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' THE POWERFET
e ] SPECIALISTS
®
simple answer | | oo
The people at Pantechnic have been designing with powerfets since they first
became commercially available. Their experience of powerfet amplifiers, coupied

with their insight into the sources of non-linearity often neglected by others, has
resulted in a new range of powerfet amplifiers that are fast, tough, linear and
cheap. .

POWER RANGE
MODEL {Continuous RMS)  TYPICALLOADS NOTES
PFA 100 50W-150W 4Q), 8Q) Physically small
30mm x 79mm x 108mm
PFA 200 100W-300W 4Q}, 8Q High Watts per £ ratio
PFA 500 250W-600W 20,40, 8Q 25A continuous output
current
'o ems. PFA HV 200W-300W 4Q), 8Q), 1602 5dB dynamic headroom
Drives 70V line direct
. ) Key features:
; @® RELIABLE  — Powerfet freedom from thermal runaway and secondary
breakdown
@ LINEAR — TID zero, IM/THD < 0.01% full power, (mid band THD
dowh to 0.0015%} .
@ FAST — Slaw rate >30V/uS, (45V/uS typical)
@ QUIET — Signal to noise ratio 120d8
@ BRIDGEABLE — (100, 200, 500 without extra circuitry)
@® STABLE — Unconditionally .
@ LOWCOST — 10watts to 20watts per £, depending on model and quan-
tity

As they stand these modules suit most P.A. and industrial applications and satisfy
all foreseeable audiophife requirements. (The HV is aimed at digital audio.)
Where aspects of performance fail to meet specific requirements (e.g. in speed
or power) low cost customising is often a possibility. Alternatively entirely new
boards can be produced.

Pantechnic make more than just PFAs. Loudspeaker protection hoards and the
quietest, lowest distortion preamp boards currently available are just two of an
ever-expanding range.

Pantechnic sell high quality power supply and other components at excellent

prices.
CHECK US 0UT
As supplied to ANl;rEi(éeH:Rg ?[;alivery ) Technical Enquiries
[ icati i P ept WW7 contact
International Telecommum@hons Companles. - ANTECHNIC {Dept Wi pomect
Uninterruptible Power Supplies - UPS CVT Reliability LIVERPOOL L25 5NH :

125va to 50kva, 50 or 60hz. 7 Tel. 051-428 8485 »
Il STANDBY POWER. invaluable for winding down a WW -- 039 FOR FURTHER DETAILS
computer programme on m.ailns failure and wherever
continuous power is essential. . ] »
B STABILISATION. -£5% Vital to combat mains voltage ERASERS Wi DEVELOPMENT LAB
fluctuations and ensure the operation of equipment at UVIT

peak efficiency. Frequency stabilised +0.1% 47 to 65Hz. Powerfal. compact unit o
Il TRANSIENT ATTENUATION. Provides suppression of crase up 1o D RO

mains born interference (spikes). quickly and safely. 10-60-min-
ute electronic timer.

An unbeatable power package at a price to suit all budgets £59.13 + V.ALT.

from Galatrek International, UPS are DOWN to unbeatable UVIB

prices. As above but without timer.
£46.95 + V.A.T.

For more information, cut the coupon.
Galatrek International, FREEPOST, Scotland Street,
Llanrwst, nr. Llandudno, Gwynedd LL26 OAL, BRITAIN,

Carriage paid (U.K.)
Send cheque or official order

Tel No: 0492-640311/641298, Telex: 617114 A/B Galahu. IN USE IN DFéSI{%\g) for prompt delivery.
i [ itain by Galatrek. LABS & EDU NAL 50 available in London from:
Made and Designed in Britain by FSTABLISHMENTS P avabable fn London §

I :
~ AROUND THE WORLD HenrpsRadio
— NORTHERN ELECTRONICS -

51 Arundel Street, Mossley, Lancashire  Tel: Mossley (04575) 4119

T REK U T— \ WW — 040 FOR FURTHER DETAILS
INTERNATIONAL @ I R ————
- RADIATION DETECTORS
Please send me full details of your range of voltage
stabilisers, filters, cutouts, generatorsandCVT's O BE PREPARED [ view trnu tensy
Please send mefull det-adsof UPS () Ideal for the experimenter
Please send mearequirement check sheet 0 W THIS DOSIMETER WILL AUTOMATICALLY
fam wi i DETECT GAMMA AND X-RAYS
Consultationwith Galatrek Engineer O  UNITIS SIZF OF FOUNTAIN PEN & CLIPS
Name ONTO TOP POCKET
B PRECISION INSTRUMENT
iti M MANUFACTURERS CURRENT PRICE OF A
I Pos'tlon. I SIMILAR MODEL OVER £25 EACH
Company MWO05R
British design & manufacture 4. Ex-stock defivery. COMPLETE
Tested and fully guaranteed. Ex-stock delivery.
I Address I As ssuppli:g to FireServices/Civil Defence WITH DATA
. TelNo - Te|e{( Official_Orders welcome
Trade (1 OEM U (please tick where approptiate) ww 2/9} S —
3 =B B N N N N | 01-7231008/9

CALLERS: 404 EDGWARE ROAD, LONDON W2 1ED
WW — 072 FOR FURTHER DETAILS . Mail Orders/Export Enquiries to: 11-12 Paddington Green, London W2
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One of the aims of Information
Technology Year and the Microelectronics
Education Programme is to involve
schoolchildren in the use of
microcomputers and related electronic
devices. There are the M.E.P., the Micros
in Schools Scheme, exhibitions and events
throughout the year and beyond. It is,
perhaps, fortunate that Mr Callaghan
happened to be watching television on the
evening the programme “Now the Chips

are Down” was broadcast and was spurred

into action then, or we would probably
find the propaganda even more frenetic
than that now being put out by the

energetic Mr Baker, the prophet of IT.

Information Technology is a curiously
diffuse name for a Year. The official
definition, “the acquisition, processing,
storage, dissemination and use of vocal,
pictorial, textual and numerical
information by a microelectronics-based
combination of computing and
telecommunications” appears to
encompass most of the activities of the
average person, except eating and one or
two other processes, although the use of a
computer is not often considered essential
to the more basic of these.

So far as its involvement of
schoolchildren is concerned, the pubhcxty
is decidedly shrill, the Minister’s aim
being to have a computer in every
secondary school by the end of the year
and even to think about providing them
for primary schools.

There can be no argument that young
people must be aware of computers and
how to use them, but it does seem possible
that the present blaze of publicity tends to
obscure the point that computers are a
means, not an end. There is also the
question of how the micros are to be used
in schools.

According to the fifth edition of the
Concise Oxford Dictionary (now,
admittedly, modified), a computer is “a
calculator — an electronic calculating
machine” — an unfortunate description,
taken too literally by at least some of those
responsible for introducing youngsters to

computing, with the result that the school
micro is often given to the senior maths
teacher to guard with his life, presumably
on the grounds that computers are
electronically mathematical and possess no
relevance to any other subject.

In other schools, the computer is treated
as a kind of totem, and the pupils are
taught “Computer Studies”. As a subject,
computing (meaning programming) is a
singularly empty one, unless the pupil
learning it intends to become a
programmer. A computer is an aid to the
process in which it is used — in this
instance, learning — and an element of
transparency to the user rather than an
obscuring of the subject by undue
attention to the computer must be the aim.

Clearly, an overnight transformation,
after which every teacher would be using a
micro as to the manner born, is hardly
feasible. But, until the school micro (or
one of its terminals or even a micro owned
by a pupil or teacher) can be used
naturally, as is a dictionary or pocket
calculator or a video recorder, it will
dominate the learning process. Utmost
priority should be given to teachers from
all disciplines, from home economics to
athletics, to use the computer as an aid,
rather than as a distraction, so that pupils
who are not to specialize in science or
engineering can see that it is of advantage
to them to be at ease with computers, but
no more than that.

The Inner London Education Authority’
is aware of these problems and is educating
teachers in the use of computers so that,
even though there may be only one micro
or terminal in the classroom, the pupils
will learn the place of a computer by, to
use ILEA’s word, “osmosis”. However,
there is evidence aplenty that education
authorities in other areas are either
hypnotized or revolted by the new
equipment and, accordingly, either -
enshrine it or pass it to the school
computer fanatic to impress people with.

In short, a computer is a useful tool, but
that is all it is: it can help or it can
dangerously hinder learning, and only the
education of teachers in its natural use as
an aid can decide which.
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DIGITAL FREQUENCY
STABILIZATION OF A V.F.O.

Using a single crystal, the unit stabilizes the output of a variable-frequency oscillator at a
large number of points by means of a counting technique. This article traces the de-
velopment of the design and points out further avenues to explore

Most radio receivers and transmitters use:

at least one variable oscillator, coupled
with the turning dial. Such an oscillator,
usually called a v.f.o., must be easily
tuned, exhibit high frequency stability and
provide a pure sinusoidal output. For
s.s.b, communication, the stability re-
quirement cannot be met with LC oscilla-
tors, at least not in the higher h.f. bands or
the v.h.£. frequencies. Use is often made of
a mixing scheme, the variable oscillator
running at a lower frequency, but purity of
output and simplicity suffer with this

method. Ease of tuning has always been.

the hall-mark of good communication re-
ceivers, leading to the familiar looks and
appreciable cost of a very long tuning dial,
with very fine divisions, coupled to the
tuning capacitor by means of slip-free re-
duction gear without backlash.

Of course, a digitally-set frequency is
very useful in a test-oscillator, but useless
when one wants to tune in with the
‘handwheel’. '

A simple stabilizer

Proposals have therefore been made to ac-
complish the old-fashioned continuous
tuning while stabilizing the generated fre-
quency at discrete spots. A simple method,
now well known to amateurs, is given in
Fig. 1. Since we are not interested in
displaying the frequency digitally, only the
first decade from the usual chain of coun-
‘ters is needed and its output used to cor-
rect the v.f.0. frequency.

To get a good mental picture of what
happens, consider an example. The mea-
suring period is exactly one second, the
v.f.o. frequency is about 5 MHz, say,
5,123,456.78 . . Hz. The counter, being
reset before the measuring time starts,
contains after one second a 6 or 7. Because
the digital output is taken from the fourth
flipflop, a 1 only results when the counter
contains an 8 or a 9, all other numbers
giving a 0 at this point. The 1 may be
regarded as the ‘too high’ signal, the 0
standing for ‘too low’. This digit is stored
in a buffer, so the counter can be reset and
a new measurement initiated. A large time-
constant smoothes the control signal from
the buffer to the Varicap v.f.o. In the
working system, the frequency of the oscil-
lator is kept around 5,123,457/8 MHz and
wobbles around this value. The next
points for stabilization are 5,123,467/8
when tuning upwards and 5,123,447/8
when going downwards. Any drift of the
v.f.0. is taken care of by changing the ideal
equal number of ones and zeros to some
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other proportion, for instance five ones

‘against four zeros in a sequence like

01010110101, etc. (To say any drift is com-
pensated for is fine, so long as it is taken to

mean ‘any small drift’. A very bad oscilla-

tor equipped with the stabilizer will not
‘creep’ but ‘jump’. It is a very simple
system, compared with other possibilities.

Besides a crystal-controlled (one-second
interval) time-base, few i.cs are required
and its elegant simplicity appeals to con-
structors.

There are drawbacks, however, all con-
nected with the long measuring time: to
get a reasonably smoothed control signal,
the integrating time-constant has to be
very large. A further point to think about
is the delay in the system — even if the
large RC product could be avoided, the
information about the frequency becomes
available every second and this is a some-
what elusive way of saying that some of it
is almost one second old. The system just
described needs at least several seconds to
stabilize after the tuning knob is touched.

So, the first thing one tries to do is to
shorten the measuring time to 0.1s. This is

Clock

v.fo.

output

Clock

o _IL_g 1sec —!_—I
Take over ﬂ
Resef "

Fig. 1. Simple frequency-stabilized v.f.c.. When crystal-derived one-second period ends,
‘high’ or ‘low’ information from the decade counter is stored in the flip flop until next
measuring period is completed. Clock and logic to provide the timing and controlling
pulses not shown. R and C give large time constant.

+

~5MHz

_Fig. 2. Connecting high-frequency clock directly to gate and dividing v.f.0. output down

g/:ves a varying distance between successive stabilized frequencies on the dial. Because
h/gh-frequgncy crystal oscillators give no probems, resolution and stability can be high.
Integrator is now connected to Q on storage flip flop. Speed of logic elements forms

limit for higher clock frequencies.
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Fig. 3. (a) Shows 5 Hz square wave giving six positive going slopes per second, seen as
pulses by the counter. In (b) only five pulses are seen. With some regularity this situation
may alternate or not with (a). All depends on the relative position of the two waveforms.
(c) shows that even an input frequency of 4.1 Hz gives five pulses to counter.

not a good idea, however, because the digit
now contained in the buffer store repre-
sents not Hertz but tens of Hertz. In our
example, with an initial frequency of
'5,123,456.789 . . Hz, the counter contains
‘that five and the feedback will arrange to
make it alternate between 7 and 8 as be-
fore. The next higher stabilization (centre)
point will be 5,12357/8, which is no less
than 100 Hz from the previous one. The
resolution of measurement is ten times
reduced and the ‘ripple’ on the v.f.o. fre-
quency is the same factor enlarged. The
integrator time-constant can be ten times
smaller now and the speed of response is
‘subjectively very much improved — the
only benefit of the change in measuring
time.

The problem still remains: how to im-
prove the resolution without lengthening
the time for each measurement. When
discussing this point with friends (one of
them the prototype of Homo digitalis) one
answer came up again and again: raise the
frequency, so that the relative accuracy
remains high enough when you shorten the
gate time. In theory this is a way-out,
because the high and stabilized frequency
of, say, 51 MHz is divided by ten to get
our original 5.1 MHz and the frequency
variations are divided too. In practice, if
you can build an oscillator that does not

drift 10 Hz in 0.1 second at 50 MHz,

frequency stabilization is probably not
necessary. This approach did not seem
attractive. Instead I pondered for some
time, wondering whether it is at all pos-
sible to measure a frequency with an accur-
acy of 1 Hz in less than a second.

Period counting

Just to be complete, one may recall the
“period counting” method of measuring
low frequences. When the rdles of the
clock and the unknown frequency in a

WIRELESS WORLD SEPTEMBER 1982

frequency counter are reversed the un-
known period is measured in units of the
clock period and this takes only one period
of the unknown frequency. If the un-

known is about 5 MHz we could count off

500 000 periods in about 0.1 second, dur-
ing which time the gate would be open.
The single decade connected to its output
would receive the clock signal, let us say 10

Citolg 220p

1 | RytoRg SET POINT
5k
2k 1%
odeen-n
! -5V
odeannn. 1y 100k SENSITIVITY
o - -em iy
rot IORN
odamoon. Ly
[ I
o8 NG
& o U
\
Inputs

- - - -y

O
Input from oscillator

iMHz. The resolution is still plus or minus
ione pulse in (about) a million and the grid
of stabilization frequencies is now nonli-
near: the distance between grid points at S
:‘MHz is 50 Hz. This is twice as good as the
100 Hz grid obtained with 0.1 second mea-
suring time when counting the frequency
direct and solely due to the clock fre-
quency being twice as high as the v.f.o.
frequency: a block diagram is given in Fig.
2. This is a good set-up when high-speed
logic is used and the clock frequency can
be raised to 20 or preferably 50 MHz (no
‘prescaling: the gate and the counter fol-
lowing it must discriminate between those
fast pulses).

