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For superb colour, use EEV vidicons

EEV vidicons — with magnetic or electrostatic Have you heard also of the latest vidicons

focusing — are available in matched sets for that EEV is making for monochrome pictures
colour cameras. These outstanding tubes are vidicons with fibre-optic faceplates, with
selected and matched for picture geometry enhanced infra-red sensitivity, or for use in
and uniformity of sensitivity. They help to ultra-low light conditions, or in dangerously
make better colour pictures by improving high radiation environments or in missiles ?
registration, signal-to-noise ratio and system Whatever your vidicon need — colour or black
sensitivity without sacrificing other and white — get in touch with us. We're likely
performance parameters. to be able to meetit.

ENGLISH ELECTRIC VALVE COMPANY LIMITED c%

Chelmsford, Essex, England Phone : 61777 Telex: 99103 Grams : Enelectico Chelmsford
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The apertures in a cathode ray tube gun must
be aligned precisely in spite of productjon
tolerances in the six or more electrodes in-
volved. Errors of the order of a tenth of a thou
make all the difference if a round, crisp spot
is to be maintained. The requirement is a
dead fit for each component, no less. To this
end, BRIMAR have developed their own
methods for the production of assembly jigs
to meet these exacting requirements.

Even after assembly in such accurate jigs
as these, the guns are still subjected to
rigorous 100% inspection ; including a final
optical testof alignment, where even frac-
tional differences mean rejection.

And in addition to this, BRIMAR have an
unparalleled capability in chemistry, electron
optics and vacuum physics enabling them to

Wireless World, March 1970

offer the widest design diversity backed by a
personalised customer service. This service,
provided by engineers with extensive ex-
perience of the electronics industry, covers
advice on tube characteristics, operating
conditions and associated components.

Tailored packaging and reliable delivery
to meet production schedules are also part of
the BRIMAR Service.

Want to know more about BRIMAR
Industrial Cathode Ray Tubes ?—ask to see
our latest catalogue.

tnorn Thorn Radio Valves and Tubes Ltd.
7 Soho Square, London, W1V 6DN Tel: 01-437 5233
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Government and industrial research

“The use a nation makes of its skilled manpower . .. profoundly affects the kind of society
in which we live. . . . Despite heavy national spending on research and development in Britain
we have not profited fully from this investment, for our rate of economic growth has been
running at a lower level than that of many of our competitors.” This is how the Minister of
Technology opens his foreword to a recently published Green Paper (“Industrial Research
and Development in Government Laboratories”) which outlines a Government proposal to
set up a new Corporation, outside the Civil Service, to run civil research and development
laboratories of the Atomic Energy Authority and of the Ministry of Technology under a single
management. The Minister concluded his foreword by saying that the 20-page Green Paper
is published to provide a basis “for wide public debate before decisions are taken by the
Government”.

The proposed new body would be a statutory corporation possibly called the British
Research and Development Corporation the aims and functions of which would be:

(i) to encourage and support the development and application of innovation and techno
logical improvement in industry for the benefit of the U.K. economy; and to carry out
research and development for this purpose, both itself and in collaboration with industry
and on repayment;

(i) to carry out research programmes necessary in the public interest, including basic
research, and other specific programmes of work required by Government departments
and other public authorities; and

(iii) to exploit where appropriate innovations resulting from Government-financed
programmes carried out by other agencies.

It will be recalled that the Department of Scientific & Industrial Research formed in 1916,
fulfilled a similar function to that envisaged for the new Corporation. It was, to some extent,
due to the initiative of the D.S.IR. that a scheme was launched for co-operative industrial
research associations (of which there are now 43).

The fragmentation and “lack of the driving force of a common management orientated to
the requirement of its customers” is put forward as the weakness of the present Government-
financed research laboratories and the raison d'étre for setting up the B.R.D.C.

The organizations which would come under the direct management of the B.R.D.C. include
five Mintech industrial research establishments (among them the National Physical Laboratory,
and the National Engineering Laboratory), the A.E.A’s research and reactor groups, and the
National Research Development Corporation. In all they employ nearly 5,000.

It is proposed that, while the cost of “basic research, advisory services and statutory work”
might be met by a Government grant-in-aid, specific projects for Government departments
would be charged at full cost. This contractural relationship could and should have a marked
effect on the attitude of both the supplier and the customer. In addition the corporation would
be free to undertake on its own initiative work on which it expected to recover its costs. Having
said that, however, one sees the dead hand of bureaucracy falling upon the proposed organiza-
tion in the phrase “It would however be required to operate within the general framework of
the Government’s industrial policies”.

No mention is made in the list of establishments coming under the jurisdiction of the B.R.D.C.
of such places as R.R.E. Malvern, where so much valuable research in our particular field has
been done. The Royal Aircraft Establishment, Farnborough, is mentioned but only to record
that the “aerospace establishments of which R.A.E. is the largest”, are being reduced in size,
are inextricably part of the Ministry’s defence procurement organization and that no change
in this relationship is proposed.

When we consider the number of Government-sponsored projects which have been still-born
because of bureaucratic bungling we are not enamoured of the idea of still greater Government
control. There is a certain type of person who finds his spiritual home in the Civil Service type
organizations (e.g. the Post Office and the B.B.C.) and another type who thrives on the cut-
and-thrust of industry and commerce. Both have their qualities, but to provide the “driving
force” for the B.R.D.C. mentioned above surely the second type of person is needed more than
the first. The question is whether a new corporation set up by a government will be able to
stand sufficiently far away from the Civil Service to prevent a wholesale transmigration of souls.
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Ultra-low Distortion Class-A Amplifier

A design using feedback to control the gain and the levels of
voltage and current in the output stage

by L. Nelson-Jones, M.IL.E.R.E.

There is in thedesign to be described nothing
very revolutionary, but rather an attempt to
get a little nearer to perfection, in the power
amplifier section of an audio system. Like
Mr. Linsley Hood,' the author has long felt
that the slight extra cost and power con-
sumption that class A implies, is well worth
while, and that its advantages are not as
marginal as has often been supposed.

The most often quoted advantage of
class-A operation is the elimination of cross-
over distortion, but there are other factors
other than this which give rise to distortion
in a class-B stage, especially at the upper
frequency limit of the audio range, among
them hole storage and inequality of high
frequency performance of the two halves of
the output stage.

Circuit design

The perfect power amplifier will convert
its input signal to a higher power level, which
is an exact replica of the input. It will have
zero output impedance, but will not be
damaged by a short circuit of its output
terminals. It will have a flat gain-frequency
response over the whole of the audio band,
but will not respond to frequencies greatly
outside this band. It will give its full rated
power over the whole audio band. It should
preferably drive capacitive loads, so that it
may be used with an electrostatic speaker.
It should be driven from a signal source
whose bandwidth does not exceed that of
the power amplifier, so that on transients in
particular the poweramplifier is not required
to produce an output in excess of its capa-
bilities.

No mention has been made of the input
impedance of such an amplifier, this is
because whilst some prefer a voltage input
(high impedance), others prefer a current
input (low impedance), and there is in any
case no magic in this aspect. The degree of
input impedance only decides the design of
the output stage of the pre-amplifier, and to
some extent alters the problems of stray
couplings in the leads between these two
sections. With low impedance, hum pick-up
is most likely to be due to magnetic induc-
tion in the wiring, whilst with high impe-
dance, it will more likely be due to electro-
static causes. The author’s preference is for
a high input impedance, mainly because he
has more experience with such circuits, and

in addition most signal sources and test
equipment are rated for voltage output
rather than current.

Now to the actual design, and firstly to
underline what J. L. Linsley Hood said in a
recent article’ —**. . . the basic linearity of
the amplifier should be good, even in the
absence of feedback’” so that the feedback is
used to obtain the desirable attributes of a
good amplifier and not to overcome the
shortcomings of a poor design.

Output stage

The use of the simplest circuit is very de-
sirable, if only because it reduces the number
of components which can cause phase shift
at the higher frequencies, with consequent
difficulty in stabilization of the overall loop.
In this respect Linsley Hood’s circuit® is
excellent, but the author has found that
despite its good performance, the need to
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select the resistors in certain parts of this
amplifier and its reliance on the stability of
current gain of the output transistors to set
the operating current, went very much
*“‘against the grain’’ after years of designing
equipment for production runs.

In order to get a more acceptable overall
loop gain, it was decided to use transistor
pairs for both halves of the output stage, with
the result that higher values of resistor may
be used in the driver stage. Fig. 1 illustrates
three possible output stages considered.
Fig. 1(a)uses complementary transistorsand
is truly symmetrical, but is not as efficient as
that of (b) which has a lower saturation
voltage for each half as well as local feedback
through the common emitter resistor of the
first pair of transistors. Fig. 1(c), is the com-
monly used quasi-complementary type of
output stage, which is in effect one half of
Fig. 1(a), together with half of Fig. 1(b).
Using this arrangement it is necessary for
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Fig. . Possible y 4
output stages
considered for
class A operation.
(a) Fully comple-
mentary symmeliry.
(b) More efficient
arrangement with
local feedback also.
(c) Quasi-
complementary
output with
equalizing diode.

:
.

} R
Load
7

+Vee

+Vee
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(a)

the best results to include a diode in the
emitter of the lower p—n—p transistor so that
looking into the base of each half of the
output stage the driving source sees 1wo
forward biased junctions having fairly equal
transfer characteristics for each half. The use
of such a diode is particularly necessary in
class-B stages as discussed in a recent
article? and a letter®. The design described
here uses the circuit of Fig. 1(c) mainly
because of the better availability of n-p-n
power devices.

In the three output stages of Fig. | box X
is the source of bias for the output stage. To
ensure true class-A operation, with repeat-
ability of operation from one amplifier to
another, it was decided to use feedback to
control the operating -current. To achieve
this the circuit of Fig. 2 was evolved. It will
be seen that two additional transistors Trs,
and Trg have been added, together with a
current sensing resistor R,,. The action of
the circuit is to hold the current through the
output pair such that the drop across R, 1S
equal to the forward bias requirements of
Trg (approximately 500 mV). Any increase
in the output stage current will cause Trg to
pass a greater current, which in turn will
increase the conduction of Tr-, thus reducing
the potential difference between the bases of
Tryand Trs, ie. the bias of the output stage,
and hence reduciné the current in this stage.
The input to Trg is filtered to remove audio
components, so that the control circuit
establishes the correct mean current irres-
pective of the signal present. The RC filter
used for this purpose (R;o C¢) must have
values such that adequate filtering is
achieved, yet the drop in R;o must not be
large or the current level of the output stage
will vary with the current gain of Trg. This
effect can be minimized by the use of a high
gain transistor for Trg. The capacitor Cg will
be operated with-only 500 mV polarization,
which is insufficient to maintain the charac-
teristics of a normal aluminium electrolytic.
To overcome this problem a “solid” tan-
talum capacitor is specified, whose dielectric
film of tantalum pentoxide is permanent.
“Solid” aluminium capacitors also exist
such as Mullard C415 and C121. These are
not to be confused with *“dry™ electrolytics,
which are wet types with the electrolyte in
the form of a paste, (as are almost all

(b)

aluminium electrolytics currently in use).

The operation of the output stage, with
the bias network included, is at first hard to
understand, since it at first appears that the
drive to the base of Tr; is reduced by the
presence of Tr;, whose collector-emitter
impedance is fairly high. This reasoning
ignores the effect of C; and Cs, which results
in the drives to the bases of Try and Trs
being almost equal. At low frequencies the
circuit works well without Cs, but with
increasing frequency, phase shift in the
power stage results in slight side effects which
can be removed by the use of Cs. By con-
necting the capacitor between the base and
collector of Tr its effective value as seen
between the emitter and collector of Tr; is
multiplied by the gain of this transistor, and
thus a value of 022 uF proved quite ade-
quate. Alternatively to revert to a more
conventional circuit Tr, could by bypassed
by a normal 250 uF 6 V capacitor as shown
dotted in Fig. 2, 1o ensure equal drive to both
halves of the output stage, at all audio
frequencies.

Input and driver stages

These follow the well known arrangement of
p-n—p input stage, with n—p-n driver stage.
The feedback is arranged to be 1009, atd.c.
by connecting the 3-3 kQ feedback resistor
(Fig. 3) direct to the emitter of Try. This
feedback is reduced at audio frequencies by
the attenuator formed by the 3-3 kQ and
220 Q resistors, but not at d.c. because of the
250 uF blocking capacitor.

The action of the d.c. feedback is to keep
the midpoint of the output stage at a poten-
tial equal to the voltage at the base of Tr,
plus the base-emitter potential of Tr, and
the voltage drop in the feedback resistor
(approximately 300 mV). Slight adjustment
of the voltage of the bias chain feeding the
base of Tr, allows the mid-point of the out-
put stage to be set for symmetrical clipping
at the onset of overload. The mid-point level
will vary slightly with temperature due to the
2mV/°C change in V,, of Tr,, but this will
be added to the effect of increase of current
gain in the twg input transistors, resulting
in a drop in the collector current of Tr,,and
hence a drop in the potential across the
33 kQ feedback resistor. However the total
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Cs

oV
Fig. 2. Circuit chosen to allow Jeedback
control of the operating current.

change over the range 0-40°C is only some
200 mV, and is thus of little consequence, in
relation to the level of 14 V.

Power supply

In order to ensure the greatest possible
freedom from hum and similar problems it
was decided that the extra cost of a fully
regulated power supply was justified, in
relation to the high performance being
aimed at.

The series stabilizer is quite conventional
except for the generation of the pre-regulator
supply (+60 V). This supply is generated by
a Cockroft voltage-doubler circuit which is
connected to the main rectified supply, so
that the outputs of both circuits add. The
input (peak) voltage to the voltage doubler
is only half that across the main bridge
rectifier, since on negative half cycles, the
arm of the bridge between the input to the
voltage doubler and the 0 V line, is conduct-
ing, clamping the point near 0 V, whilst on
positive half cycles it is non-conducting
allowing this point to rise. The connection
of the anode of D, to the main rectified
supply has theeflect of increasing the voltage
across the two capacitors by the voltage of
the main supply, but does not affect the a.c.
conditions in the circuit.
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The main supply is a normal bridge
rectifier with capacitance smoothing. The
value of this capacitor is decided by the
maximum permissible ripple, which in turn
depends on the minimum mains voltage
allowable and the minimum voltage across
the regulator series transistors at which the
regulator still retains full control.

The actual pre-regulator supply generated
by the voltage-doubler circuit is used to
supply a zener diode (6:8 V) connected to
the regulated supply, thus making a d.c.-
coupled bootstrap connection for the col-
lector load of the amplifying stage of the
regulator (Tr,), and giving a considerable
increase in gain, within the regulator loop.
The loop is stabilized by the 1200 pF
capacitor across the base and collector of
Try, and the output impedance rise that this
causes at the higher frequencies, is removed
by the connection of the 1250 uF capacitor
across the regulated line, in accordance with
normal practice in such regulators.

The performance of this regulator is
excellent and the only additional smoothing
needed is the 10 uF capacitor in the base bias
network of Tr,. An output for the pre-ampli-
fierand tuneretc.isavailable (via a low value
decoupling resistorand a 1250 uF capacitor)
at the input plug.

Overload protection

This is inherent in the action of the current
control circuit, which prevents the out-

put stage mean-current from varying. A No specific steps have been taken to limit
full short-circuit can be sustained without the high-frequency response, which is found
damage. The current in the output stage to be level to 15kHz, — 1 dB at 54 kHz, and
remains correct as regards mean level but —3dB at 92kHz, above which it falls
dueto the high value of loop gain the current rapidly.

waveform becomes a square wave on heavy
overload and as a consequence the dissipa-
tion in the current-sensing resistor doubles
to approximately 1 W. Clipping at the overload point is clean and
symmetrical, as shown in Fig. 5(a) for a
1 kHz sinewave. The normal method of
adjusting the bias of the amplifier is to adjust

Noise and distortion

Frequency response

At low frequencies three capacitors deter- the “*Set O/P Levels” control for symmetry
mine the basic response. The input capaci- of clipping, having previously set the supply
tor to the base of Try, the d.c. blocking regulator for a readirig of +28 V.
capacitor of the feedback loop, in theemitter Distortion was measured—with some
circuit of Try, and the capacitor feeding the difficulty—at 1 kHz, when it was found that
load. The cut-off frequencies due to each it was almost entirely 3rd harmonic in
alone, are 14, 3 and 8 Hz respectively. The nature, and of very low level, only reaching
combined effect was measured, and gave a 00159 at the onset of clipping, so that at
*“cut-off”” at 15 Hz (— 3 dB). In the author’s normal listening levels it would be quite
opinion it is important that the main insignificant.

limitation of the bandwidth at low frequen- Such a low level of distortion is not
cies should be due to the input capacitor, so surprising when one considers the facts. The
that the amplifier will not be overloaded by loop gain is measured as 4750 times, with
frequencies outside the useful audio-range. the closed-loop figure of 16 times. The
Itisalso important that the output capacitor reduction in gain, and hence also in distor-
is sufficiently large to allow the very low out- tion is therefore 297 times or —49-5 dB,
put impedance, obtained by high degrees of implying a basic open-loop distortion of
negative feedback, to damp the fundamental around 5%, a reasonable figure for a basi-
resonance of the loudspeaker cone. The cally linear amplifier. The output of the
values given are a good compromise, and amplifier operated under loop conditions at
provide an adequate bass response. For a Just under full output is shown in Fig. 5(b).
lower cut-off, all three capacitors should be The variation with output level of the
changed by the same factor. distortion under closed-loop conditions is

www.americanradiohistorv.com
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shown in the graph of Fig. 4(c).

Due to the use of a regulated supply the
noise and hum levels are of a very low value.
Hum components alone (50and 100 Hz)are
—83 dB relative to full output. Wideband
noise, ignoring hum components, is approxi-
mately —100dB below full output, rising
very slightly if the input is open circuit. The
result is a background level that is com-
pletely inaudible.

Response to square wave input, and to
capacitive loads

The effect of capacitive loads is shown in
Fig. 5(c) and 5(d). The capacitor was a | uF
paper type, and little difference in waveform
is noticeable, whether or not, the 8-Q resis-
tive load is connected in parallel. The ring
frequency induced is at approximately
200kHz for a 1-uF capacitor but reduces
somewhat with larger values of capacitor.

Fig. 5(¢) shows the response to a steep
input edge the total rise time isaround 0-5 ps,
giving a slewing rate of 40 V/us. Fall time is
similar.

Input impedance

Due to the high degree of series feedback
employed, the input impedance is almost
entirely that of the base bias network, Le. the
two 100-k2 resistors effectively in parallel.
The value was measured and was found to
be such, namely 50 kQ.

Current sensing resistor

It is desirable that this should be of a non-
inductive type in order not to introduce high
frequency -effects, which might limit the
available power at that end of the spectrum,
and also cause stability problems in the loop.

+10,

dB
w O

watts

0-025
0-020
o015
o010
0005

1 Cllp;')lng

: |
H (c)

= [ T
02 5107 5 0
t

Power (watts)

Total distortion (%)

Fig. 4. Performance curves.

The requirement for a non-inductive resistor
is more important in class B amplifiers, but
is by no means unimportant in class A
applications (see “Letters to the Editor”
F.Butlerand Arthur Bailey, Wireless World,
December 1966, pp. 611-614). The construc-
tion of the resistors used in the prototype is
shown in Fig. 6. An alternative would be to
use Eureka wire to connect the emitter of
Tr, to the remainder of the circuit, using a
single straight length of a suitable gauge
(probably 26 s.w.g.). In this case the wire
should be covered with high temperature
sleeving, say silicone rubber, or glass fibre.
The 1kQ resistor feeding the base of Trg
would then be connected direct to the emitter
of Tr,.

Heatsinks

Inthe prototype, finned extruded aluminium
heatsinks of approximately 4 inx 4 in are
used for each of the output transistors. A
similar heatsink is used for the series transis-
tors of the regulator. In each case no insula-
tion is used between the transistors and the
heatsink, which is live to the collector in
each case. This course of action was taken to
maximize the efficiency of the heatsinks, and
these must therefore be separately insulated
from their mountings. The method used in
the prototype is to cut slots in the edge of the
heat sinks (0-25 in deep, 0-25 in wide), which
then enable the heatsinks to bc mounted on
4BA studding using Transiblocks, details ot
which are to be found in the constructional
section below. Silicone grease is used to
ensure a good thermal connection between
the heat sink and the power transistors.
Theamplifier must not be used in confined
surroundings such that free air circulation is
impeded, as some 60 W of heat have to be
dissipated by the complete stack of heat

1

sinks. The cabinet in which the amplifier is
mounted should therefore be well ventilated,
and in particular the author has found that a
larger area of vent is required at the top of
such a cabinet than at the bottom in order io
stop the build up of a cushion of hot air at
the top. The maximum rise in the centre of
the heat sink stack, gives a case temperature
for the power transistor which is approxi-
mately 40°C above ambient. The junction
temperature with the dissipation occurring
in each transistor will be a further 20°C
higher in the worst case. Thus at 20°C in [ree
air the maximum junction temperature will
be 80°C, allowing a considerable amount of
leeway ior both raised ambient temperature
and less than free air circulation. It is recom-
mended that the maximum case temperature
of the power transistors should not be
allowed to exceed 100°C in use, and in the
cabinet in which it is to be mounted, so that
a reasonable degree of reliability is achieved.

