 
change in collector current is, to a first approximation, 
about 10`;, (normally negligible in engineering terms), 
compared with 80 as calculated for the circuit of 
Fig. 2. 

Incidentally, an error appeared in the published text 
of my article. In column two on p. 269 the statement 
"R,,, is in parallel with ZA and may, therefore, be 
neglected ..." is incorrect. It is the effect of Z,N which 
is negligible under the conditions specified and this is 
implicit in the formula which follows. 

G. GARSIDE 

Current /Voltage Measurements 
THE article " D.C. Nanoammeter and Micro -voltmeter ' 
by D. Bollen in the May issue reminded me of a related 
problem and solution which I use. 

Students are commonly required to take measurements 
and from them to plot the current; voltage characteristics 
of various devices such as carbon and tungsten filament 
lamps, thermistors and thermionic and semiconductor 
diodes, In many cases the amount of power which is 
required to operate simple conventional meters is of the 
same order as that which is to be fed to the device under 
test, and while allowances can be made for this state of 
affairs, these do detract from the simple nature of the 
experiments. 

The circuit is set up as is shown in the diagram, where 
A and B are the ` arms ' of the bridge (usually adjustable 
in decade steps), S is preferably adjustable in a continuous 
manner and U represents the device under test (correctly 
connected with reference to the battery if the device is 
polarized). 

When the bridge is balanced, then as usual 

U - AS 
B 

If now A is made equal to B, then not only is U = S 
but also the voltage cross U is half of the value indicated 
on the voltmeter. A resistancervoltage characteristic is 

Continued on next page 

Wireless World DIGITAL COMPUTER 

The first of a series of articles on the design and 
construction of a computer will appear in the 
August issue. Costing in the region of £60, it is 
designed to teach the elements of computer pro- 
gramming and binary arithmetic and will there- 
fore be of particular interest to schools. 
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now taken, and this may easily be converted to a current/ 
voltage characteristic or any other derivative that might 
be required. 

For very high and very low values of U, the measure- 
ments are not quite so convenient because it may not 
be desirable to use A = B, so that the voltage 

AV 
A+B 

across U will involve a little more slide -rule work. 
R. C. WHITEHEAD 

Dept. of Electronics & Telecommunications, 
Northern Polytechnic, London, N.7. 

Constant -current Circuits 
I QUITE agree with Mr. Williams's remarks in his letter 
in the June issue, as far as they are applicable. But it 
seems to me that his first point of criticism does not 
really arise, because R1 is made variable deliberately, 
enabling Zener current I to be set to the desired value, 
irrespective of ß2. This makes further resistors (R2 and 
R3 in Fig. 1 of Mr. Williams's letter in September 1966) 
unnecessary, thus avoiding the additional p.d. which 
would otherwise have to be deducted from the useful 
battery voltage range. 

IZ = IC2 - 43 (neglecting R, in my Fig. 3), where 
I C, is approx. constant and given by ß, and setting of R,, 
and Ib 3 = /L/033 + 1), where IL = load current. As stated in 
my first letter, the choice of the no -load current Io 
(substantially IC2) is a matter of compromise, a higher 
value giving better stabilization, particularly with change 
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of IL. If IL does not vary much, a smaller /0 could be 
chosen. As a rough guide, 

p 
.162 T 2ILmas /ß33min 

should give a reasonable starting point. 
The values shown for R1 are only a typical example and 

can be varied as required. (To cover the full ß range of 
BC 108s, at I, 1 mA, 680 k u would be a better choice 
for the fixed part of R1.) 

I should like to add that the circuit was not intended as 
a high -performance stabilizer operating over a wide load 
current and temperature range. Nevertheless, a variation 
of output of less than 2% over an extended battery life, 
and less than 1% drift over a normal range of temper- 
atures (typical figures), seem more than adequate for 
many applications. 

Regarding Mr. Williams's last point, my remarks about 
R were perhaps rather unfortunately worded (for reasons 
of brevity), the implied idea being that R should be 
reasonably large as well as having sufficient current 
flowing through it, which immediately contradicts the 
requirement for a low p.d., and points towards a constant 
current circuit. My curves were taken with IL = 20 mA, 
my omission. 

London, N.W.2. G. N. E. PASCH 

Painful! 
I WAS interested to learn of the triumph of hertz over 
cycles /second, especially when I realized that a cycle 
became a hertz second. Accordingly, I stated in a 
recent lecture to the I.E.E., that " .. each output tran- 
sistor conducts on alternate half -hertz seconds." 

I am now wondering which hertz most. 
J. DINSDALE 

Farnborough, Hants. 
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Cable & Wireless Ltd., show median 
standard MUF, optimum traffic fre- 
quency (FOT) and lowest usable fre- 
quency (LUF) for reception in this 
country. 

MUF curves illustrate the effects of 
season and time difference. Flatness on 
the two East /West routes reflects the 
extended daylight hours of northern 
hemisphere summer. Southern hemi- 
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sphere winter produces the pronounced 
pre -dawn dip and higher daytime MUF 
on Johannesburg, while Buenos Aires, 
being a transverse path, has an inter- 
mediate MUF. 

N. 

4 Paths crossing Auroral zones are 
subject to increased D -layer absorption 

03 and allowance is made for this in calcu- 
lating the Montreal LUF. 
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Thorn Special Products Ltd - among the leading 
manufacturers and suppliers of high quality corn - 

for the professional electrical, electronic and 
al craft industries - offer the widest range of products 
p s a complete service in instrument panel lighting. 
Technical literature is freely available. 

Thorn Special Products Ltd 
GREAT CAMBRIDGE ROAD, ENFIELD, MIDDX. ENFIELD 5353 

a member of the Thorn Electrical Industries Ltd group of companies 

High (duality 
Components for the 

Professional User 
Midget Lampholders 

Subminiature Lamps 
and Lampho ders 

Three Colour Indicators 
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Best performance under the sun! 

McMurdo Micronector range is now 

improved with D.A.P. for tropical efficiency 
*DIALLYL PHTHALATE - the robust plastic material that McMurdo 
have chosen for the improved Micronectors. This is the highest quality 
material of its type available for tip -top tropical performance because 
it has really exceptional electrical and mechanical properties and super - 
cedes the moulding formerly made in melamine, For the finest, fool -proof 
connections under the sun - you've got to take your hat off to McMurdo! 
Write for full details of the Micronector range now! 

C 
URDO 

Write to: Technical Sales Department, 
THE McMURDO INSTRUMENT COMPANY LTD., 
RODNEY ROAD FRATTON PORTSMOUTH 

TEL: PORTSMOUTH 35361 TELEX: 86112 

LUGTON & CO. LTD., 209/210 Tottenham Court Road, London, W.I. SASCO, P.O. Box No. 20, Gatwick Road, Crawley, 
Sussex. Telephone: Chipping Sodbury 2641. Cumbernauld 25601. Hitchin 2242. 
NORWAY : J. M. Feiring A S, Lilletorvet I, OSLO. PERU : Estemag Peruana S.A., P.O. Box 2838, LIMA. PHILIPPINES : C. & C. 
Commercial, P.O. Box 2419, MANILA. 
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RC Notch Filter 
Active circuit for suppressing selected audio frequencies 

THE notch filter described here was developed for 
eliminating the fundamental frequency in distortion 
measurements, but it is applicable also to whistle or 

hurt suppression. The essential part (Fig. 1) is a balanced 
Wien bridge with a transistor across the floating ter- 
minals. There is no output at the balance frequency 
f =1/[2- (R,R,C,C,)], and the balance frequency is not 
affeted by the input impedance of the transistor. 

This simple arrangement is lacking in selectivity. The 
response is still 6dB down at twice the null frequency. 
This is a nuisance in harmonic distortion measurement, 
and the circuit takes rather too large a bite out of the 
audio spectrum in other applications. Fortunately the 
selectivity can be made much sharper by applying posi- 
tive feedback. There is no feedback at the null fre- 
quency, so the attenuation is still large, but the feedback 
is operative at either side of the null, and raises the gain 
at off -tune frequencies. The loss at the second harmonic 
can easily be reduced to 1dB. The risk of instability is 
small. 

A complete practical circuit is shown in Fig. 2. The 
component values of the Wien network here fix the null 
at about 960 c /s. For whistle -filter service, R, and R, 
may be ganged potentiometers. The setting of the balance 
control R is critical. Note that the bridge must now be 
slightly unbalanced to obtain a null at the output. This 
is because some of the input signal can pass directly 
to the output via positive feedback resistance R,,. Just 
enough of the null- frequency signal must be applied to 
Tr 1 to cancel this. 

It is convenient to adjust R so that, at frequencies 
well off tune, there is no overall insertion loss. 

In distortion measurements some means of setting up 
the circuit so that the output is standardized at the funda- 
mental frequency is required. If a large capacitance is 
connected across the lower branch of the Wien network 
C;,, R, the bridge is unbalanced and the frequency 
response is levelled. One way of achieving the necessary 
circuit change is to take the positive side of C, to a 
changeover switch so that in the alternative position C, 
is connected between the base of Trl and earth. How- 
ever, if the test oscillator is variable it is easier to leave 
the bridge alone and retune the oscillator to some fre- 
quency well removed from the notch but still within 
the mid -band range of the amplifier or circuit under 
test. R, should be adjusted to keep the input to the 
bridge to 1 V maximum, to avoid overloading. The oscil- 
lator is then tuned to the null frequency and the output 
measured again. The percentage ratio of the measure - 
tr. ,Its is the distortion factor: 

Harmonics +noise 
d;f. = X 100 (per cent) 

Fundamental+ harmonics + noise 
The measurements should strictly be made with a true 
r.m.s. meter, but an ordinary averaging meter gives a 
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Fig. I Simple Wien bridge 
and transistor arrangement. 

Fig. 2 Practical filter circuit 
using positive feedback to 
obtain good selectivity. 

By G. W. SHORT* 

+9V 
26mA 

OUTPUT 
TO 

METER 

reasonable indication. When testing amplifiers, distortion 
factors below 10 are of most interest and some means 
of increasing the sensitivity of the measurement of the 
harmonics and noise is needed. The usual way of doing 
this is to increase the sensitivity of the meter but in the 
present case there is another possibility. The filter will 
handle at least 10 V at the null frequency, so if ample 
signal is available R, may be calibrated and used as a 
x 10 multiplier, giving f.s.d. for a distortion factor of 10 
per cent. However, for measuring really low distortion 
a meter of variable sensitivity is necessary. 

An alternative tuning arrangement consists of replacing 
the series arm of the Wien RC network with a resistance 
and the parallel arm with a parallel -tuned LC circuit. 
Balance can then be obtained at the resonant frequency. 
In this form the notch network has possible applications 
in radio receivers; e.g. as an interfering- frequency rejector 
tunable across the i.f. passband. 

* Amatronix Ltd. 
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Design of Negative-feedback Equalizers 

Method for audio applications, using RC network in feedback path 

By G. A. STEVENS 

IN all forms of recorded music an equalizer is required 
in the replay chain. That is to say, if the form of 
modulation (magnetization in tape recorders, track 

deviation in records, optical density on film sound tracks) 
were to be converted proportionately to sound intensities, 
then the ratio of the original to the reproduced sound 
would vary over the frequency range. Obviously the 
ratio of the two sound intensities (usually normalised to 
zero at some mid frequency) gives the total frequency 
correction needed to reproduce the original sound as 
nearly as possible. 

The failure of a replay process to give a flat response 
may be due to any of the following factors:- 

1. Pre -emphasis introduced onto the recorded medium 
by the recording process to improve signal /noise ratios. 

2. Characteristics inherent in the replay equipment 
(such as the 6 dB /octave response of a magnetic replay 
head). 

3. Frequency dependent losses in the system (such 
as gap effect and magnetic losses in tape heads). 

4. Frequency distortion in the loudspeakers. 
5. Room acoustics. 
There is also a need to modify the frequency response 

to suit individual tastes. Usually as a person's age in- 
creases his ability to hear the higher frequencies decreases 
and a reduced high frequency response sounds less harsh 
to his ears, as it does initially to people unused to high 
quality reproduction. Older 78 r.p.m. records often 
have an objectionable surface hiss which may be reduced 
by removing the upper frequencies. 

Of the above factors the first three are easily measur- 
able by means of a standard frequency test recording, and 
an a.c. voltmeter in parallel with the loudspeaker. 

The other factors listed vary with the type of loud- 
speaker used, its enclosure, the age of the listener and 
the age of recording, and, since even the number of 
people in a room affects its acoustics, it is obvious that 
only some form of continuously variable control can 
accommodate all the variables involved. 

Since, for the first group, the frequency response 
remains fixed for a given replay system there is no need 
to vary the response continuously, and so fixed circuits 
may be devised and switched into circuit for a particular 
system when needed. 

Q. A. Stevens has for the past five years been a mainten- 
ance engineer with Rediffusion Television Ltd. From 
1952 until being called up for National Service in the 
R.A.F. in 1959 he was in the Research Laboratory of 
E.M.I. which he joined on leaving school at the age of 19. 
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The tone control is used to compensate for the last 
two items in the factors listed, and to accommodate 
listeners' tastes, while the equalizer caters only for the 
first three characteristics listed. 

In any passive, non -resonant, equalizer there is never 
any overall gain, and, for example, a bass boost circuit 
does its " boosting " by attenuating all frequencies other 
than the bass. This means that the nominal total overall 
boost of an equalizer of this type, referred to a nominal 
centre frequency (usually 1 kc /s), is equal to the insertion 
loss at this frequency. 

Drawbacks of passive equalizers 
Since the output of high quality transducers is often 
of the order of a few millivolts, feeding such an output 
directly into a passive equalizer would reduce the equal- 
ized output to a very low level indeed and bring hum and 
noise up to an objectionably high level. If instead the 
signal is fed to an amplifying stage before the equalizer, 
more complications follow. First, the gain of this stage 
must not be too high, otherwise the frequencies having 
the greatest amplitude will be high enough to cause 
distortion at the output of the first stage. Secondly, pre- 
amplifiers are usually designed to accept several inputs 
selected by a switch, and then equalize and amplify them 
and feed them to an output at a standard level, regardless 
of input level. This would mean that, in the amplifying 
and equalizing system, all the signals would first have 
to be attenuated to the level of the smallest input before 
they were applied to the input of the first stage, and 
then another switch would have to select the correct 
equalizer network. There is also the complication that 
the input impedance of a passive equalizer network can 
be quite low, and in any case varies over the frequency 
range, and can therefore upset the working of the pre- 
ceding stage. 