To conclude the period-counting line of
thought, the change of the distance be-
tween stable points over the dial is often
not important. The ratio of the divider
between oscillator and gate might well be a
power of 2. Frequencies like f/2, f/4 are
then available, all stabilized.

Counting reviewed

The above stabilizations work well, but
there is an extra irregularity not yet des-
cribed, which is caused by the counting
process itself. The specifications of com-
mercial counters usually give the mea-
surement error as * 1 count + time base
error. The time base is not important for
this discussion: the reference crystal oscil-
lator drifts a little, but presents no prob-
lem. The real problem is with the last digit
of the counter, which in successive counts
(if it were provided with a display) would
show two values — it would ¢itter’. The
stabilizing counter does the same thing,

Fig. 4. Analogue weighting circuit doing the
same work as many gates. Result is stored
in cross-coupled gates. Input resistors
should have narrower tolerance when
more and more signals are to be weighted.
Supply lines are well regulated.

7500

ol

Take over

Each block 7404

Fig 5. Simple delay line using propagation delays in buffers.
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even when the incoming frequency is
perfectly stable since there is no phase
relationship between the reference oscilla-
tor and the v.f.o. This is most disturbing
and leads to noise on the correcting voltage
to the oscillator.

To get a clear picture I drew a few pulses
on graph paper, as in Fig. 3, which repre-
sents a 5 Hz signal as it appears before and
after the gate of a frequency counter. The
flip-flops in the counter toggle on the posi-
tive-going slope. When a window of
exactly one second moves over the 5 Hz
pulse train, we see immediately what hap-
pens: half a pulse has just the same posi-
tive-going slope, which is what is counted,

\

9 x 2bit counters
74107 etc

when the two waveforms glide past each
other. Only when the situation is exactly
stable (no gliding) do we get consistent
answers from the counting process. Figure
3 (c) shows that stretching the pulses out
(by lowering the frequency to 4.5 Hz) does
not produce a different result; even 4.1 Hz
does not make the fifth pulse ‘fall out of
the window’.

- The only way to make this one-pulse
ambiguity less important is to count more
pulses, for instance by counting during ten
seconds or by making ten, separate, one-
second counts and averaging the answers.
The last method was used very often when
counters had no switch position for

vfo

JUUHRHH

100ki
T

Integrator

o)
Reset

O
Take over

(o]
01sec. crystal controlled

Fig. 6. Block diagram of frequency-stabilized v.f.0. Each of odd number of counters gets a
slightly different ‘cut’ from continuous pulse train from the oscillator. Counters work

simultaneously.

A

Fig. 7. Frequency variation of output is reduced when correctl:ons come fas_ter, drift being
equal in both cases. Even a three times faster correction rate is a worthwhile

improvement,

Data lines from
counters

Buffers

All 100k

[s]

fTuke over pulse from logic

0k 50uA

Fig. 8. Adding digital information without clipping is much better. Digital store is ‘frozen’

when switch is open.
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‘multiple frequency’ and the resolution
was just one decimal place too low.

A new method

All this may be interesting but does not
look very promising for our v.f.0., until a
new idea is brought in. It is not necessary
to do the individual one-second mea-
surements one by one: the measuring
times may overlap. The aim is to average
out the one-pulse variation and obtain the
high resolution that may be expected from
a long counting time, but before placing
endless rows of decades on the breadboard
it might well be asked why one should use
four flip-flops to get a single 0 to 1 out of

them? Well, it depends largely on the

stability of the oscillator when the control-
ling loop is disabled, and on the nature and
magnitude of any impulsive noise that
might enter the system. With a simple
four-bit counter there is plenty of margin
on both sides of the dividing line between
7 and 8, but with a decade counter one side
is limited; two pulses extra make a zero
from that 8 to give a ‘correction’ in the
wrong dirction.

Because the decade on the breadboard
worked well once the starting time was
over, I decided that two-bit counters were

-all I needed. There were times I wished I

had used the SN 7493 four-bit counter,
but some of the problems turned out to be
hardware-oriented and not so much a
system fault.

Voting logic
The majority-vote is taken by the analogue
circuit of Fig. 4, which works easily with
21 inputs — an odd number to get a
majority in all situations. The input resis-
tors are of the carbon-film type, selected
for close tolerances for a larger batch with
the circuit of Fig. 4 itself (without R;-Ry).
A voltmeter at point P indicates output
voltage during the selection; the setpoint
and sensitivity potentiometers are partly
incorporated for this occasion. Even this
circuit is a simplification from the bread-
board circuit, where the digital outputs of
the counters were stored by ‘buffer’ flip-
flops. These buffers are not required if a
reasonable amount of time is available for
the voltage at P to take on the proper
value. If take over and reset must take
place in 1 or 2 us, it becomes necessary to
use the buffer store. L
Counting in the parallel, but delayed,
counting operation, it is immaterial

To Varicap
+5V
START
R I
O—"\ N \—d—¢ o © ' < Tk
From 100k
store 1Mlog.
LOOP GAIN

flip-flop  C TSOJJ

Fig. 9. Push button is pressed 10 seconds
after power is switched on, reducing loop
gain while charging capacitor to average
value. H.f. decoupling of control line not
shown.
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Fig. 10. Block diagram of
improved version. The
more counters give a ‘too
high’ signal, the greater
the control voltage to the
oscillator. Beware of h.f,
on control line.
Transistors with 20 V
supply amplify the digital
signals to avoid varying
levelsint.tl. i.c.s.

+20V
T

"5k o

9x2bit counters
746107 etc
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whether the clock is delayed or the v.f.o.

signal. For oscilloscope testing, it is very

pleasant to be able to delay the highest

frequency (the v.f.0.): it would take a sto-

rage oscilloscope or one with dual timebase

‘to display 10 Hz signals with small delays.

‘The end of the counting, take over and

reset and start can now be the same for all

counters, which keeps matters simple. The

last question to resolve is, with a 5 MHz

v.f.0., over what period must the delays be

extended and how many counting systems

are needed? In a practical system, with

cheap t.t.1. building blocks, there are only
two possibilities for building a delay line.

‘The first one to think of is a series of
‘monostable’ delays, SN 74121 being the
monostable block. A second way to
achieve delay is the use of the intrinsic
propagation delay of logic elements, the
standard inverter SN7404 giving, in pairs,

a delay of about 20 nanoseconds, according
to the data sheet, although measurement
shows the delay of n pairs often to be
shorter than n times 20ns. To get a maxi-
mum delay of at least one period of the 5

MHz, the delay line consists of a series
string of inverters with outputs every two
pairs, which takes six blocks, one more
being used to make sure the input to the
delay line has the appropriate switching
times.

Complete system

A block diagram of a complete system
gives Fig. 6. The v.f.o. frequency of
5,123,456.789 Hz is counted during 0.1
second in a modulo-four counter which is’
another way of saying that it contains,
when the counting is over, the remainder
of the division-by-four of the number of
input pulses. if the remainderisOor 1a 0
level is presented to the analogue weighing
network, a count of 2 or 3 producing a 1.
The nine counters get a 0.1 second gate
signal, the closing of the gates immediately
being followed by storing a 0 or 1 in the
flipflop, depending on the dominance of
the counts 0 and 1 (‘too low’ signal) or 2
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and 3 (‘too high’ signal). The integration
time constant is related to the repetition
rate of the measurements, which is ten per
second.

The stabilization points (the grid on the
tuning dial) have such frequency values
that the average remainder in the counters

wobbles between 1 and 2. The next grid
point is one cycle of the counters further,

“or four more counts. Four counts in one

tenth of a second means 40 in a second, so

the grid points have 40 Hz spacing: the

+0/+1 irregularities are not so well aver-
aged out as I had hoped. A litde calcu-
lation and comparison with other processes
where a random disturbance is reduced in
prominence by a form of averaging leads to
the unpleasant conclusion that these varia-
tions are reduced by VN, where N is the
number of counters. This is disappointing

‘and means that the nine counting systems

give only three-fold reduction in ‘random-
ness’.

This should be regarded as a by-product
of the process, the main advantage being
the faster response of the loop. In the
system of Fig. 6, drift of the oscillator
leads to all counters giving the same signal,

..g. ‘too high’, and this leads to a consis-

tent 1 in the buffer, which is something
different from the random 1 appearing
occasionally. Before examining this more
closely, it is necessary to remember that
the v.f.o. stabilizer is not perfect — not
only is the number of counters N very low,
but the delay-line sections do not have
equal delays. Then there is the question of
the length of the delay line: one feels by
intuition that the discrete length of the line

is important, and the same intuition tells

us that when N is really high, this discrete-
ness is not quite so important.

Another point to remember is the fact
that the ‘feel’ of the turning knob is so
much better, because of the improvement
in response speed, compared with a one-
second gate period. The ripple on the fre-
quency is probably as shown in Fig. 7 and
even a 3X improvement looks good.

o
0-1sec. gate time

Further development

At this stage of the experiments a set of
flipflops was in place, and for a reason I
cannot remember now these storage flip-
flops were reinserted between the counters

and the weighting network. Instead of the.

v.f.o0. a crystal oscillator was connected to

. the input and a digital-to-analogue

converter with a set of equal resistors feed-
ing an indicator in the form of a 50 pA
meter (Fig. 8). The frequency of this oscil-
lator can be varied slightly by varying the
supply voltage so, by breaking the line
controlling take-over of information at cer-
tain times by means of the switch and
changing the oscillator frequency by small
amounts, the effects of a drifting oscillator
can be seen on the meter. There is no
closed loop and we see just the informa-
tion-gathering part of the process.

The demonstration was set up without
thinking very much of it, but it became
apparent that this ‘analogue’ method of
adding the information from the counters
is very good; the occasional +0/+1 varia-
tion is much smaller than the swing of the
pointer when a small frequency shift
occurs, several counters responding in the
same direction. It really come down to the
fact that the limiting applied by the 709 in
Fig. 4 to the sum signal should be avoided.
What is needed is linear amplification,
which can be done with the left-hand part
of Fig. 4, the storage in the right-hand part
now being redundant. The control line to

the v.f.o. may not go negative, but little

d.c. amplification is required.

Some amplification can be_had before
the d-to-a conversion takes place by
providing a higher voltage difference be-
tween logic levels. The SN 7406 or discrete
transistors may be used, connected be-
tween the buffer flip-flops and the sum-
ming resistors. This was not tried, but
seems an easy way to get some gain when a
well-regulated supply of 20 V or more is
already available. This method gives well-
defined voltage levels for ‘high’ and ‘low’,
but the system is very tolerant of faults in

35

~



41

Fig. 11. Delaying clock (with gates) is easy but does not lead to anything useful.
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Fig. 12. Command pulses are derived with monostable delays. Exact value of gate time is

notimportant and any odd crystal may be used.
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the logic levels and even a distinct fault of-
one of the t.t.1. blocks feeding the resistors
must be more than 0.3 volt to become a
nuisance. (I know this very well as a user
of out-of-specification i.cs.)

Starting-up
There is a small problem to be solved in .

- connexion with the starting conditions: the
integrating capacitor should be charged to

the average value on the line and the loop
disconnected when starting up. The large
drift of the oscillator in the first minute or
so after the power is switched on is often
not due to the oscillator itself, the tran-
sistor taking only a few milliwatts, but to
settling down of the regulated power
supply, where more power is dissipated,
the threshold voltages being temperature-
dependent.

During the experiments, a push button
was used, as shown in Fig. 9, its contacts
connecting the capacitor to the slider of the
1 kQ preset potentiometer across the
power supply. The low impedance of the
potentiometer reduces the loop gain when
the button is pressed. When the voltage on
the slider is set to the average value of the
voltage on the capacitor the loop gain can
be adjusted with the impedance across the
button without undue frequency shift.
Further refinements like suppressing the
output of the v.f.o. during warm-up are
possible.

Delayed clock

The combination of Figs. 6 and 8 (shown
in Fig 10) work well. There is still the
feeling left, however, that the subject of
the parallel working counters should be
looked upon from another point of view.
This is stimulated by a remark made by
one of my friends that the number of pack-
ages is not very high, after all. Besides, a
v.f.0. with several frequency bands and a
long dial is always a fairly large part of any
telecommunications apparatus, and who
would object to the number of i.cs used ifa
better performance is obtained? So 1
started to trace the decisions made (and
reported here) and found a badly argued
one in the preference for a delay line con-
nected to the v.f.o. signal.

Knowing now it can be done that way, I
wondered if I could delay the clock with
equally good results. Schemes using a long
delay, like the one with the timing diagram
of Fig. 11, all seem to use more time with-
out any improvement in performance,
compared to that of Fig. 10. The idea
behind such schemes is that when the first
gate closes, some information about the
unknown frequency is available, this in-
formation getting improved every time a
gate closes. Here is still an opportunity for
thought and experiment as I can see no
practical way to achieve something useful
along these lines.

Clock oscillator

The clock used in the experiments consists
of a crystal oscillator, buffer amplifier and
pulse shaper, followed by a chain of coun-
ters. When experimenting with longer or
shorter gate times, complicated switching
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to get the command pulses at the right
times was avoided by taking the exact re--
petition frequency used from the divider in
question (e.g. 0.1 Hz, 0.2 Hz, 0.4 Hz,
etc.), and triggering a 74121 monostable
block with it. The time between monosta-
ble pulses is used as the gate time. A few
more monostables produce the command
pulses ‘take over’ and ‘reset’ as in Fig. 12.
The gate time is -now not exactly 0.1
second, etc., but this is unimportant. The
stability of the gate time is still good, as the
1us from the 74121 is only a small part of it

and a drift to 1.1 ps is unhkcly to happen
in a short time.

Further possibilities

Next to waiting for the proper integrated
circuit to appear on the market, containing
a large number of fast gates and counters,
the most straightforward approach would
be to use a number of nominally equal
crystals, as in the scheme of Fig. 13. This
is especially attractive in countries where
ex-second world war supplies are available
and cheap. Of course, very efficient decou-

pling and buffering is necessary to prevent
the oscillators from locking on to each
other. The v.c.o. frequency may be chosen
freely, taking into account the division
ratio N of the divider chain.