Adjustment of design for other than
8-Q load

Referring to Fig. 2 again, we will first calcu-
late the supply voltage required forany given
load. (The number suffixes given refer to the
transistor numbering in Fig. 2.)

Output voltage swing (pk—pk)
Vee—{Vee - satst Voes t Vee . sag
+(+DRy,
Also, power output (sinewave)
(output voltage swing)® pk-pk

8R, 0
. V ok pk
Since V,,, (rms.) i
22

(for a sinewave),

Vnw (pk Pk) = 8R,,,M’P,,“,
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Fig. 5. Oscillograms of amplifier
performance.

(a) I kHz sinewave being symmetrically
clipped.

(b) Full output of amplifier with open loop.
(c) Square wave into resistive load.

(d) Square wave into capacitative load.

(e) Response to input with rise time of

05 ps.

1
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Soldered
Jjoint >

0-375in.0d
Bakelite (SRBP)
tube

11in. {approx)
24swg
Eureka wire

Wire secured with coat
ot varnish

Fig. 6. Construction of 0-56 5%,
non-inductive resistors.

and therefore
V“ - Y V8Rlnad' Pnul+ Vt¢~sal,+ Vb¢4
+ Vte-sat + (I + DR 115 minimum.

. vV
The standing current must exceed —2<-2*

load
in order to achieve the required voltage
swing, and for its satisfactory safety margin
it should exceed V. /4R, ..
Taking typical values for the circuit given
using an 8-Q load, and 10-W output level

weget V, = ./6404+025+10+05
+(090+0:79)0-56 = 28 V.

- 28
I, = ax8 = 875 mA

(a value of 900 mA being actually used.)

For a 3-Q load and 10-W output we get
figures of 195V for V., and 163 A for
I ,in. (Total power 31-8 W, 3159 efficient).

For a 15-Q load and 10-W output we get
figures of 36 V for V., and 06 A for /,,,.
(Total power 21-5 W, 46:4 9 efficient)
“From these figures it 1s apparent that the
rise in V..., and V,, figures with the
current used in a 3-Q amplifier seriously
reduces the overall efficiency. In the case of
the 15-Q load on the other hand, the
efficiency is not far short of the theoretically
possible figure of 509, for a class A stage.
The efficiency of the 8-Q stage is 39-8%,.

Details of value changes for 3-Q, and
15-Q circuits are given with the construc-
tional details below.

Constructional details

Fig. 7 shows the construction of the under-
side of the chassis of the 10+ 10-W ampli-
fier. The layout is shown in greater detail in
the sketch of Fig. 8—the two amplifiers
being constructed as mirror images, as can
be seen in the photograph.

To avoid large circulating currents the
loudspeaker return leads should be wired to
the earth tags of their respective amplifiers,
as shown in Fig. 8. The negative lead of the
rectifier bridge should be connected to the
same earth tag as the negative connection
of the 5000 uF main smoothing capacitor,
together with the negative connection of the
second 50 uF smoothing capacitor of the
voltage doubler.

Providing the layout given is followed,
and the precautions listed over earth tags
are followed, no problems should be en-
countered.

Layout of the series regulator components
is entirely non-critical and uses similar tag
strips to those in the power amplifiers.
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Fig. 7. View of underside of amplifier chassis.

Output (at commencement
of clipping)
Frequency response .........

Power bandwidth ... .. .. ....

Humilevel «csssbs simebiass e
Noiselevel .................
Rise time
Input impedance ............
Input sensitivity
Open loop gain

Feedback gain reduction ... ..
Distortion..................

Channel separation. ... ......

Performance of 8-Q version

10w

36 Hz-54 kHz (-1 dB)

15 Hz-92 kHz (-3 dB)

Full power 15 Hz—-30 kHz

-3 dB (half power) at 60 kHz
~83 dB relative to 10 W

=100 dB relative to 10 W
(ignoring hum components)
0:5 ps

50kQ

0:56 V r.m.s. for 10 W (gain 16)
4750

-49-5 dB (297 times)

0:015% at 1 kHz, 10-W output
(almost entirely 3rd harmonic)
0:01% at 2.5 W

0-:005% at 350 mwW

=43 dB at 20 Hzrising to greater than
~60 dB at 1 kHz and above

Fixed resistors

With the exception of the current sensing
resistors R, R,,,and those marked with *
in the circuit of Fig. 3, all resistors are solid
carbon moulded $ W 10%. All resistors
marked * are } W29/ metal oxide (Electrosil
TRS, Welwyn MRS, Radiospares *iW
oxide™). See Fig. 6 for details of the con-
struction of R,.

Variable resistors

Both are wirewound Radiospares type “‘pre-
sets”” (set +28 V and set output levels). Any
good wirewound types such as those quoted
of 1 W rating or above are suitable.

Non-electrolytic capacitors

0-22 uF 160 V input capacitor Wima Tropy-
fol M (160 V) or Mullard C296AA/A220 K.
Radiospares also make a suitable type
250V PDC.

022 uF 20V ceramic disc (base-collector

wWwWwW. americanradiohistorv.com

Tr;). Radiospares 20V discs, or use poly-
ester 160 V type as above.

1200 pF tubular ceramic (1000 pF can be
used). The capacitor used in the prototype
is now obsolete; Radiospares suggest as
alternatives *“discs 0001 uF” or *“Hi-K
0001 4F” (tubular).

0-1 uF 400V (across bridge rectifier, neces-
sary to prevent the generation of mains-
borne interference due to hole storage
effects in the rectifiers)) Wima Tropyfol
M(400 V), Mullard C296AC/A 100K . Radio-
spares 400 V PDC.

Electrolytic capacitors

47 uF 6V (base-emitter Trg). This must be
solid tantalum type. The Radiospares type
used in the prototype is discontinued but is
apparently identical to Union Carbide
“Kemet E”. Alternatives are ST.C. 472/
LWA/401CA (metal case), S.T.C. TAG47/3
(3 V rating similar to Kemet E), Mullard
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C421AM/BP47 (metal case), C415AP/C50
(50 uF, 64 V solid aluminium type).

10uF 64V (input bias chain) Mullard
C426AR/HI0.

250 uF 25V (feedback blocking capacitor)
Mullard C437AR/F250.

250 uF 40 V (bootstrap capacitor) Mullard
C437AR/G250.

1250 uF 40 V (across 28 V supplies) Mullard
C431BR/G1250.

2500 uF 40V (output capacitor) Mullard
C431BR/G2500.

5000 «F 50V (main smoothing) Daly type
obtained from Electrovalue. Nearest Mul-
lard type C432FR/G5600 (5600 uF 40 V).
50 uF 350 V (voltage doubler) Radiospares
“tubes 50 uF 350 V. Alternative types of
not less than 100-V rating may be used.
Caution should be exercised in the selection
of suitable types for the main smoothing
capacitor because of the high ripple rating
required. The Radiospares type ‘“‘Cans
5000 uF 50V” is not suitable on this
account. The Daly type hasa ripple rating of
4:3A.

Transformer

Radiospares 27 V rec trans’” Prim. 0-100-
115-205-225-245 V 50/60 Hz. Sec. 27 V at
up to 3A rectified d.c.

Fuse

2A normal or 750 mA “anti-surge’ delay
type.

Heatsinks

Power transistors mounted on 5 Radio-
spares heatsinks, which are equivalent to
“Marex’’ (Marston-Excelsior) type 10D

4 in long. S.T.C. supply a similar type, code
HSC4and aclip for insulated mounting (but
not as in photos) FP2551 (Electroniques).
Heatsinks mounted on 4BA studding using
four transiblocks per heatsink. Transiblocks
are made by Industrial Instruments Ltd,
Stanley Road, Bromley, Kent. Farnell
Instruments Ltd (Industrial Supplies Divi-
sion)also stock these items.

The TO-5 transistors (Triy, Trs), are
fitted with cooling clips—Redpoint 5F,
available from Electrovalue and Electro-
niques. A similar type—*‘Sinks TO-5"-—is
available from Radiospares.

Sundries

Chassis size 7inx 10inx 2 in (sheet alu-
minium type).

The input socket is a 5 pin “DIN” audio
connector. The loudspeaker sockets are
Radiospares miniature non-reversible 2-way
plugs, and sockets. Non-reversibility is
essential to preserve the phasing of the
outputs to the speakers. It is convenient to
mount the fuseholder (Radiospares panel
fuse holders or Belling-Lee L.1348, L.} 382,
L.1744)on a panel attached to the side of the
mains transformer, with a strip on top of the
transformer for connection of the mains
lead. mains switch, etc,, as shown in the
photograph.

Modifications for 3-Q output

R,,and R, ,,mustbereduced 100-31 Q(5%)
each. The mains transformer will require to
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Inpute—=C TT223300 Fig. 8. Detail of layout shown in Fig. 7.
W
oV *— =)
. N
Output L'y Tr T
(via 2,500 40V ) ; Tra 1\\ 2N3r7702 BC:%7 V\ * = oW 29,
BC168 \“ ) ) metal oxide
e b Il‘ b c e]fc " € resistors
1 + = Low voltage
ceramic disc
@
) \;‘j 12k
Solid 6 022 O\ (S,
tantalum Qé 20\/“ + @{l{l)
©.5
2504 C 100k *
aoV| @ || = 33k* )
o 220 * Tag on chassis
+
» DTC e ,9 oi%b
~ r1
Teg K 2N3702 TN Tre
2N3055 \/ 2N3055
@ @
820
15k cope csp-¢
Tr3 ' Tr5
From - 2N2219 2N2905
‘set output levels 1
5k variable +28V
Semiconductors
Tty TP vymmnss sunwen 03705005 mony 2N3702 (BCY70)
Tizs, Tl wrmmmea s nttasee o - oee BC107 (BC108 suitable for Trg)
TT g 5 v i et 4 4 A EA RS AN 0 2N2219
Trig AR & dixie 51 4 LG dFb s i aB 2N2905
Trigy T, Thiyj o a dxistmiwivs o5 2 s 2N3055
TV 6 prbciendons smasgssscnnndisess 2N3054
TRl ¢ coree o v ok 351 1 g onnsons s gpatins BC168 (BC108)
N S S S Sy ys 0OA200 (HS1010, OA202)
) RAS310AF (Radiospares RECS51A, IN4005, BY103)
) T - T ZF8.2 (Radiospares “MZ-E 8.2 V”, Mullard
BZY88-C8V2, Texas 1S2068A)
RieCt: Tiunnnnsanns gunuvveprasoransy Radiospares REC.40. 5A bridge 200 V (p.i.v.)

be 21 V r.ms. 3:5 A d.c. rectified rating. The
output capacitor feeding the loudspeaker
must be 5,000 uF 25 V. The 12-kQ resistor
in the regulator will reduce to 7-5 k€, and the
33 kQ resistor feeding the 6:8 V zener diode
will reduce to 2-2 k. The main smoothing
capacitor should be raised to 7,000 uF at not
less than 30 V working. The collector resis-
tors of Tr, should be dropped from 820,
1-5kQand 1-2k€10 470,820, and 680Q
respectively.

Modifications for 15-C output

R,, and R,,, must be increased to 0-84Q
(5%) each. The mains transformer must be
34V rms. 1'5A dc. rectified rating. The
12-kQ resistor in the regulator must be
increased to 17 kQ which is not a standard
value, alternatively the 47kQ may be
dropped to 3-6 kQ which isa standard value.
The 3-3-kQ resistor feeding the 6-8-V zener
diode should be raised to 39 kQ. The col-
lector resistors of Tr, may be raised if
desired but this is not necessary. Trg must be
BC107 since BC108 has an inadequate
voltage rating. Tr; may be 2N2219A or
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2218 A which have a higher voltage rating
than 2N2219. However if 2N2218 A is used
then Trs should be changed to 2N2904, to
preserve some equality of current gain. Il a
transistor tester is available then samples of
2N2219 may be selected for V., of above
40 V instead (normal minimum is 30 V).

It should be noted that the output to pre-
amplifierandtunerswillalter,being +19-5V
for the 3-Q version, and + 36 V for the 15-Q
version.

Itis expected that the distortion of the 3-Q
version will be two to three times greater
than that quoted for the 8-C) version, with
similar or slightly better figures for the 15-Q
version. In the author’s opinion, since very
few speakers deserving the title high-
fidelity, have a 3-Q voice coil, the 3-Q version
of the amplifier is not worth considering
unless no other choice presents itself.

REFERENCES

1. J. L. Linsley-ttood, “‘Simple Class A Ampli-
fier”, Wireless World, April 1969.

2. I. M. Shaw, “Quasi-Complementary Output
Stage Modification”, Wireless World, June
1969.


www.americanradiohistory.com

104

Wireless World, March 1970

London’s New Colour TV Centres

A pictorial look behind the cameras

One of two news studios (top left)
at the recently built Television News
Spur at the B.B.C. Television Centre.

Amid the jungle of lights the
four Mk. VHI Marconi colour cameras
can be seen. These are controlled re-
motely from control desks from which
the operator can adjust pan, tilt, focus,
zoom and camera height using simple
potentiometers. Two banks of ten
push-buttons, positioned one above
the other, enable the operator to store
up to twenty camera positions. Pres-
sing any one of these buttons causes
digital information describing the
camera settings to be stored in a
ferrite core store. Re-pressing the
same button causes the camera to
instantly take up the same position
again. A ‘“’fader’’ control causes the
camera to move between a position
set up on one of the top row of but-
tons to a position which has been set

up on the bottom row of buttons. The
camera control system was designed
by Evershed Power-Optics Ltd. The
news announcer sits in front of a
screen which is saturated-blue in col-
our. The output of the blue gun of the
main camera looking at the announcer
can be made to switch an auxiliary
camera the output of which is mixed
with the main camera. If the auxiliary
camera is lodking at an outdoor scene,
whenever the maincamerais scanning
the blue background the outdoor
scene will appear on the screen. When
the main camera scans the announcer
very little blue signal will be picked
up, the auxiliary camera will be
switched out and the main camera will
provide the vision signal. The effect on
the television screen will be to have a
picture of the announcer against a
background of the outdoor scene. The
sub-central apparatus room (top right)
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which routes all the incoming and out-
going sound and vision signals to and
from the B.B.C’'s news centre. In
addition to this the C.A.R. provides
communication facilities and can
ejther route synchronizing pulses
from the main television centre or
generate its own for the rest of the
news complex. The main sound rout-
ing system has 100 sources, any of
which can be sent to any of 60 destina-
tions. Remote controls also exist for
the camera inthe parliamentary studio.
Part of the telecine area (bottom left)
and one of the two telecine control
desks (bottom right). Altogether there
are nine 16-mm colour machines,
two of which are multiplexed to deal
with 8mm and super-8mm film from
amateur sources, and two 16-mm
monochrome machines. If necessary
the colour quality of material from the
telecines can be corrected.
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The master control desk .at Thames
Television's new centre in Euston is
boomerang-shaped and has positions
for the lines engineer (top left), the
engineer in charge who performs a
quality control function (top right),
and the network switcher(bottom left).
The monitor bank facing the desk has
a row of 14-in. monochrome monitors
and a row of colour monitors under-
neath. These preview incoming
sources, check the passage of signals
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through the system and view the out-
puts. The lines engineer has a monitor-
switching system controlling the input
to an 11-in. Pye picture monitor and a
529 Tektronix ‘scope. Communica-
tions and sound monitoring take up
the rest of his desk. The central
position for the engineer-in-charge
has very comprehensive monitoring
and switching facilities which include
a vactorscope and a subcarrier phase
meter (by Michael Cox Electronics)

ssen below the vectorscope. The
network switcher and the presenta-
tion mixer were built by Thames using
E.M. 1. vision matrices and Neve sound
matiices. The presentation control
room (bottom right) is separated
from master control by a glazed screen
sO thnat visual contact can be main-
tained. The transmission controlier
sits centrally before the monitor bank,
clocks, telephones and talkback keys
on the desk before him.

ITN’s new studios Wells St., London,
were officially opened by the Queenon
the 20th of November last year. The
control room can be seen [left). Be-
neath the clock is the cclour trans-
mission monitor with colour preview
pictures on either side. To the left of

the clock are the monitors for telecine
and video tape recorders. Below the
transmission monitor are the four
studio camera monitors. Sitting from
left to right: vision mixer, director,
production assistant, and prcducer,
rehearsing NEWS AT TEN. Far left

WwWWW. americanradiohistorv.com

are the monitors for engineers con-
trolling the quality of the picture. The
24-chanrel sound mixing and produc-
tion desk in studio No. 1 is shown in
the right photograph. This equipment,
together with the turntables in the
foreground, was supplied by Elcom.
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30-metre S.S.B. Receiver

A limited coverage receiver of straightforward design for

amateur use

by W. B. de Ruyter, pAoPRW

Since f.e.ts are now available at low-cost it is possible to build a
stable receiver with a performance similar to good valve receivers
with the attendant advantages of low-power consumption and the
absence of self-generated heat. The receiver described here
operates on a 12-V supply and consumes only about 35mA.

Stability is such that the receiver stayed within 3Hz of zero-beat
for several days when tuned to a standard frequency transmission.
Detuning in the prototype due to supply voltage variation was
about .50Hz /V making mobile operation using a good 12-V car
battery possible. Due to the excellent square law characteristic of
the f.e.t., cross-modulation properties are good. In a test, a 60mV
unwanted signal spaced 100kHz from a weak wanted signal did
not result in any harmful cross-modulation.

The sensitivity of the circuit depends almost entirely on the
Q-factor of the input coil. It was noticed that practically no
change in signal-to-noise ratio resulted when the aerial circuit was
fed straight into the mixer instead of to the r.f. amplifier. However,
the r.f. amplifier is needed to improve image rejection, reduce
455kHz interference and to provide adequate automatic gain
control.

Circuit description

A block diagram is shown in Fig. | and the complete circuit
diagram of the receiver is given in Fig. 2. The f.e.t./bipolar
transistor r.f. stage, 7r, and Tr,, does not require neutralizing if
due care and attention is taken with screening. Provided that the
v.f.o. circuit is properly constructed, mechanical rigidity being
important here, a good waveform and a stability approaching that
of a crystal oscillator will be attained. The v.f.0. operating
frequency is arranged to be 455kHz above the signal frequency
(3.955 to 4.455 MHz).

All the r.f. coils employed in the prototype were of the type
intended for valve trawler-band receivers for tuning between 60
and 180 metres.

The 4 to 40pF main tuning capacitor used in the prototype was
salvaged from a Government surplus type 31 receiver and was
complete with a 36:1 reduction gear box and trimmer capacitors.
In fact constructors who are not too keen on “metal bashing” will
find, as the author did, that the type 31 receiver cabinet makes an
ideal case for the receiver described here.

The author considers that the money spent on the relatively

expensive mechanical filter is more than justified when looked at
in terms of receiver performance. An added advantage is that i.f.
alignment is reduced to trimming for maximum input to, and
output from, the mechanical filter. The cascode i.f, amplifier is
designed to properly match the mechanical filter and also
incorporates the simple S-meter circuitry.

The use of a Colpitts oscillator for the b.f.o. eliminated the
need for any coils in this part of the circuit. The b.f.0. operates
below the bandpass of the mechanical filter.

A square law heterodyne detector is employed and it is
necessary to adjust the i.f. output coil, L, for optimum reception
quality.

After a d.c. coupled a.f. pre-amplifier stage, Trs, the af. signal
divides into two. One path is to a two stage f.e.t./bipolar a.f,
amplifier via the a.f. gain control. This amplifier develops more
than enough power to drive a pair of 1504 headphones. Some
readers might prefer to incorporate a simple a.f. power amplifier
for loudspeaker reception. The second path from the d.c. coupled
a.f. pre-amplifier goes via an impedance converting
emitter-follower, Tr,, to the ag.c. rectifier and smoothing
capacitor. The a.g.c. performance is such that the heterodyne
detector is not overloaded on even very strong signals. The switch
S, is connected to the negative terminal of a suitable battery
providing an rf. /i.f. manual gain control. The positive terminal of
the battery is, of course, connected to earth (power supply
negative).

The f.e.t. in the Tr, position, i.f. amplifier, must be selected for a
certain value of pinch-off voltage, 3V being the target figure. It is
best to obtain a good supply of these components so that suitable
devices can be selected. A test circuit that will perform this task is
given in Fig. 3; the meter will indicate pinch-off voltage. It is
advisable to use an fe.t. in the r.f. amplifier, Tr,, with a pinch-off
voltage half a volt or so higher than the f.e.t. in the i.f. amplifier,
Tr» This will ensure that the a.g.c. cannot cut off the i.f. ampilifier.