These drawbacks of " wasted gain " always degrade 
the signal /noise ratio of the output. Resonant equalizers 
in some cases could provide an answer, but for the usual 
6 dB /octave slope elements that are normally required 
they are useless. In any case the inductors needed are 
likely to be expensive, are prone to hum pick -up, and 
can take up considerable space. If, however, the required 
equalizer networks are incorporated in a negative- 
feedback loop the " wasted gain " of the original circuits 
can be utilized to provide the benefits associated with 
feedback amplifiers. These are: - 

1. Low output impedance, allowing long capacitive 
leads from the output to the next unit. 

2. Fixed high input impedance. 
3. Improved signal /noise ratio. 
Also, switching is simplified as only the input circuits 

of the valve have to be switched. 
The operation of this type of circuit is illustrated by 

Fig. 1. 

WIRELESS WORLD, JULY 1967 

www.americanradiohistory.com

www.americanradiohistory.com


An input signal, V,, is connected to the input of an 
ami lifier (of voltage gain G), via a resistor R. Part of the 
output, V0, is fed back via resistor nR. This is actually 
made a potentiometer whose wiper is connected to an 
a.c. voltmeter, for reasons that will be shown later. 
Th44 voltage actually applied to the input of the amplifier 
is 14,. 

Considering the currents flowing in the circuit (assum- 
ing the amplifier has a high input impedance relative to 
the input circuits), we have: - 

V V 1 =- 
nR 

but since V = 

we can write 

V ° C G °/l 

I n 

V (G - 1) 

n RG 
also since 

V,- }- IR V = Úó 
V = V IR = V VO(G +1).R 

G G n RG 
V° (n -I- G 1) 

nG 
n n 

V, 
G' 

n - G -; i .. .. .. (1) 

that the feedback has reduced the original gain by a 
factor of 

n + G -;- 1 k 
(may) 

Imagine now that the original gain, G, of the amplifier 
wat 20 (the negative sign merely denoting the phase 
change in single -stage amplification). If the output were 
20 volts r.m.s., say, then this would be the value shown on 
the voltmeter if the slider of nR were at the output end. 
This is represented as point B in Fig. 2. Now, if the wiper 
were rotated to the input of the amplifier, it would read 
1 volt as represented by point A in Fig. 2. As can be 
sedn, at one point of its rotation the potentiometer gives 
no output. This also holds for the 80, 60 and 40 volt 
outputs shown, and obviously this will be the case 
regardless of output level, so this point 0 " on the 
diagram is, as far as a.c. signals are concerned, at earth 
potential, and in fact is called the " virtual earth." If 
Fi . 2 had the same scales for positive and negative 
vo'tage axes it would be seen that the ratio BO : A 0 is 

20 : 1, i.e. the gain of the amplifier - G. From this it 
can be seen that the length of the line AOB, representing 
the value of the resistor nR, is given by the factor (G + 1). 

1 

Fig. f. Basic feedback 
V, Va Va circuit. 

A.C. 
VOLTS 

VIRELESS WORLD, JULY 1967 

Fig. 2. Voltage gradient across feedback resistor. When -V, _ - 20V then V. - IV. 

Fig. 3. Equivalent circuit 
of basic feedback network. 

Then AO is G 
R1 

and B0isG 

circuit of Fig. 1 could be re -drawn as shown in Fig. 3, 
i.e. an amplifier of gain G, preceded by an attenuator, 

with series arm R and shunt arm 
C 

R 
and an output 

shunted by a resistor of value 
nRG 

n 1. 
Since the loss in- 

troduced troduced by such an attenuator would be (see next page) 

This means that the 

Symbols used in text 
G Voltage gain of simple amplifier. 
G' Voltage gain of amplifier with negative feed- 

back. 
Rationalized gain of feedback amplifier with 
reactive elements. 

G' i I Rationalized gain with respect to x. 
G'( )I Rationalized gain when x =0. 

i.e. at l.f. 
G'100 )1 Rationalized gain, when x = m i.e. at h.f. 

!z Ratio of maximum to minimum gain in step 
circuit. 

n Ratio of feedback to input resistor. 
a Real component of impedance. 
b Imaginary component of impedance. 
s measure of frequency, = au CR 
xi The point at which the amplifier gain differs 

from its 1.f. value by 3dB. 
r. The point at which the amplifier gain differs 

from its h.f. value by 3dB. 
Z The impedance of a feedback network, 

Z =a - - jb Z The equivalent two -terminal impedance of a 

three -terminal network. 
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nR 
G+1 nR 

R+ n R(G+1+n) 
G +1 

Then the overall gain is given by 

G' G + 1 + n i.e. the same as eqn. (1). 

If now instead of n being purely a numerical factor, 
it were replaced by Z, where Z (= a + jb) is a complex 1 G 

R2.20 
factor, then the original resistor nR would be replaced by 1 
an expression RZ, which could be any complex two -ter- (G + 1)2 + R2w2C' 
minal network containing reactive and resistive elements. 
Hence eqn. (1) now becomes 1 

G' - -GZ 
= G 1 (G + 1)2 

G + 1 + Z Putting wCR = x (a measure of frequency) we have:- 
Substituting a + jb for Z we have 

G (a + jb) 
G'tx) - 1 + x2(G + 1)2 

.. (3) 

Then RA = 0 

.:a2=0 b2- 
R2w2C2 

. = G 
a2 b2 

(G + 1 + a)2 x b' 

jRb 
wC 

1. 

1 

G' = 
(G + 1) + (a + jb) Equating x = to 0 and co in turn gives the l.f. and h.f. 

Combining the real and imaginary parts to give the gains of this circuit respectively. 
amplitude only of the gain, we obtain I G' (0) i - G I G'( co )1 = 0 

The l.f. 3 dB point, x1, may be obtained by equating 
1GI- G a2 + b2 

(G +1 +a)2 +b2 . .. (2) IG'(,)Iin eqn. (3)to IGto)i 

This is the basis of the feedback equalizer, but before A/2 

examining more practical examples there are a few points i.e. 1 + x12(G + 1)2 = 2 
that should be borne in mind. As stated above, there is 1 

an impedance of G + 1 shunting the output, and care x12 
= 

(G + 1)2 

should be taken in a practical circuit that this value is 1 

much greater than the anode load. Also the grid must x1 G + 1 
have a d.c. return to earth, and this should not be of the 

A widely used combination is a capacitor C in series same order of magnitude as the a.c. load at the grid 
ZR with a resistor nR. 

p 

G + 1 (which will usually be quite low, since the factor 
G + 1 will normally be of the order of 100 -200 or so). 
This also means that the input impedance to the circuit 
is virtually completely resistive and is made up of the 
input resistor R. 

As far as the phase response is concerned this has not 
been derived, since the ear is incapable of detecting 
phase errors of the magnitude that would be introduced 
by these circuits, but as can be seen eqn. (2) should be 
unconditionally stable for any values of a or b, which is 
obviously not the case, since if RZ were a parallel tuned 
circuit the whole would form a Colpitts oscillator! 
However, such excessive phase -shift elements would not 
be used for equalizers, and the total error introduced 
would not amount to more than I- dB at the most. 

To investigate a practical case, let RZ be a single 
capacitor for ease of initial working, as shown in Fig. 4. 
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Fig. 4. Simple top cut 
equalizer. 

In this case 

RZ = nR + _jnRwC+1 
,jC jwC 

Rjnx+1 
jx 

x 

:.a =n b= - 
Hence 1G'(.)1 = G j (G + 

= G 

a2 + b2 

1+a)2+b= 

n2 + 1 
x2 

(G +1+n)2 +x' 

4.1 = G 1 + n2 x2 .. (4) 
1 + x2 (G + 1 + n)' . 

If we equate x to 0 and w as before we have 

n2 G 
1G' (0)1 = G G't) = G 

(G +1 +n)2 = k (say) 

G +1 +n wherek= :.n =k + i 
n 
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Fig. S. Charac- 
teristics of 
feedback 
element2 

CONFIGURATION RESPOINSE a b IGlxli IG loll 1401 x, x, USES 

RR n 0 
Cn - 

k k 
- REDUCING GAIN TO ACCEPT 

FREQUENCY -FLAT 
HIGH-LEVEL SIGNAL k G +I +R k 

J 
` 

0 
i 

X 
G 

G O G +I 
INFINITE 

ULTIMATE SLOPE 

TOP-CUT 

dB/0 TAVE Ilk /li x1(G +I)1 

nR 

TC 
O 

--G 
i k 

n I 

x G 
G 

k 

I k'_2 

STEP CIRCUIT OPERATING 
BETWEEN DEFINED LIMITS I 

HAX.SLUPE OCCURS WHEN X =n 
AND MA %.SLOPE IS 

. 

20 log (k 
+l)dB/OCTAVE 

n +x +l 
n k' -2 nk n'x'k' +I 

x, xi 

nR C 
n n'x G G 

k 

o k 

SIMILAR TO THOSE USING 
SINGLE CAPACITOR 

OUT ACCEPTS HIGHER LEVEL 

SERIES LCAPACITOR FOR 
RECORD EQUALIZATION 

G 

G 

k n(k-I) jn'x'(k- I)' +k' I +n'x'I +n'x' 

z 

nR 11B. 

C 

ñe 
G I 

, k n x G 

k 
G 

kn 
k' -2 n k2 

USUALLY FOUND ONLY X0 
EXTEND 'DROOPING' 
FREQUENCY RESPONSE. 

CAN REDUCE SIGNAL /NOISE RATIOS 
SNNULD BE USED WITH CARE 

n'+ x 
G 
./ lere+x' 

X, x, 
nR 
2 

2C 

HC ñ 

n.R. 
2 

2C 
n 

nR 4 

n 
I -x' 

nX 
%x'J k 

o 

VERY USEFUL WHERE 

Q. 

NEAP 
RECORD eq. IN TAPE RECORD 

EQUALIZERS 

It C/ 
/x(k- Q'- x'(ik'- 2k -I) +k 

The factor k gives the value of the total lift of this The above calculations may be carried out on any two - 
circuit and by its use eqn. (4) may be simplified. terminal network to determine its response, as has been 

done and set out in Fig. 5. More complex networks, 
while capable of being resolved, tend to become rather 
cumbersome, and in any case this is not necessary since 
at any frequency only one capacitor- resistor network is 
acting, the others being purely resistive or shorted out by 
low capacitive reactance. Take, for example, the circuit 
and its response shown in Fig. 6. This is of the type 
used for record equalization, and consists of four segments. 
From A to B, the reactance of C, is very high and the 
valve is working at full gain, at B the reactance of CL starts 
to fall as does the gain until point C is reached, at which 
point the value of R limits the impedance (the reactance 
of C2 still being very high). 

From C to D the response is flat. At D capacitance CL 

is virtually a short circuit and so it is the parallel combi- 
nation of R and C2 that causes the ultimate roll -off at 
point D. So that for the lower frequencies up to point D 
the response is caused by a series combination of R and 

k2 n2 G'i.,a I = G k2 n2 x2 4_ 1 

Equating 1G'(y) 1 to I -Gj(o) I and 1 G'()1 v 2 again gives 
'2 

x, and x2, i.e. x, = 1 

n Vk2 - 2 

A/k2-2 
X2 = 

nk 

The ratio of the two cut -off frequencies is:- 
a2 k2 - 2 

k 

Their geometric mean gives the point of maximum slope 
of the response. 

i.e. ti/x, x2 = 1 

nA/k 

By ctifferentiating the expression for G °(,.) with respect 

to x,and substituting 1 for x we obtain the value of the nk 
k 

maximum slope : 

- 1 

k - 1 

and 'hence the maximum slope, in dBs per octave, is: 

20 log, 0(k 
{ 1) 
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FREQUENCY 

Fig. 6. Synthesis of complex response from simple elements. 

347 

www.americanradiohistory.com

www.americanradiohistory.com


Fig. 7. Simple 7- network. 

C1, while at the higher end the response is governed by a 
parallel combination of R and C2. 

So far only two- terminal networks have been con- 
sidered. However, since it is only the current fed into the 
input resistor by the output voltage that matters, an 
equivalent impedance of a three -terminal network may be 
derived as follows: - 

Consider the network shown in Fig. 7. The input 
voltage VV is at the output of the feedback amplifier. 
The output is considered to be short -circuited since the 
input voltage Vi is G times greater than that at the output. 

ZB Input impedance ZI = ZA + 
ZA + Z 

A 

= ZA (ZA + 2ZB) 

ZA + ZB 
ZA ZB 

+ ZB Vi ZB 

V B - V ' ZA (ZA + 2ZB) = ZA + 2ZB 
ZA + ZB 

Hence I - VB V2 ZB 

ZA ZA (ZA + 2ZB) 
so giving the equivalent ouput impedance 

Input voltage Và 

ZsQ Output current I, 
Z, = 
ZB 

(Z4 + 2ZB) (5) 

If the ZA terms in eqn. (5) were equated to 
nR 

and Ze were equated to -4C we obtain Fig. 8 (C1 

iw- 
n2 

is large and is only to block the d.c.). 
Substituting in eqn (5). we obtain: - 

Z = RZ =TA(ZA +2ZB) 

nR 
2 2 

1 2 + . 4C _ 

n2 4C w z n 

2jx nR n2./21 

n 2 +2jx/ 
RZ=R(n+jx) 

Z=n+jx 
i.e. a =n;b=x 
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n2-I-x2 n2+x2 
(G-{- 1 +n)Z+x2- k2n2+x2 

_G; IG'coo>4 = G 
and IG'i°lI = 

k again being equal to G + 1 + n 

xI - kn 

A/k' -2 
n 

x2=nA/k2-2 x2-k2-2 
xI k 

It will be seen that this network is the exact inverse of 
the one previously described, and provides a very useful 
top lift circuit. 