This should preferably be a power of 2,
providing symmetrical output waveforms
from all intermediate tap points. The
number of flip flops in the divider should
be such that the output frequency of the
divider is, say, 10 to 20 Hz. As outlined
before, there is no need for separate flip-
flops controlling the gates, this being done
just as easily with monostable circuits.

The use of 27 MHz crystals was not
_successful, these being probably less stable
‘than the surplus types, which were around
5 MHz. The lower oscillator frequency
makes the isolating problem less severe,
too. It is not necessary to make the fre-

quencies of the crystal oscillators very

nearly equal when the weighing network is
large, as it is here. Starting from a nominal
v.c.o0. frequency (e.g., the one that gives
exactly 0.1s gate time) it is easy to find out
what is the maximum allowable spread in

crystal frequencies, the limits being given
by the size of the counter. Obviously, one
requirement is that all counters overflow
the same number of times. as can be ex-
pected, a better alignment of the crystal
oscillators makes it possible to reduce the
number of resistors in the network.
Reducing the size of the counter from
‘modulo 16 or modulo 10 to modulo 4 or
even modulo 2 is worth thinking over, if
the v.c.0. is extremely good. Starting up
«and locking is going to be much more
troublesome; this makes other components
necessary (automatic loop gain reduction
when turning the v.c.o. wheel). With
modulo 2 counting no working system is
obtained, however, because in theory no
frequency difference is allowed that leads
to a zero in some counters and a one in the
others. In this case there is no discrimina-
tion between a higher and a lower v.c.o0.
frequency. For some frequencies, or grid
points, this is not true, a form of stabiliza-
tion is taking place near certain points of
the dial — more a drift reduction than true
stabilization N

Computing

Apple Interfacing, by J. G. Titus, D. G. Lar-
sen and C. A. Titus. 206 pp., paperback.
Prentice-Hall International, £7.65. ISBN 0-
672-21862-3.

Interface control signals between the Apple
I and external devices are thoroughly ex-
plained in theory and practice by the use of
experiments. A general-purpose bread-
board assists in circuit construction and
there is enough information to enable the
experimenter to build a printed-board type.
Only a nodding acquaintanceship with
digital electronics is assumed.

The Logic Design Of Computers, by M. P.
Chinitz. 413 pp., paperback. Prentice-Hall
International, £11.15. ISBN 0-000-218-006.
Neither hardware nor software are the pro-
vince of this book, but rather the logical
processes which are performed by the
former when instructed by the latter. A
short historical section and a piece on
number representation are followed by
chapters on programming and switching
theory. Logic elements are treated in
outline and the final chapter deals with
microprogramming.

The 6809 Companion, by M. James. 88 pp.,
paperback. Bernard Babani, £1.95. ISBN 0-
85934-077-5.

A discussion of the characteristics of the
6809 microprocessor from the pro-
grammer’s point of view. This is a small
book, but nonetheless a very useful contri-
bution. A slight drawback is that the text
was produced by a Centronics printer,
which is good for its purpose but not,
perhaps, for a book. .

16-bit Microprocessor User's Manual. 231
pp., paperback. Prentice-Hall International,
£11.20. ISBN 0-13-566695-3.

This is the third edition of what is effecti-
vely Motorola’s handbook for the MC68000
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series of microprocessors. Full information
on all aspects of instruction, signal and bus
operation and memory management are
provided, with all characteristics.

The Explorer's Guide to the ZX81, by M.
Lord. 120 pp., paperback. Timedata, £4.95.

In the words of the author, this “‘attempts
to carry the reader on from where the ZX
81 manual leaves off”’. There is no intro-
duction to Basic or the ZX81, although the
first chapter does provide some program-
ming aids which help to use the limited
r.a.m. available more economically. A
number of games are included as illustra-
tions of techniques. There is a chapter on
machine language, which is included to
help the inexperienced, and the final sec-
tion deals with practical matters, such as
loading from cassettes and connecting a
monitor. Timedata Ltd, 57 Swallowdale,
Essex SS155BZ.

Analogue design

Analog Instrumentation Fundamentals, by
V. F. Leonard, jr. 318 pp., paperback. Pren-
tice-Hall International, £13.95. ISBN 0-672-
21835-6.

Anyone looking for an explanation of the
principles of a.c. and d.c. pointer-type in-
struments, bridges, transducers, RC filters
and attenuators will probably find this
book useful. Those needing practical help
will not find it here since, as the title clearly
states, these are fundamentals, which are
attractively treated in a readable style.

Applications and Design with Analog Cir-
cuits, by J. M. Jacob. 498 pp., hardback.
Prentice-Hail International, £22.45. ISBN 0-
8359-0245-5.

Essentially practical design information on
the use of operational amplifiers in most of
their relevant roles, including power
supplies, active filters and non-linear cir-
cuits. Although written for engineering de-
gree students, the treatment is such that
less advanced readers will find it accessi-
ble.

Operational Amplifiers and Linear Inte-
grated Circuits, by R. F. Coughlin and F. F.
Driscoll. 376 pp., hardback. Prentice-Hall
International, £16.45. ISBN 0-13-637785-8.
Written at a slightly less advanced level
than the previous book, this is even more
practical and a little wider in scope. It is
intended for a one year course, all the cir-
cuits described having been tested. Stu-
dents not specializing in electronics will
find the book helpful and the practical ap-
proach is ideal for amateurs.

Radio frequencies

Introduction to Radio Frequency Design,
by W. H. Hayward, 383 pp., hardback. Pren-
tice-Hall International, £20.95. ISBN 0-13-
494021-0.

Students and amateur electronics engi-
neers commonly find their way into
electronics by way of digital circuitry and
components, r.f. design being well in the
background. This is an attempt to do for r.f.
what thousands of texts at this level do for
digital design. It is practical, with many
examples, mathematics up to about A level
being used. A working knowledge of
simple circuit theory is needed to make full
use of the book. All the components of a
modern receiver are described -in detail,
including a chapter on transmission lines
and the Smith chart.

H. F. Antennas for All Locations, by L. A.
Moxon, G6XN. 260 pp., hardback, RSG1.
£5.00. (£6.67 by post, from RSGB, 35
Doughty Street, London WC1N 2AE. ISBN
0-900612-57-6.

This is a remarkably helpful book, which
deals with a subject often regarded as be-
ing akin to black magic, in a throrougly
practlcal manner. That is not to say that
theory is neglected — it is not — but it is
kept in its place. The author has been well
served by his publishers, who have turned
out a well-produced book at an extremely
low price — well under half the price of
many technical paperbacks of half the size.
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CLASS 'S’

A novel approach to amplifierdistortion

If the load presented to the voltage amplifier by the power output stage appears very high,
crossover distortion can be reduced and the voltage amplifier is much easier to design.

A basic cause of distortion in power ampli-
fiers is quite simply that they have to drive
loads, something which is clearly seen in
Fig. 1 (b), when the higher resistance load’
of 2.4} can have 25 volts of swing gener-
ated across it whilst the low resistance load
of 0.8Q) can have only +10 volts across it
before it limits. Another way of looking at
the situation is to try and generate +25
volts across the 0.8} resistor, when severe
distortion in the form of limiting will
occur. In other words, it is much easier to
drive a high-resistance load than a low-re-
sistance one.

The object of Class ‘S’ is to perform the
task of making a low-resistance or im-
pedance load appear to the voltage ampli-
fier as a high, ideally infinite impedance.

Basic configuration

Let V, (Fig. 2) represent the voltage out-
put of the voltage amplifier and Iy the

Vs

Ru

p——0 Vs

Ip(Amps)

Vs

(a)

by A.M. Sandman,
M.Phil.(London),M.LE.R.E.

output of the subsidiary current amplifier
which also provides load power. R is a
small resistor which develops a voltage V,
proportional to the load current Iy .Ry is
the load resistance.

If Vp is used to make the subsidiary
amplifier develop a current Iy as close in
value to Iy, as possible then Iy —I;=0 and
Z;, will tend to infinity.

This is the simple idea behind a whole
family of circuits, one of which will now be
described.

Basic circuit ,

This consists, as seen in Fig. 3, of a voltage
amplifier, comprising a standard opera-
tional amplifier with feedback (A;,R;,R;)

10 20 30 40 50
Vs (Volts)
{b)

Fig. 1. In the basic voltage-amplifier stage, a high-resistance load provides a larger swing

with less distortion.
1,-1/=0 ) I/
Vi
Zy= oo t
Ry Vi
Vo ‘
~ e
Ry
Main voltage Current
amplifier 717) amplifier

Fig. 2. If the current from the current
amplifier equals that into the load R, the
voltage amplifier sees an infinite
impedance. Voltage Vy, controls the
current amplifier.
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Fig. 3. Basic circuit of Class A amplifier. Az
is current amplifier.

60,

and a voltage-controlled, high-impedance-
output current amplifier (A, with its asso-
ciated bridge of Ry, Riw's Rg, Rg).

As the non-inverting (+) and inverting
(=) inputs to A; are virtually at the same
potential, irrespective of what this poten-
tial is (a basic property of operational am-
plifiers), it follows that the bridge must be
in balance and that, ideally, since It = I,
A sees an infinite load.

Demonstration circuit

The circuit of Fig. 4 works on the prin-
ciple of the basic circuit, with the addition
of a complementary push-pull pair at the
output (Trj, Tr;) to provide more current
than the second 741 and its voltage fol-
lower Tr3 is a capable of.

During the crossover region time when,
say, Tr; stops conducting and Tr; has not
yet started to conduct, Tr; provides the
output voltage and the impedance it sees

The author
Mr Sandman was born in 1933 of Jew-
ish parents and almost become a tailor!
After gaining City and Guilds Full
Technological Certificate in 1957, he ob-
tained his M.Phil. degree from London
University in 1978.

Many years ago, he published a
scheme for automating the railways as
part of a scheme for road traffic auto-
mation — he tells us that his chief plea-
sure lies in the invention of new
schemes such as a bandwidth compres-
sion system, currently in the pipeline,
and "“Error Take Off,” a method of re-
ducing amplifier distortion published in
Wireless World in October 1974.

A deeply held, though hardly novel,
belief is that we shall never resolve our
problems as a country until, we pay our
engineers about twice as much as we
do now. .
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drops from, ideally, infinity to 122Q.
However, this is only for a small excursion
voltage and current and so Trs can easily
handle it. What is more important is that
when the transition is completed, the im-
pedance seen switches from low to high
impedance, which will produce a voltage
spike at the output.

However, this spike is of very low am-
plitude due to the low output impedance of
the first 741 and its voltage follower and,
more to the point, at least one other class
‘S’ circuit, which will not be described at
this time, exists in which this minor prob-
lem does not occur to a measurable degree.

Resistor R; may be taken to the junction
of the 22Q), 100Q and 6.2k(} resistors, so
reducing the output impedance to zero.

The crossover distortion of A;, Tr;, Try
(W1) has a very small effect on the output
(W2) and this effect (W3) is less than 6mV’
(spike voltage) at the virtual earth of A,
corresponding to 12mV at the output
(allowing for attentuation by the two 10kQ
resistors). That is 12mV in 24V p-p, or
0.05%.

~ Circuit analysis

Referring to Fig. 3,

r_ AZ -
Vu ‘VM<1+A26) V

where =

_Re
Rg+Rg"

whence Vy'=Vy — 11

b(xp)

R
But V=V (ﬁ) >

R
therefore I;'=Vy (ﬁ)

1 | \&o)
1 Ru'/"
I+

ﬁ( Azﬁ) :

-V

Now IL—m

Vo
and Rm—IL__ILr

‘whence Rip=

Rm+Rp

- (rer) ﬁ<1:;\12_ﬁ !

@

Approximations
Ap>1

(.
Rg+Rg"
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Let Rg=Rg’ and Ry=Ry’
Ru+Re

whence Riz= » .G)
’ 1
S )
! —_——
/2<1 Az)
Therefore Ry, z_Aﬁ%iR_L) @

from (3), and applying Binomial Theorem.
Ay>®
RmRg'=Rm'Rg (5
Rin"' ‘ RM + RL

- wlm

Ru+Rp
whence Ri“:—RA;R—GT’

1-—___.._.
Rm'Rg

Rin—) oo

from (2),

therefore
Ay
Rg=Rg'(1+4)
Ry=Ry'(1+p)
whence, from (1) and (2),

. Rut+Rp
(SR )
Rm'RG'(1+A)

Rin=

and thus, by binomial approximation,

+R
R ©)

which, for A=-p=0.01 (1% resistors),
gives R;; =~ (Ry+Rp)0.02=50 (Ryy+Rp),
‘so that for Ry + Rp.=8+1=9Q, the load
appears as 450Q) to A;. The formulae (4)
(5) and (6) are useful as initial design
guides, but the full formula (2) should be
used for the final calculations.

The circuit is a stable one and has the
great advantage of dealing with the prob-
lem of crossover distortion whilst not
needing any setting-up, even though a
class B amplifier is employed in the sub-

Fig. 5. Waveforms in circuit of Fig. 4. Top
shows crossover distortion at output of
driver stage, middle picture showing that
output of current amplifier is clear. Bottom
trace shows small spike at input of voltage
amplifier caused by both output transistors
coming back into conduction after being
cut off during crossover.

sidiary amplifier. It is also insensitive to
the effects of temperature, specimen and
ageing variations on cross-over perform-
ance, unlike the standard class B amplifier.
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TOUCH-SENSITIVE
V.D.U.

I read with interest News of the Month, Wireless
World, p.69, July 1982, to be informed that
Tony Booth and his engineering staff of British
Telecom, London, have ‘invented the system’
called City Business System, described as a
v.d.u. terminal with a touch-sensitive screen,
the senitivity being obtained using a matrix of
infra-red beams which can sense which part of
the screen is being touched.

Worthy of note as this may be, I feel I should
bring to your attention that an identical system
to that described was designed and built
(invented?) by myself as part of a computer-
controlled system on a large research particle
accelerator called Nimrod back in 1971, and was
in use until the machine shut down in 1978.

A report containing sufficient information to
make such a device was available to anyone,
price 20p., from HMSO or through any good
bookseller entitled: ’

A Transparent Touch-Screen Device for In-
teractive Computer-Graphic Displays.
R.H.E.L./R 248 1972. .

Sorry, it’s all been done before.

E. M. Mott

Rutherford and Appleton
‘Didcot Laboratories
Oxfordshire

LAWS OF MOTION

Mr Frost (July ‘Letters’) should consider the
difference between science and poetic imagi-
nation. The views of Lucretius were unsup-
ported by experiment, not open to test by others,
(there being in any case no instruments about at
the time to test them with) and, as matters of
‘opinion, have in fact about the same scientific
status as the views of flying saucer nuts; perhaps
less. If Mr Frost will read Aristotle he will
rapidly realise that sloppy theorizing is sloppy
even when 2,000 years old, and that good
science is good even when five hundred years
older still. .