Construction

The author assumes that a type 31 receiver will be used as the
basis for construction. The first step is to remove all the
components from the chassis except the five-gang tuning capacitor
and its associated reduction gearing. A small mA meter, which
serves as the S-meter, is mounted in the position that was occupied

Aerial
l rto L b vixer b— m‘é?y?é‘rf.*czm — if. Heterodyne af L1 at |Hecdphones
amplifier LS filter amplifier detector pre-amplhfier amplifier |
Crystal a.v.c.
ST rectifier
[ A L
v.f.o.
Fig. 1. Block diagram of the complete receiver.
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Fig. 4. Skeleton mechanical layout showing position of main
components.

ov

The circuit. A power supply is not included in this description, but a car battery or almost any mains 12V

Fig. 5. Front view of the protoiype.

by the dial-light knob, and the original squelch control knob
becomes the a.g.c. control. The a.f. gain control is retained in its
original position.

It was found that the 10-ft collapsible whip aerial supplied with
the 31 set performed very well even without grounding the
receiver.

The excessively large holes which now decorate the chassis are

blanked-off with plates made from brass sheeting.

As previously stated any 60 to 180 metre trawler band coils

can be used. The prototype employed Philips coils; type A3
125-34 for the aerial and mixer coils and type A3 125-68 for the
v.f.0. and buffer. Only four of the sections of the five-section main
tuning capacitor are used in the circuit; readers may find the fifth
section useful for tuning a loop aerial.

The importance of rigid mechanical construction and good
screening between stages cannot be overstressed as is normal with
r.f. circuitry. It is a wise constructor who gives careful attention to
these points. In particular excessive stray coupling between the
input and output of the mechanical filter will seriously degrade the
performance. Figs 4, 5 and 6 indicate the positions of the main
components.

The first task is to check the source voltage of the fe.ts is
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Fig. 6.

Upper chassis view.

between 1.5 and 2V. Alignment of the receiver is not difficult and
follows conventional practice; a crystal calibrator is of great value
when carrying out this task.

The tuning range is set by adjusting the trimmer capacitors with

a 3.5MHz input and the inductors with an input of 4MHz for
maximum output. This procedure is repeated for the v.f.0. and the
buffer circuitry. Due to the limited coverage very good tracking
can be achieved. Finally the preselection circuits are adjusted and
L set for optimum sound quality.

Conclusion

The prototype receiver performed well and the author considers
that its construction is good training for those who wish to
construct the receiver designed by D. R. Bowman, which was
described in the July, August and September 1969 issues of
Wireless World. The frequency coverage of this receiver can be
extended using crystal converters; however, the performance will
not match Bowman’s design under these conditions.

Components List

Resistors
In this list the prefix R and the symbol 2 have been omitted.

1—3.3k 12—150k 23—15k 35—150

2—3.3k 13—15k 24—2.7k 37—150c
3—150k 14—150 25—150 38—150

4—560 15—1M 26—2.2k 39—3.3k
5—15k 16—150 27—2.2k 40—2.2k
6—150 17—3.9k 28—6.8k 41—S5.6k
7—10M 18—820 30—100 42—150

8—1.5k 19—15k 31—1k 43—560

9—150 20—150 32—220 44—220
10—3.3k 21—680 33—100
11—3.3k 22—3.3k 3422k

all above resistors | watt.

VR,—S5k( preset potentiometer; set S-meter sensitivity.
VR,—IMQ potentiometer; a.g.c. control (r.f.—i.f. gain).
VR,—100k2 potentiometer; a.f. gain.

Capacitors

In the list below the prefix C and the suffix F have been omitted.
1—10n 10—10n 19—3,300p 28—68p
2—82p 11—56p 20—100u 29—82p
3—10n 12—10n 21—47n 30—10n
4—82p 13—10n 22—470n 31—10n
5—S5p 14—15p 23—10u 32—10n
6—4p 15—10p 24—82p 33—320u
7—10n 16—340u 25—10n 34—100u
8—10n 17—10n 26—10n 35/36—3.3n
9—10n 18—10n 27—82p 37—1.8n
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All capacitors should be ceramic with the exception of the
82pF components, which should be silver mica with a slightly
positive temperature coefficient, and the electrolytic capacitors
which should be at least 15V working types.

Other components

L, & L,—Trawler band aerial coils.

L, & L ,~—Trawler band oscillator coils.
L, /C,,—455kHz tuned circuit.
fe.ts—2N4303

bipolar transistors—BC 109b

455kHz Collins N20 mechanical filter
b.f.o. crystal—453.7kHz.

H.F. Predictions—March
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The charts show median standard MUF, optimum traffic frequency
(FOT) and lowest usable frequency (LUF) for reception in this country.
LUFs werc calculated by Cable & Wireless Ltd for specific point-to-point
telegraph circuits. LUFs for domestic reception of high-power broadcast
transmissions would be slightly higher and those for the amateur bands
considerably higher, especially during daylight.

Commercial working frequencies are kept below FOT to allow for
day-to-day variations in the ionosphere and the seasonal trend over the
month. Amateur ‘openings’ can be expected in bands up to 15%
above MUF. It may be recalled that March 1969 showed a sudden
increase in solar activity, the measured I1F2 index value being 127. The
forecast value for this month’s predictions is 98.

WwWWW. americanradiohistorv.com
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Letters to the Editor

The Editor does not necessarily endorse opinions expressed by his correspondents

Capacitor-discharge ignition

1 was very interested to read R. M.
Marston’s article in the January Wireless
World but I was unable to convince myself
that the storage capacitor C, will charge
in 1.6 msec. To either substantiate or dis-
prove this I constructed a test circuit (Fig.
1). The switch simulates the s.c.r. and being
two-pole enables the oscilloscope to be
triggered at ‘the moment of turn-off. It
was found, using three different iron-cored
mains transformers (two standard units
and one wound as suggested), that the
converter did not actually stop oscillating
on short circuit but continued at a high
frequency (approx. 20kHz dependent on
the transformer). This is due to the trans-
former leakage inductance, a property
which Mr. Marston’s transformer obviously
had, since he used the overshoot it causes
to advantage. The current taken in this
condition rose to approx. 2.5 amps. At
first I thought that this high-frequency
mode would enable the capacitor to charge
in the time claimed but operating the switch
revealed with these transformers the rise-
time was never better than 3 msec. The
current available from the converter under
short-circuit conditions was approx. 20mA,
which is enough to hold on the s.c.r., but
the backswing from the ignition coil (Fig.
2) passes through diodes D, to D, for a
period over 0.1 msec enabling the s.c.r.
to turn off and partially recharging C,.
Thus this system has the same disadvantage
as the more usual capacitive-discharge
system (Fig. 3) has, i.e. without the back-
swing the s.c.r. may latch on.

To ensure that the converter truly stops
oscillating I wound a transformer on a
Mullard Vinkor FX2243 core since this
would result in low leakage inductance.
The low primary inductance of this
transformer resulted in a natural operating
frequency of approx. 2kHz and it did stop
under short-circuit conditions.. Unfor-
tunately the time taken for the oscillator
to restart and charge the capacitor resulted
in a charge time of approx. 25 msec.

Mr. Marston’s system would seem to
charge up the capacitor in a short time
when the energy is not all used in the coil
resulting in a large backswing which will
recharge C, (Fig. 2). When the energy is
all used the capacitor will have to charge
from zero volts and take some time in

excess of 3 msec. This method of utilizing
the backswing to recharge the capacitor
is also possible in the normal system
simply by placing an ordinary 500-V
diode across the s.cr. in the reverse
direction (D, Fig. 3).

Considering the action of the rest of
the circuit, when the contact breaker points
close, with C, charged to 12 volts, a re-
verse voltage of 12 volts is applied to Tr,
base which will break down at typically
8 volts. Since this happens every time
the points close it will probably result in
premature failure of this device.

Another small point in the article is that
the standard ignition coil for a 12-voit

+12V

Ignition
coil

-

Oscilloscope INput==—

Oscilloscope triggerwv

Fig. I.

Voltage across coil
Current In coil
#

- Diodes stop
conducting

S.C.R.turns oft
diodes conduct

Fig. 2.
Charging Storage
resistor c°°°°"°
E Ignition
Converter coit
———— Reservoir
capacitor
Fig. 3.
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system without a ballast resistor usually
has a 50:1 ratio and not 100:1 as implied
in the article, resulting in half the voltage
expected.

For the most effective spark ‘R is
necessary for the sparking plug tip to be
negatively polarized whereas the configur-
ation used by R. M. Marston will result
in a positively polarized tip. This can be
easily remedied of course by reversing
the C.B. and S.W. connections.

1. M. SHAW,
Ferranti Ltd.,
Chadderton,
Lancs.

May 1 raise a few points on Mr. R. M.
Marston’s article on a capacitor-discharge
ignition system?

The resonant frequency of 1600Hz
quoted corresponds to an inductance

.of about 10mH in series with capacitor

C,, as the equivalent inductance of a coil.
10mH is approximately the magnetizing
inductance of the primary of a conventional
ignition-coil. During discharge, the
secondary is more or less short-circuited,
and the relevant inductance is the leakage
inductance—approximately 1mH. This
gives a resonant frequency of about
5000Hz.

The inverter design is based on a figure
of 7.9 turns per volt, and a supply of 16V.
Centre-tapping the transformer will halve
the turns per volt, and hence double the
frequency, with double the hysteresis losses.
I realize that the 1 ohm resistor to the
centre tap will slightly increase the turns
per volt, when on load.

The power transistors will suffer from
excessive heat dissipation, as during ignition
and most of the charging cycle they will
not be saturated. Base drive is not removed
during ignition, and the only resistance
load during charging is the 1Q resistance
plus the winding resistances in the trans-
former. The mica-washer, plus insulating
varnish, will limit the cooling the tran-
sistors can receive. A 2k Q or 3k Q wire-
wound resistor in series with the secondary
winding of the transformer would probably
help greatly without excessively increasing
the charging time-constant.

J. F. HENDERSON,
Oadby,
Leicester.

In the article on capacitor-discharge
ignition the author describes a system
where the firing of the s.c.r. short-circuits
the secondary of the inverter transformer
and stops the inverter oscillation. In my
experience this is an unsafe procedure for
two reasons: first of all the resistance of
the transformer secondary may be suf-
ficiently large for the inverter not to stop
oscillating, in which case at the very least
excessive power may be consumed and
the inverter transistors and the s.c.r. may be
damaged by overheating, secondly when
an inverter is started the first cycle is often
abnormal in containing parasitic oscilla-
tions or excess ringing and if the s.cr.
stops the inverter every time it is fired the
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Fig. 2. Waveforms in above circuit.

majority of inverter cycles will be first
cycles.

I would suggest instead that the inverter
voltage be reduced to 200V and a 32-uF
reservoir capacitor follow the bridge recti-
fier (which now need be only 200V rating)
and that the spark capacitor be charged
through a 0.1-H choke and a 400-V rectifier
as in Fig. 1. The circuit performs as follows:
when the s.cr. is fired C, discharges
through the spark coil very quickly and
the resultant ringing turns off the s.cr.
There is now 200V across the choke and
the current in it starts to rise; the series
resonant circuit LC then oscillates at
its fundamental frequency of about SOOHz
for half a cycle when the capacitor is at
400V and the current in the choke tries to
reverse itself, which it cannot do because
of the rectifier (which should have a high
surge rating), and the voltage on the choke
collapses leaving the capacitor charged
to 400V. (Fig. 2.) The advantage of this
resonance, besides the voltage doubling,
is that there is no series resistance and
hence no dissipation—all the power taken
from the reservoir capacitor ends up in
the spark capacitor. It is also faster.
JAMES M. BRYANT,

Cheltenham,
Gloucester.

Thank you for publishing an electronic
ignition system. I hope it does not suffer
from the shortcomings of some of the
other designs that have appeared, e.g.

EHT.
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s.c.r. ‘lock on’ due to converter not being
turned off, with consequent self-destruc-
tion; and relatively large delays (500us
or more) being incorporated in the trigger
circuit so as to overcome points-bounce
(Mr. Marston’s ‘design certainly appears
to overcome the second example).

Regarding Fig. 1 of the article, the
conventional circuit, many modern cars
do not have quite this circuit, but the one
shown below. The primary of the coil is
rated at about 7 to 8V and a 1.5 series
resistance is added. The ballast resistor is
sometimes in the form of resistive cable
from the ignition switch to the coil.

This circuit is used to improve starting,
the ballast resistor being short-circuited
as the starter solenoid operates. Thus the
e.h.t. voltage is much higher than would
be the case with the conventional ignition
when starting and in theory still gives a
good output when the battery voltage drops
considerably when starting on a very cold
morning.

When using Mr. Marston’s circuit with
this type of coil, a higher e.h.t. voltage
will be obtained and the period of oscil-
lation may be much less than the 600us
quoted (I believe the inductance of the:
primary of the coil is lower). The ballast
resistor must be remembered as the per-
formance will obviously be derated other-
wise. Possibly, if it is of the resistive cable
type, rather than adding another lead from
the ignition switch, it could replace R,
in the circuit; it would then be in series
with the whole circuit. Would this then
cause trouble in the triggering circuit?

M. J. MEADOWS,
Bishop’s Stortford,
Herts.

The author replies to these and other
correspondents:

A large number of letters have been re-
ceived regarding my “Capacitor-Dis-
charge Ignition System” article, and
many different points have been raised.
I will try to answer each of these under
a suitable heading.

Converter action: In the original article
I stated that, when the s.c.r. is on, the
converter turns off. This is an over-
simplification of circuit action. The con-
verter has a typical output impedance of
3k2, so when its output is shorted by the
s.c.r. it in fact continues to operate, but
does so in a different mode and at a high
frequency (typically at tens of kHz); it
returns to 5OHz operation within a few
usec of the short being removed. This ‘two
mode’ operation is intentional; converters
that are designed to stop completely when
their outputs are shorted in this type of
application usually have long restart times,
and are prone to total restart failure; this
point should be self-evident when it is
remembered that C, is effectively con-
nected across the converter’s output, and
that C, acts as a virtual short circuit when
it is fully discharged!

Converter power losses: Under normal
running conditions in a 4-cylinder vehicle,
the converter consumes roughly 12 watts
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from the car battery. Under worst-case
conditions (at 6000 r.p.m. in a 12-cylinder
vehicle), consumption rises to roughly
24 watts. These power levels are well
within the handling capabilities of the
2N3055 transistors, and will not result in
‘excessive’ heat dissipation, as claimed
by Mr. Henderson. When the converter
output is shorted, current consumption
rises to 2.5 amps; the 2N3055 transistors
have maximum collector current ratings
of 15 amps. At normal running speeds
the converter output is shorted for less
than 1% of each ignition cycle; the rela-
tively high short-circuit currents thus
cause negligible increase in the mean
current of the converter.

The converter transformer: I designed
the converter section around a more-or-
less standard type of Lt. transformer
because this component is cheap, readily
available, and is naturally suited to the
two-mode method of operation. I do not
recommend the use of ferrite-cored trans-
formers in this application; they may fail
to give good restart operation, and may
give insufficient overshoot to give good
cold-starting characteristics to the vehicle.

Use of a reservoir capacitor: Mr. Bryant
recommends the use of a reservoir capacitor
across the converter output, and Mr. Shaw
shows the same component in his diagram
(Fig. 3) of the ‘usual’ C—D system. The use
of such a capacitor is emphatically not re-
commended, since it partially nullifies the
effects of backswing and almost invariably
results in eventual lock-on of the s.c.r.

C, and ignition coil resonant frequency:
In the original article I stated that, when
the s.c.r. is on, C, and the ignition coil
form a resonant circuit with a typical
resonant frequency of 1600Hz. I quoted
this figure because it is the ‘conventional’
one given in most papers on the subject;
the precise figure is of negligible importance.
The only important, point here is that the
spark resulting from the C, discharge
must be of sufficient duration to ensure
proper ignition of the compressed gases
in the engine’s cylinders. My own investi-
gations in this respect indicate that the
minimum acceptable spark times are 20us;
since the spark lasts for roughly one
quarter of a resonant cycle, it is evident
that the resonant frequency becomes
critical only when it exceeds 10kHz.
‘Ideal’ resonant frequencies, giving good
spark generation with minimum power
losses, lay between 1.25 and 5kHz (this
figure is based on published research data).

C, charge time: The measured charge time
of C, is 1.6ms. The capacitor charges from
two sources. One of these is the converter,
which, with its output impedance of 3k,
gives a charge time of 3ms. The second
source is the backswing of the C,-ignition
coil resonant circuit. As Mr. Shaw observes,
the unit makes use of the backswing or
current reversal of the resonant circuit to
partially recharge C, via the D;-Dg net-
work after the s.c.r. has turned off. This
backswing gives a considerable reduction in
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total C, charging time, gives substantial
energy conservation, and ensures reliable
turn-off of the s.c.r. Backswing utilization
is virtually standard practice in the US.A.,
where many new vehicles are fitted with
C-D ignition as standard equipment; it thus
seems strange that Mr. Shaw should refer
to backswing utilization as a‘disadvantage’!

Breakdown of Tr,: Mr. Shaw’s point about
the possible breakdown of 77, is a fair one,
although in practice the absolute peak
reverse base current will not exceed 80mA;
this is within the device capability when oper-
ated in the zener mode, however, sodamage
is unlikely to result. The risk of damage
can be eliminated, if required, by wiring a
180 ohm resistor in series with 77, base.

Ignition coil turns ratio: In the original
article I implied a 100:1 turns ratio for the
ignition coil, since this is the ‘conventional’
ratio quoted in most articles. The precise
ratio is of little importance, sinceall coils are
(in general terms) designed to give an ade-
quate spark voltage (depending on the
individual vehicle’s compression ratio) with
300voltsonthe primary winding.

Spark plug polarization: The centre elec-
trode of a spark plug is hotter than the outer
electrode under normal running conditions;
if the centre electrode is negatively polar-
ized, thermionic emission takes place and
reduces the plug’s ionization voltage by
(typically) 30%. In conventional ignition
systems this is a mainly academic point,
since the benefit is not available under cold
start conditions (where it would be of most
value), and the availablic spark voltage is so
greatly in excess of engine needs under nor-
mal running conditions that the 30% re-
duction is superfiuous. The majority of the
world’s vehicle manufacturers thus ignore
the effect, and use positively polarized plugs.
The point is even more academic when the
C-D ignition system is used, since the
secondary voltage is even more in excess of
engine needs. No practical benefit will thus
result from modifying the circuit to give
negative polarization of the plug electrodes.

Effect of a ballast resistor: As Mr. Meadows
points out, the majority of modern vehicles
have a ballast resistor wired in series with
the ignition coil primary. In conventional
(I-D) systems, of course, the coil functions
both as an energy store (it passes a typical
current of 4.5 amps) and as a step-up trans-
former; in the energy storage mode the
ballast resistor has a considerable effecton
the available secondary voltage. In the C—-D
system, on the other hand, the coil is used
purely as a step-up pulse transformer, and
primary currents are relatively low; the
ballast resistor thus has negligible effect on
the secondary voltage, and it makes little
difference to the circuit if the ballast resistor
is wired in series with the ignition coil or not.

Modifying for 6-volt operation: The unit
is designed for 12-volt operation only; it
cannot be readily modified for 6-volt oper-
ation, and I can give no further information
on this subject.

Vehicles with electronic tachometers: Many
modern vehicles are fitted with electronic
tachometers; in the general case, these
devices will operate perfectly well if the
vehicle is fitted with the C-D igmtion
system, but it may be necessary to modify
the tachometer connections. 1 regret,
however, that 1 am unable to give any
practical information on this subject.

Supply of components: All components
used in the C—D system are available from
L.S.T. Components, 7 Coptfold Road,
Brentwood, Essex.

Radio interference: A great deal of corres-
pondence has appeared in American
journals recently concerning the radio
interference that is generated by C-D
ignition systems. Interference levels are,
of course, affected by the positioning of the
C-D unit, and by the type of radio aerial
used. Naturally, some correspondents
claim that the system gives greater inter-
ference than I-D ignition, and others claim
that it gives less. The general opinion (by
four to one), however, seems to be that
C-D ignition gives a lower interference
level than I-D ignition.

R. M. MARSTON.

Inpraise of capacitor-discharge
ignition

I read with great interest the article by Mr.
Marston on capacitor-discharge ignition
in the January issue, as I had been trying,
with only limited success, to make up a
somewhat similar system published else-
where several years ago. Since I had already
most of the components available, 1 was
quickly able to build up two units and have
already fitted them to both my cars. I can
confirm several of the author’s claims
regarding improvement of general perform-
ance, but in particular cold starting is out-
standingly good on both cars, one having
four cylinders and the other six cylinders.
No doubt all the other improvements will
follow.