If the output of the above T network were fed back to 
the output in parallel with that of a similar network, but 
with the A and B legs interposed, there would be a phase 
difference between the two outputs and, by choice of 
frequency and component values, the two currents can 
be made equal and opposite, in which case they cancel, 
giving zero output. This gives the method to derive 
the equivalent impedance of the parallel -T network, 
and although the method is straightforward, it is also 
rather laborious, and here I shall only quote the results. 

The equivalent impedance of the parallel -T network 
shown in Fig. 9 is given by: 

Zee= RZ =R.n(1 +j8) 
1 -x 

:.Zn(1 + = .7x) 

1 - x2 

:.a = n 

1 - x2 
nx 

1 - x2 

(x)I = G 41 1 + x2 

x4 (k -1)2 - x2 (2k2 - 2k - 1) + k' 
Although this looks rather formidable it will not in 

practice be the case, as the value of k will be known and 
the terms will resolve into a simple equation in x2. 

The 3dB frequencies x, and x2 are not of much use in 
this type of circuit, and so the x/2 and 2x gains are given 
instead, as these are of more practical use. 

G; IG'(id = G; 1G' (00)i = O 

k 

= G 20 
8142 + 6k + 5; 

= G 5 
9k - 24k + 20 

EXAMPLE 
The application of the above data in a practical circuit 

will illustrate the methods used. Let us assume that we 
wish to design a pre -amplifier to equalize the response 
from a tape head used at 71 i.p.s. to the 100µs R.I.A.A. 
replay characteristic, the output of the head being 5mV 
at 1 kc /s and the output from the pre -amplifier 0.5V r.m.s. 

The 1001s time constant fixes the upper 3dB roll -off 

Fig. 8. Top lift circuit. 
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n(3 nR 

Fig. 9. Parallel T- network and its response. 

at 1 -6 kc /s and so x2 corresponds to this frequency. 
Assuming the head is good enough to have a response 
extending down to 32 c/s we will fix this frequency 
as the x, point. 

x2 1600 k2 2 

xl 32 
:. k2- 50k -2 =0 

k50 
If an EF86 valve is used with a 220k0 anode load the 

gain will be 100. 
G+1 101 

n k -1 49 
2 

.. IGV 
G 

jn2 x2 + 1_ x2n2k2 -T i 
= 100 /22.x2 -f- 1 

N 22.502 x2 -I - 1 

= 100 x2 -i- 1 

A/104 x2 + 1 

= 100 /4_x2 + 1 

,/ 104x2 

/4x2+1 = 1 

x 

t%k2 - 2 A '2500 - 2 
Also x. = 0.5 = 

nk 2.50 
HetMce the value of x corresponding to 1 kc/s is:- 

x(tkcs) = 0.5 x 116 = 0.313 

1.6 kc/s 

:. I G'(o.313)1 = 3.2 /(4 x 0.084) + 1 = 3.7 
:. Output of 1 kc /s = 5 x 3.7mV 

18.5mV 
Since an output of 500mV is required, the equalizer 

should be preceded by an amplifier of gain:- 
500 

G 18.5 = 27 

An EF86 triode connected with an anode load of 100k S2 

gives a gain of 27.5 according to the Mullard Data 
Sheets, and should also provide a good low noise 
configuration. 
Since at 1.6 kc /s x == 0.5; x = 1 at 3.2 kc /s, therefore 

RG =_1 =2n 3,200 
50µs 

i.e. the product of the input resistor R and the feedback 
capacitor in megohms and microfarads equals 50 10 
Such a combination is 100pF and 500k S2. This gives 
the equalizer an input impedance of 500k S2 which will 

WIRELESS WORLD, JULY 1967 

Fig. 10. Tape pre -amplifier, equalized for 71 i.p.s. 

470k 470k 

R 

Fig. 11. Step circuit for 
limited top boost in Fig. 10. TC 

Vpg 

not load the 100k anode load of the preceding stage, 
and since n = 2, the load effectively in parallel with its 
own anode load is 2 x 500k S2 - 1M Q. 
The feedback resistor is given by: 

nR = 2 x 500 = 1 M S2 

It must be borne in mind, however, that the 500k S2 

series resistor includes the output impedance of the 
previous stage, in this case the 100k anode load 
and the anode impedance in parallel, the latter in the 
triode connection being 33k O. 

Hence the total output impedance is 
100 x 33 

100 + 33 
= 24.7k S2 

therefore the actual value of series resistor needed 
= 500 -- 24.7k S-1 

= 475.3k 12 

i.e. in practice a 470k S2 resistor. 
The d.c. conditions are again obtained from the 

Mullard Data Sheets, and the complete circuit is given 
in Fig. 10. 

When such an amplifier has been constructed it may 
be found that a slight modification to the frequency 
response is needed. A step in the response with flat 
response on either side of the step denotes an error in the 
choice of the frequency of a roll -off. The ratio of the 
response above and below the step, is the same as the 
correct and actual cut -off frequencies. If in a circuit 
such as Fig. 10 the response at the h.f. end needs boosting 
this may be done by modifying its 1M S2 feedback resistor 
as shown in Fig. 6. to the T- network shown in Fig. 11. 
The value of R is chosen to raise the equivalent impedance 
from 2 x 470k S2 to the value needed to provide the 
amount of top boost required. The value of the capacitor 
determines the frequency at which the boost occurs. 

From the above it can be seen that the design of equal- 
izers is not difficult, and by cascading simple equalizer 
elements, complex response shapes may be constructed, 
either with the network given in the table or with others. 
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llU I W 

PRODUCTS 
SEEN AT RECENT LONDON SHOWS 

THE Radio & Electronic Component Manufacturers' 
Federation having maintained its " British only " attitude 
for the biennial London Component Show, a number of 
smaller exhibitions mainly of overseas equipment are 
now held during the same period (May 23 -26 this year). 
We have, therefore, included in this section not only 
new products selected from those shown by the 300-odd 
exhibitors at Olympia but also several items from the 
other shows. 

In doing this we are in no way wishing to belittle 
the efforts of the British industry which in its last report 
(1966/7) recorded an increase of about 8% over the 
previous year's output. It is, however, interesting to 

note that in 1966 the imports of components and acces- 
sories rose by 20% to £19.6M whereas exports rose by 
17% to £49M. These figures do not include valves, 
tubes and semiconductors (imports of which rose by 
30% to £18.3M and exports fell by 1% to £14.6M) nor 
test equipment (imports fell by 30% to £200,000 and 
exports by 20% to £ 1.2M). 

The organizer's report on the R.E.C.M.F. Show 
records that despite the fact that the period of the exhibi- 
tion immediately preceded the Spring holiday (which 
was announced after the dates of the Show had been 
fixed) the attendance of over 59,000 was some 4,000 
up on the 1965 figure. 

500-W 500-Mc/s Tetrode 
A HIGH -GAIN beam tetrode for use 
as a power amplifier up to 500 Mc /s is 
introduced by the M -O Valve Co. It is 
intended for use in mobile equipment. 
The valve, designated G.E.C. type 
E3107, is of cylindrical ceramic -metal 
construction. Conduction cooling is 
provided for by a 2 in dia. flange for 
clamping to a suitable heat sink. This 
arrangement gives rise to a total output 
capacitance of 7.5 pF. Anode dissipa- 
tion depends on heat sink temperature 
and for 100 °C 500 W may be dissipated. 
Maximum anode voltage is 2.5 kV and 
peak cathode current is 2 A. For an 
anode potential of 1 kV and a current 
of 250 mA, gm is 28 mA/V. Typically 
the valve can provide 260 W at 7 Mc /s 
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(class AB) and 84 W at 100 Mc /s when 
driven by a 2N3553 self -oscillating 
driver. For dass C operation up to 
600 W can be delivered with maximum 
anode potential. It is suggested that 
for u.h.f. operation the heater voltage is 
reduced from 6 to 5.75 V for 300 -400 
Mc /s and to 5.5 V for 400 -500 Mc /s to 
ensure maximum life. Heater current 
is 3.25 A. M -O Valve Co. Ltd, Brook 
Green Works, London, W.6. 
WW 301 for further details 

Solid Iron Cores 
TWO -PIECE cores designed to take 
the place of standard E and I lamina- 
tions are to be produced by Linton and 
Hirst Ltd, Stratton St. Margaret, Swin- 
don, Wilts. The advantage stated for 
these cores include reduced assembly 
time, and better iron loss and magnetiz- 
ing current characteristics than a fully 
interleaved stack of laminations with 
identical dimensions. Types to be 
initially available from 1st September, 
are stacks corresponding to the MAXI - 
CON range up to pattern 248A in size. 
Electrical characteristics data are avail- 
able. 
WW 302 for further details 

M.O.S. "BREAD- 
BOARDING " I.Cs 
PLESSEY are introducing a range 
of what they call " bread -boarding " i.c. 
elements based on the m.o.s. field -effect 
transistor technology. The idea is that 
the customer can assemble a number of 
these elements to form a prototype 
system and then return it to the company 
(Semiconductor Division, Cheney 
Manor, Swindon, Wilts), who will con- 
vert it into a completely integrated 
circuit on a single semiconductor chip. 
One part of this range, the ML100 
series, is a group of analogue switches 
consisting of various combinations of 
matched p- channel enhancement -mode 
m.o.s. field -effect transistors : a single 
device for use as a chopper, a matched 
pair of devices, two common -source 
pairs, and a set of six common -source 
devices. They can also be used as multi- 
plexers. The remainder of the range, 
the MP100 and MP200 series, consists 
of m.o.s. logic elements, and includes 
NAND and NOR gates, an OR /NOR gate and 
a counter /register. The most complex 
logic element, a 24-bit shift register, 
illustrates the amount of circuitry which 
it is economically feasible to get on to 
one chip at present. Encapsulations are 
TO -5, TO -18 or flat packs. 
WW 303 for further details 
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Thick Film Circuits Conventional- Digital Typewriter 
Conversion THICK film components and integrated 

circuits are now produced by a number 
of manufacturers, e.g. S.T.C., Welwyn, 
Morganite, Centralab, and A.B. Metal 
Products. Thick film circuits, unlike 
thin film circuits which use evaporation 
techniques, are produced by a process 
similar to screen printing. Using thick 
film production methods resistors from 
1 f l to 1 MO can be fabricated and capa- 
citors of 0.5 µF to 2.21 F. Active devices 
can be attached by the inverted leadless 
technique. The illustration shows a 
Mor,ganite network of resistors with 
values varying from 2511 to 1 Mfg with 
values adjusted to within 2 %. Welwyn 
showed a new range of low -cost hybrid 
integrated circuits in the form of logic 
and linear modules. Dual in -line pack- 
ages are used measuring 0.08 my volume. 
The logic range are medium speed 
aimed at industrial data processing and 
control systems and includes dual 3- 
input NAND /NOR gate, the three types 
of multivibrator, half adder, and buffer 
amplifiers. Operational amplifiers are 
the first items in the linear range. Cost 
of the logic gates is given as around 3/ -. 
W W 304 for further details 

Automatic Battery Charger 

ALL models in the Astralux range of 
battery chargers are fitted with input/ 
output fuses and mains indicator light. 
The A30 /28 /BC is a series A charger 
with battery compartment for two 6 V 
60 Ah cells. It provides an output of 
12V d.c. ±3% at 1 A, for an input of 
either 200, 220, or 240 V +10% 50 c /s. 
Three chargers in the B series will all 
function with an input of either 200, 220 
or 2 V ± 10% SO c /s. The outputs of 
the f120 /46 /BC, B120 /29 /BC and the 
B120 /15 /BC are 6 V d.c. ±5% at 3 A, 
12 V d.c. ± 3% at 3 A, and 24 V 
d.c. ± 3% at 3A respectively. Astralux 
Dyn cs Ltd., New Street, Brightling- 
sea, olchester, Essex. 
WW 3t5 for further details 
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AN interesting and ingeni- 
ous method of obtaining a 

digital output from a stan- 
dard typewriter was de- 
monstrated by the 
National Physical Labora- 
tory. The device takes the 
form of a simple add -on 
unit that does not necessi- 
tate any mechanical altera- 
tion to the typewriter 
with the possible excep- 
tion of the provision of mounting 
facilities. Coded markers on the 
side of each hammer are read by a 
five channel photo -diode reading head, 
the output of which feeds a simple 
storage device. The hammers are 
coded by first painting the side of each 
hammer with matt black paint which is 
allowed to dry and then " scratching in " 
the required code by removing portions 
of the paint. The presence of a hammer 

in the reading position, just before it 
strikes the platen, is sensed by two fur- 
ther photo diodes that scan the uncoded 
side of the hammer.., the outputs of these 
two diodes enable the input to the store 
via a simple logic circuit. The proto- 
type used the standard ISO code but any 
code could be incorporated and could 
be changed at any time by simply re- 
painting and re- scratching the hammers. 
WW 306 for further details 

Shrinkable Plastic Tubing 
RADIATION -CHEMISTRY techni- 
ques can impart the property of elastic 
memory to certain plastic materials and 
this has resulted in a range of shrink- 
able plastic products for electronic appli- 
cations. In the Thermofit range of 
extruded tubing, for example, the plas- 
tic is subjected to electron beam radia- 
tion which causes crosslinking of its 
molecular structure. The tubing is then 
expanded and supplied in this form. 