I suggest that the briefest survey of human
history shows up the truth that an idea may be
said to have arrived when the engineers stop
using rule of thumb and apply mathematics.
Cannon had been around for hundreds of years
before Newton, demonstrating all three of his
laws with classical elegance. The ballistics ex-
perts had it all in front of them but missed it.
Newton didn’t. Newton was a genius. Even so,
he needed an intellectual climate in which to
function; Galileo, perhaps the greater scientist,
just missed it.
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Newton’s great work is called the Mathemati-

cal Principles of Natural Philosophy, and that is
the indicator of his achievement; he synthesized

the known physical world in mathematical

terms. It may be that the central problem of
I modern physics is either that 1) we are thinking
Iabout everything all wrong, or 2) the right
maths has not yet come along, or 3) the right
maths is available but lying about unnoticed.

For Mr R. G. Young, however, the rot has.

already set in. He doubts Special Relativity be-
cause he thinks of electrons as peas in a drain-
pipe bouncing around at c. Peas aren’t charged,
electrons are.

M. D. Bacon

New Milton

Hants

DESIGN EXHIBITION

1 have been asked to help organize an exhibition-

of ‘Design Since 1945°, and as one of the ex-
hibits, I require a 1948 Ekco P63 ‘Princess’
personal portable valve radio in green plastic
case. I wonder if any of your readers could
perhaps help me to locate one of these radios.
Gordon Bussey,

64 Pampisford Road,

Purley,

Surrey.

LEAKY FEEDER RADIO
SYSTEMS

I have read with interest the recent articles on
underground radio systems by my former col-
league, Dr David Martin.

Whilst I am in general agreement with most
of his paper, I feel that it would be desirable to
clarify the position of the National Coal Board.

There are about 130 leaky feeder radio
systems installed underground, the majority of
which are of the daisy-chain type. This tech-
nique, which requires separated transmitter and
receiver, and which makes spurs difficult to
achieve is now considered obsolescent. Over the
past few years, experimental installations have
been made of a number of alternatives, includ-
ing the BDR system (one installation) the back-.
i.f. system (one installation) and the forward-
drive system (two installations). The two-way
repeater is, however, now being installed rou-
tinely, and there are currently 15 installations of
this type operating successfully underground,
the largest being at Easington Colliery with a
total length of about 10 km. The repeaters-used
are more expensive than comparable unidirec-
tional repeaters, but the difference does not
significantly effect total system costs; and their
performance is entirely adequate even in terms
of cumulative noise and intermodulation distor-
tion for any NCB requirement expected over the
next few years. In addition, the technique is
conceptually simple and needs only two types of
line module; a normal repeater, and a splitting
repeater at each branch point.

In the medium term (say 5 to 10 years) un-

derground mobile communications systems may

need to provide additional services such as high
speed data or vision signals. Such requirements

would involve considerable changes to our cur-
rent systems, which fully meet present needs. It
is our intention to embark on further de-
velopment as future needs become clearer.

R. J. Parsons,

Head of Communication

Applications Group,

National Coal Board.

3D TELEVISION

The publication of your article on 3D tv, fol-
lowing the ‘Real World’ programme on TVS on
May 4th prompts me to write and reiterate that
this country could have had 3D tv 30 years ago,
without the need for colour spectacles.

You published a letter of mine on the subject
some three years ago when I mentioned that my
father (the late Granville Bradshaw who, though
designing in many fields, was better known in
that of the internal-combustion engine,
examples of which are to be seen in the Science
and other museums) had developed in the 1930s
a system of 3D photography, which was widely-
used in advertising displays.

With this system in mind I designed for him a
system for television. Both the BBC and the
ITA were extremely interested but had to admit
in the end that they had no brief to proceed with
3D, let alone the money with which to experi-
ment.

The result — another British invention stifled
at birth for being, so it would now appear, at
least 30 years ahead of its time.

Geoffrey Bradshaw
Leatherhead
Surrey

INTENTIONAL LOGIC
SYMBOLS

Referring to the latest Letter (July ’82), why
keep bickering about old BS symbols, now de-
funct or otherwise unknown this side of the
Channel? There exists a set of ANSI/IEEE/IEC
approved logic symbols, that provides
throughout diversification, ease of drawing (no
circles, no bows) and intentionality if one
wishes. Please refer to e.g. the 1981 Supplement
to The TTL Data Book by Texas Instruments
(2nd edition), pp. 318/343.

Of course, in a manufacturer’s handbook, all
of the functions provided should be fully docu-
mented, so the schematics look a bit weird. But
practice shows that a little pruning here and
there yields drawings that are very intentional
indeed, and easy to read.

Ing. J. Eyckmans
St.-Truiden,
Belgium.

S-100 BUSES

Do you know if anyone has made a comparison
chart between the various S100 computers in
terms of the bus definition? Some of the early
‘8100’ equipment differs with that designed
after the specification was finalised. Can your
readers help?

S. B. Hayes,

Toltec Computer,

Cambridge.
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IT'LLDO — OR WILLIT?

I am involved in various aspects of electronics
‘including design, application, trouble-shooting,
- repair and construction. Like many people who
have a general knowledge of the subject, I have
an appreciation of the principles of each aspect
‘and a respect for experts in each field. Some of
my spare time is given to private repair work,
tv, calculators, electronic musical instruments,
hi-fi, etc, so that I consider myself not inexpe-
rienced in the area of consumer electronics.
Recently I completed two jobs that provided
real food for thought.
The first was a Goodman’s ‘One-Ten’ tuner
amplifier, which sports a very elaborate power

amplifier with several transistor stages in d.c.’

- connection. Only the output pair proved to be
y cause was the fuse-

Eholders, one of which had become hxgh resis-
.tance, due to oxidation. This is not incompar-

‘able to a safety belt causing a car crash.

The other job involved a Ferguson (Thorn)
‘Revolver’ radio/cassette player, given as a
Christmas present only six months ago. This
had become erratic and finally stopped alto-
gether. The problem was simply traced to the
amplifier power switch, which had simply burnt
itself out. The machine boasts a very large
power-output stage requiring (I calculate) about
‘an amp. of current, but this was switched by a
-small-signal switch just not up to the job.

These exemplify the Great British “It’ll do”
attitude that has made Japan what it is today.
While years of soak testing are clearly not feas-
ible for such products, only a little more care
would result in machines as dependable as the
valve radios of the ’SOs that I still use, and
worthy of the remarkable development that has
gone into the i.cs that are put into products of
amateurish design.

Mike Feeney
North Gosforth
Newcastle-upon-Tyne

Presumably Mr Feeney is aware that depending
upon environment, possible mis-use of equip-
ment and any number of other variable factors,
it is possible for oxidation to occur in similar
situations which have nothing to do with “ama-
teurish design”. This is the only such case that
we have been ' made aware of on this product and
many thousands are still in operation, providing
excellent performances to their very satisfied

users.
I would further point out that the last One-

Ten tuner/amplifier was manufactured some

eight years ago.

T. E. W. Bennett

Goodmans Loudspeakers Ltd

I have total sympathy with the point that Mr
Feeney is making. The recent sad contraction of
the British consumer electronics industry is gen-
erally acknowledged as having been consider-
ably influenced by lack of attention to quality
matters. By the same token I believe it is also
widely acknowledged that Ferguson were one of
the first to read the signs and, later with their
‘Queen’s Award for Technological Achieve-
ment’, were one of the more successful in re-
versing the trend. At least we are still here to
respond to his letter!
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Having said this, I do not feel that Mr Feeney
illustrates his case well. The Goodmans unit to
which he refers was engineered by one of the
country’s leading hi-fi designers of the period,
the late Frank Rodwell, no less than 12 years
ago. Perhaps more significantly the last ones
were actually made about 8 years ago. If cor-
roded fuse holders were a general fault on these
models, then it would worry me more, but they
are not, and I am sure that there must be many
reasons apart from intrinsic bad quality why
isolated cases of contamination xmght emerge
over so long a period.

The ‘Revolver’ falls into an entirely different
category. This is an o.e.m. product sourced for
Ferguson by a leading Japanese-owned manu-
facturer. This is not to say that we divorce
ourselves from its technical standards; quite the
reverse, and as it happens power and switch
areas always get particular scrutiny for safety
reasons apart from anything else.

It is quite impossible to judge the rating of a
switch merely by looking at it. Approval speci-
fications run to many pages, and tests take
hundreds of hours to conduct over tens of thou-
sands of cycles of operation. A switch handling
an amp. or so on low voltage in a small audio
product would very likely be lighter in appear-
ance than a television mains component which
could be rated at over 100 A surge; but it should
not be condemned for it.

This failure may well be a symptom of Far

‘Eastern manufacturers having chinks in their

armour too!

D. R. Topping

Director of Engineering
Thorn EMI Ferguson Ltd.

THEORIES AND
MIRACLES

My initial reaction to the article by Dr Murray
in the June issue of Wireless World was “Why all
the fuss?’. All scientific theories can be shown to
generate anomalies if pushed far enough, indeed
one would be suspicious of one that did not.
Anomalies are not the catastrophe that Dr Mur-
ray seems to think, they serve only to indicate
the limits of present theories and are therefore
the starting point for the next development. Dr
Murray also attacks ‘pragmatism’ in science; as
I shall show below it is the only measure, of
which we can be certain, that can be applied to a
scientific theory.

Dr Murray seems to believe that there is an
absolute truth or ultimate scientific theory to-
wards which we should be moving, that we can
measure our theories against the real world, and
so improve and up-grade them, that one day we
will achieve this absolute truth. In this he is
sadly mistaken, for two reasons. Firstly in
testing our current theories we must observe the
world, and in doing so we must also accept as
true other theories that explain the operation of
our observing apparatus (including the physical
bases of our own sense organs), and those theo-
ries may in turn depend on the truth of other
theories, including in some cases, the theory we
are testing. Secondly (and much more funda-
mentally) not only must we observe via our
senses (and other apparatus) but we must also
interpret what we observe, and these interpreta-
tions are, at base, limited by our human psycho-

logy, we are, as it were, bounded by our
humaness. We can never observe the world
directly, but only a human version of it.

There is nothing we can do about this limi-
tation, no advance in our observing apparatus
can affect it. Any interpretation we care to put
on our observations, no matter how obtained,
must be human centred, but there will always
be the possibility that the same observations
could be interpreted by a non-human thinking
entity in another but equally valid way. Even if
we extend our mental capacities by building
artificial or machine intelligences that can in-
terpret observations of the world in other ways,
they could not explain what they perceived
directly to us without translating it into human
terms.

Dr Murray may have, if he wishes, his belief
in the simple truths of nature, but as I have
‘shown above, they are (and must always be)
‘limited and biased truths.

John W. T. Smith
‘Hatfield
Herts

RF RADIATION
HAZARDS

I read with interest the two articles referring to
r.f. radiation hazards; the first, WW, October
1981, page 42 and the more recent article WW,
April 1982, page 58.

There are, in Australia, many hundreds of
small craft fitted with microwave radar. The
majority would be professional fishing boats.
However, privately owned pleasure craft are
being equipped in increasing numbers. Many of
the installations that I have seen have been
installed with the rotating antenna barely above
the head of the helmsman. This applies in parti-
cular to those vessels which have a fly bridge
above the main super-structure.

I would be interested to know if any of your
readers have observed, or have knowledge of,
any adverse effects resulting from exposure to
micro-wave radiation in the situation outlined
above.

John Allan, VKSUL
Ovingham
South Australia

NIKOLA TESLA

Nikola Tesla is a fascinating subject for study
and I join with Desmond Thackeray (May ‘Let-
ters’) in the toast “Tesla Lives!”. But surely the
centennial for Tesla was in 1956 and wasn’t the
Tesla Society formed for the celebration?

As for Tesla’s claim to having invented wire-
less telegraphy, his patent 645,576 was upheld
by the US Supreme Court against the claims of
the Marconi Wireless Telegraph Company of
America on June 21st 1943. Ironically, Tesla
had died in January of that year.

A factual account of what Tesla accom-
plished, particularly towards the wireless trans-
mission of power would make most interesting
reading; may we hope for an article along these
lines?

Martin W. Berner 9Y4TAM
Trinidad, W.1.
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COST EFFECTIVE
IGNITION

Far from being criticised (Letters, June), Mr
Cooper is to be congratulated on producing a
design for electronic ignition using components
that can be obtained by the home constructor.

Wireless World has never claimed to be a mag-
azine merely catering for the amateur construc-
tor and in the course of demonstration the latest
technology has, quite rightly, published circuits
using components not generally available, and
requiring alignment equipment found in only
the privileged laboratories.

However, certain designs are still clearly in-
tended to be built even though articles with the
constructional detail of, for example, the
Dinsdale high-quality audio amplifier of
January/February 1965 are no longer published.
Designers should therefore consider carefully

whether any component they are fortunate -

enough to have available may not be available to
the majority of readers.

Before quoting past numbers, Mr Pickavance
should consider the attitude of many firms, and
perhaps also his, to requests from private indi-
viduals for the less-common components in
small quantities.

C. G. Gardiner
Chelmsford
Essex

I have read Mr Cooper’s article on electronic
ignition in March Wireless World and wonder if 1
might be permitted to summarize my own ex-
periences and views on alternative ignition
systems? )

If the cause of bad starting is not in the igni-
tion system but, say, in the fuel supply, as it
often is, no alternative form of ignition system
will help. Unless you want to be able to start
your car with a nearly flat battery, I do not think

changing the ignition system will help. It is not.

in starting the car that the failings of the Ketter-
ing system have most effect.

As Mr Cooper points out, if your engine only
has a 6,000-6,500 r.p.m. maximum (as most
have), there is nothing the Kettering system
can’t achieve if kept in good order.

I have used many different systems for many
years but have never really noticed any signifi-
cantly better fuel consumption. I have not made
any detailed tests but over say a tank full, no
change is noticeable. I would love to think that
better consumption resulted — it is a tangible
and worthwhile benefit in these days of high
fuel costs — but I have grave doubts whether it
exists.

In their freedom from maintenance, alterna-
tive systems can, I think, produce benefits. The
first task is to relieve the contact breaker of the
high current demanded by the Kettering
system. Contrary to Mr Cooper’s opinion, I
believe this alone is worthwhile. If the system
chosen also obviates adjustment of the dwell
angle, so much the better. This leaves any resi-
dual mechanical weaknesses of the ordinary
contact breaker. These do not manifest them-

selves under say 7,000 r.p.m. — probably more-

— save for wear. The contacts may not wear but
the fibre block on the cam can and does and this
wear is not compensated for by contact wear.
The contact gap may not be important in alter-
native systems but there must be one! Do alter-
native systems affect the plugs? Those which
produce more energy in the spark (i.e. C.D.
systems) do but only in the sense that the plugs

will go on working long after they would misfire
with the Kettering system. I have never noticed
any reduced wear and it would be interesting if
Mr Cooper could elaborate on the short
paragraph in his article on this aspect (what is an
electronic spark?) I have noticed that wide gaps
(up to 60-70 thou) still work and so do sooted
plugs — due, I have always assumed, to the
greater energy available with C.D. Incidentally,
has anyone noticed smoother running at
minimum throttle openings just to maintain
speed, with wide plug gaps?