1 may be able to help other readers con-
templating making up the ignition unit but
who are daunted by the prospect of (a)
finding and (b) re-winding a suitable trans-
former. From my earlier experiments I
already had two ready-made transformers,
namely the TT 51/A, made by Repancoand
which I bought a few months ago from
Henry’s Radio at 32s 6d each. It is not
quite capable of 400V at 12 battery volts,
but is nevertheless quite suitable for the
purpose. The actual output voltages range
from 200V d.c. at 8V input up to 350V at
13.8V input. On a bench-rig, I could achieve
1in long sparks from an ordinary ignition
coil right down to 5V input! At a nominal
12V input, the spark output, which is
intense, easily jumps a l-in gap to earth.
In fact, if one motorizes the make-and-
break under bench conditions, the resulting
high-energy sparking causes quite a concen-
tration of ozone in the room.

An alternative thyristor is the RCA type
40379, which is obtainable in small-order
quantities from one of the official agents,
Roberts Electronics, of Hitchin, price about
17s. The use of cheap thyristors is not,
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unless one is lucky enough to get a good
one, worth wasting time and money on.
The 40379 has the same voltage ratings
as the 3525 recommended by Mr. Marston,
but is possibly easier to instaii asit is a wire-
in ‘low-profile’ version.

I would emphasize that the discharge
capacitor(s) must have an adequate voltage
rating, 600V d.c. being the minimum.
A 400V unit will soon fail because of the
high-voltage peaks. A final constructional
note: all the circuit components, with the
exception of the power transistors and the
transformer, fit neatly on to a p.c.b. measur-
ing 44 X 34in.

May T offer my thanks to Mr. Marston
for his ingenious and reliable s.c.r. firing
circuit, which overcame all my earlier
troubles with DISCAP ignition, which,
to be viable, must offer at least the same
reliability as conventional ignition.

D. E. BOLTON,
Seaford,
Sussex.

New logic symbols?

The article on Logic Symbols in the
December issue has prompted me to en-
close some new symbols which may be
strangers to some of your readers.

E. A. FOULKES,

Billericay,

Essex.

PROPAGATE (Read
it aloud): a stream
of particles (sheep or
cattle) emanating
from a single source
(or field) and
broadcast in
independent outputs,
offering random
impedance to traffic.

)<

\lL/

LYCHGATE: a
number of inputs and
the same number of
outputs, except for
one which is negated.

il

COW "“AND’’
GATE: the output is
measured in units of
pINTAS.

A digital Christmas tree

I was very interested to see the circuit of
the pseudo-random sequence generator
which was described in the January issue
of the Wireless World (page 35). I recently
constructed a similar unit using SGS RT«L
elements («L914 in the oscillator and feed-
back gate, »1.923 in the shift register, and
+L900 as the clock pulse driver), and the
following points may be of interest to
readers.

First, it is possible to increase the
number of outputs to the drivers by two
by utilizing the signals which are applied
to the Jo and K, input lines of the shift
register. Secondly, the unit will not
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function if (on switching on) all the Q
outputs are zero. This would be very
unusual but it may happen; no matter
what one does with the inter-connections
between the flip-flops .in this type of
sequence generator, there will always be
one code combination which “locks”,
and if this is allowed to occur (as it may
on switch-on) then the combination
firmly refuses to budge. If this occurs, the
most satisfactory solution is to employ
a circuit to force (at the instant of switch-
on) one of the flip-flops to generate a
logic 1 signal at its Q output terminal.
One possible way of achieving this end
is shown in the accompanying figure.

N. M. MORRIS,

North Staffordshire Polytechnic,
Stoke-on-Trent.

Measuring crossover

distortion

Mr. Gordon J. King’s letter in the Octo-
ber issue states that it is impossible to
measure an amplifier’s non-linear dis-
tortion at low output levels because of
the masking effect of residual noise. This
is untrue for the orders of noise level and
harmonic content cited in his letter.

The  “conventional” method of
measurement that he refers to (more
commonly known as distortion-factor
measurement) is essentially a measure-
ment of total impurity rather than of har
monic content alone, so that it is not the
most suitable method for assessment of
crossover distortion.

Distortion factor may be defined as the
ratio between the r.m.s. sum of the impurity
components and the r.m.s. value of the total

signal: i.e.,
v/ N+ D?

S

where S is the total signal voltage, N is the
noise voltage, and D is the r.m.s. sum
of the harmonic voltage components.
Ciearly the total harmonic distortion is
calculable if the noise level is known.
D/S=+\/DF*—(N/S). In practice, how-
ever, measurement errors become very
significant if the noise exceeds the har-
monic distortion level by more than about
3dB.

But, as Mr. King states, most of the
noise output is amplified noise originating

DF=

Feedback gate
(shown In H.N.Griftiths’ article)

in the early stages; so why does he base his
argument on measurements made with the
gain control set to maximum? Crossover
distortion is entirely a function of the out-
put stage, and, provided earlier stages are
not overloaded, there is no reason why the
tests should be made at maximum gain.

Applying sufficient test signal input to
produce the rated output at full gain, and
then turning back the volume control to
reduce the output power to 10mW, would
reduce the noise together with the signal.
The full-power signal-to-noise ratio would
be retained at the low level, and a reason
ably accurate assessment of the non-
linearity could be obtained from a distortion
factor measurement. With a signal-to-
noise ratio of only 57dB, 0.1% distortion
could easily be measured, provided the
necessary calculations were made.

The normal test method in a well-
equipped laboratory, however, would be
that of harmonic analysis; i.e., measure-
ment of each harmonic separately with a
wave analyzer.

A good quality wave analyzer normally
has a 3dB bandwidth less than 10Hz.
This approximates very closely to its
noise bandwidth. Since the total noise
bandwidth of the amplifier is likely to be at
least 30Hz, the noise power in the measure-
ment channel would be some 35dB less
than the total noise power. Thus, evenif the
overall signal-to-noise ratio at the measure-
ment level were as low as 40dB, individual
harmonics of less than 0.1% of the funda-
mental could easily be measured with
negligible error from noise interference.

An even more revealing test would be
an intermodulation analysis, using a two-
tone test signal. For it is surely the
intermodulation products that offend
Mr. King’s sensitive ear rather than the
harmonics of 20kHz, which he mentions
in his letter.

J. F. GOLDING,
St. Albans,
Herts.

Doctors in industry

In your editorial “Is there a doctor in the
house?” you refer to a Royal Society
Report entitled “Postgraduate Training
in the United Kingdom, Engineering and
Technology”. Your readers may not be
aware that this is a somewhat controversial
report prepared by a group of four
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professors, all of whom are at one London
college.

The important practical questions are
the prospects for an engineer with a
doctorate and the need of industry for
such people, which are mentioned in your
penultimate paragraph. It is clear that
industry does not at present feel a real
need for many Ph.Ds, but there are two
factors which must be considered. The
first is that a generation ago considerable
sections of the engineering industry would
not tolerate the employment of a university
graduate, and the real needs of industry
for qualified personnel are not always the
same as its immediate wants. The second
factor is that the purpose of taking a
higher degree should be an improvement
in general capability plus training in
research methods (the latter is specifically
quoted by the Science Research Council
as the reason for giving research student-
ships). It is commonly thought that the
effect of taking a higher degree is to
narrow a man’s interest to the particular
specialized topic which forms the subject
of his thesis. This ought not to be so,
but there is little doubt that it does some-
times happen. We must all continue to be
on our guard against it.

D. A. BELL,
Professor of Electronic Engineering,
The University of Hull.

Relay contact symbols

In his article on Graphical Symbols in the
February issue, Mr. Amos does not com-
ment on the fact that in his Figs. 8 and 9 the
relay contacts are drawn differently from
those presented in BS 3939. The British
Standard (which states that it coincides with
LE.C. on this point) shows the make and the
break contacts both as solid triangles. Mr.
Amos shows a solid triangle for the break
contact and a hollow triangle for the make
contact.

The difference is of no importance if
contacts are drawn only for the case where
all relay coils are unenergized; there may be
redundancy but there is no conflict with the
British Standard. However, it is often useful
when analysing a system to draw the circuit
for various particular states, such as stand-
by, forward run, etc. Here it is of great value
to have this convention of a hollow triangle
for the make contact so as to be able to
show clearly which contacts are in the op-
erated condition.

This is a well-known convention of long
standing which for some reason has been
ignored in the current edition of BS 3939.
To preserve uniformity it should be defined
and given in the Standard as a permissible
alternative.

JAMES M. LITTLE,
Welwyn Garden City,
Herts.

The author replies:

J am grateful to Mr. Little for pointing out
my oversight. Toagree with BS 3939, make
and break contacts should be shown as solid
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triangles in Figs. 8 and 9. As Mr. Little
implies there is, in general, noneed to have
different symbols for make and break con-
tacts because the distinction is normally
indicated: (a) by the position of the contact
symbol relevant to that of the lead to the
moving spring, and (b) by the standard con-
vention that moving springs are drawn in
the positions they take up when relay coils
are unenergized, i.e. make contacts are
shown open and break contacts closed.

On the infrequent occasions when make
contacts must be shown made and break
contacts open, hollow and solid triangles
could be used as Mr. Little suggests. B.S.I.
considered this suggestion, but decided in
the Guiding Principles to BS 3939, due for
publication shortly, to recommend that all
contacts should be represented by solid
triangles and that on any diagram where
contact symbols do not follow the normal
convention, attention should be drawn to
this, e.g. by a note. This decision was adopt-
ed because of the tendency in reproduction
of diagrams from microfilm for hollow
triangles to become solid and, in other re-
prographic processes, for solid triangles to
become hollow.

S. W. AMOS.

Simple linear a.c. voltmeter
On page 578 of your December 1969
issue there appears an article by
G. W. Short entitled “Simple Linear
A.C. Voltmeter”. This describes the
connection of a rectifier-type meter
between the collector and base of a trans-
istor (via a d.c. blocking capacitor) for the
purpose of attaining an almost linear
meter scale calibration.

This proposal was made in 1962 by me
and is the subject of British Patent
No0.1020154 granted to Creed and Co. Ltd.
(now ITT Creed) on 27th June 1963.
The basis of the proposal is that, if the
transistor has a high enough current gain,
the current in the feedback path from col-
lector to base is substantially equal to the
current flowing from the input terminal to
the base, irrespective of the resistance of
the feedback path, within the constraint
that the d.c. supply voltage is sufficient
to permit the collector potential to rise
high enough to drive the current through
the feedback path.

Since the current in the feedback path,
for a given input current, is independent of
the resistance of this path, the path can
include elements whose resistance depends
on current without any effect on the
current value. Hence, in the arrangement
described, in which the input path is of
virtually constant resistance, the current
in the feedback path (and thus in the meter)
will be proportional at all instants to the
potential applied to the input terminal,
despite the concomitant variations in
rectifier resistance.

There are two minor differences
between the diagram in Patent No. 1020154
and that shown in the article. These con-
cern the point of connection of the base-
bias resistor (to d.c. supply, or to coliector,

respectively) and the point of connection
of the base-end of the feedback path (to
R;,/C, junction, or to base. respectively).
These differences have no significant
effect on the principle of operation or on
practical performance.

The circuit values quoted in the Speci-
fication, merely as an example for a 1 mA
f.s.d. movement, were: R, 10k2; C, 8uF;
R, 100k £ (chosen to give Class A condi-
tions); R, 10kQ; C, 25uF; transistor:
current gain not less than 30; meter diodes:
OC81; battery: 9 volts, SmA drain; meter:
1 mA f.s.d.

In practical tests, this circuit provided
a 10-volt f.s.d. instrument with an almost
undiscernible deviation from linearity,
usable also for any muitiple of 10 volts
without change of scale. By change of
resistor R;, a l-volt f.s.d. is attained in
which the non-linearity is less than that
normally associated with a 40-volt f.s.d.
rectifier voltmeter. Further, by use of a
lower value of R;, a 100 mV f.s.d. is at-
tained in which the non-linearity is only
about as much as is normaily associated
with a S-volt f.s.d. rectifier voltmeter.

The upper frequency limit of use is set
by the transistor and diodes and stray
capacitances, while the lower frequency
limit is set by the capacitors. It is inter-
esting to note that to a significant extent
the increasing impedance presented by
C, as the frequency drops is catered for
in the same way as variation in diode
resistance change. If electrolytic capacitors
are used the leakage of C, must be watched,
particularly if the alternating potential to
be measured is riding on a d.c. component.
It will be necessary to ensure that such a
d.c. component polarizes C, in the permit-
ted sense, or that C, is of the reversible type.
FREDERICK P. MASON,

ITT Creed,
Burgess Hill,
Sussex.

Theauthor replies:

I wasn’t aware of Mr. Mason’s patent: all
honour to him for thinking of it first. Hedoes
well to point out the danger of depolarizing
C,. This component is to be regarded, in
my voltmeter, as a device for keeping the
right d.c. conditions at the base of
the transistor rather than a d.c. block to
external potentials. For many applications
an extra capacitor will have to be added
temporarily, or the design modified by sub-
stituting a non-polarized capacitor of
adequate working voltage. The value of R,
in Mr. Mason’s circuit should, presumably,
be 1k £2, since 10k £2 would absorb too much
voltage. Placing C, inside the feedback
path has the advantage of extending the Lf.
response. Connecting R, between base and
collector makes it unnecessary to adjust the
value, if a close-tolerance transistor is used
and some slight deviation from optimumd.c.
conditions is permissible. C, must not
present too high an impedance at the
lowest frequency of interest, because
although the feedback will maintain the
response to Lf. signals the risk of peak
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clipping increases as the impedance of the
feedback path increases.
Finally, may I correct a printer’s error

in the design data in my article?
Step (4) should read: R, = (Vcc
Vee)lc.

G. W. SHORT.

The engineer in State and

private enterprise

Contrary to what Mr. Clarke suggests
in his letter in the February issue, 1 have
not found that whether a person is an
engineer or a technician has much to do
with his quality as a person or as an
employee. I have known many chartered
engineers who do not appear to be able
“to apply their training to the solution of
any engineering problem”, and are only
moderately expert in a few special
techniques. In contrast to this, I find that
the well-trained technician with a
broad-based education is often extremely
adaptable, and is able to use his training to
approach new technical problems with a
confidence and lack of conservatism that
would be a credit to any chartered
engineer.

Perhaps some chartered engineers are
“loyal”, “outspoken” and “obstinate”. The
choice of words is curious. I would prefer
to hear a good technician, or an engineer
for that matter, described as dedicated,
reliable or dependable in his work, and
tenacious and resourceful in solving
problems in his work. I would expect that
he would go about his business quietly,
and that his standard of social and ethical
conduct ‘would be no worse than that of
any other section of the community. What
differentiates the engineer from the
technician is the ‘“nature’’ of his
employment and training, and not the
extent to which he is a specialist. It is a
serious fault in the order of society that
academic achievement continues to be
confused with personal quality and high
moral calibre. Thus the question of social
and ethical standards is irrelevant and
ought not to arise.

The question of specialization, on the
other hand, is important, as it bears
heavily on the kind of training needed by
engineers and technicians alike. Insofar as
bona-fide technician courses are
concerned, I can assure Mr. Clarke that
specialist techniques occupy only about
15% of the total time in a five-year
part-time course. | suspect that this is a
smaller proportion than in a typical
engineers’ training course.

If more lecturers in technician courses
would put away their engineering notes
and if more prominent senior technicians
with vision and insight into a tech-
nician’s training needs were consulted
at the syllabus writing stage. then I see no
reason why future technicians should not
be every bit as broad-based as the best
of engineers. Perhaps it is not too much to
hope that this is what Dr. Hazelgrave’s
committee had in mind.

A.J. SARGENT,
Carshalton,
Surrey.
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A bottoms up (meaning fundamental) view of the LC circuit

by Thomas Roddam

We have seen in a previous article (“Time”,
February 1970 issue) that an examination of
the way in which current flows in a circuit
consisting of one resistor and either one
capacitororoneinductorleads ustoasimple
equation:

d) 1
di T

This is the defining equation of a function
which turns out to be the exponential func-
tion and which, we may as well note now, is
defined for all values of the constant 7.

Atthis stage of our studies we need to keep
things simple. The object is, in case you have
forgotten, tolook fairly closely at some of the
concepts we take for granted. We can stick
to only two circuit elements by considering
a circuit containing only inductance and
capacitance. It is not tremendously impor-
tant how we get charge moving in this
circuit, but the arrangement of Fig. 1 will, I
hope, lead us to a differential equation
rather than an integral equation.

The current source, a high voltage and
high resistance, has set up a current I = I,
through the inductor before we start. The
contact S, isclosed,sothat thereisnocharge
on the capacitor. And now, attimet = 0,we
open S, and close S, leaving the LC circuit
isolated. The current in the inductor con-
tinues to flow : nothing has yet shown cause
why it should not. Thus current flows into
the capacitor. Now

dv 1
da C
The appearance of V is a reason why [

shouid change, and since V will be growing
in the sense which opposes the current

di |4
dt L
We differentiate this to get
d’l 1 dv 1

di* L dt e’

If we had chosen a different approach,
the integral equation approach, we should
haveneeded totake the boundary conditions
in at this stage. They are special to the
starting situation and much better forgotten
for the moment. We can write this equation
conveniently as

d*l 2
= —K*l.
dr?

Now westart guessing,or.as it isexpressed
more elegantly, we use the heuristic method
of solution. With L and R we get an exponen-
tial function: with C and R we get an
exponential function : with L and C, if there
is any justice we should get an exponential
function, or, perhaps, a pair of them. So we
write*:

I = expmt
giving dI/dt = mexp mt
d*1/di* = m® exp mt

Comparison shows that this works, pro-
vided that

m?: = —K?

Don’t make a dash for freedom by writing
m = jK, where j is the well-known square
rootof — |. (If you use i you are a mathema-
tician and have no business here.)m = —jK
is also satisfactory. We keep both forms,
since both are good, writing

I = exp (+jKt)+exp (—jKt)

There are some constants to be slipped in,
the constants which disappear when you
differentiate. These represent, in plain lan-
guage, the range of the meter used for
monitoring / and the time interval between
operating the switches and starting the
clock. We shall be just as much in need of
extra constants if we write:

I = [exp (jKt)+exp (—jK1)]
Let us substitute { = Kr. Then we have
an expression
3[exp j{+exp—j(]
of which I find Hardy (Pure Mathematics,
p. 415) saying: “We are therefore naturally
led to adopt the formulae (1) (that is this

expression) as the definition of cos { for all
values of {.”” This means that { may be real

* It is easier 1o type exp (y) than ¢, and in printing it
means that y, the bit which really matters, is in type
which you can read.

‘I__WW j§1:‘6§5:_1_5_2. Ic Tv
L [

Fig. 1. Att = 0,8, is closed and S, opened.
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or complex. So now
I = cos (Kt) = cos [t/(LC)].

The conclusion we reach is that the cosine
function is the function which is produced by
an LC circuit swinging away free. There is,
however, an important extra feature which
is left out in the beginners’ account of this
circuit. We have kept matters just formal
enough to include the possibility of K being
a complex number.

We saw that CR is a time, and L/R is a
time, so quite clearly (CR.L/R)! is a time,
too. The final form of our current equation is
therefore

I = cos (t/1)

and we have, for the LC circuit, a time con-
stant T = (LC).

At this point I feel some sympathy for the
young man who once explained to me why
he could not design the aerial system 1
wanted. He agreed that it was described by
certain mathematical functions, but, he said
hotly: “There’s no function theory, only
tables.” It is not necessary to go through the
theory, but it can be shown that for this
general functioncos{ theordinary equations
ofelementary trigonometry still hold. Cheat-
ing slightly, because there is an exponential
definition,

sin{ = —cos ({+n/2)
and cos { = +sin ({+m/2)
so that cos ((+n) = —cos{

and cos ({+2n) = cos{
With this in mind, we write 1/t = f, and
2nf = w

Finally, then, the old famihar

' = 2mt

I = cos (wt')
Looking back, we have an equation
V = —Ldl/d,

and making use of what we have shown, and
the familiar ordinary equations we get

V = L sin (@?').
Again a familiar result : we are not worrying

about scale constants, and we can see that
for shape

sin (wt' +m/2)
V sin [o(t' + n/2w)]

I, = cos (wt')

V(l' + n/2w)

and so on.
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V reaches a maximum when [ is zero: [ is
a maximum when V is zero, and since energy
must be conserved (for sines and cosines go
on for ever)

LI, = CVoux

Also, from the equation
cos’x +sin’x = |
LI*+CV? = const.

There are several ways in which the prac-
tical engineer must concern himself with the
facts revealed by this analysis. First of all,
what is happening is that energy is stored by
the inductor and the capacitor in the way
that one holds a hot chestnut, tossing it from
hand to hand. We get a similar situation in
some active RC systems, where we have two
stores, here both capacitors, with an active
element to restore the energy lost in the
shifting process. This turn and turn about
arrangement, in one sense, gives the *“tuned
circuit’” behaviour. There is, however, an-
other way of considering active circuits
which we must leave until later.