When heated, because of its elastic 
memory, this tubing will shrink to its 
original size. Thermofit is available in 
a wide range of modified plastic mat- 
erials, and it is stated that it offers good 
electrical insulation, mechanical protec- 
tion and strain relief in many applica- 
tions. Other products are moulded 
parts and solder sleeves. Raychem Ltd., 
Cheney Manor, Swindon, Wiltshire. 
WW 307 for further details 

E.H.T. Measurement 
SUITABLE for measuring the e.h.t. 
voltage of colour television receivers is 
the " high -voltage d.c. multiplier " just 
introduced by Avo Ltd., of Avocet 
House, Dover, Kent. Actually a 
potential divider constructed from 
carbon and metal -film resistors, it 
enables voltages in the ranges 0 -10 kV 
or 0 -30 kV to be measured by any 
multi -meter with a 10 V f.s.d. range and 
a sensitivity of 20,000 fl /V (Avometer 
Models 8 and 9 and Test Set (High 
Sensitivity No. 1 can be used). The 
voltage source to be measured is con- 
nected by a special lead to one of the 
two e.h.t. terminals -10 kV or 30 kV- 
as appropriate, the other terminal being 
covered by a protective cap, and the 
multimeter, switched to its 10 V range, 
3s connected to a pair of low- voltage 
terminals. A resistor is shunted in- 
ternally across these terminals to limit 
the voltage across them to 20 V when 
the multimeter is disconnected. A third 

terminal near the meter terminals goes 
to an internal electrostatic screen inside 
the base of the multiplier. 
WW 308 for further details 
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Domestic Equipment I.Cs 
THE heart of a domestic sound receiver 
-oscillator /mixer, i.f. amplifier, detec- 
tor, low -power a.f. amplifier -can be 
provided in one small package by the 
530M linear integrated circuit shown by 
Mullard Ltd., of Mullard House, Tor- 

INTEGRATED / CIRCUIT 

OUTPUT 
TRANSISTORS 

Diode -tuned TV 
COMPACT u.h.f. and v.h.f. tuners in- 
tended mainly for television receivers 
are manufactured by Hopt Electronics 
Ltd., of Bull Hill Industrial Estate, 
Clacton -on -Sea, Essex. The new com- 
pany is German based and the distribu- 
tors are G.E. (Electronics) Ltd., of 184, 
Campden Hill Road, London, W.8. The 
u.h.f. tuner (type 127/60) measures 
about 65 X 25 X 40 mm and contains 
ÁF239 and BF161 transistors and three 
BA139 or BÁ141 capacitance diodes. 
Diode voltage variation of 1.5 to 30 V 
gives coverage from 470 to 790 Mc /s 
for an i.f. of about 36 Mc /s. Power 
gain of 10 dB is available at -mid -fre- 
quency. The v.h.f. TV tuner covers 
both bands I and III and uses an 

rington Place, London, W.C.1. The 
makers demonstrated it in two slightly 
different applications -in a medium - 
wave portable receiver and in the f.m. 
inter -carrier sound channel of a 625 -line 
television receiver. In the medium - 
wave portable, which was powered from 
a 9 V battery, the i..c. replaced five con- 
ventional transistors and two diodes, and 
the only discrete active devices used in 
addition to it were two transistors in the 
push -pull output stage. The i.c. is 
housed in a 14 -lead flat pack. 

Another linear i.c. shown by the corn - 
pany was an audio amplifier which uses 
an m.o.s. field -effect transistor in the 
first stage to achieve the high input im- 
pedance of 10 " and so is suitable for 
crystal pickup input. Following the 
m.o.s.t. is a bi -polar transistor, which 
makes the device compatible with other 
bi -polar transistor stages. Designated 
320TAA, the i.c. is housed in a TO -18 
can and requires a 20 V drain -source 
supply for the m.o.s.t. The frequency 
response of the complete amplifier is 
said to be substantially flat from 50 c/s 
to 15 kc /s. 
WW 309 for further details 

Tuners 
AFI09 (grounded base amplifier) and 
two AF106s (oscillator and mixer). The 
AF106 mixer acts as an i.f. amplifier 
when used in conjunction with a u.h.f. 
tuner. When u.h.f. reception is re- 
quired, the v.h.f. oscillator is switched 
off, the signal applied via a forward - 
biased BA152 or BA136 switching diode 
and the v.h.f. tuned circuits are discon- 
nected by a second switching diode. 
Band I -III switching is carried out by 
magnetically operated reed switches, and 
tuning is with three BA138 diodes. 
Channel selection can be carried out by 
use of a push -button potentiometer unit 
also manufactured by the company. 

WW 310 for further details 

V.H.F. Power Transistors 
RADIO frequency outputs of 2.5 to 
25 W in the v.h.f. band can be obtained 
from silicon epitaxial planar power tran- 
sistors developed in the U.K. by Texas 
Instruments and now being produced 
at their Manton Lane, Bedford, factory. 
They are constructed with inter -digitated 
emitter and base stripes, and the design 
allows a multiplicity of signal inputs, 
so improving current distribution and 
eliminating hot spots, and gives a mini- 
mum voltage drop along the individual 
stripes so that all the emitter periphery 
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is effective. The 2N3632, for example, 
with a supply line of 28 V, will give 20 
watts output at 100 Mc /s or 13.5 W at 
175 Mc/s, the fr being 450 Mc/s. 
Others in the range are the XB4O1 
(2.5 W at 175 Mc /s), 2N3375 (7.5 W at 
175 Mc /s; XB404 (10 W at 175 Mc /s) 
and XB408 (25 W at 175 Mc /s). All 
operate typically with V,.,. =28 V and 
all are housed in TO -60 cans except the 
XB401 which has a TO -39 can. 

WW 311 for further details 

High-quality Focus Coil 
AN ELECTROMAGNETIC lens for 
cathode -ray tube displays which can 
focus an electron beam to a spot size of 
0.02 cm was announced by Marconi Cd. 
The focus unit is made of several 
annular sections comprising three align- 
ment coils, two astigmatism correction 
coils and two focusing coils. Ther- 
mistors are used with the alignment and 
astigmatism connection coils to corn - 
pcnsate for temperature changes over 
the range -10 to 70 deg C. 

It can be used with all types of mag- 
netically focused c.r.ts with neck dia- 
meters up to 3.5cm. The focus coil is 
intended for radar and tabular displays. 
WW 312 tor further details 

100M/cs 3.5ns 
Scope 
TYPE 647A ruggedized oscilloscope was 
featured by Tektronix. In conjunction 
with 10A2A dual -trace plug -in unit re- 
sponse extends from d.c. to 100 Mc /s 
with 3.5 ns risetime. Most sensitive 
vertical range is 10mV /cm. For 
greater sensitivity, the two channels may 
be cascaded giving 1 mV /cm and a 
bandwidth of 30 Mc /s. A delayed - 
sweep time -base unit triggers to 
IOOMc /s and provides a calibrated de- 
layed sweep. Calibrated sweep range 
is from 10 ns /cm to 5 s /cm. Single 
sweep operation is also possible. An 
accelerating potential of 14 kV provides 
a bright display and the viewing area 
(6 X 10 cm) incorporates a non- parallax 
internal graticule. The oscilloscope is 
also available in a rack mounting ver- 
sion. Tektronix UK Ltd., Beaverton 
House, Station Approach, Harpenden, 
Herts. 
WW 313 for further details 
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- Vortexion 
quality equipment 

TYPE C.B.L. 
TAPE RECORDER 

Here is a versatile stereophonic recorder which has no equal in its price group. 

IT CAN record monaurally or stereophonically with its own mixed inputs from Gram, Radio or other sources 
and from high grade low impedance balanced line microphones. With good microphones, etc., the result 
Is a suitable master for disc manufacturers. " Before and After " monitoring is provided together with adjustable 
metered bias for perfection. 
IT CAN also make a recording on one track and then transfer it to the other track while measuring and listening 
to it and adding one or two more signals also metered. A special PPM type meter is now used. 

IT CAN repeat the process and transfer this combined signal to the first track with one or :wo more signals. 
Composers use it for this purpose. One track may have music or commentary and the other cueing signals or 
commentary and either may be altered without the other. 

IT CAN playback stereophonically or monaurally with its own amplifiers of 32 watts each. 
Speeds III/3,1/71 i.p.s. Price £172 Os. Od. 

Speeds 3á/71/l5 i.p.s. Price £180 Os. Od. 

The Vortexion W.V.B. is a high quality monaural machine with " Before and After " monitoring. The recording 
inputs are a high sensitivity socket for moving coil or ribbon microphone and a high impedance socket for radio, etc., 
either of which can be selected by a switch. Superimposing and echo work can be done and the playback has reserve 
gain for abnormal requirements. This model cannot be converted for stereo' playback, but it is a thoroughly reliable 
machine for the engineer specialising on monaural work. 

Speeds I8/31/71 i.p.s. Price LI IS 10s. Od. 
Speeds 31/71/l5 i.p.s. Price £128 Os. Od. 

The Vortexion W.V.A. is a monaural machine which has a performance equal in sound quality to the other models. 
It possesses all the features of the W.V.B. except for " Before and After " monitoring, Dubbing and Echoes. The 
recording being made can be heard on the internal loudspeaker as in the W.V.B. and C.B.L. The controls are 

uncomplicated. Speeds 18 /3á /7l i.p.s. Price £96 7s. Od. 
Speeds 3á/7 ?115 i.p.s. Price £107 3s. Od. 

All tape recorders have adjustable bias controls, low impedance mic. inputs for unlimited lengths of cable, highly 
accurate position indicators and meters to measure recording level and bias. 

VORTEXION LIMITED, 257 -263 The Broadway, Wimbledon, S.W.19 
Telephone: LIBerty 2814 and 6242 -3 -4 Telegrams: " Vortexion London S.W.19" 

WW -091 FOR FURTHER DETAILS 
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POWER SUPPLIES 
FROM ETHER.... 
OFF THE 
SHELF 

TAYN Series 
Continuously variable 
twin outputs at 0.5A, 
1A, 2A; 0 -30V 

ABM Series 
Continuously variable 

single outputs at 0.5A, 
1A, 2A; 0 -30V 

Series KK 
Single- output preset 
units at 5A, 10A, 
15A, 20A, 30A; 0 -50V 

A SMALL. SELECTION FROM THE LARGEST RANGE IN EUROPE 

- and we make 'specials' to order 

Stabilisation ratios up to: 10,000:1 

lypical ripple down to: 200,ß.V pip 

Output resistance down to: 0.0020. 

4., TALK POWER SUPPLIES WITH ETHER 'f' 

Ether Limited, General Products Division, Caxton Way, Stevenage, 

Herts. Telephone Stevenage 4422. Telex Ether Stevenage 82319. 

WW-092 FOR FURTHER DETAILS G. P.24 
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Logic Modules 
DEMONSTRATED on the West Hyde 
De +elopments Ltd. stand, was an ex- 
tensive range of logic modules for indus- 
try and education. Known as PIDAM 
(plug -in digital and analogue module) 
the modules plug in to standard B9A 
valve sockets. Inputs and outputs on 
all odules may be connected together, 
or onnected to earth with certain ex- 
ce ions stated in the operational notes. 
T range embraces AND and oR gates, 
e tter follower, linear amplifier, inver- 
ter Schmitt trigger, relay driver, square 
wa a oscillator, bistable, monostable 
an power monostable, shift register, 
t r and reed relay. The modules are 
un ealed so that the components can 
be replaced if necessary, and kits of 
pa s are available for those who wish 
to build their own modules. The many 
accessories include, a meter, push- button, 
photocells, thermistor, signal diodes, 
magnet, 6 -figure counter, plug -in relay 
and a test meter. Literature is available 
covering operational notes, stating logic 
function, limits, and applications as in- 
pt4 and output devices. West Hyde 
Developments Ltd., 30 High Street, 
Northwood, Middlesex. 
W 314 for further details 

VEROBOARD 

MOUNTING FRAMES 
NEW frames to enable rows of Vero - 
b4ard universal printed wiring boards 
to be mounted on racks were shown by 
Vero Electronics Ltd., Industrial Estate, 
Chandler's Ford, Hants. A 3+ -inch high 
frame will take 16 -strip boards measur- 
ing 2.495 in x 4.75 in -32 boards in a 
lu -in mounting version and 38 boards 
in a 22 -in version. A 7 -inch high frame 
will accommodate the same number of 
hoards in the two versions, and this is 
iiatended for 40 -strip boards measuring 
6,125 in X 4.75 in. Connectors are fitted 
ag the back of the frames to receive 
the ends of the boards, but the system 
is designed to accommodate only " un- 
profiled " circuit boards, i.e., those with 
the connector tongue the same width 
aE, the rest of the board. 
WW 315 for further details 
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Plastic Amplifier 
THE circuit of a 
5 W amplifier de- 
signed for the 
home constructor 
by the Motorola 
Applications Lab- 
oratories using 
plastic encapsula- 
ted transistors 
throughout is 
shown. The first 
stage utilizes a low 
cost f.e.t. that re- 
quires an input of 
460 mV for 5 -W 
output, and the in- 
put impedance is 
1 Mfl making the 
amplifier suitable for use with a crystal 
pickup or microphone. The amplifier 
is 3 dB down at 45 c/s and 600 kc /s, 
distortion is 0.5 % at 2.25 W and 1% at 
5 W, noise level is 0.8 mV. The output 
transistors should be bolted to a piece 
of copper strip approximately 3inX1Zin 
X ¡in. All semiconductors used are 
available from Celdis Ltd., Milford 
Road, Reading, Berks. 

UAL 
PICK-UP 

Film Wire 

160 

5W 

New from Motorola is a range of 
integrated digital circuits designated 
lhil series, the input diodes in the 
various gating elements are zener diodes 
giving the range an extremely high 
noise immunity, typically 6 V, because 
of this the supply line voltage has had 
to be increased to 15 V. 