On the subject of current consumption, does
it really matter (within limits) how much cur-
rent the ignition system uses unless you are in
the habit of leaving it on without the engine
running?

C. E. H. Benson
Market Drayton
Shropshire

I had to abandon any idea of constructing Wat-
kinson’s Opto-electronic contact breaker (WW,
April 1981) simply because I was unable to
obtain the i.c. specified through normal retail
channels. In the light of Rod Cooper’s remarks
about using readily available components con-
tained in your letter in the June issue, I ap-
proached the construction of his ignition system
with more hope. Alas, I have come up against
the same problem of supply in respect of the
Mullard FX 3720 ferrite power transformer.

Of two main stockists tried, Phillips and Mar-
shalls, the former would only supply for their
own equipments, and the latter, whom I rang,
said they did not stock the item! So far as I can
see none of the usual suppliers who advertise in
WW and elsewhere stocks the FX 3720, and I
am beginning to suspect that it is again one of
those desirable components available only to
industrial users and electronic engineers
through privileged channels of supply.

As to the circuit itself, this seems to have
suffered somewhat in the reproduction process
for publication and I would appreciate your help
in my difficulties of intepretation. You will have
noticed that D;, unlike Dj.g, has not been
specified. This may be a misprint for a 3A fuse,
or possibly a decoupling capacitor. The capaci-
tor values in the multivibrator have been
omitted. Perhaps Mr Cooper would confirm
that 1%.W resistors were intended throughout
the circuit.

-J. E. Stevenson,
Purley, Surrey.

The author replies:

I agree with Mr Stevenson’s comments about
components for construction articles: such com-
ponents should be available through accessible
supply channels and not just to professionals,
but it’s a fact that some of the most interesting
items remain relatively obscure because they are
only available via the privileged channels, which
I think is a pity. It needs a change of heart on
the part of certain British component suppliers
and manufacturers to alter this situation.

However, this is not the case with the

FX3720, which is a Mullard ferrite available
through their stockists. My local Mullard
stockist is Hawnt Electronics Ltd., Firswood
Road, Garretts Green, Birmingham B33 0QT,
and they will be pleased to supply this ferrite,

which they stock in depth. The FX3720 is 44p'

per piece (you need two pieces to make a trans-
former) and the bobbin DT2723 to suit is 35p.

This firm has a minimum charge of £2, which.

should cover a transformer, bobbin, v.a.t. and
postage.’ :

There is a world of difference between the
non-availability of silicon diodes as discussed in
the WW ‘Letters’ column and the limited availa-
bility of a more specialized component through
manufacturers’ selected agents, such as Hawnt
Electronics. Unfortunately it is all too easy for
an author to slant his constructional project
towards the professional supply channel without
realising it. In this case, I checked that the
FX3720 was available without spotting that
there might be a problem for people like Mr
Stevenson who may not know the supply chan-
nel.

Regarding the other comments, corrections
appeared in the August issue. As for resistors, I
did not give wattage ratings for resistors because
I think most readers of WW will sce at a glance
what is needed; it is quite easy to use the for-
mula VH/R and then make an allowance for
ambient temperature and duty cycle. My view is
that a constructional project should not be a
cookery-book type recipe to be followed
blindly, but should involve at least a little
thought by the constructor about what he is.
doing. In the same vein, I hope you will read
about r.f. suppression before winding a trans-
former, as suggested in the article.

The 3 A rectifier diode, Dy, was not specified
because it is non-critical; its only function is to
provide reverse-polarity protection and it can be
by-passed with a shorting link once the unit is
installed and working correctly.

POOR DEAL FOR
AMATEUR RADIO

I feel I must reply to G3DRN’s letter criticising
my own letter ‘A poor deal for amateur radio’.
Like him, I shall endeavour to answer and com-
ment on his ‘points’ in turn.

Firstly, his ‘All Fools’ comment — Is this the
best he can manage? Likewise, his claims to
impartiality can be dismissed with little (or bet-
ter still) no comment.

As a member of the RSGB (fighting from
within) I feel that I have every right to question
its actions and expect a reply. As regards my
claims to speak for many others, for three even-
ings after the publication of my first letter I was
inundated with ’phone calls agreeing with my
comments, including four suggestions that I
should stand for a Regional Rep. post.

His comments on the RSGB’s neutrality are
no more valid to me than mine are to him. As I
see the facts, the RSGB is an anti-c.b.; they will
got even allow the advertising of c.b. sets in Rad

om.

The fact that 70 MHz is a national allocation
is hardly relevant to the morse argument — and
what about 28 MHz? I acknowledge the intro-
duction of the new u.h.f. bands and one of the
new h.f. bands. With regard to the American
case, G3DRN is comparing bad with worse —
never a good defence. Remember, the Ameri-
cans have 220MHz and 50 MHz, easy repeater
licencing, sel. call, third-person message rights
etc., etc.

His analogy of *phone abuse and repeaters is
quite amusing. We, as a society, have come to
need ’phones: we do not need repeaters, nice as
some of them are.

His comments on the RAE, in general rein-
force my own. However, his attack on my
standing as a licenced amateur is quite unjusti-
fied. Firstly, my RAE was obtainable under the.
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old system and I am an engineer by profession.
Many A licencees (possibly G3DRN included)
never took the RAE, which was introduced in
about 1947. Any person who held an experi-
mental licence before the war (as G3DRN said
he did) was exempted from the RAE. His
contention that morse makes you a better
operator defies comment — the first ‘Squeaky’
on GB3LO was a G3. Japan has no morse test
and- few would disagree that the Japanese are
impeccable operators.

Amateur radio is a technical hobby and a
statement implying this is included in the
licence. I do not say that amateurs must build
their own equipment, but I do believe they
should take a serious interest in how it works.
The RAE (even now) does not include p.1.1s
and it certainly did not in 1947. In my view,
some amateurs have their licences under false
pretences.

I do not deny that the RSGB is strong and
vigilant, but I also believe it does not pursue the
interests of the majority of amateurs, just the
select few who run it. His ‘wood and trees’
comment — well soon, if not already, the
majority of amateurs in this country will be B
licencees, many of them discontented. Soon, the
new trees will outnumber the old.

B. Reay, B.Sc., GRBOSN
Woolwich
London S.E.18

From recently published letters it would seem
that a number of RSGB members are becoming
sufficiently frustrated with the Society to con-
sider recording their dissatisfaction elsewhere,
in journals unaffected by RSGB inertia. Surely
the Society’s behaviour has been at its most
astonishing, but probably most revealing, over
the lamentable, and inexcusable radio regula-
tions farce. One might have expected that the
Society journal, Radio Communication, would
have been filled with expressions of digust that
the Home Office should perpetrate such a
blunder. Many a society in such circumstances
would demand that heads should roll. However,
in the pages of “Rad Com” there was not to be
found the gentlest rebuke; instead they were
filled with much mutual back slapping and an
account of the splendid way the Society machine
sprang into action, to rectify the faults of the
Home Office. One might well ask why a society
watching over the interests of its membership
was not making itself involved with production
of regulations from the outset. The Society gives
the impression of a lackey who fears to offend
his master.

The Society seems constantly to proselytize
for new members, stressing the great benefit
membership will confer. The new RAE is
producing vast numbers of amateurs, but since
most will continue to operate on v.h.f. they will,
in general, find little use for a QSL card bureau.
Moreover, the majority may be expected to use
“black boxes” and would make little use of the
constructional projects found in Rad Com, In its
present form it would seem that the Society will
be seen by new amateurs as benefitting them
only by producing a journal containing a few
advertisements, which could probably be found
elsewhere.

We are told that a country gets the govern-
ment it deserves. It certainly looks as if the
Radio Society of Great Britain has got the Gov-
ernment Department it deserves.

Peter Naish
Reading
Buckinghamshire
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THE RIGHT FORMULA

Two points of information. First, regarding Mr
Young’s letter in the July issue “The Right
Formula”, the super-luminal velocities he
mentions in astronomical objects are adequately
explained as illusions created by high-energy

beam phenomena (see, for example, Scientific

‘American June 1982).

Secondly, having consulted several diction-
aries of a range of authorship, even one dating
back to 1932 (Nuttall’s Popular Dictionary of
the English Language), I find that every one
gives the pronunciation of “patent” as being
acceptable with either long or short “a”. I object
to Mr Fox’s tone in his article in the same issue
and will continue to pronounce “patent’” similar
to “latent™.

K. Wood,
Ipswich,
Suffolk

Ronald G. Young of Peacehaven asks in his July
1982 Letter to you “How come wires don’t
weigh heavier when current flows?”’ In
Einstein’s Special Theory of Relativity one of
the end results is that mass is energy, gravity is
acceleration and time is space. Units of mass
and units of energy are therefore related and it
comes about that 1 gram is 9 x 10%° ergs.

Now, if one passes 1 amp through a wire of
resistance 1 ohm with a potential difference of 1
volt the energy rcguired to do so is 1 watt,
which is equal tq 10 ergs per second.

According to physicists, 1 gram is equivalent
to 9 x 10% ergs. Now 107 ergs are expanded by
6.2 x 10'® electrons per second and this corre-
sponds to a mass of 1.1 x 10* grams per second.
The confusion between mass, amps and ergs lies
in their “Relativity” and different frames of
reference perhaps. One may’ measure the
distance of a star from earth in feet, miles,
seconds or light years or even angles. Mass is a
measure of resistance to a change of velocity.

O. B. Balean,
‘Chatham,
Kent

113

In July, R. G. Young wrote, . . all such
‘theories’ [e.g. Theory C, WW Dec. 1980] are
purely human artifacts, designed to make
predictions of the way things work!”

Young is describing the reigning philosophy
in science today, called “instrumentalism” by
Karl Popper, see “Conjectures and Refuta-
tions”’, RKP, 1963, p100. As Popper says on
page 101, instrumentalism is used in a defensive
mood — to rescue the existing theory. The
instrumentalist view is that the winning theory
is the theory which has produced practical re-
sults, and that since there is no such thing as
absolute truth (which last remark is held to be
absolutely true!), we should not modify our
theories if they are serving well enough.

The flaw in the instrumentalist argument is
that the decision on whether the old theory
serves well enough is a value judgement based
on experience, and if (as is the case) the guardi-
ans of the faith — professors, lecturers, Nobel
prize winners and text book writers — have no
experience of high speed logic (and have never
used a sampling oscilloscope), they will reject
(and in my case suppress) theories which help in
that field. Instrumentalism is the philosophical
rationale for a general clamp-down on progress
in science into new fields by those whose exper-

ience, careers and prestige are based on the old
(analogue) experience.

Young writes, “Does Mr Catt find his theo-
ries'enable him to do better design work?”

The pre-Catt pot-pourri which served as
electromagnetic theory (see for instance D. B.
Jarvis, “The effects of interconnections on high-
speed logic circuits,” IEEE Trans. Electronic
Computers, vol. EC-12, pp476-487, Oct. 1963),
could not help me to successfully design high
speed systems (see Fall Joint Computer Confer-
ence, 1966). The new Catt theories were de-
veloped in order to make possible the reliable
interconnection of high speed (1 ns) logic gates.

The refusai to publish my theories by instru-
mentalists in the IEE, the Institute of Physics
and elsewhere led to a collapse in the use of fast
(1 ns) logic gates already available in 1964 and a
decline back to slower t.t.l., and then to the
very slow microprocessors of today. The com-
puter industry has paid a heavy price for the
suppression of theoretical advances by means of
instrumentalist arguments. Still today, hardly
anyone can successfully assemble 1 ns logic as I
did in 1964.

Similarly, in the field of computer architec-
ture, the suppression of the content addressable
memory by instrumentalists who only know
(and who live off) von Neumann has blocked
advance towards more practical machines for a
third of a century.
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FIRE SHIPS

The Falklands conflict has shown up a fire
problem in some of our war ships. Part of the
trouble is caused, we are told, by the p.v.c.
insulation on the cables. This must mean the
multi-core signal cables, since the power cables
would be mineral insulated.

Silicone rubber would clearly be better than
p.v.c. It remains an insulator after it is burnt,
and it contains no chlorine, so cannot produce
phosgene.

However, it occurs to me that it might be
possible to use fibre optics for communications
between the different locations in the ship. This
may seem at first a silly suggestion for distance
of a few metres, because the cost of the termina-
tions would be large. But if the idea proved
practicable, there would be great advantages. A
single fibre could carry all the signals for the
whole ship, and there could be many parallel
routes, so that if several were damaged, the
signals could still get through. And of course the
fibre cannot burn, though it would melt in a
fire.

C. Q. Keiller
Heathfield
Sussex
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MICROCHIPS AND
MEGADEATHS

As both an electronics engineer and occasional
disarmament activist, I have been following the
correspondence inWW on military electronics
and the responsibility of the engineer, both be-
fore and since the November 1980 editorial,
with more than a passing interest. The Falk-
lands/Malvinas crisis has thrown the issues
raised in your May 82 editorial into sharp focus.

10% of Argentina’s armaments, inciuding a
great deal of radar and communications equip-
ment, came from British companies. In the
media this is usually described as “ironic” —
but it is no irony, merely the logic of the inter-
national arms trade. The Defence Sales Organi-
sation, a 400-strong government department,
exists purely to ensure that whenever someone
is blown up, burned, drowned or maimed, it’s
done with quality British equipment and none
of your foreign rubbish. And still it goes on,
with WW readers (unless they’ve all cancelled
their subscriptions) making their own contribu-
tion — for example, Plessey, Racal-Decca and
Ferranti between them supplying systems for
four new Brazilian corvettes, and Marconi
selling China £14m of electronics for their
fighter aircraft. :

Much of the correspondence opposing the
theme of the ‘Microchips and megadeaths’ edi-
torial has dwelt on the well-worn bogey of the
Perceived Soviet Threat, with various refine-
‘ments such as Defending our Democracy (what
democracy?) and Maintaining Technological
Superiority. In fact, the motivation which keeps
these people beavering away at improving their
killing capacity, and which keeps their opposite
numbers in the U.S. and the Soviet Union doing
the same, has litde to do with any of these. It
has to do with lack of imagination. They cannot
imagine the reality of a full-scale nuclear war, or
even a full-scale “conventional” one; the most
they can stretch to is a brace of foreign tanks
rolling down the High Street, and they cling to
this image with patriotic fervour. The Russians
(or any other aggressor) can have no desire for
Britain powerful enough to justify invading it.
We have enough trouble managing it ourselves,
and we live here; imagine how a foreigner would
fare.