A second *‘practical” point is this: for
about one-quarter of the characteristic time
most of the energy is stored in element A4,
for the next one-quarter in element B, and
then back again. This energy may be con-
siderable, but I am not sure that we know
enough yet to do the calculations.

Perhaps the best next step is to find a new
function. We have the exponential and the
cosine, produced by using two elementsat a
time. Now let us take three elements, in the
circuit of Fig. 2. As before, we get a current
I, flowing before we start, and then close
S, and open S,. As before,

v 1
dt  C

Now, however, the voltage drop across

the resistor will help to reduce the current

through the circuit, and so, of course, will
any voltage across the capacitor.

dI

LG = —RI-V
Firns v=—r4 g
di
2
o WV _ LI gl

di di? dr
giving the equation :
d*1 Rdl 1

B ERTLC
Guessing I = exp mt we get
mz+g m+L1C =10

as the defining equation for m. The solution
is, of course

m--l R+ fRZ :
“2| LT

There are three possible conditions. If
R?/L? is greater than 4/LC, or, rearranging
things, L/C < R?%/4, the term under the
square root is positive, and so the square
root has no j in it. If L/C = R?/4 the two
roots run together, a stightly awkward situa-
tion. If L/C > R?%/4 we have our j term. Let
us move the § and write :

i
Fig. 2. The circuit of Fig. 1, with resistance
added.

__R_[1 ‘R‘)“
m= 3t e o
Now let us take
1 (R ): i »
LC (\2L
and then twist things around again:

m= ij[a}—j 2RL]

And so I = cos (w + jR/2L)t, excluding
integration constants. As you see, we have
progressed from the real circular function,
the ordinary cosine, to the general circular
function, the cosine of a complex number.
The very practical man might say that as he
cannot produce ideal inductors and capaci-
tors, this waveform is the one he will use. It
is, of course, a damped cosine wave. Before
you reject this view, remember just what a
spark transmitter produces: that's where
our business began.

The more familiar form for the response of
the RLC circuit is the form I = ¢~ * cos wt,
a combination of the two functions we have
already encountered. We find that as we add
more inductors, capacitors and resistors we
do not introduce new functions, but more
of the same kind. In the world of passive
networks it really is true that electricity
comes in sine waves: this is a fundamental
dogma of the electric motor designer, who
bends only to admit that European and
American sine waves do have different
frequencies. Notice, though that he designs
for sine waves because that is what comes
down the wire: what I have tried to show
here is that our circuit elements make it
natural for us to send sine waves down the
wire.

Now we can safely write, for our energy
source,

V = Vysin wt.

This is a reasonable sort of basic signal to
use, the language of the country. If we apply
this signal to an inductor, we have

Ldl

= b V = Vysin wt

and

wl

Observe how unwieldy thisresuit is. There
are two ways of making life a little easier.
One is to use the Argand diagram and get
the familiar jw in by that route. The other is
more formal, but does strengthen the foun-
dations. It is the second path which we shall
take.

When we took Hardy’s definition of the

= Voco r»Vs' ,n)
= S W e m(w 2
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cosine function I did not include his
definition of sin {. In fact,

cos { = Hexp (j¢)—exp (— i)
and
sin { = —j(exp (j0)—exp (= j0))
and
cos {+jsin{ = exp (j{)

The basic signal which we use to test our
circuit is, reasonably, V = V, sin wt, or
equally, reasonably V = V, cos wt. If we
apply a combination of these two signals
together, V = Vy(cos wt+j sin wt) we can
write for our inductor

L Z: = V, exp (jwr)

Vo .

Z = Feol. exp (jwt) =
This, as you would expect, is the familiar
general form of Ohm’s Law. We could, in
the same way, arrive at V/I = 1/jwC. There
is only the worrying feeling that somehow,
in adopting the cos +j sin approach there is
a slight swindle. What is the hidden catch?
The astute reader will have spotted the
catch. The basic signal we have used for
mathematical purposes is a fiction. What we
actually see on the oscilloscope is cos wt or

sin wt. Plumping for cos, what we see is

joL

Real Part of exp (jwt),

and so, in fact

1=Yo.rp. of(e"p_"‘”)
wlL J

V 1
% xR.P. of( sin i +- cos wr)
wlL J

Vo .
=L 5" wl

That j in jwL is not really there; you only
imagined it. However, this is not a lot of
airy-fairy nonsense. There are some pretty
real implications. As a simple example, we
have seen that the mathematics of the LC
circuit throws up a time constant (LC)¥,
which we write as [/w. But in fact the solu-
tion is not just one angular frequency w, but
two, +w and —w. In many modulator
problems we find that if we forget the —w
term we tinish up with some unwanted
products in the working frequency band.
These products arise from the simple fact
that

cos (— wt) looks just the same as
cos (wt) to the load.

The choice of exp (jwt) is, in a way, a
simplification, a throwing away of one of
the frequencies, —w, which the natural
circuit demands. The price paid for this
simplification is that at the end of the day we
must pay the bill by taking the real part of
the solution. The important thingis that you
do not need to pay until the end of the day,
and very often you do not realize that you
have paid at all.

Let us consider the circuit made up of
resistance and inductance in series. Nor-
mally we just write down the impedance

Z = R+jol

If we force a current / through this, we get
avoltage V = Zlacrosstheterminals. Now,
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if we write R.P. on the slate, and

I = Iy(cos wt +j sin wt) = Iy exp (jwt)
V = I,[R cos wt + R sin wt
+jwL cos wt —wL sin wt ]

= Io[R cos wt—wL sin wt
+j(R sin wt +wL cos wt)]

Here we pay the real part bill and say
V = I(R cos wt—wL sin wt)
= Io(R?+w? )} x
R wL :
R+’ DR TR " w']
V = Iy (R*+w?L*)} - cos (wt + ¢)

where
cos ¢ = R/(R2+w?L?)

We need not have put in this real part step,
if we had started with

I = lo(exp (jot)+exp (—jwt))

Then the terms cos wt and w sin wt would
have remained, but

sin (wt)+ sin (—wt)
and cos wt+(—w cos (—wt))

both vanish, eliminating the imaginary part
automatically. The use of the real part
operation simply enables us to cut our
expressions down in size while we are mani-
pulating them.

At this stage we can summarize our results
so far as revealing to us the idea of a charac-
teristic time, or time constant, for RL or RC
circuits, a characteristic frequency, l/\/ LC,
for LC circuits, which is actually a fre-
quency pair, +w. For the RLC circuit we
have a rather more complicated looking
characteristic frequency pair, + (w—jR/2L).
The rather special behaviour of the pure LC
circuit has the practical advantage that since
it goes on and on it is very convenient for
circuit testing. If we choose to make use of
this special case we get some rather simple
concepts, like reactance, with nice simple
expressions like R+jwL. We evolve pro-
cedures which enable us to dodge, most of
the time, the debt we owe for this simplicity.
Fourier analysis and the superposition
theorem justify us, in general terms, but
philosophically it is a bit thin. A single pure
tone is meaningless. Its message is zero. One
hundred such tones together : one hundred
times nowt, in my part of the world, is still
nowt. One might say that it is the small print
well along in the Fourier series which really
carries the information which matters.

I am labouring this point because I feel
that the experimental and theoretical sim-
plicity of the sine-wave analysis tend to turn
it into a closed technique. You get to this
point, you can bash away with the jo terms
and watch the pretty sine waves on the
scope, and there it all is. All there is to stop
you is the sheer labour of handling the long
expressions you get with a dozen or so
mixed circuit elements. If you regard it as a
closed technique you need a lot of mental
energy to break out of the circle. Your elders
and betters knew this and made *“Don’t
fence me in”” their theme song.

Implicitly we have been assuming that R
was the resistance of an ordinary passive
resistor. When this is so, the closed circle of
sine-wave users is justified, because with any

other waveform, or almost any other, the
transientatt = 0,thetime weswitchon,may
dominate the behaviour until the decaying
drive is too smalli to be useful for measure-
ment. If, however, we make R a negative
quantity, by tricks with active elements, we
get a signal which grows exponentially out
oftheinherentcircuit noise. Behaviourunder
these conditions may be studied more easily
by using the complex frequency concept.

In the end, however, the real point is that
the complex frequency concept is just the
beginning of a whole field of circuit studies.
It is to this subject that I shall turm in
another article.

Test Record for Audio
Systems

Stereo test record HFS69, available from the
Haymarket Publishing Group, enables
distinctions to be made between various grades
of pickups and loudspeakers, and also provides
a means of determining the side-thrust
adjustment and minimum tracking weight of a
pickup. There are ten tracks. The first side has
five listening tests including white noise and
applause, and the second side has more
advanced tests—some for use with an
oscilloscope. Price 30s plus 2s 6d postage.
Haymarket Publishing Group, 9 Harrow Road,
London W.2.

“Wireless World” Index

The Index to Volume 75 (January-December
1969) is now available price 2s 6d (postage 4d).
Cloth binding cases with index cost 11s 6d,
including postage and packing. Our publishers
will undertake the binding of readers’ issues,
the cost being 40s per volume including binding
case, index and return postage. Copies should
be sent to IPC Business Press Ltd, Binding
Department, c /o 4 lliffe Yard, London S.E.17,
with a note of the sender’s name and address.
A separate note confirming despatch and
enclosing the remittance, should be sent to the
Binding Department, Dorset House, Stamford
Street, London S.E.1.
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Conferences
and Exhibitions

Further details are obtainable from the
addresses in parentheses

LONDON

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

Alcxandra Palace

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

Camden Town Hall

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

Savoy Place

BRIGHTON

Mar. 2-6
Engineering Design Show
(Business Conferences & Exhibitions,
Mercury House, Waterloo Rd., London SE.1)

Exhibition Halls

CAMBRIDGE

Mar. 19-22
Television Tomorrow
(Royal Television Society, 166 Shaftesbury
Ave., London W.C.2)

Churchill College

CRANFIELD

Mar. 23-26 College of Aeronautics
Aerospace Instrumentation Symposium
(N. O. Matthews, Dept. of Flight, College of
Acronautics, Cranfield, Beds.)

EDINBURGH

Mar. 17-20 The University
Management and E ics in the

Electronics Industry

(D. J. T. Williams, Ferranti Ltd., Ferry Rd.,

Edinburgh 5)

OVERSEAS

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

Mar. 11-13 Zurich
Digital Processing of Analogue Signals
(E. H. Rothauser, 1.BM. Research Lab.,
Zunch)

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

Washington

Mar. 17-19
Field Effect Transistors
(H. H. Burghoff, Stresemann Allee 21,
6 Frankfurt/Main)

Freiburg

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

Mar. 23-26 New York

LE.E.E. Convention & Exhibition
(LE.E.EE., 345 E. 47th St,, New York, N.Y.
10017)
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Simple Active Filters

Design procedure

by M. Bronzite, B.Sc.

In recent years there has been much work
on low-frequency active filters using twin-
tee, op-amps, n.i.cs, and gyrators. For all of
these, the calculation of the necessary
frequency sclective components can be
tedious, and some knowledge of filter theory
isdesirable in orderto match thechosen type
of filter 1o the particular requirement. It is,
perhaps, time to re-examine a simpler
structure using unity-gain amplifiers': 2,
which lends itself to rapid design without
the use of precision components, yet is stable
and may be readily “bread-boarded”.

This design of a low- or high-pass filter
will rely on evaluating three dependent
variables, any two of which may be used to
determine the third: (1) the pass-band
ripple (rm dB), which constitutes the varia-
tion in output over the whole of the pass-
band with a constant amplitude input; (2)
the reject-band attenuation, one useful
measure of this being the attenuation one
octave away from the pass-band limit; and
(3) the order of the filter (N) which is the
number of filter elements required to
achieve a given performance. Given, say,
(1) and (2), this article will describe how the
rest of the design may be accomplished.

The filter itself consists of simple units
which are added together to provide the
required complexity, and these units are

LOW-PASS

Double element

s iba yitamn

(b)

Single element

O AN/ —1
e
C

4

(¢)

shown in Fig. 1 along with the pertinent
design equations. With types (a) and (d)
the first set of components (R,C,) may be
designed independently of the second set
(R,C,), whereas in types (b) and (e) the
series elements are equal in value, giving an
advantage of one less active element being
used at the cost of reduced component
flexibility. Due to the amplifier isolation,
each unit can be considered without regard
to the requirements of other units and can
even be separated from them by intervening
linear circuitry without degrading the over-
all performance. In many cases, a value of
C is chosen and the value of R is calculated
on the grounds of restricted capacitor
availability, and this tends to favour the use
of units (a) and (e) for low- and high-pass
filters respectively, since (b) requires two
capacitor values and (d) requires two
amplifiers. The unity gain amplitiers can
consist of any available active element with
a gain of 14005 assuming the filter
performance is not required to be too
stringent. (Naturally, a very “tight” speci-
fication would demand both precision
components and an accurate amplifier).
Thus op-amps and emitter followers are of
immediate application but some care must
be taken with the design of source and
cathode followers since their transmission

Double element
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characteristics can be significantly less than
095. The drive capability will depend on
the source and load presented to the
amplifier; i.e., using unit (d) from Fig. 1,
if R, is much larger than R, then a Darling-
ton pair would be used for the second
amplifier, but if R, is very roughly equal to
or smaller than R, then a simple emitter
follower is suitable.

Now a filter pass-band limit may be
defined as either the frequency-at which the
output has diminished by m dB (f,,) or the
frequency where it has diminished by 3 dB
(f34s) @and obviously the attenuation in the
first octave after this point will depend on
which criterion is chosen. In the latter case,
the filter performance is related to f3,5 and
it is necessary to generate the equivalent
value of f,, in order to apply the design
equations given in Fig. 1. This is:done by
means of a coefficient § which is given in
Table 3 for various values of ripple and
order of filter, and the appropriate conver-
sion equations are appended to the table.
The calculation of f itself is derived from
ref. 3.

The only matter outstanding to finish
the design is the value of T, and this 1s given
in Tables 1 and 2, with an outline of its
derivation given in the appendix. The tables
contain nine groups of figures of which the
first eight generate a Chebychev response
(m # 0) and the last one generates
a Butterworth response (m =0 and
J» = f3ar) The figures quoted in the atten-
uation column cater for the two different
cases discussed above, and it would seem
practical to use the first when m is large and
the second when m 1s small. In any case,
these attenuation tigures were extrapolated
from graphical sources' * ° and can only
be considered as approximate with a maxi-
mum error of +59% on the quoted figure.
While on the subject of attenuation it should
be recalled as a rough rule of thumb that all
the filters have a roll-off of 6N dB/octave
after the first octave. Thus a five element
1-dB low-pass filter with a pass-band limit
of 1 kHz will be | dBdown at 1 kHz,45dB
down at 2kHz (from Table 1), 75 dB down

HIGH-PASS

O—I —0
@ C,
< R
RaCn = 72 3 i"‘ RaCn = 42
(d) \
—q y—O
Cq= 2Ty c c ( 3
Rfm Ry R, \l 2Cfm
T 2T,
C2 = 2 [ [ Ry = ——1
2R (e) Ctm
Single element
RC = {- 3R RC = 4-
m

(1)
Fig. i. Block configurations.
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at 4 kHz (45+6 x §), and so on. For more
accurate figures, refs. 1 and 4 may be
consulted, although the values given in the
tables will be found adequate in the
majority of case.

Having covered the process of design,
two examples will be given to illustrate the
approach. The first concerns a low-pass
filter with a maximum permitted in-band
variation of 2%, f3,s = 45 kHz, and the
first octave attenuation must be in excess
of 50 dB. Now 29 is approximately 0-2 dB
so m = 0-1. Examination of Table 1 gives a
value of N = 6 for 52dB of attenuation.
Moving to Table 3, for the given values of
mand N it is found that § = 1:093, and this
in turn gives f, = 4:5/1:093 = 412 kHz.
Returning to Table |, T, = 069383 for the
first Double . . . and the rest of the design is
straightforward, having agreed on which
unit to use. The second example will be
worked out in full and consists of a high-
pass filter with a pass-band ripple of less
than 10°, f,, = 100 Hz, and 50 Hz rejec-
tion must be better than 35 dB. Selecting
m = 05 (6%) gives the required order as
N =5 with 42dB attenuation. It was
arbitarily decided to use a 0-1-uF capacitor
throughout, and the filter would consist of
two (e) units with one (f) unit. Thus, with
T, selected from Table 2, for the first unit,
D,, R, = 0:0356/(2x 01 x107¢x 100) =
178 kQ, R, = 2x0:736/(0-1 x 10~ x 100)
= 1472 kQ; for D,, R, = 0:0933/(2x 01
x 1076 x 100) = 466 k€, R, = 2x 0129
(0-1x1075x 100) = 258 kQ; and for the
(1) unit R = 00577/(0'1 x 1078x 100) =
5:77 kQ. The final circuit is shown in Fig. 2
where the resistors are 5% and the capaci-
torsare 109 tolerance. As this 1s a high-pass
filter it is a good practice to decouple the
h.t. lines, although it is hardly ever necessary
for the low-pass circuits. The performance
is shown in Fig. 3, and owing to the use ofa
relatively high distortion input signal there
was some 2nd harmonic breakthrough
below 30 dB which reduced the effective
accuracy of measurement.

With the design established, some of the
limitations of the filter will now be discussed
and these should be borne in mind when
considering a given filter for a given
application. In the first place, no mention
has been made of the pulse response of these
filters and in general it can be said that the
higher the ripple, and the higher the order,
the more the overshoot on the output to a
square-wave input. Where the matter is
critical then Thomson filters® 7 should be
used, and using say, the values given in
ref. 7, and applying the method given in the
Appendix, values of T, suitable for a
maximally-flat delay filter may be readily
found. On a more mundane subject care
must be taken that the input amplitude does
not approach that of the h.t. supplies. Apart
from the problem that the emitter followers
will have a large variation in output current
(this can be minimized by using constant-
current generators as emitter loads), ampli-
fication occurs in the heart of the filter,
especially near the pass-band limit, which
is not seen either at the input or output.
Again, the higher the ripple, and the higher
the order, the more the gain, and in practice,
gains in the order of 6 dB or more may be
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TABLE 1
Low-pass coefficients

Ripple i nAt;. 1st o
order  Elements octave D, D, 0, Single
m dB N mdB 3dB T, 7, T, 7, o1, 1
3-:000 2 17 17 0-24679 0-14498

3 28 28 053297 0-05664 0-53297

4 39 39 0-93434 003002 0-38701 0:33397

8 51 51 1:45056 0-01866 0-55407 0-12126 0-89650

6 62 62 2:08158 0-01274 076191 0-06371 055776 0-51140

7 75 75 2:82735 0-00927 1-00907 0-04002 0-69830 0-17759 1-25829
2:000 2 14 16 019800 0-15543

3 26 27 0-43142 0-06626 0-43142

4 38 37 075870 003595 0-31426 0-36378

5 48 49 1-17961 0:02255 0-45057 0:14299 072904

6 60 60 1-69411 0-01548 0-62009 0-07665 0-45393 055843

7 73 72 2-30217 0-01129 082164 0-04852 0-56859 0-20976 1-:02456
1:000 2 11 15 0:14499 0:15847

3 22 26 0-32207 0-07911 0-32207

4 34 36 0-57030 0-04502 0-23623 0-38378

5 45 47 0-88955 0-02881 0:33978 0-17365 0-54977

6 57 58 1:27977 0-01998 0-46843 0-09696 0-34291 0:59233

7 70 69 1:74096 0:01466 0-62134 0:06239 0-42998 0-25563 0-77480
0-500 2 8 14 011164 0-14965

3 19 24 0-25406 0-08727 0-25406

4 30 34 0-45381 0-05248 0:18798 0-37808

5 42 44 0-71075 0-03441 0-27148 0-19570 0-43927

6 54 55 1:02482 0-02416 0-37511 0-11445 0-27460 0-58755

7 67 66 1-39602 0-01786 0-49823 0-07511 0-34479 0-28938 0-62129
0:100 2 3 13 0:06709 0-11393

3 12 22 016418 0-09131 0:16418

4 23 31 0-:30125 0:06322 0-12478 0-32588

5 35 40 0-47785 0-04436 0:18252 0-21824 0:29533

6 47 52 069383 0-03233 0-25396 0-14323 0-18591 0-51735

7 61 62 0-94915 0-02443 0-33875 0-09928 0-23442 0-32722 0-42241
0:050 2 2 12 0-05509 0-09839

3 10 21 0-13996 0-08858 0-13996

4 21 30 0-26049 0-06523 0-10790 0-29955

] 33 39 041602 0-04728 0-15890 0-21876 0-25711

6 45 50 060633 0-03510 0-22193 0-15075 0-16246 0-48102

7 57 60 083134 0:02683 0-29670 0-10721 0-20533 0-33048 0-36998
0-010 2 0-5 12 0-03572 0-06802