WW 316 for further details 

FLAT conductor flexible circuitry for 
both military and commercial elec- 
tronic and electro- mechanical applica- 
tions is offered by the Film Wire 
Division of M.B. Metals Ltd., Victoria 
Road, Portslade, Sussex. High conduc- 
tivity, oxygen free, rolled copper to BS 
1861, in gauge thicknesses of 0.002, 
0.003, 0.004, 0.007 and 0.10 inch is 
generally used for the metal foil. 
Materials used as the support and cover 
coat are F.E.P. (fluorinated ethylene 
propylene), F.E.P. glass cloth reinforced 
with F.E.P., Mylar /Polythene, and a 
range of Polyester materials. Thick- 
nesses of these materials range from 
0.002 to 0.010 in. Among the ad- 
vantages stated for film wire are higher 
current ratings -flat conductors have 
greater surface to volume ratio and 
therefore possess greater heat dissipa- 
tion qualities than conventional wiring. 
High density design permits up to 75% 
reduction in volume, and eliminates up 
to 80% of conventional cable weight. 
Itt assembly, wiring errors are com- 
pletely eliminated, and no sleeves or 
identity tags are required, since 
coding may be etched into the circuit, 
and component location references can 
be screened on where required. Simple 
terminations for use with p.c. boards 
and other connectors are available. The 
flexibility of film wire is stated in terms 

of its ability to assume a radius of 
0.010 in without conductor failure, and 
its endurance to flexing around a mini- 
mum bend of 0.10 in through 500,000 to 
700,000 cycles, without failure. 
ww 317 for further details 

Miniature 
Transformers 
SPECIALLY designed for use with 
low- voltage semiconductor circuits on 
printed boards is the "Lilliput" series 
of miniature transformers shown by 
Gardners Transformers Ltd., of Somer- 
ford, Christchurch, Hants. Using high - 
permeability nickel -iron core materials 
with thicknesses down to as small as 
3.2µm, some of the types in the range 
allow extremely high performance -for 
example, in pulse and switching circuits 
they permit risetimes as short as 10 ns 
(or less). Transformer types avail- 
able are designed with specific groups of 
applications in mind: drivers for 
transistor converter /inverter circuits (up 
to 20kc /s); audio and wideband com- 
munications (100 c/s-250 kc/s or 500 
c /s-4 Mc /s); a.f. driver for audio ampli- 
fiers; pulse transformers, including iso- 
lation for s.c.r. triggering applications. 
WW 318 for further details 
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Nanosecond I.C. Logic MONOLITHIC TRANSISTORS 

THREE new logic elements have been 
added by Mullard to their high -speed 
integrated -circuit range ECL, which is 
intended for operating at clock -pulse 
rates up to 100 Mc /s with pulse edges 
of 2 ns or less. The FKH131 is an 8- 
input gate with two outputs, one of 
which, X, gives (in Boolean notation), 
X= A.B.C.D.E.F.G.H. while the other, 
Y, gives Y= A.B.C.D +E.F.G.H. The 
second element, the FKH171, also has 
eight inputs and gives one output, X= 
A.B.C.D +E.F.G.H, but although it is 
apparently less versatile than the 
FKH131 it has the advantage of having 

consistent switching time regardless of 
the input activation pattern. The third 
element, the FKH161, is a 6 -input gate 
with two logically identical but electric- 
ally isolated output pairs -each pair con- 
sisting of one AND and one NAND output. 

All elements, which are in 14 -lead flat 
packs, operate from a 4 V supply and 
have 75 -ii input and output impedances. 
E-CL is an improved form of current - 
steered logic using basically a long -tailed 
pair of transistors (emitter coupled) as a 
switching device, with emitter -follower 
input transistors and an emitter -follower 
providing a reference voltage for the 
mid -point of the logic voltage swing 

(0 V to - 0.7 V). The high speed of 
switching is mainly due to the non- 
saturating mode of operation (no hole 
storage) and to the smallness of the in- 
put capacitance resulting from the use 
of the emitter -follower input transistors. 
In systems, to preserve the 2 ns pulse 
edges and avoid spurious switching 
actions, it is necessary to design the 
interconnections between elements as 
impedance- matched transmission lines. 
To illustrate this Mullard demonstrated 
a system (a test equipment for a thin - 
film store) in which ECL elements were 
interconnected by 75 -il strip lines 
formed by printed -circuit technique. 
WW 319 for further details 

STROBOSCOPE 
THE type 4910 stroboscope has been 
introduced by Brüel and Kjaer for use 
when it is desired to analyse the be- 
haviour of equipment in motion. In its 
normal operating mode the stroboscope 
is triggered by the object's movement via 
a suitable form of transducer ensuring 

MINIATURE MAINS 

TRANSFORMER 

DIMENSIONS of the Belclere minia- 
ture transformer ES2818 are 1;2 x 1 x; 
in. With a weight of 11 ounces this 
transformer is available in several 
mountings such as printed circuit pins, 
wrap -over clamp, or completely screened 
in Mumetal. Finishes can be either a 
thermosetting varnish, epoxy resin, or 
high melting point wax. A typical appli- 
cation of this particular component is for 
re- charging an 11.4 V, 500 mA hour 
capacity DEAC battery in approximately 
14 hours. Primary is 240 V at 50 c /s, 
secondary is 12 -0 -12 V. The Belclere 
Co. Ltd., Cowley Road, Oxford. 
WW 321 for further details 
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exact synchronism. The " frozen " 
image can be positioned anywhere in 
the motion cycle by means of a phase 
knob. The input signal can also be 
added to an internal oscillator (-Af) that 
is adjustable from 0.5 to 2 c/s and the 
flashes synchronized with the resultant 
signal, this has the effect of slipping the 
motion so that the movement may be 
observed at a frequency of -Vf. The input 
trigger signal should be within the limits 
100 mV -280 V p -p with a minimum 
pulse width of 20 µ sec; the input impe- 
dance is 31.5 kil. An internal oscilla- 
tor may be used to provide flashes be- 
tween 5 and 105 c /s. The range of the 
unit when triggered from an external 
source is 5c /s- 10kc /s. The type 4910 
is available from B & K Laboratories 
Ltd., 4 Tilney Street, London, W.1. 

WW 320 for further details 

A NEW range of monolithic dual tran- 
sistors, the 2N4042 series, that have 
been developed by Union Carbide Ltd. 
are now available from Livingston 
Components Ltd., Greycaines Road, 
Watford, Herts. Because of the mono- 
lithic structure the devices exhibit very 
good thermal and transient tracking 
capabilities. The transistors are housed 
in TO -5 or TO -18 cans, and an enlarged 
cross -section of one is shown in the 
photograph. Some extracts from the 
specification are a base voltage differ- 
ential change of 3 µV / °C between -55 
and +125°C and a base current differ- 
ential change of 0.3nA / °C in the same 
temperature range. With a collector 
current of 10 CIA the minimum current 
gain is 200 and output capacitance does 
not exceed 0.8 pF when V,b =5 V. 
WW 322 for further details 

Instrument Cases 
CASES in the DE range by Datum 
are constructed of press formed and 
welded sections in 18 s.w.g. zinc -coated 
steel. Zinc -based alloy diecastings to 
BSS 1004A are used in the corner sec- 
tions to ensure a rigid structure. These 
cases will accept 19 inch panel mounted 
equipment, and of the eleven sizes in 
the range, eight will accept chassis 11 X 
16 in deep, and the three larger sizes 
will take 19 in deep rack mounted 
equipment. Ventilation is through 
multipunched slots in the base and the 
rear panel. The overall dimensions 
range from 20?6 width, 23,6 height and 
12 depth (inches) to 20-A width, 55;6 
height, and 21,4 depth (inches). Stan- 
dard finishes are silver grey or silver 
blue hammer. Bedco Ltd., Datum 
Metal Products Division, Colne Way 
Trading Estate, Watford By -Pass, Wat- 
ford, Herts. 
ww 323 for further details 
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A.C. Voltage 
Standard 
THE type 3102 a.c. solid state voltage 
standard announced by Dynamco Ltd., 
Dynamco House, Hanworth Lane, Chert- 
sey, Surrey, provides outputs of 100 1LV 

to 1011.1 V r.m.s. between 40 c/s and 
10 kc /s at the lower of either 50 VA or 
1 amp. Output voltage is adjusted by 
means of inductive dividers with an 
absolute accuracy of 0.02% of range set- 
tin i including all errors caused by 
dis ortion, ambient temperature 
va ations between 10 and 40 °C and long 
ter drift. The internal oscillator can 
be bet to an accuracy of 1% by means of 
a ttwo-digit switch and a three -decade 
multiplier; if it is desired an external 
oscillator may be used. The linearity 
of the output voltage settings at mid - 
band frequencies is 0.0015% between 
ranges relative to the one volt range, and 
drift due to temperature variation is less 
than 0.0006% of the output voltage per 
1 °C in the range 10 to 40°C. A meter in- 
diclites either maximum permissible 
loa¢ling or the condition of the internal 
control loop. 
WW 324 for further details 

Industrial n -p -n 

Transistor 
THE SGS- Fairchild C428 silicon 
planar n -p -n transistor is a low- priced, 
low to medium power unit suitable for 
a wide range of industrial applications. 
Maximum collector -emitter voltage 
rating is 30 V and collector currents of 
up to 100 mA are permissible. At 
1 ráA and 100 mA hpE is typically 100, 
rising to 160 at 25 mA. Dissipation at 
251C ambient is 800 mV rising to 5 W 
at 125 °C case temperature. Saturation 
volage at 10 mA is 0.15 V and 0.9 V at 
100 mA. 100 -up price is 2s 6d. SGS- 
Fairchild Ltd, Planar House, Walton 
Street, Aylesbury, Bucks. 
WW 325 for further details 
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Frequency Meter /Counter -timer 
THE TSA6636 shown by Venner Elec- 
tronics Ltd., Kingston By -Pass, New 
Malden, Surrey, is a general- purpose 
instrument that will measure frequency 
from 10 c/s to 12.5 Mc /s and time 
intervals from 1 us to 10' s. Fre- 
quency is measured by counting cycles 
during known time intervals, and the 
gating times available for determining 
these intervals range from 1µs to 107s 
in decade steps. Time intervals are 
measured by counting the number of 
known clock units that occur during an 
interval (determined by gating from ex- 
ternal start and stop pulses) and the 
units available again range from 1µs 
to 10 s in decade steps. The upper 
limit of 10' seconds is fixed by the six - 
digit display (provided by in -line neon 
number tubes). In addition the instru- 
ment can be used as a gated counter 
(range: 10 c/s to 12.5 Mc /s) and for 
measuring periods of repetitive functions 
with frequencies from 10 c/s to 1 Mc /s. 
A single period of a function can be 

measured using time units ranging frdm 
1 As to 10 Mc /s in decade steps; or 
multiple periods, from 1 to 10', can be 
measured using the 1µs time units only. 
The internal time units are derived from 
a 2 Mc /s oven -controlled crystal with 
a stability of +1 part in 106, and the 
accuracy of the instrument is +1 count 
± this stability. Display time is vari- 
able from 0.5 to 5 s or can be infinite. 
WW 326 for further details 

SIC Plastic Semiconductor Devices 
AMONG the new silicon devices from 
S.T.C. Semiconductors Ltd., of Foots - 
cray, Sidcup, Kent, are plastic diodes, 
encapsulated transistors, and thyristors. 
The first four plastic transistors are 
types BC171, BC172, BC173 and 
BC192, the first three being electrical 
equivalents to the BC107, BC108 and 
BC109 respectively. The thyristors are 
in 1 A (TEl series) and 3 A (TE3 series) 
ranges with voltage ratings of up to 
400 V. A 1 A range is also available 
for d.c. applications 
where no reverse 
voltage is applied 
(TE1F). Plastic 
rectifiers are also 
announced with re- 
verse voltage 
ratings of up to 
1,000 V and with a 
mean current rating 
of 1 A (1N4003 -7). 
Two new plastic 
diodes are intro- 
duced which have 
a low series resist- 
ance (0.5 -1(1) and 
inductance (2 nH) 
making them suit- 
able for band - 
switching up to fre- 
quencies of 1 Gc /s 
(BA143). 

New transistors 
with Pro -electron 

codes are summarized in the table. In 
addition to the tabulated types a num- 
ber of established 2N types are now 
available:- 2N918, 2N2217, 2N2218 
(complementary to BSX40), 2N221. 
(complementary to BSX41), 2N2904 -5, 
2N3299 and 2N3300. Other recent addi- 
tions are 2N3724 -5, 2N3962 and 
2N3964 (complementary to BC107 -9), 
2N4030 -3 (complementary to BSY81 -6) 
2N4O46 -7. 
ww 327 for further details 

Device VcE(V) fc(A) Plot(W) h,E Ifr(Mc /s)I Application 

BD106 36 2.5 11.5 A 50-150 
B 100 -300 

100 a.f. output 

BD107 64 2.5 11.5 A 50 -150 f 100 
B 100 -300 

a.f. output 

BDY I S 36 2.5 11.5 A 50-150 100 
B 100 -300 
C 200 -600 

power 
switching . 

BDYI6 64 2.5 11.5 A 50-150 100 
B 100 -300 

power 
switching 

BFI 17 140 IOOmA 1.27* 25 min 80 min Video amp 

BF167 30 25mA 130mWf - 350 a.g.c. tv i.f. 
amp 

BF173 25 25mA 200mWf - 550 tv i.f. amp 

BLYISA 64 2 11.5 20 min ISO r.f. amplifier 

BSX40 30 0.5 600mW 40-120 100 switching 

BSX41 30 0.5 600mW 100 -300 150 
I 

switching 

t Ambient temperature 45 °C 
e Case temperature 100 °C 
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I.C. in Leadless Inverted Package Mesh Oscilloscope 
ONE of the techniques by which semi- 
conductor chips can be mounted on 
film circuits is the so- called LID 
(Leadless Inverted Device) package, but 
hitherto this has been restricted to 
single devices such as transistors. At 
the exhibition, Transitron Electronic 
were showing an example of an integra- 
ted circuit chip mounted into such a 
package -actually a digital circuit from 
their t.t.l. (transistor- transistor logic) 
family of i.c. logic elements which are 
normally in 14 -lead flat packs. The pack- 
age, which is made of alumina filled 
ceramic, is bigger than the LIDs used 
for single devices (approx. 0.16in square) 
and has seven contacts on each side. 
These contacts, of course, are soldered 
on to the film circuit after the device 
has been inverted on to it. The i.c. 
(shown exposed in the picture) is actu- 
ally encapsulated in the ceramic block 

by epoxy resin. Later Transitron 
(Gardner Road, Maidenhead, Berks) 
hope to extend the LID technique to 
linear integrated circuits. 

WW 328 for further details 

Sweep Generators 
TELONIC INSTRUMENTS demon- 
strated a new range of sweep generators 
suitable for a wide variety of applica- 
tions. For the rapid production align- 
ment of television receivers the type 1011 
(v.h.f.) and the types 1005 and 1006 
(u.h.f.) are available and can be fitted 
with a variety of optional extras. The 
v.h.f. version covers the range 
5 -250 Mc /s and its Varicap sweep 
system will cover 5 -30 Mc /s in a single 
sweep. Several alternative marker 
systems can be fitted to customers' re- 
quirements and a feature known as 
" Autotrack " enables the generator to 
centre automatically on the tuner centre 
frequency. The u.h.f. version cover 450- 
910 Mc /s and employs a varactor sweep 
oscillator. The model 2003 is a sweep 
system that will cover to 1500 Mc /s by 
means of five plug -in oscillators. Markers 
are obtained from plug -in units that will 
provide a number of single frequency, 

harmonic type and variable marker com- 
binations. A marker time sharing 
facility is also available which mini- 
mizes interference between markers that 
are close together. The optional dis- 
play processing unit enables markers to 
be tilted so that they may be clearly 
seen on a steep skirted response. Telonic 
Industries U.K., The Summit, Castle 
Hill Terrace, Maidenhead, Berks. 