Where do engineers stand in all this? The
usual prescription — to refuse as a matter of
principle to work on military electronics — is
glib, and not so easy to put into practice.
(Though the if-I-don’t-do-it-someone-else-will
argument is no more than a cop-out, at indi-
vidual or national level.) Where do you draw the
line between military and non-military work?
Does the manufacture of Mil-spec components:
count as a crime? How about production control
systems for weapons factories? Or for the
nuclear fuel cycle, which has a dual-purpose
role?

This is not to denigrate those (of whom I am
one) who will not work in overtly military in-
dustry. But it should be realised that often the
main effect of such an individual stand is simply
the amelioration of the individual’s conscience
— and to achieve an end to the technological
arms race we need much more than that.

One aspect that needs constant effort is in-
formation. Much, if not most, military work is
shrouded in secrecy, some of which may be
justifiable but a great deal of which is not. For
example, how many people know that France is
still conducting nuclear weapons tests on the
Muroroa atoll in the Pacific (the most recent on

December 8, 1981) and that in March 1981
several pounds pf plutonium and other radioac-
tive wastes were swept out to sea by a tropical
storm? This information was leaked to the Aus-
tralian press by a group of French engineers
working on the island, who were concerned
‘about their government’s apparent decision to

ignore the problem. Closer to home, Jock Hall’s

letter in June 1981 WW cites another example of
this kind of action; part of the social responsibil-
ity we are talking about is a willingness to take
the risk in exposing such harmful activities.

Another aspect that needs more work is
conversion — the conversion of military com-
panies to manufacturing socially useful pro-
.ducts, with a concomitant increase in job secur-
ity and job satsfaction. The classic example
here is the Lucas Aecrospace Shop Stewards
Combine, who devised a detailed plan for such a
move for their company. Predictably perhaps,
the management were uncooperative, eventually
sacking the most active figure in this project.
This has not deterred employees of other firms
from producing similar plans.

Finally, there is the most positive action of all
— applying your engineering skills to relieve the
real needs of the world and the human race. H.
M. Butterworth, in November 1981 letters, des-
cribed agricultural electronics as an order of
magnitude more difficult, and two orders of
magnitude more satisfying, than military
electronics. Professor Meredith Thring, in his
recent James Clayton lecture Engineering for
Humanity, argued that planners of the future
can only plan with the machines that engineers
have already developed; he went on to say that
“it is the prime responsibility of the engineer to
envisage the machines that will be needed to
give our grandchildren a stable peaceful world
in the twenty-first century.” (Digital watches
and video games?) He identified appropriate
technologies for the energy, food and transport
requirements of the Third World to be the
urgent priority.

There is no shortage of prognoses. Why then,
since the problem is generally accepted, do we
still have the arms race, are there still starving
billions? From the engineering point of view, a
clue can be found in Dr Peter Hartley’s excel-
lent piece “Educating engineers” in December
1981 WW, where he argues that engineering has
been dominated by humanist values which are
inherently antisystemic — the system in this
case being global in nature. In the context of the
arms race and the North/South divide, political
and technical forces have concentrated on frag-
mented solutions, usually nationalist or econo-
mic, without reference to the global system in
which they are embedded — as a direct result of
the humanist world-view. But the solution he
proposes, that of educating future engineers

-towards an ecological outlook, is far too long-

term. The problems are with us now. If we do
not face them now, by educating ourselves to-
wards ecology and a systemic view and acting
from that perspective, we won’t have to worry
about educating a future generation.

Tim Williams,

Wadhurst,

East Sussex

As a subscriber to Wireless World for over 30
years, I read with interest the correspondence
on Microchips and Megadeaths, but had no
intention of entering into the debate, but the

. |

letter in your April issue from R. Whitehead
was more than I could take without reply.
Perhaps I could plead in mitigation for my

‘unreasonableness, the excuse, that I was born

soon after the first world war, and in common
with most of my generation, watched the rise of
‘Hitler and Mussolini, and then served in the 39-
45 war albeit in a non-combative job with the
R.AF.

I doubt if. any member of my generation
would subscribe to the view that the Japanese
were on the point of surrender when the atom
bomb was dropped. We all thought, perhaps
wrongly in Mr Whitchead’s view, that we were
fighting for our survival, and there were times

when I wondered if we would win or be subju-

gated. It should also be remembered that in
1945, that our enemies were also working on the
.atomic bomb — recall our raids on Norway to
destroy heavy water plants — and a delay in
ending the war might have given Japan the
‘advantage in dropping the bomb first.

However, my main point is that I believe
there is no record, official or otherwise, which
pointed to the possibility of the Japanese being .
on the point of surrender. This word was not in
their dictionary, and though they treated many
.of our prisoners most cruelly, their own courage
‘and patriotism was never in doubt. If they
fought well on foreign soil their tenacity in de-
fending their homeland was expected to far
greater. It should also be recalled that they did
not sue for peace when the first bomb was
dropped. Despite its devastation, it took
another bomb to convince them to surrender.

G. S. Curry, ’
‘Ashley, New Milton,
Hampshire.

The wisdom of your editorial (‘Arms and the
Man’, May 1982) is not to be doubted by anyone

‘who has an intelligent concern about the future

of our species and the environment we inhabit.
But how are we to escape from the senseless
militarist cycle which our society, East and
West, is caught in? You suggest that it is the
responsibility of engineers to refuse to work on
the production of armaments. This proposition
misses the fundamental problem of our present
social order which is that engineers, and other

_producers of wealth, do not own or control the

means of production and distribution, i.e. fac-
tories, mines, farms, docks, offices, etc. Wealth
producers can only begin to seriously use pro-
ductive machinery for rational uses when we
commonly own and democratically control it.
‘Such a transformation of society (which I would
call a socialist revolution) would have two direct
consequences: firstly, it would put an end to
rivalries over the possession of property and
thus eliminate one of the principal causes of
war; secondly, it would allow humanity to
produce wealth solely for use, not for profit.
Political organisation to establish a society of
common ownership and free access seems to be
a more scientific and less risky course than to
irebel against employment in the armaments in-
dustry and gain for oneself a place in the dole
‘queue.

Stephen Coleman

‘Clapham

London

This correspondence is now closed. — Ed.
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DIGITAL PHASE CONTROL
OF THYRISTORS

Easy computer interfacing for power control devices is provided by this digital circuit.
Adjusters are eliminated and a definite off-case ensures no motor creep or light flicker.

Phase control of thyristor and triac devices
using analogue techniques is a well-
established method. The input analogue
signal may be generated by a rheostat or a
digital-to-analogue converter. This input is

compared with a ramp and a pulse

generated when the ramp voltage is greater
than the input. Such circuits are usually
provided with two adjustments, one for
absolute level of the ramp and one for the
rate of rise. This circuit eliminates these
potentiometers and makes the control
circuit easy to interface to a computer.

The power supply circuit, see diagram,
is. a conventional design, except for Dy,
giving a stabilized 12V output. Diode D;
ensures a full-wave rectified signal appears
at the output of the bridge rectifier. This is
attenuated by Ry and Rg with Ry also
acting as a current limiter to an input of
IC¢. The output at IC pin 3 is broad pulse
with long rise and fall time. This signal is
differentiated by the next two gates
combined with Rg and Cs. The output, IC¢
pin 10, is a positive-going pulse with
duration © where t=C3Rg¢log.2. The
duration must be sufficient for gate output
ICs pin 10 to discharge capacitor Cy. The
discharge takes time =1000C; in a
¢.m.o.s. circuit running on 12 volts. The
sync-generator and power supply are only
required once per line phase in a system

" Data
: 8-bit latch 1€ 4508
IC7 4040
1038, 4063
Strobe 15 &g 4001

8-bit comparator

by B. H. Pardoe
Ph.D., M.LLE.E.

where there could be many triacs running
off each line phase.

" The sync-generator pulse occurs every
10 ms on the zero crossing of the mains

supply and clears bistable ICs, which

removes the reset signal from the counter
IC; and the hold signal from the oscillator.
The oscillator drives counter IC; whose
eight least-significant bits are connected to
an eight-bit comparator made up from two
four-bit comparators. A second eight-bit
input to the comparator comes from the
eight-bit store IC;. The input to this is fed
in asynchronously and may give an
incorrect pulse in the first half cycle in
which the data has been placed in the store
by the external strobe pulse.

The counter output value rises until it
equals the store output. This creates a one
on the equal line which turns on the
transistor TIP121 and sets the bistable
ICs;. The bistable clamps the oscillator
thereby holding the equal signal at the
comparator output. The bistable output
causes the reset to IC, signal to rise
exponentially. When the reset passes the
threshold, the counter output goes to zero
and the equal signal disappears. The

2V Load

Counter

TIP 121
1C¢ Sync. ~

1
Sy

260V

=)
~

b mme o n

pulse transformer required is an off-the-
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shelf item which ensures a cheap circuit
even in small quantities.

Output pulse width is easily set by R; and
C1 as these are buffered components. The

output to the power amplifier is switched
for a time set by R; and C;

t0n=R1C1 10g¢2

The counter IC; remains reset until the
next sync pulse arrives at the end of the
half cycle. This hold ensures only one
pulse is generated per half cycle.

The case of zeroin the store is used as
turn-off guarantee. When the counter
reaches zero for the first equality a positive
transition is sent to the power amplifier.
The bistable ICs, stops the oscillator and
after a delay a reset level appears on the
input to IC;. This tries to create zero
which already exists and reinforces the
equal signal. The sync pulse removes the
reset at the end of each half cycle, but not
for long enough to give one half clock
cycle. The counter therefore remains at
zero and there is no output as the d.c.
signal is blocked by C; and Ryg.

The clock must go through 256 cycles in
10ms which sets the frequency at 25.6kHz
and the standard values for R, and C; are
given by*

R;C;=1/2.2%25600.

The choice of both triac and pulse
transformer require some care. The pulse
length required on the triac gate depends
on the holding current of the device and
the load. This circuit was designed to
handle 500 to 2000 watt loads. The supply
voltage and load can be used to predict the
time taken from the zero crossing for the
current to rise to the holding current. This
gives a worst case figure and turns out to
be about 135ps, set by R;C;.

The pulse transformer connections are
arranged to give the most sensitive
operation of the triac device. The pulse
transformer has 12 volts switched across it
by Darlington transistor TIP121 for a time
equal to Z,,. The final current in the
primary is

Imﬂ:%(l _e-tlrL)

where t; =4n/2t L is the inductance of one
primary winding and r its resistance. For
the coil specified I, is 133mA, whilst the
saturation current is 200 mA which
ensures there is o excessive collector
current. Collector current of the TIP121
will be 133 mA plus half the gate current.
The value of Rs can be fixed by the
minimum gain of the TIP121 and its
maximum collector current. Components
C7 and Ry are only used for d.c. blocking
and should be chosen to be transparent to a
135 us pulse feeding the load Rs. \VWVWi

*RCA Data Handbook, 1977.
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DIFFERENTIAL DIRECT
CONVERSION

Poor pre-detection selectivity, second-order mixer intermodulation and high-gain
amplification problems are all reduced by using differential circuitry for direct frequency

In single-ended transmission systems, the
signal voltage is taken with respect to a
reference (usually “‘ground”) which is as-
sumed common to all stages of the re-
ceiver. Unfortunately this assumption can-
not be realized in practice. In the
differential mode, by which I mean that
connections from one stage to the next are
made with two wires and the signal in-
formation is contained in their voltage dif-

ference, with proper device selection and

circuit design, push-pull type circuits
naturally evolve which reduce second-
order intermodulation products and un-
tuned signal detection. Induced hum and
power supply ripple can similarly be re-
duced by using the high common-mode
rejection ratios available in modern op-
amps. The beneficial side-effects are at
least these three

— a balanced receiving antenna such as a
small directional loop can be directly
interfaced to the receiver without the
phase and gain inaccuracies attendant
with baluns

— r.f. circuit layout problems are dras-

~ tically reduced because in a differential
mode we don’t worry about maintain-
ing a constant impedance to ground
(there is no “ground’”)

— if we ever cared about transmitting
with a balanced antenna we would need
both + and — drive signals --these
are automatically available with a dif-
ferential layout.

I have built the receiver whose block
diagram appears in Fig. 1, and found that
it does indeed achieve all of the advantages
outlined above. I wouldn’t waste your time
describing something that doesn’t work, so
at this point you can either go ahead and
duplicate my circuit, shown in Fig. 2, or
read on and find out why it works.

I used a tuned-loop antenna to differen-
tially drive the balanced inputs to IC;, an
MC1590 untuned video amplifier with a
voltage gain of about 10 and a 10kQ dif-
ferential input impedance. A collection of
small loop-antenna design equations is
given in the appendix, which also explains
why you should be using a loop antenna on
the h.f. bands. The receiver’s first stage
performs two functions: it provides con-
stant input and output impedances and
acts as a buffer between antenna and
mixer, and it provides about 20dB gain for
the inefficient loop antenna. Due to atmos-
pheric noise in the h.f. bands for which
this receiver was designed, noise figure
and antenna efficiency or G/T are unim-
portant factors. The important consider-

ation is dynamic range, and for the direct,
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conversion

by Paul E. Gili, WA1TWQH

conversion receiver, second-order in-
termodulation products. They must be low
to reduce untuned signal detection. In the
circuit, the MC1590 operates in a push-
pull mode which suppresses this type of
non-linearity by generating two equal and
opposing non-linearities (when the device
is driven non-linear) and cancels even-
order harmonics.

After the antenna is amplified, it is dif-
ferentially converted to the audio fre-
quency range by a doubly balanced mixer
circuit incorporating a CA3049. In fact,
this circuit could be considered ““triply-
balanced” as there are no unbalanced ports
at all (don’t fall over on that one). The
CA3049, to be described later, operates as
a differential amplifier with its outputs
switched in polarity at the local oscillator
rate. The fact that gain is available in the
upper switching transistors whose bases
are at pins 1, 4, 7 and 10 and also the fact
that the l.o. signal is a square wave ensures
fast switching transitions from positive
gain to exactly the same but negative gain.
Lack of symmetry during the short
switching transition time is known to cause

intermodulation products. At h.f. relati-.

vely faster switching can be achieved with
active devices using squared-up drive
waveforms than can be achieved with
diode ring-type balanced mixers. Up to 30
MHz, therefore, I think that the integrated
bipolar transistor type of balanced mixer
driven by a square wave is superior to
other types of mixers. It will, however,

Bal. input

Floating mixer

respond to signals at odd harmonics of the
l.o. almost as well as it does to the funda-
mental; these can be easily filtered out as
they are widely separated in frequency.