3 5 20 010014 0-07721 0-10014

4 15 28 0-19368 0-06519 0-Q8023 0-24303

5 27 37 0-31514 0-05112 0-12037 0-20768 0-19477

6 39 47 0-46410 0-03978 0-16987 0-15882 0-12436 040265

7 51 58 0-64039 0-03133 0-22855 012006 0-15816 0-32024 0-28500
0-005 2 041 12 0-02982 0-05762

3 3 19 0-08757 0-07137 0-08757

4 12 27 0-17258 0:06366 0-07148 0-22170

5 24 36 0-28339 005166 0-10825 0-19980 0:17515

6 36 46 041950 0:04107 0-15355 0:15905 0-11241 0-37299

7 48 56 058069 0-03280 0-20725 0-12339 0-14342 0-31121 0-25843
0:000 2 12 011254 0-22508

3 18 0:15916 0:15916 0:15916

4 24 0-08613 0-29408 0-20795 0-12181

5 30 009836 0-25752 0-25752 0-09836 0-15916

6 36 0-08238 0-30746 0:11254 0-22508 0-30746 0-08239

7 42 0:08832 0-28679 0:12763 0-19846 0-35762 0-07083 015916

( l +12V
|1001.|
2N2906 A 560k 27k
0 Op b
O1u | O 2N93
2N930 =
18k 4-7k [ ! 2N930
2'2k% %KJK ?OK
-12V

Fig. 2. Circuit of filier (see text).
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encountered. However, an empirical
approach will soon establish the extent of
the problem and the permitted input levels
for a given supply may be easily found. The
choice of active element will depend to a
certain extent on the frequency of operation
envisaged. At the v.Lf. end, in order to keep
the size of capacitors to reasonable propor-
tions (and with exact requirements it is far
easier to obtain low value precision capaci-
tors), Darlington pairs of fe.ts should be

Wwww.americanradiohistorv.com

used which permit resistors in excess of
10 MQ. At the h.f. end, high fr transistors
permit reliable operationupto,say, 10 MHz,
m direct contradistinction to op-amp filters
where 100 kHz represents a sensible limit.
With this range, and using high density
packaging for the active elements, video
band-pass amplifiers without transformers
or chokes become a distinct possibility.
Again, d.c. offsets may dictate the selection
of components; e.g., in a digital filter where
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TABLE 2
High-pass coefficients

Ripple Att. 1st
order Elements octave D, D, D, Single
m dB N m dB 3 dB T, K T, % T, T
3:000 2 17 17 010264 0-17472

3 28 28 0-04753 044725 0-04753

4 39 39 0:02711 0-84379 0-06545 0:07585

5 51 51 0-01746 1:35776 0-04572 0-20889 0-02825

6 62 62 0-01217 1:98755 0-03325 0-39758 0:04541 0-04953

7 75 75 0-00896 2-73259 0-02510 0-63295 0-03627 0:14263 0-02013
2:000 2 14 16 012793 016297

3 26 27 0-05871 0-38228 0-05871

4 38 37 0:03339 0-70458 0-08060 0-06963

5 48 49 0-02147 1-12319 0:05622 0-17714 0-03474

6 60 60 0-01495 1:63643 0-04085 0:33047 0:05580 0-04536

7 73 72 0:01100 2:24373 0-03083 0-52206 0-04455 0-12076 0-02472
1-000 2 1M 15 0-17471 0:15985

3 22 26 0-07865 0-32020 0-07865

4 34 36 0-04442 0-56261 0-10723 0:06600

5 45 47 002848 0:87916 0-07455 0-14587 0-04607

6 57 58 0-01979 1-26791 0-05407 0-26125 0:07387 0-04276

7 70 69 0:01455 1:72822 0-04077 0-40602 0-05891 0-09909 0-03269
0-500 2 8 14 0:22690 0-16927

3 19 24 0:09970 0-29025 0-09970

4 30 34 0-05582 0:48264 0:13475 0-06700

5 42 44 0:03564 0-73618 009330 0-12943 0:05766

6 54 55 0-02472 1-04842 0-06753 0-22132 009224 0-04311

7 67 66 0-01814 1-41851 0-05084 0:33725 0:07347 0:08753 0-04077
0-100 2 3 13 037757 0-22233

3 12 22 015429 0-27742 0:15429

4 23 31 0-08408 040067 0-20300 0-07773

5 35 40 0-05301 0-57100 0-13878 0-11607 0-08577

6 47 52 003651 0-78360 009974 0-17685 0-13625 0-04896

7 61 62 002669 1-03689 0:07478 0-25515 0:10806 0:07741 0-05997
0-050 2 2 12 045981 0:25745

3 10 21 018098 0-28595 0:18098

4 21 30 009724 0-38834 023476 0-08456

5 33 39 006089 0-53570 0-15941 0:11579 0:09852

6 45 50 0:04178 0:72162 0-11414 0:16803 0-15591 0-05266

7 57 60 0:03047 094402 008537 0-23627 0:12337 007665 0°06846
0-:010 2 05 12 070912 0:37242

3 5 20 025296 0-32806 0:25296

4 15 28 0-13078 0-38858 0:31574 0-10423

5 27 37 0-08038 0-49548 0-21043 012197 0-13005

6 39 47 0-05458 0:63671 0-14911 0-15949 0-20369 0-06291

7 51 58 0-03955 0-80839 0-11083 0-21098 0-16015 0-07910 0-08888
0-005 2 01 12 0-84936 0-43959

3 3 19 028925 0-35493 0-28925

4 12 27 014678 0-39787 0-35436 0-11426

5 24 36 0-08938 0-49034 0-23401 0-12678 0-14462

6 36 46 0-06038 061675 0-16497 0-15926 0-22535 0-06791

7 48 656 004362 0:77218 0-12222 0-20528 0-17662 0-08139 0-09802
0-000 2 12 0-22508 0-12254

3 18 015916 0-15916 0-15916

4 24 0-29408 0-08613 0-12181 0:20795

5 30 025752 0-09836 0-09836 0-25752 0-16916

6 36 0-30746 .0-08238 0-22508 0-11254 0-08239 0-30746

7 42 0:28679 0-08832 0:19846 0-12763 0-07083 0-35762 0:15916

a number of identical low-pass units are
used, and any offsets would constitute a
serious noise problem. In this case, a first
order palliative would be to use p-n-p
alternating with n-p-n transistors for the
first and second amplifiers (“throwing in™
an extra emitter follower if N is odd), but
if this is not good enough then it will be
necessary o revert to feedback amplifiers
to provide the unity gain.

Appendix

The following analysis will indicate the way
in which T, has been calculated for Tables
1 and 2, and will show how the method may
be used for creating other types of filters
(such as Thomson). Considering unit (a) in
Fig. 1:

Assume 1/R;, = 0)

R, = 0} for the amplifiers,
Gain = |
and v, = input voltage
vg = output voltage of second amplifier

v, = output voltage of first amplifier
G = transmission function of unit

and let p. = WC,R,
_ Vin—Vo _ (0i+ipive)
then “ 1:'jpl TS 1+3py
__ UutiPibo
and o = () (1 +iny)
ie vp = e
e O (T+3p ) +)p2)—ip,
l
or G =

—pip2+ip2+1
Putting s = jwand t, = R,C,
1
sty +sty+ 1
= 1/{t4t5) o
sEH8/t +1/(ty15)

then G =

or

and similar expressions can be developed
for the other double units. Now, any filter
with zeroes at infinity can be expressed as

G = [(s*+as+b)(s*+es+d)...] ' xa

‘where a = | for low-pass filters and « = s"

for high-pass filters, and the values of a, b,
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TABLE 3 .
Value of coefficientf for 73 d8 filters
= 0500 0100 0-050 0-010
2867
1:728
1:390
1-245
1168
1122

0-005

3-903
2:075
1-566
1:351
1:240
1175

1-943
1-389
1-213
1135
1-003 1:121
1-:068 1-088

fm = bag/B
High-pass: T = Lag B

2-268
1:612
1278
1175

1-390
1167
1:093
1-059
1-041
1-030

Low-pass:

NonmswN |3

(]
1

2nd Harmonic
break through | |

TN

100 200

Fig. 3. Performance of filter

¢, d, ... can be found from the mathematical
formulation of the filter under consideration.
(Thus for a Butterworth two-element net-
work.a = 1-414 and b = 1-000, while for a
Thomson four-element network a = 5792,
and b = 9-140, and so on))
Then, taking thefirst quadraticexpression

and equating coefficients,

a=1/ty

b = 1/(t,t3)
i.e, 7 lia

12 = lll’b

But the above expressions are related to the
angular frequency w = 1, and must be
converted to f = f,, giving

t, = 1/(2nf,.a)
t; = a/(2nf,b)
ie,R,C, = T,/f,, where T, = 1/(2ra)
R,C, = T,/f,, where T, = a/(2nh)
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News of the Month

Mediator cleared for take-off in 1971

Mediator, the computer-assisted air traffic
control system, will go into service at West
Drayton (West London) early in 1971 and
will replace existing facilities now being
used at Heathrow airport.

Following the publicity given to the
recent near collision of two aircraft the
press were invited to have a look at the
preparations being made for Mediator, and
other a.t.c. systems, at the College of Air
Traffic Control and the Air Traffic Control
Evaluation Unit at Bournemouth airport.

Amold Field, director of the National Air
Traffic Control Service, likened a.t.c. to a
high-speed game of three-dimensional
chess. The magnitude of the problem, dis-
cussed in Wireless World (Nov. 1969,
p.511), was vividly demonstrated in a
speeded up film of a radar display covering
the London area. Incoming, outgoing and
over-flying aircraft looked like a swarm of
angry bees round a jam-pot.

At the present time controllers from
Heathrow are being brought to Bourne-
mouth for a course in using the Mediator
system. The method employed to realistic-

ally simulate air movements during thes¢,

courses is of great interest. However, the
simulator is not only used for teaching, it
was, and still is being, used in evaluating
and developing Mediator procedures.

The simulator consists of three distinct
sections: a Ferranti 1600 Hermes com-
puter, the “pilots” who have alpha-
numeric displays and key boards, and the
trainee controllers who have a radar
display of the area they are covering. The
computer drives the “pilots” alpha-
numeric displays and the controllers radar
displays. Simulated r.t. communication is
provided between the controllers and the
“pilots”. In practice one person will act as
pilot for several “aircraft”.

A program containing the detailed
flight plans of up to 80 aircraft, any of
which can fall into one of ten performance
categories, is fed to the computer. The
computer also simulates four radar
stations and 500 navigational beacons;
each “radar station” can consist of one
primary and one secondary radar in-
stallation. The radar displays are presented
to the controliers in standard form.

If left unattended the computer will fly

Controllers at work
during a Mediator
simulation.
Recently the
equipment was used
to determine which
was the best site for
London’s third
airport from an air
traffic control
point-of-view;
Foulness came out
tops.
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the programmed aircraft through the air-
space in accordance with the flight plans;
either landing, taking-off or overflying as
the case may be. The controllers get a
radar picture of all the aircraft in the
airspace and can contact the “pilot” of
any aircraft on one of the nine available
r.t. frequencies.

There are therefore nine pilot positions
and one “pilot” will handle all the aircraft
on a particular r.t. frequency.

The system works as follows. As soon
as the program flies an “aircraft” into
the controlled air space a blip will appear
on the appropriate radar display in the
correct position. At the same time one of
forty buttons available to each “pilot”
lights up. The “pilot” presses the
button and an alphanumeric display
gives all the details, to the “pilot” only,
of the aircraft. These details include the
call-sign, position, speed, height, type,
etc, of the simulated aircraft. The pilot
labels the button he has pressed with the
aircraft call-sign. Repressing this button at
any time lets the “pilot” see the current
position of the aircraft he is “flying”.

As the program continues more and
more aircraft enter the airspace and the
computer allocates a “pilot’s” button for
each; the particuldr “pilot™ selected by the
computer depends on the “aircraft’s” r.t.
frequency. The controllers have to ensure
that all the aircraft are properly spaced
out and that none of the current air traffic
regulations are contravened. If ahazardous
situation is developing the appropriate
controller contacts the “pilot” on the
correct r.t. frequency in the same way
as is done in real life. The “pilot” then
presses the button allocated td the aircraft
by call sign and obtains an alphanumeric
display of the aircraft’s current situation
from which he can give the information
requested by the controller. If the controller
requests say a course or altitude change
the “pilot” can feed this information into
the computer via akey-board. The computer
alters its program in accordance with the
instructions and controls the radar and
alphanumeric displays appropriately.

The system simulates accurately ~air
traffic control problems as far as the
controller is concerned and can lead to
some quite heated situations. After an
exercise the results of particular actions
can be studied and analysed.

This is only one facet of the great
variety of work being carried out at the
Bournemouth establishment and airline
passengers can rest assured that a large
number of pedple are working very hard
to ensure their safety.

New weather satellite

In January, almost ten years after the first
operational weather satellite, TIROS-1,
was launched (April 1960), the first of a
new series of weather satellites, called
ITOS (Improved TIROS Operational
Satellite), went into orbit. Hundreds of
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receiving stations, belonging to many
nations, are using information from TIROS
transmissions for their weather forecasting
services and an unknown number of ama-
teurs, who have designed and built their
own equipment, receive the pictures
regularly.

The first satellite in the ITOS series,
called TIROS-M, was launched using a
two-stage Delta-N vehicle with six addi-
tional solid-fuel rockets attached to give
extra thrust on lift-off. The rocket also
carried the 39-pound amateur satellite
OSCAR-5 into orbit which is described in
this month’s “World of Amateur Radio”
section.

TIROS-M contains two distinct camera
systems. The first of these, the A.V.C.S.
(advanced vidicon camera sub-system),
takes a series of wide-angle, high-resolution,
cloud cover pictures of the earth and stores
these in a tape recorder for replay on
command from a ground station. A picture
sequence lasts about 48 minutes and con-
sists of eleven pictures taken at 260 second
intervals. The initiation of a picture
sequence is controlled from the ground.

The second camera sub-system is called
A.P.T. (automatic picture transmission),
and like the A.V.C.S. takes a series of wide-
angle, high-resolution photographs. Once
a sequence has been started, as dictated by
a ground station, up to eleven pictures, at
the rate of one every 260 seconds, can be
taken. The exact number of pictures taken
is under the control of the ground station
and a sequence may consist of between one
and eleven photographs. The pictures
taken by this system are transmitted at the
time, i.e. in real time, and are not recorded
in the space-craft. A high-persistence
vidicon 1s employed that allows the use of
fairly simple receiving equipment.

The remaining item of primary measur-
ing equipment is a scanning radiometer
which takes infra-red pictures of the earth
during both day and night. Data from this
sub-system is recorded on board the satel-
lite and transmitted in real-time as well.

Secondary equipment consists of a solar
proton monitor to measure proton fluxes
encountered in orbit and a flat plate radio-

One of the TV

satellite TIROS-M
which is now
providing weather
information for the
world's
meteorological
centres. TIROS-M
was built by
R.C.A. under the
direction of

meter to measure the amount of heat being
radiated into space by the earth.

Plotting the stars

The first machine to bring automation to
optical astronomy has been installed at
the Royal Observatory, Edinburgh. It is
called Galaxy (General Automatic Lumin-
osity And XY measuring machine), and
was originally conceived by Dr. P. B.
Fellgett, now professor of cybernetics and
instrument physics at Reading University.
The design and construction of the machine
was entrusted to the Scientific Instrument
Control Department of Ferranti at Dal-
keith, now Faul Coradi Scotland Ltd, in
1965.

Astronomers have had at their disposal
for many years an instrument, called a
Schmidt telescope, which enables photo
graphs to be taken of areas of the sky a
few times larger than the moon. Each
photograph contains the images of tens of
thousands of stars and can provide a wealth
of information, if that information can be
extracted. Precise measurements that have
to be made are the position of each star
relative to the others and the brightness of
the stars. Comparison of two photographs
of the same area taken at different times
enable angular motion, velocity and dis-
tance to be calculated. Galaxy determines
the position of each star image on the
photograph to within 1 micron, it measures

.the size of the images to within 0.25

The Omega
navigation receiver
fitted to the Q.E.2
which provides
position fixing to
an accuracy of
two miles
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microns and in addition it measures the
density of each image.

Measurements are carried out in two dis-
tinct operations. First, in the search mode,
a flying-spot c.r.t. scanner is used to
determine the approximate X and Y co-
ordinates of every image on a photograph;
the co-ordinates are punched out on eight-
hole paper tape. This search-scan is carried
out by movement of both the c.r.t. spot and
a carriage which holds the photograph.

For the second stage of the operation,
which is the actual measurement, the sys-
tem operates at a high magnification. The
c.r.t. spot, which is only 1 micron in dia-
meter, is made to scan in a spiral which is
256 microns in diameter.

Under the control of the paper tape
produced in the first operation each image is
brought by the carriage servo mechanisms
approximately to the centre of the spiral
scan. Control of the servos, which up until
this stage has been digital, is handed over to
the analogue signals from a photo-multiplier
which “looks” through the film at the c.r.t.

If the image is not centred in the spiral
there will be more light output from one side
of the image than the other so the servos
move the carriage until equality results.
The density profile of the image is then
compared with 1024 standard profiles held
in a core store. The address of the matching
profile together with the co-ordinates of the
image centre (carriage position) within one
micron are punched out on paper tape for
computer analysis.

Galaxy was first switched on in June
1969 and, after a few minor modifications
had been made, it has performed well since.
Ferranti “Micro-spot” cathode-ray tubes
are used and the carriage measuring system
was originally designed by Ferranti for
industrial use. The problem now is to
programme a computer to make maximum
use of the output from Galaxy.

It is predicted that Galaxy, as well as
being of value to astronomers, will have
applications in medical and industrial
fields.

Omega for Q.E.2

On the introduction of the Omega | relative
navigation receiver (the commercial version
of the equipment designed by the Northrop
Corporation for the United States Navy)
the Cunard Steam-Ship Co., was one of the
first to consider the possibilities of using the
system. Arrangements were therefore made
with the Marconi International Marine Co.,
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who market the new Omega receivers in the
UK., to install one on board the liner
Queen Elizabeth-2 to enable Cunard to
carry out extensive trials of the system
during a number of voyages.

Following an evaluation period of
several months Cunard have now decided
to retain the Omega receiver for regular
use in the navigation of the Queen
Elizabeth-2, and have accordingly pur-

chased the equipment from Marconi Marine.

With four shore transmitting stations
currently operating, the Omega system
provides full coverage of the North Atlantic
and of the eastern North Pacific. The
addition of four more shore transmitters,
which should be in operation before the end
of 1972, will give full global coverage.

I.T.T.-S.T.C.
Semiconductors forecast
44% growth in 1970

“If you don’t want to sell a product in the
semiconductor business you juststoplower-
ing the price. This is just one way of shutting
down unprofitable production lines,” says
Joseph Hurley, general manager of I.T.T.-
S.T.C. Semiconductors. In the past few
years LT.T. semiconductor companies
throughout the world have undergone a
major rationalization and in this country
S.T.C. have shut down several lines that
were not profitable or that were duplicating
work done elsewhere.

As a result of these and other moves
sales of the group expanded by 53% last
year and L.T.T. predicted a further expan-
sion of 44% next year.

LT.T.-S.T.C. calculated that in the U.K.
they were in fourth position as far as sales
are concerned at the end of 1969 and expect
to move into third position by mid-1970.
The company estimate that the total sales
of semiconductors in the U.K. during 1970
will be about £115M.

An interesting prediction made by
Mr Hurley is that in America 25% of i.c.
production by 1971 will be for the con-
sumer market with the same sort of per-
centage being reached in the U.K. a yearor
two later.

Britain at Hanover Fair

The British contingent of electronic and
electric component and equipment manu-
facturers will share a common stand at
the forthcoming Hanover Fair (March
1-10). The exhibit, which is made up of
25 firms, is being sponsored by the British
Electrical and Allied Manufacturers’
Association.

Tramee awards

The annual presentation of prizes to trainee
technologists and technicians completing
their final year of training with a member
company of the Telecommunication
Engineering and Manufacturing Associa-
tion was made during the Association’s
annual dinner on February 3rd. The first

prize is £50 and the second £20 in each
class. Prizewinners in the technologist class
(students who have obtained a degree or
equivalent qualification or are completing
their final year in a degree course) were
Ist. M. W. Brown (GEC/AEI), 2nd. A.R.
Riddiough (Plessey Telecomms). Tech-
nician prizewinners were Ist. D. Smith
(Plessey Telecomms) and tied 2nd. R. A.
Cooper (GEC/AEI) and V. W. Smith
(Creed). Candidates have to write a tech-
nical essay on some personal aspect of his
training or work related to the TEM.A.
side of the activities of his company.

Film and television training

committee formed

Concern in matters relating to training for
film and television production has led the
British Kinematograph Sound and Tele-
vision Society (B.K.S.T.S) to set up a
special committee to deal with training and
education. The film and television industries
have no nationally recognized training
schemes, nor are covered by an industrial
training board.