WW 329 for further details 

Cheap I.C. Amplifiers 
AN integrated -circuit d.c. amplifier with 
a gain of 70 dB and priced at only 17s 6d 
was announced at the exhibition by 
Plessey (Components Group, Semicon- 
ductor Division, Cheney Manor, Swin- 
don, Wilts). Designated SL.701C and 
encapsulated in an 8 -lead TO -5 can, it 
is actually a lower grade version of the 
more expensive SL.701 from the 
company's SL.700 series of d.c. 
amplifiers. Incorporated in the circuit 
is a balanced comparator input stage 
with an auxiliary balancing circuit to 
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keep the comparator's collector currents 
and voltages closely matched, thereby 
making the circuit tolerant of supply line 
variations. The device is intended for 
use with thin film or discrete com- 
ponents to define the gain or other 
special functions. 

The input d.c. offset voltage is 25 mV, 
the common -mode rejection ratio is 
50 dB minimum and the change of gain 
with temperature over the range -25 °C 
to 4100°C is ±6 dB. 

WW 330 for further details 

Tube 
THE type V3174 from Brimar, 7 Soho 
Square, London, W.1, is a sensitive 
cathode -ray tube intended for use in 
wide band oscilloscopes incorporating 
transistor deflection circuits. ' Under 
typical operating conditions it will dis- 
play single phenomena on a screen 
6 X 10 cm at bandwidths of up to 
30 Mc /s. Fewer control voltages are re- 
quired on this tube compared to other 
mesh tubes as the functions of the mesh, 
collector and geometry controls have 
been combined. The purpose of the 
mesh, as with any post -deflection 
acceleration technique, is to enhance 
brightness while still achieving deflec- 
tion sensitivity. The mesh is in fact a 
large frame grid that is wound at 800 
turns per inch, it is nearly transparent 
to the electron beam but it is opaque to 
the equipotential fields which restrict 
c.r.t. performance. In addition to the 
normal method of Z axis modulation via 
the grid, flyback blanking can be 
achieved at anode potential using the 
anode modulator. 

WW 331 for further details 

BAND III WIDE -BAND ARRAY 
COMPLETE Band III coverage is 
given by the Astrabeam (ABMS) aerial 
manufactured by J. Beans Aerials, of 
Rothersthorpe Crescent, Northampton. 
It is a five -element array designed for 
television reception anywhere in the 
U.K. using either single or dual channel 
reception. Previous Band III models 
were designed for reception on two 
adjacent channels only. The aerial is 
a development of earlier J Beam marine 
aerials which were intended for multi- 
channel use. Bandwidth and coverage 
are shown in the diagram. The array 
costs 41s with mounting bracket and 
will be available in August. 
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WW 332 for further details 
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Ferrite Pot 
Cores 
HIGH -permeability ferrite pot cores 
are available from S.T.C. in four I.E.C. - 
recommended sizes and in five grades of 
ferrite. Four- and two -slot cores are 
produced in adjustable and non- 
adjustable forms for inductor and trans- 
former use. Inductance setting accur- 
acy is claimed to be 0.01% over a wide 
range, the desired value being main- 
tained under varying temperature and 
shpck conditions. Cores are suitable for 
di et mounting on to printed circuits. 
T e transformer ferrites include type 
SA500T for use up to 10 Mc /s, and a 
new ferrite type SA601 having very high 
permeability and thus enabling trans- 
formers to be made a size smaller than 

Oxide Resistors 
INTRODUCED at the exhibition by 
Electrosil Ltd. (P.O. Box 37, Pallion, 
Sunderland, Co. Durham) was the C5 
range of tin- oxide -on -glass resistors, 
which are notable for having the low 
temperature coefficient of ± 100 p.p.m. 
over the range -55' C to + 175°C with 
a normal statistical distribution. They 
have a high- temperature, moisture - 
resistant coating, and are intended to 
replace the makers' TR5 range in pro- 
fessional applications where improved 
stability and temperature coefficient are 
required. Like the TR5 and other 
Electrosil ranges they are " triple 
rated " -that is with a power rating of 
á W they are considered as " semi - 
precision " with a rating of ; W " high 
stability," and with a rating of '. W 

general purpose." The idea is that 
the customer can reduce the number of 

with SA500T units. Inductor materials 
art for use up to 300 kc /s and include 
SA502 for tuner circuit use with mica 
capacitors (zero temperature coefficient) 
and SA 503 with a positive temperature 
coefficient and for use with polystyrene 
capacitors. A low -cost type similar to 
the SA503 is available (SA500L). S.T.C. 
Magnetic Materials Division, Edinburgh 
Way, Harlow, Essex. 

WW 334 for further details 

Elliott Integrated Circuits 
A NUMBER of m.o.s. integrated cir- 
cuits were shown in addition to the 
Elliott range of silicon i.cs. (These last 
circuits are equivalent to the Fairchild 
DTAL930, TTuL9000, and 1 A7700 
rances.) The m.o.s. circuits include a 
dual NOR gate, a hybrid audio switch 
and an eight -stage shift register, all in 
TO -5 cans. The interesting m.o.s. item 
is the audio line switch which combines 
analogue and digital circuitry on the 
same chip. The switch uses digital con- 
trol logic for audio channel selection as 
might be required in communications 
equipment. The audio transmission is 
bä- directional along the two channels 
Mich are digitally controlled to be 
mutually exclusive. Selection of one 
channel has priority over the previous 
or subsequent selection of the second 
channel. A RESET pulse switches off 
both channels; a SET A pulse will 
switch on channel A and override chan- 
nel B selection; a SET B pulse switches 
oft channel B provided that channel A 
is already off. Signal levels for this 
particular development are I V r.m.s. 
and bandwidth extends to 50 kc /s. 
Elliott- Automation Microelectronics 
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Ltd, Queensway Industrial 
Glenrothes, Fife. 

Estate, 

WW 335 for further details 

Bleep Speaker 
A MINIATURE electromagnetic trans- 
ducer (XD712) primarily intended for 
use in pocket paging systems was shown 
by Knowles Electronics Ltd., Victoria 
Road, Burgess Hill, Sussex. The unit, 
incorporates two coils, one being used 
as a normal voice coil and the other as 

different types of resistors that he has 
to stock, and can purchase the resulting 
greater quantities of the one type at a 
lower price. Values from 10 L1 to 
1 Mil with tolerances of 1%, 2% or 
5 are available. 

WW 333 for further details 

Relay With Transistor 
Amplifier 
OPERATION of the B and R relay type 
B07 can be carried out with either a 
sensitive thermostat or low -power 
signal; the minimum signal for satis- 
factory operation being 700 mV, 250 pA, 
and 175 ;LW. In temperature control, 
where the relay is to be operated by 
a thermostat, by using alternative pin 
connections the contacts can be 
arranged to make only when the thermo- 
stat makes; alternatively, to make im- 
mediately the supply is connected, and 
to break when the thermostat contacts 
open. This latter arrangement provides 
a " fail to safe " operation. This plug - 
in relay with a transistor amplifier oper- 
ates from an a.c. or d.c. supply of 24 V, 
the necessary rectification being incor- 
porated within the relay. The standard 
version B07 is fitted with one normally 
open heavy duty contact rated at 5 A, 
240 V, a.c., although provision is made 
(internally) for uprating these figures to 
15 A at 240 V. It can also be supplied 
with c/o contacts at 5 A 250 V a.c. or 
30 V d.c. non -inductive. B. & R. Relays 
Ltd., Temple Fields, Harlow, Essex. 

WW 336 fer further details 

a feedback coil enabling the unit to be 
used as an audio tone generator result- 
ing in an economy of components and 
space. The nominal impedance is 45 Ii 
at 1 kc /s, the feedback ratio is 1:10 and 
the tone frequency is around 4.5 kc /s. 

WW 337 for further details 
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LCR BRIDGE 
A GENERAL -PURPOSE, battery oper- 
ated component measuring bridge with 
a price " under £ 100 " was introduced 
at the exhibition by Avo Ltd., Avocet 
House, Dover, Kent. Balance is indi- 
cated by a centre -null meter and the 
value of the component measured is given 
on a 3 -digit in -line display operated 

by the three balancing control knobs. 
Multiplying factors are not needed. 
Capacitance can be measured in eight 
ranges, from 119.9 pF to 1,199µF; in- 
ductance in eight ranges from 11.99µH 
to 119.9 H and resistance in eight ranges 
from 1,119 mil to 11.19 M12. Accuracy 
it 1 of the reading ± 1 digit. For 
a.c. measurements of L, C and R, an 
internal 1 kc /s oscillator is used, and 
for d.c. measurement of resistance there 
is an internal 9 V battery, but external 
a.c. and d.c. sources may be connected 
if required. Also, external polarizing 
voltages up to 500 V may be applied for 
testing electrolytic capacitors. A facility 
is included for checking the instrument's 
battery to ensure that its voltage is above 
the minimum needed for satisfactory 
operation. Designated B150, the bridge 
has transistor circuitry and weighs about 
11 lb. 

WW 338 for further details 

Solid State Oscilloscope 
A NEW oscilloscope in the medium 
price range has been introduced by 
Advance Electronics Ltd., Hainault, 
Essex, with modular plug -in electronics. 
Designated Type 0S2000, it utilizes a 
five -inch rectangular tube with a helical 
p.d.a. operating at 4 kV and providing 
a 10 cm by 6 cm display area. Both 
single and dual trace plug -in Y units 
are available, the single trace unit has 
a bandwidth of d.c. to 20 Mc /s and 
sensitivity of 50 mV /cm; input impe- 
dance is 1 MII shunted by 35 pF. The 
dual -trace unit has a bandwidth of d.c. 
to 20 Mc /s at 10 mV /cm or, by cascad- 
ing the amplifiers, 5 c/s to 5 Mc /s at 

1 mV /cm. The measuring accuracy of 
both these plug -ins is ±5"i. The stand- 
ard time base provides 19 ranges from 
200 ms /cm to 0.2 As/cm in a 1, 2, 5 
sequence. Trigger level can be manually 
set or synchronism can be automatic 
from 40c /s to 20Mc /s. The trigger 
source can be internal, external line, tv 
frame or the timebase can be free run- 
ning. With the standard timebase and 
dual -trace plug -in the oscilloscope costs 
about £230. Other plug -in units under 
development are a high -gain differential 
amplifier and a sweep delay unit. 

WW 339 for further details 

Square-Law Converter 
A DEVICE which will give a d.c. out- 
put voltage proportional to the square 
of an a.c. or d.c. input voltage, and can 
therefore be used for measuring r.m.s. 
values, is the Signacon, shown by Asso- 
ciated Electrical Industries Ltd., Power 
Protection and Meter Dept., Trafford 
Park, Manchester 7. It is basically a 
thermo -couple, but has a plurality of 
closely spaced, series -connected, thermo- 
junctions which are in intimate contact 
with, but insulated from, a bifilar 
heater. The whole device, housed in 
a copper case, is evacuated. The out- 
put is 120 mV nominal, and heater 
capacities of 10 mA, 30 mA and 50 mA 
are available. Two versions are being 
produced, one with a single heater and 
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the other, a differential type, with two 
heaters. A limitation of the converter 
for some applications is the slow re- 
sponse due to thermal delay -it takes 
approximately 10 seconds for the out- 
put to come within 0.19ó of the final 
value. When the input is a.c., the 
Signacon will operate with input fre- 
quencies up to 100 kc /s. 
WW 340 for further details 
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Miniature 10 -turn 

Potentiometer 
MINIATURE thumbwheel potenti- 
ometer measuring 0.7 X 0.7 X 0.3 in is the 
latest in a range made by Painton & Co. 
Ltd., of Kingsthorpe, Northampton. 
The track is single -turn (290 °) only but 
the knurled thumbwheel is geared to 
give 10 turns. Typical mechanical life 
of the arrangement is given as 50,000 
cycles. A slipping clutch is included 
which prevents damage from forced ad- 
justment. Sub -divided scale markings 
of 0 -10 are provided. Potentiometers 
with resistance values in the range 5011- 
50 kf1 are available at á W power rating. 
Fixing can be by two 8 BA holes, 
a 90° angle bracket or by printed circuit 
pins. 
ww 301 for further details 

Inexpensive 
Instruments 
A RANGE of three inexpensive instru- 
ments has been announced by Sign 
Electronics. These include the type 
AM 324 audio millivoltmeter and the 
s 324 audio signal generator. The 
millivoltmeter incorporates a taut band 
suspension meter and covers 1 mV to 
300 V in twelve ranges between 10 c/s 
and 1 Mc /s with an accuracy of ± 3'; 
of f.s.d. High stability resistors and 
silicon planar transistors are used 
throughout the audio generator which 
will provide a one volt sine wave into 
600 111 from 6 c/s to 60 kc /s in eight 
one-third decade bands. Distortion is 
quoted as being less than 0.05"., from 
100 c/s to 10 kc /s and stability as 
better than one part in 100,000 per 
hour one minute after switch on. Both 
units will operate from PP9 batteries 
or a mains power supply unit that is 
available as an optional extra. Prices 
are £66 for the AM 324 and £59 for 
the S 324 and they are available from 
Aveley Electric Ltd., South Ockendon, 
Essex. 
ww 302 for further details 
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MOBILE Eft SATCOM TERMINAL 

N view among the British exhibits at the Paris Air 
Show was an experimental mobile satellite com- 
munications station developed by the Signals 

R search and Development Establishment, Christchurch, 
H nts. Although it is only experimental- actually an 
exercise in designing the smallest station capable of pro- 
viding a useful service in military satellite communica- 
tions-it does give some idea of what operational stations 
of this kind now being built for the British Army will 
probably look like. A similar sized station (though 
different in design) has been built by the Admiralty Sur- 
face Weapons Establishment and Plessey Radar for 
operation on Royal Navy ships (see February issue, p. 
68) and has now been installed in the frigate H.M.S. 
Wakeful for trials at sea. Both stations, for global com- 
munications, are intended to work with large fixed ground 
stations, and have been operating through a group of 16 
near- synchronous satellites provided by the U.S. Depart- 
ment of Defence under a U.S. trials programme called the 
Interim Defence Communications Satellite Programme, 
in which the U.K. and N.A.T.O. are taking part. 