At points C and D of Fig. 2, then, there
is a differential audio signal which is am-
plified differentially by IC,. These are the
two op-amps connected in the classical
differential instrumentation amplifier con-
figuration with a differential gain of 40dB.
This is where power line hum gets rejected
and the amount of rejection depends on
how closely you can match the gains to
maximize common-mode rejection. You
might want to make the gain of ICyy,
slightly variable (+10%) by using a 910-
ohm feedback resistor in series with a 200-
ohm potentiometer instead of the fixed
1kQ resistor shown. Residual power
supply ripple from the 6.2-volt zener diode
is in-phase at the inputs to IC; but the
desired signals are 180° out of phase with
each other at these points. With the circuit
shown, differential signals get amplified by
40dB, whereas changes in the zener diode
reference voltage come through un-
changed. A 40dB improvement in signal-
to-ripple ratio over a single-ended design is
therefore effected.

At the output of IC; the signal has been
amplified and filtered to a level where it is
relatively impervious to the interference
effects important to a direct-conversion
receiver. From here on, we can use stan-
dard single-ended operational amplifier
circuitry with one input, one output, and
ground as a reference. I used a three-sec-
tion Tchebychev 0.1dB ripple lowpass ac-
tive filter with cutoff at 500Hz for c.w.

Differential
audio amplifier

: }

L

(Floating)

Differential
L.o.drive

Fig. 1. Block diagram of differential

direct conversion receiver
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operation to drive the output stage. The
lowpass filtering results in better c.w. copy
than a high-Q, narrow-band-single, sec-
tion active filter because of less ringing.

The local oscillator has to be stable, yet
simple. In this circuit, oscillator transistor
and integrated circuit provide an adequa-
tely stable differential local oscillator signal
over about a 30% bandwidth centred at
3.6MHz. As the circuit shown is electri-
cally tuneable, frequency stability depends
on how stable a tuning voltage you can
generate. After building and using the re-
ceiver, I came to the conclusion that unless
some type of closed-loop frequency
synthesis technique is used to stabilize a
free-running wide-band v.c.o. mechanical
tuning is preferable. I am, therefore, pre-
sently looking at electronically switched L-
C networks which may be the subject of a
future article.

With the differential signals available,
we can take a very different perspective on
circuit layout. By maintaining relatively
high common-mode impedances compared
-with differential-mode impedances, we can
do without a ground plane. Actually, the
presence of a ground plane may negate
some of the advantages achieved by the
differential concept. If you intend to build
a circuit of this type, feel perfectly confi-
dent that you can do it on perforated board
with no decrease in the performance attri-
butes outlined -here. In fact, the further
away you can get the balanced r.f. circuitry
from a ground plane, the better off you
will be.

Integrated circuits should still be by-
passed at their supply voltage terminals.
All differential signal leads should be
tightly twisted pairs, as short as possible,
and as far away from chassis or circuit
ground as possible. This applies particu-.
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-Fig. 2. Differential direct conversion
receiver shown uses only five i.cs and three
discrete transistors.

larly to the following four transmission

paths:

—connections from the balanced antenna
outputs to pins 1 and 3 of IC;

—connections from pins 5 and 6 of IC, to
the A and B inputs of the mixer

—connections from points C and D of the
mixer to pins 6 and 2 of IC,

—l.0. connection from pins 5 and 6 of ICs
to points E and F of the mixer.

The CA3049 should be laid out and wired
as shown in Figs 3 & 4 which relate to the
terminal connections of Fig. 2. This device
is a high-frequency, layout sensitive com-
ponent and we are using its high frequency
capabilities to reduce intermodulation
distortion, as described earlier. (The no-

+12 to 15V

b6

2N2222

AFig. 4. Mixer
block in fig. 2 and
shown in Fig. 3,
can best be laid out
as shown above.
This will result in
good high
frequency
performance and
intermodulation
reduction as
discussed in the
text. Using this
layout will also
insure a stable
non-oscillating
active h.f. mixer.

Fig. 3. Block labelled fig. 2 is really a
“custom-made” integrated circuit
including a CA3049 dual diff-pair.
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menclature of points A, B, C, etc, on the
mixer of Fig. 2 has been generated mainly

to reduce the clutter which would appear

on a detailed circuit schematic, but which
is much more simple in an actual physical
realization, as Fig. 4 shows.)

Appendix

Small loop antennas are useful for re-
ceiving systems in the h.f. band because
their dipole-like directional characteristics
are preserved even though their size is
orders of magnitude smaller than an actual
dipole at these frequencies. Their effi-
ciency is extremely low, but at h.f. where
most of the receiver noise is due to random
atmospheric disturbances, it doesn’t mat-
ter if you have a lossy, noisy receiver front
end. A small loop’s main attribute is its
ability to easily null out a coherent man-
made interfering signal by simple physical

re-orientation of the loop. A 3.5MHz re-.

ceiving loop antenna can be as small as two
feet in diameter and have the same direc-
tional properties as a rotatable 80-metre
dipole which would be about 130 feet long.
Null depths of around 20dB can be
achieved if phase and gain of the balanced
antenna output are preserved. Naturally,
youw’ll need a differential direct conversion
receiver to do a good job at this.

For convenience in building small loop
antennas, I’ve put together a number of
design equations from various sources,
shown on the right. Included is one
relationship assembled by me which allows
you to calculate the approximate r.f.
voltage received from a transmitter as a
function of the transmitter’s range, power,
frequency, and your receive loop antenna
parameters. Of course the range depends
on how the signal got to you, i.e. how
many ionospheric bounces it took and how
high the reflecting ionospheric layer was at
the time. Polarization of the received wave
also plays a part, as does the angle of arri-
val from the sky with respect to the loop’s
orientation (elevation as opposed to azi-
muth). One can casily get carried away
trying to account for more variables than
can be measured or even defined;
however, the equation does give an answer
which probably is within an order of mag-
nitude of the actual number.

The small loop antenna has an equiva-
lent circuit which may be derived from its
physical parameters.

R =31,200 (nA/A®)? ohms

R,,=2.61x 10" 7Vf(2nR/d) ohms for copper
L=n2p,°R(1ogc(8R/a)—— 2) nanohenries
V,=(M4nD) VPR, volts

Definitions

R mean radius of loop

A area of loop, R

d wire diameter

n number of turns in loop
a radius of bundle of wires in loop or d/2 if n=1
V; peak amplitude of received signal

R, radiation resistance

R, conductor loss resistance with skin effect

L inductance of loop (nH)

f frequency (Hz)

A free space wavelength

#o 12.56 nH/cm

P; transmitted power (watts)
D range (same units as A)

W

“Phase-locked Upconverters for Pulse-com-
pression Radar” is the title of a booklet con-
taining . three re-printed papers by Microwave
Associate’s principal engineer. The articles are
extremely well presented and form a useful col-
lection of information on the subject. Publica-
tion available free from Microwave Associate
Ltd, Dunstable, Bedfordshire LUS5 4SX.
WwW401

Timers, contrellers, relays and connectors are
all fully illustrated and described in a 60-page
Tempatron catalogue, now freely obtainable
from the Sales Department, Tempatron Ltd, 6
Portman Road, Reading, Berkshire. ~ WW402

Characteristics and mechanical details of
microwave and r.f. power transistors, working
in the range 1MHz to 4CHz at up to 500W peak
pulse power are given by a catalogue for Acrian.
There are, in addition, paged on reliability,
testing and a glossy of transistor terms. March
Microwave Ltd, 112 South Street, Braintree,
Essex. WW403

A leaflet on relays and timers of all types,
which provides both electrical and mechanical
information, is available from Appliance Com-
ponents Ltd, Cordwallis Street, Maidenhead,
Berkshire SL6 7BQ. WwW404

A selection guide giving brief details of all tran-
sistors and integrated circuits made by Ray-
theon can be obtained from Raytheon distribu-
tors and sales offices. Raytheon Semiconductor
UK, Howard Chase, Pipps Hill Industrial Area,
Basildon, Essex SS14 3DD. WW405

The Philips LDK 14SL colour television cam-
era system is briefly described in a colour leaf-
let, available from Pye TVT Ltd, P.O. Box 41,
Coldhams Lane, Cambridge CB1 3JU. WW406
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Semiconductors made by Plessey are listed,
with salient characteristics, in a short catalogue,
obtainable from Plessey Semiconductors Ltd,
Cheney Manor, Swindon, Wiltshire SN2 2QW.
WwW407

Test signals for audio equipment are described
in a Standard from the International Electro-
technical Commission. A weighted noise test
signal with a mean power spectral density is
close to the average mean power of programme
signals is described. The Standard includes the
specification of the frequency weighting, to-
gether with filters for deriving signals from
pink-noise and white-noise sources. Publication
268-1C available from IEC, 1 Rue de Varembe,
1211 Geneva 20, Switzerland. WW408

National Semiconductors have issued a leaflet
describing their NSC 800 PZCMOS micropro-
cessor and associated devices. The double Jayer
of polysilicon connections (hence the P? are
claimed to provide very high speed at low power
consumption for the 8-bit m.p.u. family. De-
tails from ITT Electronic Services, Edinburgh
Way, Harlow, Essex. WW409

The Pro-Audio Yearbook 1982/83 contains 686
pages of information and pictures to do with the
various aspects of professional recording and
sound broadcasting. Link House Magazines,
Dingwall Avenue, Croydon CR9 2TA. WW410

High power thyristors in small packages are
detailed in Bulletins E2515 and E2516 from
International Rectifier. Bulletin E2746A des-
cribes the IRK series of thyristor/diode combi-
nations. Details from IR, Holland road, Hurst
Green, Oxted, Surrey. WW411

Electrically-Small HF Transmitting Antennas is
the title of a Technical Note from Technology
for Communications International Ltd,
Kingston House, Stephenson Way, Three
Bridges, West Sussex RH10 1TN. WwW412

Wilmslow Audio charge £1.50 for their new
catalogue which includes details of their d-i-y
loudspeaker kits and components as well as a
range of ancillary equipment. There is a lot of
useful information about loudspeakers and en-
closures. Wilmslow Audio Ltd, D.A.T.A.
books have published new editions of their
Transistor, Diode and Thyristor D.A.T.A.
books. along with the listings of the available
devices and their characteristics, there is a new
section which lists the replacements for compo-
nents. Any replacement listed can, of course, be
compared in detail in the device listings. Other
recent additions to the 24-volume D.A.T.A.
series are ones on Modules and hybrid i.cs and
others on discontinued linear devices.
D.A.T.A. International Inc., Portman House,
16-20 Victoria Road, Romford, Essex RMl
2JH. WwW414

BS 6204 is a new British Standard for Safety of
Data Processing Equipment. It specifies the
requirements of data processing and associated
electronics units intended to be connected to a
supply system having a maximum nominal
system voltage of 600V and designed for contin-
uous operation. The Standard has been drafted
to avoid the risk of personal injury or damage to
equipment or buildings arising from electric
shock, fire, energy hazards, mechanical and
heat hazards, radiation and. chemical hazards
associated with the installation of such equip-
ment. British Standard Institution, 2 Park
Street, London W1A 2BS. WW415

A massive catalogue of Linear Integrated Cir-
cuits lists the products of Precision Monolothics
Inc. It includes op. amps, comparators, voltage
reference, d-to-a converters, multiplexers, tele-
communications chips and much more. Each
entry gives a full specification, a schematic dia-
gram and applications notes. The PMI 1982
Catalogue is available in the UK from Bourns
Electronics, 17 High Street, Hounslow TW3
1TE. WwWi416
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low-frequency measugg
far as possible, compon
readily available, and
straightforward with no crincs
ments or line-up. The total cost of Coiy;
nents including the tube should not ™
more than about £35-£40.

Circuit description

The tube is run at about 2000 V e.h.t.,
which gives adequate brightness and spot
size and at the same time eases the deflec-
tion-plate drive requirements. The X and
Y amplifiers drive the deflection plates
directly at a mean voltage of +100 V and
the tube cathode is at a potential of
—2000 volts.

For good focus, the potential on Az of
the tube must be the same as the deflection
plate potential and therefore a preset
control is used to set A3 potential, and acts
as a second focus control.

The e.h.t. is generated by a voltage

tripler, driven by a 500 V transformer

winding.

The A; and A; focus controls are pre-
set potentiometers. A; focus should be
suitably insulated, since it is at about
—1500V. Similarly, the brightness control
should have a nylon spindle and the body
should be fixed to an insulating mounting.

Y amplifier and input attenuator

The Y amplifier is a fully balanced, d.c.-
coupled circuit with the Y input connected
to one side and the Y shift to the other.
The LF357 operational amplifier was cho-
sen to drive the long-tailed pair, as it has a

S

+12V

22k
2N§9T06 T ’—'12
n — 0
3
2 _ +8vV
I — 1 AN\,
—\\N\——

ov

Fig. 1. Basic form of sawtooth generator.
Circuit is seen in final form in main circuit
diagram, where logic gates are used to
inhibit free-running mode for triggering.
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operational amplifier is
#0 each Y plate X 300.

ie input attenuator gives accurate in-
put attenuation with a constant 1 MQQ in-
put impedance using a moulded, single-
pole, 10 position switch. This type of
switch, which is also used for the X speed
control, is available in a plastic moulded
form which gives good insulation resis-
tance. A ring on the fixing bush is used to
limit the rotation to 10 positions for the Y
attenuator, or is left off if all 12 positions
are used, as in the X sweep circuit. Non-
standard resistor values can be made up
from two resistors, for example, 470 k and
33 k give 500 k), using 2% tolerance if
possible.

Note that the simple input attenuator
has no high-frequency correction, which
this results in the full Y amplifier band-
width only being obtainable at the 0.05
V/cm setting. At other settings of the atte-
nuator (except 0.1 V/cm) the bandwidth is
between 200 and 300 kHz. At 0.1 V/cm the
bandwidth is 100 kHz.

The Y amplifier gain may be adjusted by
the 1 kQ resistor between the inverting
inputs of the two operational amplifiers.

Sawtooth generator and X ampli-
fier

The sawtooth oscillator is based on a
CA3130 operational amplifier which has a
¢.m.0.s. output stage and permits the out-
put voltage to reach the rail voltages (0 or
+12 V). The basic sawtooth oscillator is
shown in Fig. 1, in which the operational
amplifier operates in a switching mode
with the output at either ground or posi-
tive rail potential.

At switch-on, the capacitor is discharged
and the output (A) will be at +12 V. The
positive input of the amplifier will
therefore be at +8 V and the transistor will
be supplying current to the capacitor. The
current will be defined by V/Rt where V.
is the voltage across Ry. In the basic cir-
cuit, this will be about 3.3 V when the
amplifier outputisat +12 V.

The capacitor charges up linearly until
the voltage on the negative input of the
amplifier equals that on the positive input
(+8 volts). At this point the output will
rapidly fall to ground potential, turning
the transistor off and turning the fet on,

REQUENCY
SCOPE

ernment radar tube VCR517, which is still
ions VCR97 and small screen VCR138.