The B.K.S.T.S. Education & Training
Committee will be concerned with varying
requirements over a wide range of
operations throughout the industry.
Activities of the Committee will include
the appraisal of existing training schemes,
investigation into the present and future
needs of employers, the giving of advice and
information, and the possibility of introduc-
ing professional qualifying structures.

New names for SI units
Two more famous scientist/engineers of the
past, Siemens and Pascal, are honoured in
suggestions for short names for SI (Systéme
International) units of measurement. The
name siemens (symbol, S) is proposed for
the unit of conductance. and the name
pascal (symbol, Pa) for the newton-per-
square-metre unit of pressure. These are
being put forward by an advisory body on
units for consideration by the International
Committee for Weights and Measures
(C.G.PM).

Electronic information

service

INSPEC, the I.E.E’s information service in
physics, electrotechnology and control, has
introduced a service which will provide
selected information on electronic literature
published in English (including transla-
tions). Called S.D.I. (selective dissemina-
tion of information), the service will give
information on only the new literature
which is of interest to the partticular sub-
scriber (£45 per individual or £65 for a
group).

For the last year the I.LE.E. has operated
an S.D.. service to 600 research and
development workers as part of an informa-
tion research project which is supported by
the Office for Scientific and Technical
Information. The service proved so success-
ful that it has now been made generally
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available a year earlier than was originally
planned.

The amount of material available to the
service is being expanded as a result of a
new agreement between the ILE.E. and the
LE.E.E. in which an exchange of informa-
tion from the institutions’ “data pools” is
to take place. Readers interested in the
service should contact: The Manager,
INSPEC SDI Investigation, I.LE.E., 26 Park
Place, Stevenage, Herts.

Physics exhibition

The Physics Exhibition is to be held from
the 2nd to the 5th of March at Alexandra
Palace, London. Tickets may be obtained
from The Exhibitions Officer, Institute of
Physics and the Physical Society, 47
Belgrave Square, London, S.W.1, price
Sseach.

Faraday lecture ‘“‘down
under’’

The 1968 Faraday Lecture, entitled
“Microelectronics”, which was presented
in the UK. by the LE.E,, is to be givenin
Australia under the auspices of the
Institution of Radio and Electronic
Engineers of Australia in conjunction with
Mullard-Australia Pty Ltd, and Mullard
Ltd.

The lecture, which will be the first of an
annual series, will be given by Edward T.
Emms of the Mullard Control Application
Laboratory. In addition to the lectures
being held in Sydney, Melbourne, Adelaide
and Canberra plans are being made for a
deputy to deliver the lecture in other major
Australian cities including Hobart, Perth
and Brisbane, and at two or three centres
in New Zealand.

At the output interface

One of the big problems in industrial con-
trol systems is finding ways of controlling
large loads from low-level control circuitry
and sensing transducers. For many years
the relay has reigned supreme in this field
and, in fact, has much to commend it. Even
so, very often some amplification is needed
to drive the relay.

In recent years the thyristor, and later
the triac, have challenged the relay with
fast switching speeds, low weight, high-
current handling, no moving parts and no
contacts to weld together or become dirty.

Even using these devices interface
circuitry between the control circuitry or
sensor and the switching component is
necessary with the attendant printed cir-
cuit boards, wiring costs, etc.

FR Electronics, a department of Flight
Refuelling, has produced a range of
modules containing the switching device
and the necessary interface circuitry. These
are available to replace ordinary relays or
to provide timing or comparator func-
tions.

>
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Circuit Ideas

Long-tailed pair LC

oscillator

Oscillation is maintained by a positive
feedback loop consisting of an emitter
follower and a common-base stage (like an
emitter coupled multivibrator), but with a
tuned circuit to fix the oscillation frequency.
The collector-emitter bias is set by the base-
emitter bias to about 0.7 volt for a typical
silicon transistor, and the peak to peak out-
put is limited to twice this. Only three cheap
components are used apart from the tuned
circuit. As there are no inductors or capaci-
tors in these additional components, the
circuit will operate over a very wide range

Sinewave oscillator.

of frequencies with a suitable change in the
tuned circuit. Predictable oscillation level
is approximately 14 V pk—pk, and pre-
dictable d.c. current is (Vs — 0.7)/R. The
circuit is relatively unaffected by changes
in supply voltage. With a suitable value of
R the circuit will work with any supply from
1 V upwards. A current of ImA is generally
suitable. Operation should be restricted to
frequencies for which C is large compared
with the emitter-base capacitance, which
is commonly 20—40 pF.

D. T. SMITH,

Clarendon Laboratory,

Oxford.

Mock tunnel diode

The combination of two transistors and
four resistors shown above simulates a
tunnel diode. Below a certain voltage,
R, and R, divide the ¥ _such that thereis
less than 0.6V on the base of Tr,—hence
no current flows through 7r,. But 77, is
turned on by R, and this current flows
through the circuit. If the voltage across

BC108C

Transistor circuit operating as a tunnel
diode.

the circuit is increased, current starts to
flow through Tr, reducing the current
through T7r,. Thus the total current
through the circuit decreases with
increasing V. The negative resistance may
be reduced by increasing R,, and the
ratio of peak-to-valley current may be
changed to some extent by varying R,.
With the circuit shown peak and valley
voltages were 3.4V and 3.9V respectively.
The “device” will operate to beyond
IMHz.

D. BLOOMER,

Derby.

Combined low-pass and
high-pass filter
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simultaneous low distortion low-pass and
high-pass filtering. The capacitor value
given (5% tolerance) can be altered pro-
portionately for other turn-over frequencies.
Mid-point gain is 50 and the filter slopes
18dB/octave.

J. L. LINSLEY HOOD,

Taunton,

Somerset.

Square pulse from

unijunction transistor

In the circuit shown below, C charges via
R,, R, and D, until the potential at the
anode of D, switches the unijunction
transistor into conduction. The potential
at the emitter now drops and D, is reverse
biased so that C cannot discharge via

+12V

Modified unijunction transistor oscillator.

the transistor which continues to conduct
whilst C discharges through the relatively
high resistance R,. The on-time of the
transistor is dependent on the time constant
C R, which is made large in comparison
with that of C R.—itself limited by the
necessarily low value of R,. The off-timeis
controlled similarly by R,. The pulse was
used repeatedly to turn on a transistor
for a period sufficiently long to energize a
solenoid type of motor vehicle petrol pump
—it replaced an unreliable mechanical

system.
The circuit employed for magnetic-pickup G. M. PauUL,
equalization in my pre-amplifier design Whitstable,
(July 1969) can be modified to provide Kent.

o~ — 9 AAA/ HT. +24V
Sta| S| Sic | Fr l X

{1,500p 1,5—OOp 120p [18kHz o :‘-?( 180
Fp@ 2000 [ 180 |12 22K
3,300 (3300 [280 |9

Cq 012u O-22u

330 =550

Co 18 254
C316u 25u
F; 50H:z 30Hz

Input

LAY

22k

Low-pass and high-pass filter circuit.
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Tone-balance Control

A different kind of characteristic, to
suit “‘difficult’’ programme material

by R. Ambler, B.sc., Pa.D.

It seems to the writer that there are
occasional programme sources, both
records and radio, that do not sound
correctly balanced as between bass and
treble, yet there is no obvious harmonic
distortion and the condition cannot be
satisfactorily corrected by the usual type of
bass and treble tone controls.

If the bass is originally too strong and
the treble too weak, normal bass cut and
treble boost may be applied : however this
removes too much of the extreme bass,
provides too much extreme treble, and still
leaves the bass in general too strong and
the treble in general too weak. The opposite
effect may also occur, when the bass is
originally too weak and the treble too
strong. These effects are more often but not
invariably found when the programme
source is on older or cheaper gramophone
record, or a radio programme from one of
the less usual concert halls involving land-
lines which may be longer or less well
equalized.

The type of tone control usually included
in a high-fidelity audio assembly always
operates more powerfully on the extreme
bass and treble parts of the audio spectrum
than on the less extreme parts. This
characteristic is shown by both the passive
type of network exemplified by William-
son’s circuit' and by the feedback type of
system such as Baxandall’s.? In both these
circuits separate bass and treble controls
are provided.

It occurred to the writer that a tone-
balance control would be useful in the
circumstances described above, which at
one end of its range boosts the whole of the
bass fairly uniformly, slopes across the
middle frequencies, and cuts the whole of
the treble fairly uniformly. At the centre of
its range it should provide a flat frequency
response and unity gain, and at the other
end of its range bass cut, slope across the
middle, and treble boost. A negative-
feedback system would be preferred, to
minimize distortion,

A basic tone-balance control system
which meets these requirements is shown
in Fig. 1(a). At low frequencies where the
admittance of the capacitors has become
negligibly small, the circuit reduces to that
shown in Fig. 1{b). Moving the potentio-
meter slider to the left reduces the input
resistance and increases the feedback resis-
tance, hence giving a uniform boost at these

Ideal inverting amplitier

100k linear. I -

R\

(c)

Fig. 1. Basic tone balance control system
(a); exact equivalent at low frequencies
(b}, and approximate equivalent at high
Jfrequencies (c).

low frequencies. Moving the slider to the
right gives a uniform bass cut. At high
frequencies, where the impedance of the
capacitors has become negligibly small, the
circuit approximates to that shown in
Fig. 1(c), as R, has a lower value than R,.
Here the “input” and “feedback’” ends of
the potentiometer have been reversed, so
movement of the slider to the left gives a
uniform treble cut to go with the bass boost
and movement to the right gives a uniform
treble boost to go with the bass cut. It seems
reasonable to assume a smooth transition
between the cut and boost conditions at any
one setting of the potentiometer as the
frequency is varied, and also that the system
gain will be equal to (— 1) at all frequencies
with the potentiometer centred, and hence
with the inpui/feedback network sym-
metrical. These assumptions are in fact
confirmed by a detailed analysis.

If the usual assumption is made that the
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amplifier is an ideal inverting amplifier so
that its input voltage and input current are
both negligibly small, it can be shown by
consideration of the voltage at each junction
point and current in each arm of the
network that system gain equals

Ve RiR+(Ry+R3)(Rs+ 1/jwC,

E_ _ it il acad V0]
V,~ “RR,+ (R, + KR+ 1/joC;) D

from which

Ve
V. =
_ /[ (RyR3+R R4+ R3R)* +
(RiR3+R,R + R,R)* +
gleRé)i'wiC.f )
(R, +R,)*/w?*C?
If :j'—f = —1, equation (2) reduces to

4
0 = (R3—R,)2R,+R,+Rj)

R

There are two practical conditions for
unity gain. The first is R, = Rj;; i.e., with
the potentiometer centred. This is inde-
pendent of {requency. The second is with
the right-hand bracket equal to zero and it
shows a unity gain crossover frequency
which is independent of the setting of the
potentiometer.

The component values required to give
the desired response were calculated from
equations (2) and (3). After choosing (some-
what arbitrarily) a value of 100 kQ (linear)
for the potentiometer R, + R, the value of
R, was calculated to frequencies at four
different potentiometer settings: these
results are shown graphically in Fig. 2
together with the flat response produced
with the potentiometer centred.

It is obvious that a lower impedance
level could be used in the input feedback
network, but there are disadvantages in
going too low. A potentiometer value of
20 kQ or 50 kQ2 would be satisfactory, with
the other values altered to suit. The value
of 100 kQ arose when the circuit was first
being developed and tested. A greater
maximum boost or cut was originally
allowed for, and then found in practice to
be unnecessary and indeed undesirable.
The values given are perfectly satisfactory,
however, with a suitable amplifier. The
system requires to be fed from a fairly low
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impedance source (say <1 kQ) to avoid
degradation of its response, and itself has a
low output impedance (<1 k).

The tone balance control has been
incorporated in an experimental mono tone
control system, the circuit of which is shown
in Figs. 3-5. The input stage Fig. 3 is a
slightly modified version of that published
by Bailey? adjusted to suit the writer’s
signal sources. After the volume control,
Fig. 4, comes an impedance conversion
stage, followed by Baxandall type bass and
treble controls, then the tone balance
control, and finally a feedback amplifier
stage 1o raise the output level to the 4 volts
peak-to-peak maximum needed to drive
the Williamson amplifier* which the writer
is still using. Like Mr. Linsley Hood® the
writer has not come across any other ampli-
fier which actually sounds better when
driving moving-coil loudspeakers. A signal
level through the control system of 200 mV
peak maximum is convenient, being well
below the overload point and above the
noise level.

The final stage in the control unit could
be omitted if a more sensitive power
amplifier were used, and the impedance
conversion stage after the volume control
could be omitted at the cost of a slight
degradation of the response, particularly if
treble boost is called for in the Baxandall
tone control. However this impedance
converter is a convenient poirt at which to
insert a stereo balance control, as indicated
in Fig. 4.

It should be noted that the whole of the
signat network after the volume control in
Fig. 4 is floating at a level of about +6 V
dc. This has the advantage of saving
capacitors. The savings are cost, space, and
fewer unwanted phase shifts. There appears
to be no significant disadvantage even with
a series of stages in cascade, as in the present
circuit: capacitors are needed only at the
beginning and end of the series. The bypass
capacitor in the bias network of each
amplifier may be omitted if desired: the
change in response is small as the bias

Pre-omp. and input stoge Impedance converter
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resistors become a minor adjustment to the
audio feedback network. The op. amps.
shown in Fig. 4 have the circuit of Fig. 5.

The layout does not appear to be critical :
in the trial equipment the signal network is
mounted between the tags on the potentio-
meters and tags on a tag strip : the amplifier
sections are built on Radiospares miniature
18-way group boards. The bias resistors
marked 1-41 MQ* in Fig. 5 are each made
up of three resistors in series, the values
being selected on trial to give a d.c. level of
6 V+02V at the output point with a
supply voltage of 12, 141 MQ being the
calculated value. This method of adjustment
is cheap and not seriously time-consuming
or inconvenient for the home constructor:
otherwise a variable resistor of 1| MQ in
series with a fixed resistor of 820 kQ or
1 MQ could be used. Half-watt moulded
carbon resistors have been used throughout,
with no apparent disadvantages.

Power is obtained .from a small com-
mercial stabilized supply unit: this is not
strictly essential provided there is good
smoothing, but it is a very convenient way
of providing the smoothing and obtaining
the correct operating voltage.

The tone balance control performs satis-
factorily the function for which it was
intended and which cannot be performed by
the normal Baxandall bass and treble
controls. It compensates quite accurately
(judging by ear) for some of the variations
in recording characteristics used in the
early days of l.p. records and for similar
sounding, probably fortuitous, variations
in some more recent records : it even enables
reasonably well-balanced results to be
obtained from a variety of 78 r.p.m. records
reproduced through the current standard
1.p. playback characteristic, with some help
from the normal treble control. It compen-
sates satisfactorily most (but not all) of the
“off-balance’’ radio programmes mentioned
earlier.

The approximate equality of maximum
bass boost or cut and treble cut or boost,
together with the choice of 800--880 Hz for
the centre frequency, ensures that the
general volume level remains reasonably
constant when the tone balance control is
adjusted. The frequency of 800 Hz is a
reasonable compromise between the geo-
metric mean of the audio spectrum (630 Hz),
the nominal bass-to-middle crossover of the
writer’s speaker system (750 Hz), the
nominal bass boost hinge frequency of
commercial records (500 Hz) and the
nominal treble cut hinge frequency of
records (2 kHz).

The tone balance control has been found
to have additional uses. On the writer's
equipment its normal setting is one giving a
little bass boost and treble cut, to compen-
sate for a slightly lower sensitivity in the
bass speaker compared with the middle
speaker. The control also seems able to
provide a useful single-knob tone control
in moderate quality systems of slightly
restricted frequency range, simulated on a
wide-range system by the application of
some bass cut and treble cut with the normal
Baxandall controls.

It is not suggested that the tone balance
control supersedes the Baxandall circuit in

+12V approx

D.C. level
6-0 to2v

Fig. 5. Circuit of each op. amp. in Fig. 4.
Resistor marked **1-41 M*” to be adjusted
on trial—see text.

high-fidelity equipment; it has a different
function. In fact the best results and the
widest range of control and compensation
are obtained by providing both the Baxan-
dall type of control and the new one. If this
is done there is some advantage in adjusting
the characteristics of the Baxandall system
to leave a slightly wider “flat” gap than
would normally be provided between the
bass and treble characteristics. It would
also seem desirable to provide both low-
pass and high-pass variable filters but the
writer has not yet done this.
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Announcements

The series of Electronic Instruments
Exhibitions initiated in Manchester in 1967 will
again be held at the Hotel Piccadilly from
September 8th to 11th this year. A second will
be held at the Skyway Hotel, Southampton,
from September 22nd to 24th. Organizers are
Industrial Exhibitions Ltd, 9 Argyll Street,
London W1V 2HA.

Standard Telephones & Cables has received
orders totalling more than £12M for three
submarine telephone cables into the Spanish
mainland. Two of these will link the Canary
Islands and the Balearic Islands with the
mainland and will employ over 150 transistor
repeaters. The third. a 640 circuit cable with 51
transistor repeaters, will connect Spain with
the United Kingdom.

www.americanradiohistorv.com

Wireless World, March 1970

Applied Research Laboratories Lid, of
Wingate Road, Luton, Beds., have sold two
electronic systems, valued at about £60,000, to
the Soviet Union. The systems automatically
determine the precise chemical composition of
metallic and non-metallic substances and print
out the results within seconds.

Multitone Electric Co. Ltd. has announced that
the New York Stock Exchange have placed a
contract with Multitone Electronics Inc., their
wholly owned U.S. subsidiary, to install a
pocket paging system in the Wall Street
building.

U.K. orders totalling in excess of £140,000 for
seven Philips EM 300 electron microscopes
have been received by Pye Unicam of
Cambridge during the first week of 1970.

The marine division of Redifon Ltd has won a
£24,500 order to supply marine radio
equipment to the Lloyd Brasileiro shipping

line, Rio de Janeiro.

Gelman-Hawksley, of 12 Peter Road, Lancing,
Sussex, have signed a three-year agreement for
an exclusive dealership for the products of
Royco Instruments Inc, of California. Royco
manufacture particle counting systems.

Rastra Electronics Ltd, 275 King Street,
Hammersmith, London W.6, have been
appointed distributors for the products of
Silicon General Inc, of California, U.S.A.

Sharp Corporation, of Japan, has formed a
wholly owned subsidiary, Sharp Electronics
(UK.) Lid, at Derby Street, Manchester, to
handle the distribution and marketing of Sharp
equipment throughout the United Kingdom.

Standard Telephones and Cables Ltd will
combine Submarine Cables Ltd, whom they
recently acquired from Associated Electrical
Industries, with their submarine systems group.

Coutant Electronics have appointed Poly-
amp A.B. of Stockholm as their exclusive
agents in Sweden.

Henry & Thomas Ltd, Yeo Street, Bow
Common, London E.3, have signed an
agreement with the Hirose Electric Company
Ltd, of Tokyo, which gives the British
company sole marketing rights in the U.K. for
the complete range of Hirose connectors.

A range of semiconductor devices
manufactured by Philco Ford will now be
available in the U.K. through Auriema Ltd,
23-31 King Street, London W.3.

The full range of potentiometers made by the
Clarostat Manufacturing Co. Inc.. of the
United States, is now available in the U.K.
exclusively from Welwyn Electric Ltd,
Bedlington, Northumberland.

Impectron Ltd, 29-31 King Street, London
W.3, have been appointed sole representatives
for Sylvania’s semiconductor components in
the UK., Northern Ireland and Eire.

Ates Electronics Ltd, the recently formed
British company of the [talian semiconductor
manufacturer, is moving to Mercury House,
Park Royal, London W.5 (Tel: 01-998 6171).

F.W.0. Bauch Ltd, has moved to premises at
49 Theobald Street, Boreham Wood, Herts.
(Tel: 01-953 0091).

The group headquarters and registered office of
The Morgan Crucible Company Ltd, are now
at 98 Petty France, London S.W.1 (Tel:
01-222 7212).
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Digitally-controlled Tape-recorder

Pre-amplifier

An accurate system for automatically optimizing recording level to
obtain maximum dynamic range

by P. C. Grossi, B.Sc, and C. Marcus, B.Sc.

In the course of developing semi-
professional tape-recording systems the
authors realized the importance of
optimizing recording levels. In order that
the full dynamic range of the recording
medium can be exploited, modulation
must be maximized but kept below a
preset level which is determined by the
saturation flux density of the tape.

An automatic system was developed to
replace the conventional meter and
a potentiometer with which the authors
were dissatisfied because of the inherent
inaccuracies involved; one of the most
significant of these resulting from the
slow response time of the meter. Also, due
to observational difficulties, the recording
level usually cannot be set more
accurately than 5dB. In addition, one must
often consider cost, panel space and
convenience of operation.