The S.R.D.E. station, which has been described as a 
" mobile Telex with global capability," includes a trailer - 
mounted equipment with a 6 -ft steerable aerial dish, and 
so far has been operating simplex with one teleprinter 
channel- though its capacity, working through an 
I.D.C.S.P. satellite, is actually 50 teleprinter channels or 
one speech channel. It has been constructed from com- 
r>hércially available components. The microwave trans- 
mitter (8 Gc /s) and receiver (7 Gc /s) are mounted behind 
the aerial dish, while other terminal equipment, includ- 
ing a teleprinter, aerial position -control equipment and 
a petrol- electric generator, is carried in a Land -Rover 
vehicle which tows the trailer. 

The transmitter has a klystron r.f. output amplifier 
giving an output power of 1 kW c.w. This is driven by 
a varactor frequency multiplier (x 200), the input to 
which is an f.s.k. signal from two crystal oscillators (tele- 
printer "mark " and " space ") controlled through a 
modulator by the teleprinter signals. From the klystron 
the microwave power output is fed by waveguide via for- 

Trailer part of station set up for operation. 
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ward and reverse power couplers, a waveguide switch, a 
transmit /receiver combiner and circular polarizer to the 
parabolic dish aerial. Circularly polarized beacon and 
information signals picked up from the satellite are trans- 
formed to linear polarization and passed via a waveguide 
switch to the receiver, which has an un- cooled parametric 
amplifier for the low -noise first stage, a crystal local 
oscillator followed by a x 200 varactor frequency multi- 
plier, a mixer and an i.f. amplifier. The high -level i.f. 
signals are passed to the terminal equipment in the Land - 
Rover, where they are split to beacon and information 
receivers and the demodulated f.s.k. signal is fed to the 
teleprinter. 

The aerial dish, which can move in azimuth ±270° and 
in elevation from -2° to +92 °, is position- controlled 
either from a punched tape in 0.2° steps or manually. 
This enables the aerial to be pointed at any available 
satellite in the I.D.C.S.P. system, and the station will in 
fact operate satisfactorily with satellites in positions 
down to 5° of elevation. 

Conferences and 
Exhibitions 

LONDON 
July 3 -5 

Electron Diffraction 
(I.P.P.S., 47 Belgrave Sq., S.W.1) 

July 17 -22 Imperial College 
I.Q.S.Y./COSPAR Joint Scientific Symposium 
(I.Q.S.Y. Secretariat, 6 Cornwall Terr., N.W.1) 

July 24 -28 Imperial College 
COSPAR International Space Science Symposium 
( I.Q.S.Y. Secretariat, 6 Cornwall Terr., N.W.1) 

BIRMINGHAM 
July 6 -7 

Accuracy of Spectroscopic Methods 
(LP.P.S., 47 Belgrave Sq., London, S.W.1) 

MANCHESTER 
July 18 -20 

Computer Technology 
(I.E.E., Savoy PI., London, W.C.2) 

NOTTINGHAM 
July 10 -13 The University 

Integration of Design & Production in the Electronics Industry 
(I.E.R.E., 9 Bedford Sq., London, W.C.1) 

OVERSEAS 
July 3 -8 Warsaw 

IMEKO -International Measurement Congress 
(Society of Instrument Technology, 20 Peel St., London, W.8) 

July 3 -11 Warsaw 
IMIS- International Measurements & Instruments Show 
(IMIS, Muzeum Techniki, Palac Kultury i Nauki, Warsaw) 

July 10 -14 Columbus 
Nuclear and Space Radiation Effects 
(I.E.E.E., 345 E. 47th St., New Yolk, N.Y. 10017) 

July 18 -20 Washington 
Electromagnetic Compatibility 
(I.E.E.E., 345 E. 47th St., New York, N.Y. 10017) 

July 18 -23 
Laser Applications Conference & Exhibition 
(M. Locquin, 38 ave George V, Paris 8e) 

Imperial College 

The University 

The University 

Paris 
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Improved Television A.G.C. 
Circuit operating from peak -to -peak value of picture signal waveform 

By C. H. BANTHORPE* 

ONE of the failings of most modern television receivers 
is the inability to reproduce the d.c. component of 
the transmitted pictures. Mean -level a.g.c. interprets 

light scenes as strong signals and decreases the gain and 
contrast of the receiver, reducing high -light brightness of 
the received pictures which are therefore rather flat. 
Black level moves further black. 

The most objectionable effect is, however, oh dark 
scenes with small areas of near peak white, such as white 
captions on a black background. This is a frequent 
condition at the end of plays and films. The a.g.c. circuit 
interprets this as a weak signal and increases the gain 
of the receiver. The white areas then become too white, 
often defocused, while streaking and ghosting become 
much more noticeable. Black level moves towards white. 

However, because of its simplicity and cheapness and, 
in particular the very difficult problems associated with 
receiving positive and negative modulation signals on 
dual- standard receivers, mean level a.g.c. is almost uni- 
versally used in British receivers. A system which offers 
a better compromise, particularly on pictures where the 
mean -level a.g.c. is most objectionable, is an a.g.c. system 
which is operated from the peak -to -peak value of the 
received picture. White captions on a black background 
produce the same a.g.c. voltage and therefore the same 
contrast as a picture, which is almost all white. With 
such a system, provided there are some, even small, areas 
of near peak white, highlights are not reduced on bright 
scenes nor are highlights too bright on dark scenes. 

In practice many pictures contain highlights and the 
variation of the p -p voltage is much smaller than the 
variation of the mean voltage. In addition, programme 
suppliers often insert test signals during the time 
occupied by the field flyback and these signals include 
peak white signals. A peak -to -peak a.g.c. system will 
measure such signals and be little affected by large 
variation of picture content. 

The circuit used was added to typical receivers using 
mean -level a.g.c. with d.c. coupling between the video 

SYNC SEPARATOR 

0.04711 --- +--- 
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r 

5,9k 45Vrm.s. 
FROM 

HEATER 

2µ 

C 
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detector and video valve and cathode -ray tube on 405 lines 
positive modulation. On 625 lines negative modulation, 
d.c. coupling is used between the video valve and c.r.t. 
but d.c. restored a.c. coupling is used between the video 
detector and video valve. 

In Fig. 1 the added circuit is shown within the dotted 
lines. Terminal A which was originally connected to 
terminal B is now connected to C, and terminal D is 
now connected to B. 

It will be seen that an emitter follower is used to charge 
a capacitor to the peak negative voltage at the grid of the 
sync separator. This corresponds to peak white video. 
The other peak of the signal, the bottom of the sync 
pulses, is clamped or d.c. restored to zero or chassis 
potential by the "diode" formed by the control grid 
and cathode of the sync separator valve. 

The Mullard 0C205 transistor is particularly suitable 
for this circuit as signals of up to -55V may be applied 
to the base of the emitter follower. 

Power arrangement 
A power supply of -60 volts can be derived by means 

of a rectifier tapped on to a suitable part of the heater 
chain. The current is so small that the smoothing can 
consist of a single capacitor and the disturbance of the 
heater chain is negligible. 

It might be expected that such an a.g.c. system would 
be sensitive to interference or rapid, large changes of 
signal strength such as occur when changing from one 
programme to another or as a result of aircraft flùtter. 
The capacitor in the emitter circuit controls the time it 
takes the system to follow such changes, particularly a 
reduction of signal strength, but the value is not critical 
and the one shown has proved satisfactory under many 
different receiving conditions. 

A number of sets have been modified as in Fig. 1 and 
favourable reports have been given by discriminating 
viewers. 

* Derwent Television (Central Equipment Ltd.). 

+H T. 

560k 

220k 

CONTRAST I 

L _J 

Fig. 1. The circuit used to derive the a.g.c. 
voltage in the improved system is shown inside 
the broken -line box. It is connected between 
A and B in the existing television receiver 
circuit 
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Spot Beam Photoelectric Relay 

THE photoelectric device to be described is capable 
of detecting objects down to ¡ in diameter at a 
range of L10 feet and when used with a halo eliminator 

T6 objects of in diameter can be detected at reduced 
range (2 ft). The light source requires little description 
as reference to figure 1 will show. An aluminium disc 
with a central 0.04 in hole is fitted into the bulb holder, 
a suitable insertion tool is illustrated in the inset. The 
original lens is discarded and a 1 in diameter, 1+ in focal 
length convex lens is fitted in its place. Illumination 
is provided by a 2.5 V, " lens end," bulb that is under 
run at 1.8 V, a life of roughly 500 hours can be expected 
whilst running the bulb under these conditions. If 
greater resolution is required, at the expense of range, 
a halo eliminator may be incorporated. This is pro - 
vided by clamping a further metal disc with a 0.04 in 
central hole between the lens and bezel, ranges of greater 
than about 2 ft are not a practical proposition with the 
reduced spot size so obtained. 

A bulb with an accurately positioned filament and a 
uniform spot is required by the unit; bulbs were found 
to vary considerably from sample to sample in this 
respect, rendering careful selection necessary. On aver- 
age about one bulb in every four tested was found to 
be suitable. 

If it is desired a piece of Kodak Wratten No. 88A 
filter may be fitted to the light source making the beam 
invisible, however, the range is reduced. This can be 
compensated for by increasing the lamp voltage to 2.5 V 
if reduced lamp life can be tolerated ( 100 hrs). 

The amplifier circuit is shown in figure 2 (a). When 
the light cell is illuminated the base of the ACY19 is 
effectively short circuited to ground. As this illumina- 
tion is removed the base voltage increases as does the 
voltage across the zener diode. When the zener break- 
down voltage is reached base current flows and the relay 

By P. COWAN 

energises. The OA 81 protects the transistor from tran- 
sient high voltage surges. 

The amplifier is constructed on a small disc of printed 
board as shown in figure 2 (b & c). The bulbholder is 
removed from the Bulgin lamp housing by drilling out 
the central rivet, and discarded, the bakelite at the end 
of this housing is filed away so as to form an open ended 
cylinder. A small Tufnol disc is manufactured as per 
figure 2 (b) and secured to end of this cylinder with 
Araldite or some similar adhesive. The printed circuit 
is attached to this disc by means of short screws. The 
rest of the lampholder is modified and assembled as 
per figure 4. I am indebted to my company (Reckitt & 
Sons Ltd.) for permission to publish this article. 
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NEWS FROM INDUSTRY 
DOMESTIC RECEIVER MANUFACTURERS' 
PROBLEMS 
IN a speech given by Sir Jules Thorn, 
president of the British Radio Equip- 
ment Manufacturers' Association 
(BREMA), at their annual general meet- 
ing he said that during the past two 
years annual turnover had dropped from 
£ 107M to £73.5M. "It is doubtful 
whether any industry has been more 
adversely affected than ours by the Gov - 
ernment's restrictive measures, clearly 
indicating that we have once again borne 
the brunt, of the Government's deflation- 
ary policy." He entirely repudiated the 
recent criticism that industry was drag- 
ging its heels on colour as production 
plans are on schedule bearing in mind 
that the Government's policy on this 
subject was not clarified until February 
this year. Because the B.B.C. have de- 
cided to launch colour on July 1st, four 
or five months earlier than expected, he 
stated that an initial shortage of receivers 
was inevitable but by the end of the year 
the production rate would be more than 
adequate to meet consumer demand. 
" We recognize that the long -term poten- 
tial of colour is enormous and the future 
of the industry is dependent upon our 
meeting the challenge which this repre- 
sents." 

He thought that the proposed addi- 

tional licence fee for colour of £5 would 
not bring in much revenue in the early 
stages and could well impede growth and 
if considered essential the introduction 
of the increased fee should be postponed 
until all three programmes were being 
transmitted in colour. 

The BREMA annual report states that 
the total demand for radio receivers has 
decreased particularly in respect of home 
produced receivers while imported sets 
have captured a larger share of the re- 
duced market. The total number of 
home produced sets despatched to the 
trade in 1966 was reduced by 21 `' to 
1.364M compared to the previous year, 
while the share of the U.K. market held 
by imported receivers increased from 
1.548M to 1.719M although the value 
did not increase in the same proportion. 
A number of these receivers, 49,000, 
were imported by British manufacturers 
and sold under their own brand names. 

The increases in hire purchase deposits 
and rental down payments in February 
and again in July (1966) had a disastrous 
effect on the market during the second 
half of the year, and it is estimated that 
by mid -1967 such restrictions will have 
reduced the total annual television mar- 
ket by more than half a million sets. 

The British Aircraft Corporation's tac- 
tical anti -aircraft weapon, Rapier, was 
fired for the first time at a " live " tar- 
get on the Royal Aircraft Establishment's 
range at Aberporth, Cardiganshire, with 
considerable success. The Rapier sys- 
tem is under development by the Guided 
Weapons Division of B.A.C. who are 
working in close collaboration with 
Decca Radar and is intended for use by 
the British Army and the R.A.F. Regi- 
ment. For the test firing a Meteor Air- 
craft flying at an altitude of 3,000ft was 
used as the target, presenting Rapier 
with a crossing target at a range of 
10,000 ft, a direct hit was scored. This 
company have formed a new division at 
their Bristol works to handle the Guided 
Weapons division's activities in the field 
of space and instrumentation. Work 
to be undertaken by the new division 
will include scientific and communica- 
tions satellites, experimental space elec- 
tronics and p.c.m. telemetry. The 
flight test recording system for Concorde 
comes under the last heading and is the 
largest capacity system made for this 
type of application. 

