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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. 
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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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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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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 
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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 
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/ 

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 

323 



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. 

WIRELESS WORLD, JULY 1967 



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 
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WIRELESS WORLD, JULY 1967 

By T. D. TOWERS,* M.B.E. 

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. 

331 



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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