The automatic system does not operate
on the same principles as automatic
volume controls, which merely restrict the
dynamic range without effectively
eliminating tape overmodulation. The
system is best described with the aid of the
block diagram (Fig. 1). The input signal is
fed to a variable gain amplifier. If the peak
level of the output is excessive a series of
pulses is generated by the peak-level
sensor, which, through the action of the
pulse counter, reduces the amplifier gain.

The variable-gain amplifier consists of
six cascaded stages. The voltage-gain of
each stage may have either of two preset
values, selected by a transistor switch. The
output signal is fed to the peak-level
sensor which generates pulses whenever
the output voltage exceeds a preset level;
these pulses are counted by the
gain-control pulse counter which consists
of a set of six cascaded bistables which
determine the state of the above mentioned
transistor switches.

It was decided that 1V r.m.s.
insignificantly distorted output should be
obtainable for any input between 1mV and
1V r.m.s.; this necessitates a control range
of at least 60dB. Since an accuracy of
better than 1dB is not required, this can be
accomplished by the use of six amplifiers
whose greatest voltage gains form a binary
progression.

It is necessary to have two switches in
the system. One of them—possibly a push

button—resets the bistables so that the
amplifier gives full gain. Since the signal
level cannot cause the amplifier gain to be
increased, the switch must be operated
each time a new signal is to be controlled.
Another switch is incorporated which
disconnects the pulse input from the
bistables. Thus once the greatest input
signal has been controlled the bistable
input can be manually disconnected; this
prevents motor switching and other
sources of undesired transients from
progressively reducing the amplifier gain.
The two switches can be incorporated into
a single three-position mechanism should
panel space be at a premium.

The prototype illustrates that this
system is capable of truly high-fidelity
operation as the bandwidth at full gain
was 25Hz to 100kHz — 1dB; the noise
output was less than ImV (unweighted)
for a source impedance of 100k{2 and for
a bandwidth of 60kHz. At unity voltage
gain the bandwidth was 2Hz to 200kHz
+3dB and the noise figure was

variable gain amplitier

nput 10/, 0, utpu
o |/32(%e

| P
al%|Y2
dB|dB|dB tlBldB dB - }

Peak
A A A A

A A level
[ ]

sSensor

Gain-control pulse counter

Fig. 1. Block diagram of system.

Fig. 2. Circuit diagram of the
pre-amplifier. Tr, and Tr, can be any
high-gain silicon transistor, e.g. BC109,
2N3707; Tr,—2N4058, 2N4286, etc;
Tr,—BC108, 2N2925, etc; Tr,.—
2N4062, 2N4289, etc; Try and Tr,—
2N2926, BC168, etc; and Try to Tr\;—
2N706, 2N708, 2N2926, etc.

-

VCC +12V

Signa
output
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considerably improved. The maximum
distortion occurred at unity voltage gain
and was less than 0.05% for an output of
1V rm.s. For a heavy overioad the gain
reduced at the rate of 4000dB per second
and the greatest gain reduction step was
less than 2dB. The prototype was
constructed for less than £5 10s using
components as advertised in Wireless
World and was placed in an aluminium
box measuring approx. 100 X 150 X
65mm (4 X 6 X 2% in).

The amplifier

The complete circuit diagram of the
amplifier is shown in Fig. 2. Direct
coupling is used throughout as it avoids
the use of large and costly electrolytic
capacitors. However, this means that a
low-impedance stabilized power supply
must be used.

The input stage is similar to a
Darlington pair for high input impedance
but R, has been added to improve the gain
of Tr,. Each of the following stages
derives its bias conditions from those of
the previous stage. Emitter and collector
resistors are . approximately equal—the
difference being to compensate for the
base-emitter potential of each stage, hence
increasing the signal handling capability.

Vee +12V

Fig. 3. Peak-level sensor circuit. Tr,,
and Tr s can be 2N3702 or 2N4289;
and Tr,.—TIS43 or 2N2646.

The amplifier terminates in an
emitter-follower stage for low output
impedance.

To minimize noise, the high-gain stages
should be placed near the input; however,
the first stage should be of low gain for
high input impedance. The best
compromise was achieved by placing the
8dB stage at the input, followed by the
32dB stage, then the 16dB 4dB 2dB and
1dB stages in that order.

The voltage gain of each stage is given
by R./Rg where R, is the collector load,
taking into account the loading of the next
stage, and R g consists of three component
parts. R,, the total external emitter resis-
tance; rg, the reflected source impedance,
given by the source impedance divided by
the transistor current gain (8);, and r,
the internal emitter resistance of the transis-
tor, given by 26// £ for the emitter current
in milliamps.

The a.c. voltage gain of each stage is
increased if the emitter resistor is shunted
by a network comprising a d.c. isolating
capacitor in series with another resistor.
The gain is selected by the action of a
transistor switch (77, ,;). The shunt
resistor values are calculated using the
formulae shown above. By means of a
simple calculation it can be shown that, to
the required accuracy, R,; and R,, can
both be connected to the same stage, since
they each involve only a small increase in
gain. The purpose of VR, in the proto-
type was to adjust the d.c. gain to be
exactly unity.

Each transistor switch is operated such
that when it is ‘on’ it is heavily saturated
with a base current of ImA. This gives a
very low a.c. bilateral impedance. In order
to turn a switch ‘off” the base must be
reverse biased by several volts to prevent
emitter-base conduction on large signals
at the emitter. Each switch is shunted by a
large resistor so that the charge on the
isolating capacitor does not change signiti-
cantly during switching; the switches
themselves are operated in inverse mode as
the d.c. offset voltage is reduced. These

Wireless World, March 1970

precautions ensure that large switching
transients do not appear at the output.

Peak-level sensor

With reference to Fig. 3, it can be seen
that Tr,, and Tr, are connected as a
long-tail pair. By means of the divider
Ry, Ry, VR, the base of Tr, is held ata
quiescent potential 1.4V lower than that of
Tr,;. Hence Tr,, normally conducts and
Tr,; is normally cut off. The output
signal is fed to the base of Tr , through
Cy; it the peak amplitude of this is less
than 1.4V then Tr,, will remain con-
ducting. If, however, the positive signal
excursion exceeds 1.4V, then a sharp
transition will take place turning 77 , ‘on’
and Tr,, ‘off’. This state will be main-
tained until the positive signal excursion
no longer exceeds 1.4V.

When Tr, is conducting it acts as a
current source linearly charging C,.
When the emitter potential of T7,, reaches
triggering potential, C, is rapidly dis-
charged and a negative pulse is fed
through C,, to the first bistable. When
the potential across C, reduces below a
critical level the emitter conduction in
Tr,, ceases and the initial conditions are
restored. This cycle is repeated until 77
is turned ‘oft".

Due to the large tolerance on the inter-
base resistance of unijunction type TIS43,
a variable resistor (VR,) should be incor
porated in the base bias chain of Tr,,.
By this means the stabilized output level
can be adjusted. Tr , is biased tfrom R,,
in order to minimize the etfects of tempera-
ture changes. The purpose of R,, is to
ensure that the leakage current of 77,
does not cause any significant charge to be
placed on C,.

Gain-control pulse counter

This consists of a set of six bistables,
cascaded in the usual manner. A resistor
is connected to one collector of each

Vee +12V Vee +12V
Rag Ra2
. 47k De 47k
R3
47k
Pulse {
input
Cis
100p
Pulse Pul
To output ° ) outpat
transistor tronsistor R
switch X0 switch 38
10k 10k
Vee -3V Vee —3V
A
-2k
R3s 1,000p | 1,000p R36
100k 100k
To
reset’ line
(b)

Fig. 4 (a). First bistable. Diodes are germanium types, e.g. OA81, OA91, IN914. Tr,, and Tr , can be 2N3708,
BC108, etc. (b). Circuit for remaining five bistables. Diodes and transistors as for first bistable.
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Tro1
2N1893

Vee +12V

INO14 ov
(or similar germanium)

Fig. 5. A suitable power supply.

bistable to drive a transistor switch.
Although the amplifier and counter may
share a common positive rail, separate
negative rails are used so that the
transistor switches can be back biased
when they are required to be ‘Off’.

The circuit diagram of the first bistable
is shown in Fig. 4(a); it can be seen that
base triggering is used here as the input
pulses are too small to give rzliable collec-
tor triggering. The remaining five bistables
are as shown in Fig. 4(b) where collector
triggering is used as it is less critical of
pulse amplitude. The bistables were
designed to use components already in
the authors’ possession, and were found
to be entirely suitable for this application.
Provided they will correctly drive the
transistor switches (as mentioned above),
any form of bistable can be used; some
constructors may wish to Lse integrated
circuits.

To ensure that the amplifier is giving
sufficient gain for a new signal, it must
first be restored to full gaim; this will be
appropnately reduced by tie automatic
system. In the prototype this was accom-
plished by connecting the ‘reset’ line to the
positive rail; a large base current then
flows into one transistor of each bistable,
ensuring that the transistor switches are
all turned ‘on’. The ‘reset’ line, switches
and pulse outputs must be connected as in
Fig. 4; if this is not so, either the ampli-
fier will not be reset to full gain or the gain
will not reduce each time a pulse is fed to
the bistables.

Construction

The prototype was built on two boards.
One held the gain-control pulse counter,
and the other the amplifier and peak-
level sensor.

The gain control pulse counter was
built on 0.2in matrix copper clad wiring
board measuring 120 X 75mm (43 X
3in). Since the device operates at audio
frequencies, the layout of this is not at all
critical; the constructor will wish to adopt
a layout most suited to the size of available
components and the allotted space. Any
n-p-n silicon transistors with 4 greater
than 30 may be used here and any diode
with a reverse breakdown voltage greater
than 30V, the resistors and capacitors may
be of large tolerance.

The layout of the prototype is
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The components of the digitally-controlled pre-amp. need take up liitle space—the
aluminium case shown measures only 6in X 4in X 2%tin. The bistables are mounted
on the board attached to the lid of the container, the other board carrying the
amplifier and the peak-level sensor. Amplifier input and output are carried by
screened leads. The bunch of unscreened leads joining pulse counter to the amplifier
carries switching signals only. The power supply is external.

shown in the photograph. No trouble was
experienced with instability in the proto-
type, but it is recommended that the usual
precautions for high-gain, wideband
amplifiers should be taken. A layout
similar to the circuit diagram should be
adopted, with input and output leads well
separated and completely screened.

Very high-gain transistors must be used
throughout the amplifier, but low-noise
devices need only be used in the first three
stages. Any audio transistor may be used
as a switch provided the base-emitter
reverse breakdown voltage is greater than
4V. All the amplifier resistors should be of
close tolerance (2% or better).

Although the above theory is
sufficiently accurate, preferred resistor
values are not always yielded; hence the
constructor may find it convenient to
obtain the correct shunt resistor values
by means of series or parallel combina-
tions, which should be checked empini-
cally. If the resistor values are in error
such that the gain of any stage is too large,
the range of control will be increased but
several large gain steps may be introduced.
If a stage gain is too small, the range of
control will be reduced but some of the
gain steps will be smaller. If a range of
control less than 63dB can be tolerated,
the latter type of error is preferable as the
regulation is improved.
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Although it was stated that VR, could
be used to adjust the output signal level,
it is recommended that an output level
close to 1V r.m.s. should be selected.
Outputs greater than 1.4V r.m.s. will suffer
severe distortion due to clipping, and
temperature effects in the unijunction
transistor make small outputs imprac-
ticable.

The power supply shown in Fig. 5 was
designed to operate the amplifier. However
any power supply with an output
impedance less than 1Q and delivering
the specified voltages may be used.
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Pulse Generator Using Integrated

Circuits

A versatile two-channel instrument using only three integrated

circuits

by C. Djokic*, M.Sc., M.ILERE.

The pulse generator described in this article
was designed for use in a University
teaching laboratory but may well be used
for many other applications.

The repetition rate may be altered from
IHz to IMHz in six decades, with a
continuous fine control covering each
decade. In addition there is provision for
operating the pulse generator from an
external source and a single shot facility
is available in the form of a push-button
mounted on the front panel. The pulse
generator has two independent positive
outputs which are continuously adjustable
in amplitude from 0-10V and have an
output impedance of approximately 500,
The pulse width of either channel may be
varied from 1 sec to lu sec in six decades
with a continuously variable fine width
control covering each decade.

The output of channel A may be
delayed with respect to that of channel B
and to a pre-trigger output pulse, by an
amount variable from 1 sec to lu sec in
six decades with a fine delay adjustment.
In addition the unit may be operated with
the two output pulses in coincidence.

A pre-trigger positive output pulse of
approximately 3V across a low impedance
is provided at 0.5us before each channel
B output pulse. In addition the output of
both channels may be inhibited by the
application of a 3V positive level. With this
facility the instrument may be used as a
burst pulse generator. The output pulse$
are practically free from overshoot and have
rise and fall times of 25ns, when measured
into a 5042 load.

The satisfactory performance of the

* Birmingham University

instrument is best illustrated by the typical
output waveforms shown in Fig.l. In Fig.1
(a) the two outputs are shown with that
from channel A delayed by 5Qu sec. with
respect to channel B Fig.1(b) shows the
rise time of the output pulses from the two
channels and illustrates that true time
coincidence may be obtained. Finally, in
Fig.1(c) the inhibit pulse is illustrated.
Operation of the instrument is best
understood by considering the block dia-

gram shown in Fig.2 in conjunction with
the complete circuit diagram as shown in
Figs.4 and 5. All the integrated circuits
employed contain four two-input NOR
gates the circuit diagrams of which in
discrete component form with the pin
connection details, are given in Fig.6.
The integrated circuits are all of the same
type and are from the Motorola range of
plastic encapsulated, medium power, r.t.l.
Two types may be employed, the MC724P

-
Single pulse Trigger o ﬂ
L. ]
Channel A
[ ] Puise Qutput
{ Multivibrator p——jp—g "_T e apMde _]‘L
= | — — S— -
n oO—->r——p
Inhibit
External drive
,[ e Output n
1w | amplitude
{ J
Fig. 2. Block diagram of the instrument.  Cnannel B
2N4921
‘ -0+14-5V
1A 4
i = 500u
50V
D,
Z2A
~240V 1S0F
——o0V
iU co5 D TR 2N4921
100U S
Fig. 3. The power supply T
circuit. ;

Fig. 1. (a) Output pulses with channel A delayed (vertical gain: 2V/div.; timebase: 10u s/div.). (b) Rise time of both channels showing that
time coincidence can be achieved (Vertical gain: 2V/div.; time base: 50ns/div.). (c) The action of the inhibit pulse (vertical gain: 2V/div.;

timebase: 0.5ms/div.).
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(415 to 75°C) or the MC824P (0 to 75°C).

The repetition rate generator is a Cross-
coupled multivibrator formed by gates A
and B. With the fine repetition rate control
potentiometer sel to minimum resistance
the output is a square-wave and by setting
this potentiometer to maximum resistance,
a mark to space ratio of 1:20 is obtainable.

The differentiated output of the multi-
vibrator is fed to the delay monostable,
formed by gates E and F,in channel A, and
also via a double inverter, gates C and D,
to the pulse width monostable in channel B
(Gates K and L). The double inverter
isolates the pre-trigger output pulse from
the rest of the circuit and by differentiating
the output of the first inverter and using
this pulse to drive the pulse width mono-
stable in channel B, the gate propagation
delay across gates E and F may be equalled
thus providing true time coincident output
pulses in channels A and B when desired.

The output of the delay generator (gates
E and F) is differentiated and fed to the
channel A puise width monostable (gates
G and H). Both the pulse width mono-
stables may be inhibited by the application
of a positive pulse or level greater than
1.5V to the inhibit terminal.

The outputs of the pulse width mono-
stables are inverted (gates J and M) and
fed to the output amplifier input transistors.
These transistors are run under saturated
condition with the collector potentials set
by the amplitude control potentiometers.
The output from these transistors is fed
to emitter followers to provide low-
impedance outputs. The series resistance
(3092) ensures that the output transistors
are protected against accidental earthing
of the output terminal.

The power supply (Fig.3) uses a con-
ventional bridge rectifier circuit with zener
diode voltage reference levels controlling
the series stabilizer transistors.

<O ) Inhibit

Amplitude

channel B
Sk lin

+14°:5V

Output
channel B
=
o\
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(Above) Fig. 4. The

circuit  diagram. The
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__the three dual-in-line
0] packages.
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World of Amateur Radio

Slow-scan amateur TV

Despite the efforts of the British Amateur
Television Club to popularise long-
distance h.f. transmission of slow-scan
television pictures, there remains a paucity
of British activity in this field. Progress
continues to be made in this interesting
form of video communication by amateurs
in the United States, Canada, Sweden,
Belgium and Italy, yet so far as can be
ascertained there are currently no British
amateurs equipped to receive slow-scan
TV pictures to the American standards
established in 1961. These are: 120 lines,
1:1 aspect ratio; horizontal frequency,
16.666 Hz, vertical 7.2 seconds per
picture, horizontal Smsec, vertical sync
pulse 30msec, f.m. subcarrier (sync
1200 Hz, black level 1500 Hz,
peak white 2300 Hz). The video trans-
missions to this standard can be sent
over conventional s.s.b. or a.m. channels
and can be recorded on an audio tape
recorder. One of the main enthusiasts for
slow-scan TV in Britain is C. Grant
Dixon, G6AEC/T and G8CGK, of
Kyrle’s Cross, Peterstow, Ross-on-Wye,
Herefordshire, but he is not licensed for
hf. operation and is anxious to hear from
any h.f. amateur interested in expenment-
ing with this mode of television. Live
scenes can be transmitted as a series of
8-sec stills, while the system is also suitable
for slides and photographs. Typically the

Typical slow-scan picture received on 14
MHz over a 9800-mile contact from
Indiana, U.S.A., to Melbourne, Australia.
(Courtesy of British Amateur Television
Club.)

pictures can be received on SFP7
long-persistence radar c.r.ts with the bright
blue trace filtered out, leaving the yellow
afterglow to provide the picture. A recent
technique, according to S. Horne,
VE3EGO, of Ottawa, takes the output
from a “fast scan” camera and samples
the output to produce a picture at slow
scan rate—sampling type s.s. television
cameras are used at stations VE3EGO,
WINTP and WB6ZYE. A slow-scan net
is understood to operate on 14230 kHz at
19.00 G.M.T. on Saturdays.

Australis Oscar 5 launched

Australis Oscar 5, an amateur radio
beacon satellite, was successfully launched
into polar orbit on January 23rd. The
satellite, built by an amateur team at
Melbourne University, was launched from
the Western Test Range by N.A.S.A,, as a
secondary payload to a TIROS weather
satellite, as a result of the efforts of
AMSAT (Radio Amateur Satellite
Corporation).

Oscar 5 carries two beacon transmitters
radiating about 50 mW on 144.050 MHz
and 150 mW on 29.450 MHz.
Transmissions are automatically keyed to
send “HI” in Morse, as well as telemetry
data of temperature, spin rate and battery
performance by varying audio tones.
Power is derived from 28 alkaline
manganese cells with an estimated life of
about two months.

Beacon transmissions began 66 minutes
after launch, and have since been heard by
many amateurs, including a number in the
UK. where signals are usually weak.
Regular bulletins of orbital data are being
transmitted by the A.R.RI.  over
WI1AW on 14.020 MHz at 19.00 G.M.T.
on weekdays.

The satellite, box-shaped 12 by 17 by 6
inches and weighing 39 pounds, is
orbiting at about 910 miles and has a
periodicity of 115 minutes. This is the first
amateur satellite to be launched by
N.A.S.A. although four previous Oscars
(Orbiting  Satellite Carrying Amateur
Radio) have been launched by the U.S.
Air Force; the last about 1965.

Construction of the satellite started in
1966 by Project Australis, a group formed
by the Melbourne University Astronaut-

www americanradiohistorv com

Wireless World, March 1970

ical Society; it is the first amateur satellite
to incorporate simple attitude control, and
the transmissions are intended to provide
amateur training in satellite tracking as
well as permitting propagation experi-
ments.

The successful launching of Australis
lends further encouragement to the new
British Project Trident group members of
which are working on plans for the
construction in the UK. of an active
satellite transposer which would accept
144-MHz amateur signals and re-transmit
them on about 432 MHz. Detailed
work is being undertaken by a
group of South Coast v.hf. enthusiasts
and a number of British electronics firms
have already romised support.

50 years of callsigns

The Ministry of Posts and Telecommuni-
cations has recently begun issuing Class A
amateur licences in the G3ZAA series—
the final letter sequence of the G3-three-
letter callsigns which have been used for
all new standard licences since 1946. It
thus seems likely that a start will be made
this year on G4-four-letter callsigns. This
year also marks the fiftieth anniversary of
the modern form of amateur callsigns
introduced in Britain in 1920—the pre-
1914 callsigns consisted of three letters
one of which was always “X” to indicate
an “experimental” station. Details of the
“new” l