The Decca Navigator Company have 
set up a " Systems Study and Manage- 
ment " department to carry out advanced 
design studies on new techniques and 
products for use in marine, air and sur- 
vey environments. The services of the 
department will be available to both 
civil and military air and marine organi- 
zations at home and abroad. 
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Storno Ltd. have received another 
contract from the Metropolitan Police 
to supply 1,800 two -way personal radio 
sets type 500R. Contact between patrol- 
ling officers is maintained by means of 
fixed base stations located at strategic 
points. When fully established the sys- 
tem will provide complete coverage of 
the Metropolitan Police area. A feature 
of the design is that messages trans- 
mitted by Scotland Yard can be 
automatically given priority at the base 
station ensuring immediate broadcast of 
urgent messages to policemen on the 
beat. 

EMI Electronics have opened a new 
ultrasonic research facility at their 
Feltham laboratories that will be used 
primarily to investigate the radar 
cross -section of aircraft and other radar 
targets with the aid of scale models. 
The initial research work on the appli- 
cation of ultrasonic to simulate radar 
was carried out at R.A.E. Farnborough. 
The facilities available at Feltham 
include a large concrete pool which 
houses an ultrasonic source and a test 
target, both of which can be moved with 
a high degree of positional accuracy by 
closed loop servos coupled to an Emicon 
B100 numerical control system. Control 
can be obtained by punched tape or 
manual methods while the operator has 
a clear view of both the source and the 
target by means of a closed- circuit 
television system. 

AEI Electronics have received a 
£12,000 order from British Railways for 
their Clearcall communications system 
to be installed on the coal trains that run 
on the Manchester -Wath- Sheffield line. 
Each train has four locomotives, two at 
the front pulling and two at the rear 
pushing, each pair of locomotives is con- 
trolled by one driver so it is essential 
that some form of communication system 
exists between the two drivers, and be- 
tween each driver and a control point. 
A communication link between the con- 
trol point and the drivers is established 
by injecting a modulated 100 kc /s carrier 
wave into the 1,500 volt overhead power 
line, this being received and demodula- 
ted by equipment on the train. The 
driver to driver link is carried out by 
conventional intercom techniques. 

Multicore Solders Ltd. of Hemel 
Hempstead have developed a means of 
producing small cylindrical pellets of sol- 
der which should substantially reduce 
the cost of automatic soldering processes 
where a small precise weight of solder 
is required for each joint. Previous sol- 
der preforms have proved rather expen- 
sive because of the amount of scrap 
produced during their manufacture, 
these have been in the shape of either 
discs or spheres. The new process 
enables pellets to be cut to an accuracy 
of 0.001in. in length from a drawn 
wire and does not result in the forma- 
tion of scrap. The pellets can be sup- 
plied with or without flux in a range of 
high and low melting point tin /lead 
alloys to British and U.S.A. specifica- 
tions some of which contain a percentage 
of silver. Virtually any size of pellet is 
available the smallest having a length of 
0.020 inches and a diameter of 0.022in. 

G.E.C. Road Signals Ltd. and The 
Marconi Company Ltd. have agreed to 
collaborate in the field of computer con- 
trolled area road traffic signalling 
schemes in the U.K. and overseas. Area 
traffic schemes will be put forward by 
G.E.C. Road Signals Limited, who will 
provide the road signalling equipment, 
while Marconi will provide the central 
data processing systems. This col- 
laboration will also provide customers 
with a wide and competitive choice of 
associated equipment, such as closed - 
circuit television, from the ranges of the 
two companies or from other sources. 
The joint activity will be centred on 
the offices of G.E.C. Road Signals Ltd., 
at East Lane, Wembley. 

Technograph and Telegraph Ltd. 
have been awarded a research and de- 
velopment contract by the Ministry of 
Technology to study improved tech- 
niques for multilayer printed circuit 
manufacture. The investigation will 
involve the study of new materials, in- 
terconnection techniques, bonding and 
etching procedures. 

Redifon Ltd. have announced that 
they intend to change the name of the 
recently acquired company General Pre- 
cision Systems Ltd., of Aylesbury, to 
Redifon Air Trainers Ltd. 

WIRELESS WORLD, JULY 1967 

www.americanradiohistory.com

www.americanradiohistory.com


Wa ne Kerr has been awarded a con- 
tract orth more than £1M_by the 
Minis y of Technology for the develop- 
ment of a precision Attenuator Calibra- 
tor. Error must be less than 0.005 dB 
up to 100dB from 200Mc /s to`10Gc /s 
and a capability of 150 dB over the same 
frequency range must be achieved. 
Measurements are referred to an inter- 
nal standard piston attenuator operating 
at 60 Mc/s. The piston has an effective 
length of 16 cm and physical dimensions 
are such that taper and ovality must not 
exceed 1 micron. 

Redifon Ltd have received an order 
from Cable and Wireless for transmit- 
ting equipment to be installed at coast 
stations in Hong Kong, Barbados, Aden, 
Bahrain, Bermuda, Guyana, Malta and 
Jamaica. Each transmitter has an out- 
put power of 2.5 kW and two r.f. units 
enable them to operate on two fre- 
quencies in the marine band; they will 
be used to handle ship -to -shore traffic. 
Where an installation consists of two 
transmitters selection of several different 
working frequencies is possible by means 
of a tone remote control system. 

The Marconi Company have sold a 
Marconidata transmission system to 
Czechoslovakia to be used by the Min- 
istry of Transport (Railways) Research 
Institute for evaluating the use of the 
telephone system as a means of data 
transmission. By making a telephone 
call the operator can transfer informa- 
tion from a punched paper tape to a 
remote computer with a high degree of 
error protection, less than one character 
in ttn million will be transmitted incor- 
rectly. 

Apparatebau Oswald Haussmann, of 
Weft Berlin, have announced that their 
sold representation in the U.K. ;:as been 
transferred to Selig Electro- Magnetics 
Ltdi, 2 Powis Gardens, London, N.W.11. 
Tilt range of products includes push- 
buttons in a variety of configurations. 

Unimax Switch Ltd is a new company 
that has been formed by the Maxson 
Electronics Corporation, of New York, 
and Appliance Components Ltd, of 
Maidenhead. This new Anglo-Ameri- 
can Company will market and manu- 
facture micro -switches and other related 
products and will be housed at Cord- 
wa Ilis Estate, Maidenhead, Berks. 

The Weller Electric Corporation, of 
Ea tton, Pennsylvania, U.S A, announce 
the formation of two new companies, 
on in Canada and the other in the 
U.K. The English company, Weller 
Electric Ltd, Redkiln Way, Horsham, 
will manufacture and assemble a range 
of soldering instruments. 

A.B. Metal Products Ltd., Abercynon, 
Glamorgan, are establishing a subsidiary 
company in Werne a.d. Lippe, Germany, 
which will be known as A.E. Elektronik 
G.m.b.H. 

Mullard Ltd have introduced a new 
quantity price structure for valves. An 
agreement with H.M. Customs and 
Excise results in a lower titre of pur- 
chase tax on quantities of 36 valves of 
mixed types. 
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Merlin, where art thou? 
THE electronics industry tends to regard itself as the 

elephant's bedsocks when it comes to communications, 
but I'm not so sure. I think they did it much better in 

ye otde days. King Arthur, for instance. Whenever he felt 
a need to keep the royal sinews in fettle, all he had to do 
was to go down to the castle laboratory and get Merlin to do 
a single -frame scan over the crystal ball to see what was 
happening in the outside world. Well before Arthur had 
time to buckle on Excalibur, there was Merlin reporting 
that three leagues hence a dragon was dishing out insulting 
behaviour to a fair damsel, and in no time at all a sheriff's 
posse of one would be off across the draw -bridge. 

Somewhere along the line we seem to have lost the 
knack, and as I see that last year the turnover of the 
domestic radio side of the industry went down by 
£20,000,000, the sooner we get it back the better, because 
there's a gold -mine in it for somebody. 

One of the paradoxes of our calling is that while we're 
devilish clever at linking places thousands of miles apart 
we seem to be completely stymied when it comes to getting 
in touch with potential purchasers of the goods we have 
to offer unless they also happen to be in electronics; which 
mostly they aren't. 

To see why this is so, let us suppose that somewhere 
Manchester way there is a manufacturer of mini- skins -as 
no doubt there is -and that somewhere in his factory there 
is a stage in the process where a little black box of electronic 
gubbins, judiciously applied, would speed the output n 
times or reduce the reject rate appreciably. But you, Mister 
Textile Manufacturer, know nothing of electronics while 
we for our part know nothing of mini -skirts manufacture, 
although fully appreciative of the use to which the end 
product is put. In brief -and no pun intended -between 
us and you there is a great gulf fixed. You are in the 
market for what we have to offer; we should be delighted 
to sell it to you. But no deal, because there is no commu- 
nication. 

But before we shoot the poor old electronics manufacturer 
for incompetence, let us remember two points which further 
gum up the works. The first is that the industrialist may 
well be happy with things as they are until he is forcibly 
convinced that they could be even better. The second is 
that it is unlikely that an off -the -shelf electronics device is 
going to slot neatly into the manufacturing process; the 
equipment may exist in no more tangible form than design 
capability. Besides, purely electronic devices cannot do 
anything in isolation; they usually have to be linked to 
processes through mechanical actuating systems or sensing 
devices introducing mechanical and other physical variables. 

What then, can be done? It's no use hunting for Merlin; 
he isn't around any more. So it seems to me that the only 
way to get this kind of business is to go and find out 
exactly how mini- skirts are made; or jam; or tea -cups; or 
lawn- mowers, or a hundred- and -one diverse articles. For 
this we need a team of engineers of a special kind; in fact a 
species which seems to be dying out -the inventive type. 
One of these would go to a given factory for a month and 
study every process, noting possible applications of electro- 
nics and reporting back to base, where in due course a 
prototype could be produced. 
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You will have noticed that in the short list of examples 
I have given above, no mention of big industries such as 
car manufacture or the steel industry was made. This was 
with intent, for the big industrial concerns are getting wise 
to the value of electronics and often maintain a department 
of their own to watch out for applications. But the smaller 
fry (even though possibly of considerable size) have not, 
and these are the ones we should be after. 

It can be argued that to go to all this trouble wouldn't pay 
for doing, and perhaps it might not for the big electronics 
boys with commensurate overheads. But this leaves the 
field open for the little man to step in and try his luck, for 
often nothing more complex than a photo -cell application 
or a temperature- operated alarm circuit or the like is de- 
manded, and this brings the exercise well within the capa- 
bilities of a small electronic engineering establishment with 
capacity to spare or even a retail radio service department. 
And, provided integrity is brought to bear, there is gold in 
them thar mills because the chances are that if a device is 
useful in one factory it will be of equal importance to lots of 
kindred organizations both at home and overseas. 

So far so good. By establishing communication with the 
manufacturer and by working on the information gained, 
we now have some specific hardware to offer instead of 
nebulous design facilities. The next stage is to spring to the 
stirrup and carry the good news. Here again there is a 
communications gap because although there is a proliferacy 
of journals which deal with new electronics products, the 
reports might as well be in Chinese as far as our customer 
is concerned. The fact that your black box will accept an 
input of 100µV into 2 kit, uses a new form of ferrite, has a 
flat response from 10 to 60000 Hz and a sig /noise ratio of 
better than 75 dB does not raise the temperature of a mini- 
skirt manufacturer one iota. In his world an ohm is the 
place that always seems to need redecorating, a ferrite is 
an animal that chases rabbits through holes and Hz are his 
favourite trumps. He has his own technical journals and 
it is through these that he can be reached, provided you talk 
to him in his own language. Over and above these however, 
there does seem to be a crying need for an industrial equiva- 
lent to " Which?" 

There are, naturally, various ways of tackling the initial 
investigation problem. It could form part of a service to the 
industry on the part of the Ministry of Technology or by one 
of the industry's associations, the main snag about this being 
that instead of sending one investigating engineer they would 
be prone to send a full -scale committee of Ph.Ds. But 
whichever way it is done it wouldn't hurt the industry at 
large to come to grips with the thought that the provision of 
transistor radios and guitars to the juvenile population is not 
its main function in life and that there is a great future in 
electronics as a service to other manufacturers. As to initial 
costs, well, you could send an awful lot of engineers out 
into the highways and by -ways for £20,000,000. 

Who knows? In the fullness of time we might even have 
a reverse situation in being, in which delegations from other 
industries came to see how they could help us. There are 
distinct possibilities; the installation of a bevy of mini- skirted 
models would certainly raise the ambient temperature of the 
laboratories on a raw February morning. 
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HUNDREDS of 
THOUSANDS Of 

SOLDER JOINTS 

ARE MADE IN EACH 

PENTEX ELECTRONIC 

TELEPHONE EXCHANGE 

MANUFACTURED BY 

PLESSEY 

TELECOMMUNICATIONS 
Ersin Multicore 5 Core Solder, 60/40 
alloy, was chosen by the Plessey Corn- 
pany to make speedy, accurate and 
reliable solder joints on the assembly of 
the new Pentex Electronic Telephone 
Exchange, as this highly complex piece 
of equipment is designed to last many 
years in service without attention. It is 
also for this reason that Ersin Multicore 
5 Core Solder for many years has been 
used by leading telephone manufact- 
urers throughout the world on their 
equipment. It is approved by the British 
G.P.O. and many foreign telephone 
authorities. Whatever the application - 
the speedy soldering of miniature com- 
ponents, or the individual production 
of large units - there is an Ersin Multi - 
core Solder which is exactly right for 
the job. 

ERSIN 
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Ersin Multicore 5 Core Solder being used 
on one of the component parts of the 
Pentex system. The compact design and 
construction should be carefully noted. 

The complete Pentex Electron c 
Exchange shown above, 
is the fist electronic exchange 
in full production in the U.K. 
The Pestex system was 
deve or ed as the solution 
to the problem of speeding 
the routing of calls through 
exchanges. 
Exch3n Ses with up to 2,000 
lines are now being 
mancfa.tured as part 
of the British Post Office 
Expaisbn Programme. 

Engineers and Technicians are invited to write on the ,r 
Company's letterheading foir the new 7th Edition of Modern: 
Solders which contains comprehensive information on the 
full range-of Ersin Multicore Solders, Soldering Machines 
and Solderability Test Machine. 

MULTICORE SOLDERS LIMITED, 
Hemel Hempstead, Herts. 
Telephone: Hemel Hempstead 3636. Telex: 82363. 
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