¢ > 12V
1k %wm
Yoik Wp-p
CAJ160E iz 4 LI
100k ¢
Sek < 10k
500
}// ™
Yon | - 10k CAL
Set TkHz
T
" 680
—a— ¢ o0V

Fig. 3. Square-wave calibration oscillator.

discharging the timing capacitor through
the 1 k() hold-off resistor. The positive
input of the amplifier is now at +4 V. At
the point at which the negative input is the
same as the positive input the output
voltage switches to the positive rail again
and the whole cycle repeats. In the final
circuit, a logic gate is used between points
A and B, so that the sawtooth oscillator can
be inhibited, ready to trigger.

The emitter resistor Rt is used to set the
sweep speed and is replaced in the final
circuit by the sweep-speed switched resis-
tors, which vary the current supplied by
the transistor into the timing capacitor be-
tween about 0.8 mA 0.2pA.

The X amplifier takes the same form as
the Y amplifier. There is a voltage gain of 2
to the output of each operational amplifier
(8 V p-p sawtooth) and a further gain of
about 30 to each X plate (240 volts p-p).

Trigger circuit
This circuit, comprising the three inte-
grated circuits 4011, 4070 and 4013, takes

continued on p.87
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SELECTIVE-CALLING UNIT

Designed for use with citizens’-band radio, this pocket-sized unit can be programmed to
accept one of 65 536 different four-digit codes, and can call as many individual stations
from values entered on a hexadecimal keypad. Coupling to the transceiver may be
acoustical in both directions or through the radio’s external loudspeaker socket for
receiving. This unit could be adapted for use in electronic combination-lock applications.

The concept of selective calling for private-
mobile, citizens’-band and amateur radio
is not new, but existing systems are usually
incorporated in the transceiver and often
use expensive components. Also, the
number of individual codes available is
more often than not inadequate, especially
where citizens’ band is concerned.

Described here is a unit housed in a
calculator-sized case, which can handle up
to 65,536 different codes and uses readily
available- components. The received signal
can be acoustically coupled to the
selective-call unit by placing the latter near
to the receiver’s speaker, should the pre-
ferable method of connecting the unit
directly to the receiver’s external loud-
speaker socket be undesirable.

Basically, a four-character hexadecimal
number entered on the unit’s keypad re-
sults in the generation of a sixteen-bit se-
rial signal which is used to modulate the
transceiver’s carrier. This allows the user
to selectively call any of up to 16* re-
ceivers, and means that potential reci-
pients only need to listen for a ‘bleep’ —
rather than having to constantly monitor
conversations on what may be a busy
shared channel.

All the i.cs used are ¢.m.o.s. types, the
main element being the Intersil IM6402
uart (universal asynchronous re-
ceiver/transmitter), so operation from
nickel-cadmium cells small enough to fit
into the calculator-sized case is practical.
Also, the components used are readily
available and at moderate cost. The unit
was designed to be small and versatile to
allow it to be modified for other purposes,
particularly in security applications, where
it might be used to permit access to in-
formation, or to a telephone-answering
machine, or, say, to unlock a garage door.
In transpond mode, the unit may also be
used for remote data interrogation.

Circuit description

Board A. This board, shown in Fig. 1,
provides an interface between the key-
board and main logic board, board B,
which is described separately. Hexadeci-
mal codes are entered on a 16-key matrix-
type keypad which is connected directly by
eight wires to a keyboard encoder, IC,.
This i.c. responds to closed-contact resis-
tances of up to Sk{), and provides a
contact-debounce period proportional to
the value of Cy; here, 1uF is used, giving a
debounce period of around 1ms.

A clock signal applied to pin 5 of the
keyboard encoder determines the key-
board-scan rate. The frequency at pin S in
this case is 3.2768kHz, derived from a
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crystal oscillator, ICs, and divide-by-ten
circuit, IC;. Half of a dual D-type flip-
flop, IC,, further divides this signal to
provide the main 1.6384kHz clock used on
the second board. The remaining half of
IC, is used to steer the keyboard encoder’s
strobe output either into the 4-bit latch,
ICs, or off board A as STB.

When the unit is switched on, circuit
elements Ry, D; and C; ensure that the
steering logic starts out in the correct state,
and provide a system-reset signal, RST,

for the second board. Immediately after
power-up, the first hexadecimal character
entered on the keypad will be held at the Q
outputs of IC;. Entry of the second charac-
ter will result in an eight-bit byte being
shifted off board A by the STB signal.
This board, while specifically designed for
use with the 6402 uart, could be used in
any application requiring manual entry of
an eight-bit-wide data byte.

Board B. The main component on this
board, shown in Fig. 3, is the previously
mentioned 6402 uart, IC4, which is used in
its eight-bit mode, with even parity and

1 17 |
Q
Y2 4013 !
s R ‘
|
R G |
10M F_I h I
8 220p I
0 401 I+V
9

U
32768Hz i
040y
0 b
—0
L -0
I
|
| To 6402
TBR lines
L } |
f
}—0
+—o
—0
00
-
5T
2220
1 3 ICe !
4011 4011 son |
2 | T 12 2 N\a
.l 12 013 3 |
e JF Ip fc fvds I8 |a Dowwon v :
+
7 7 T T EB—r1°°” I
T RST
Keyboard —+—0
|

R § o
1 100kD1“
ov

Fig. 1 Board A. This board produces an eight-bit parallel word from two entries on a
hexadecimal keypad and may be used in any application requiring such. IC; divides by ten
and IC4 by two, to produce a clock signal of 1.638kHz for use on board B, Fig. 2.
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one stop bit. More information on this can
be obtained from the appropriate Intersil
data book.

IC4 divides the 1.638kHz clock signal
from board A by two to provide receiver
and transmitter clocks for the uart. Within
the 6402, these clocks are divided by 16,
giving a bit rate of 51.2 baud.

In transmit mode, a zero at the buffer-
register load input, pin 23, transfers data
at inputs TBR;-TBRg to the transmitter
buffer register. A low-to-high transition on
pin 23 results in a request to transfer data
to the transmitter register. If the register is
free, the two hexadecimal characters are
sent to the TRO output, pin 25, in the
form of an 11-bit frame consisting of eight
data bits, one parity bit and two framing
bits.

For receiving, the unit may be electri-
cally coupled to the loudspeaker output of
a radio, or acoustically coupled, when the
unit is placed near to the radio’s loud-
speaker. As an aid to testing both transmit-
ting and receiving functions, the unit may
also be connected so that it monitors its
own transmissions.

Although the signal source may vary,
amplification in each case is provided by
Tr; and ICs. Try, used as a grounded-base
voltage amplifier, has a low input im-
pedance well matched to the moving-coil
transducer and its parallel resistor, Rg.
When a jack plug is inserted in socket 2,
however, switch S, opens and the source

To diode rom

impedance rises, reducing the gain of the
amplifier.

Capacitor Cs couples the output of Tr;
to the inputs of one quarter of a c.m.o.s.
Nand gate, ICs, used as a linear amplifier.
The resulting modulated square-wave ver-
sion of the carrier signal is then applied to
Tr,, where data is recovered by removal of
the carrier.

Recovered serial data is fed directly into
the serial input of IC¢, pin 20. When a
complete frame has been received, a data-
available signal, DR, appears at pin 19.
This signal is used to gate the parity and
framing error signals, hence, if a valid,
errorless frame is received, pin 10 of IC;
will go high while DR is high; in practice,
this period is around 10ms long, deter-
mined by R18 and C4.

A monostable, half of ICs, is triggered
by the 10ms pulse to give an output for
2.2s. This signal, the duration of which
was found by experiment to be the most
convenient, is required in the event that a
valid two-character data frame is received,
but not followed by a second within 2.2s.
The Q output at pin 6 of IC; is connected
to one clock input of a dual D-type flip-
flop, IC4. On the rising edge of the signal
at this input, the D input’s state is trans-
ferred to the Q output, pin 1.

Logic used to compare a ‘call number’
stored in a diode memory with the first-
received, valid data byte determines states
at the flip-flop’s D input. Figure 3 is used

to help explain how the comparison circuit
works. In the example, the diodes are
drawn to represent a stored call number of
55 hexadecimal, and any binary-bit pattern
other than S5 applied to the data input will
result either in a logic 1 at point A or a
logic 0 at point B. In either case the output
will be 0. But when 55 is applied, point A
will be at 0 and point B at 1, resulting in a
1 at the output.

Two such roms are used to store the 16-
bit call word. If the first byte of the
selective-call signal is equal to the value
stored in the first rom, which has its out-
put connected to point X, Fig. 2, the Q
output of ICy, pin 1, will go high. If a

*See text ’

Fig. 2. Main board B, based on the 6402 u.a.r.t. Here, eight-bit parallel words are turned into serial
words and used to modulate an audio carrier in transmit mode. On receive, serial words are

demodulated, converted to parallel and compared with hexadecimal values set on diode roms. If two
received eight-bit words correspond with two words stored in diode roms, an audible alarm is
sounded for 10s (C3). Pins 5-12 of IC4 should be reversed.
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second byte is received within 2.2s of the
first, it will be compared with the second
diode rom, whose output is connected to
point Y of Fig. 2. Where the stored and
received bytes are equal, the second mo-
nostable of IC; will be triggered for around
10s and gate the 1.638kHz carrier to
produce an alarm.

Power for the rechargeable batteries is
supplied through a jack socket to a bridge
rectifier, so that a.c. or either polarity of
d.c. may be used. R; provides current
limiting and D5; overvoltage protection.

Construction

A small, calculator-sized plastic case is
used to house various components of the
unit, as shown in Fig. 4. An aluminium
facia, supplied with the case specified,
must be accurately drilled according to the
dimensions given in Fig. 5, especially in
the case of the retaining-stud holes, as the
studs are only lmm away from the keypad.
A position for an on/off switch is not given
since the type of switch used and its plac-
ing are not critical. If rechargeable bat-
teries are not used, the on/off switch may
be omitted.

The moving-coil transducer is pressed
into place and fixed using one or two drops
of an epoxy-type adhesive applied from
behind. A Yin drill was used to remove
the plastic supporting pillars in the plastic
case and the keypad was fixed in place on
the facia by ‘riveting’ the retaining studs
using a warm soldering iron. Dimensions
for the jack-socket holes are given in Fig. 6
and for board A in Fig. 7. Board B mea-
sured 4.15in by 2.35in.

Components on board A must be
mounted as close to the board as possible,
otherwise, problems will be encountered
when attaching the facia assembly. When
assembling board B, the batteries should

‘be mounted last because an accidental

short will probably cause damage to either
the batteries'or components.

" When determining diode positions for
the roms, it is best to write the bit pattern
of the chosen number with the most signi-
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Fig. 3. Diode roms for storing two eight-bit words in hexadecimal form. Two of these
circuits are used, with their outputs connected to the appropriate points on board B, Fig. 2.

Keypad Batteries

Sockets

Board A

ficant byte on the right. In my version,
only Smm was available between the sur-
face of the board at the position where the
diode roms were situated, and the moving-
coil transducer. Internal wiring is best
done with flat cable since it gives a neat
finished product. It is practical to wire the
two boards together before mounting the
keyboard and facia plate.

Finally, current consumption is mea-
sured and should be approximately 1.5SmA
in standby mode and over 20mA when an
alarm is given. If the alarm is triggered
each time that power is applied to the unit,
an additional tantalum-bead capacitor

should be connected in parallel with R;; on

Receiver Fig. 4. Cross section of
the selective-calling
unit. Components on
board A must be
carefully mounted as

height is limited. -

Board ‘B’

board B. The alarm may be cancelled
manually by momentarily switching the
unit off. )

Operation

When completed, the unit is easily tested
by entering its own selective-call number,
which should result in the alarm being
givenfor around 10s. If two units are avail-
able, they may be placed side by side and a
rigid reflector positioned directly in front
of the two transducers to provide acousti-
cal coupling: each unit’s selective call
number is entered on the other’s keypad,
whereupon the relevant alarm should
sound.

Normally, the unit will be used with a
transceiver and be coupled electrically
through JK,. Sufficient voltage gain is
provided to cope with the lowest antici-
pated input signal so in most cases, a resis-
tor will be needed in the signal line to
provide a potential divider with Ry. A
typical value for this resistor when the unit
is connected to a loudspeaker output, and
the radio’s volume control is set at 50%, is
100kQ), but some experimenting will prob-
ably be required.

If a call is unsuccessfiil, it is not possible
to judge whether the failure is due to the
potential recipient not being at home, or
due to the signal not reaching its intended
destination. This problem may be
overcome using a third jack socket to tap
the alarm monostable’s signal, pin 10 of
IC3, which may be used to activate the
potential recipient’s transmitter in
transpond mode. Modulation is provided
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All dimensions

in mm

Large holes 34-9 {1¥3in.)

Small holes 2-38 (%)
Fig. 5. Dimensions for the facia are critical.,
Four of the small holes are for the
keyboard’s mounting studs, which are
riveted using a warm soldering iron. The
transducer should preferably be a push fit
in its hole, and fixed from behind using one
or two drops of epoxy adhesive.

by the alarm signal.

This additional socket could be used to
activate any remotely controlled device re-
quiring a high degree of security. A
transpond signal could be used to relay
information relating to the status of the
remote device.

During tests, whether or not squelch
was used made no difference to the unit’s
operation. It is advisable to radiate an un-
modulated carrier for about 3s during
transmission to ensure that the first-mo-
nostable section is clear. Modulation depth
and deviation will be determined by the
distance between the unit and the radio’s
microphone, so some experimentation may
be required to determine optimum posi-

635mm (Yain)

x = 7-15mm (¥32in)

Fig. 6. Dimensions for the jack-socket
holes. A third jack socket may be used, as
described in the text.

S ' ‘
s = g - — omgA-
-| £ G—me—-——5C
fT : — H-A?-——‘ ]
Felzls |
g NS «
bt | L.
19, .
{0-75in}
All dimensions 445 (175in) |
in mm.
63-5(2-5in)

Fig. 7. Dimensions for board A and
positions of the keyboard connection
holes. Board B measures 4.15in by 2.35in.

Although it is not advisable to use the
unit when the background-noise level is
high, a degree of success has been obtained
under adverse conditions, including
operating the unit from a noisy mini-van
using simple moving-coil microphones.

If microphones with -automatic-gain
controls are used, it is possible that noise
during the ‘quiet’ period preceding the
first data byte will be sufficient to trigger
the uart. Should the noise initially provide
the correct parity and framing signals, it is
unlikely that further noise will follow with
the same correct parity and framing sig-
nals, in which case, the monostable will be
reset through a negative-going signal at its
CD input. Such a microphone was not

tions. available to test this theory.
Components
Board A Board B 5 4011
Resistors Resistors 6 iM6402IPL
1 10M 1 1,6k
2 100k 2 470k .

3 1om 750 1Natas
gopacitor? antalum 2513 ¥° 21 10V zener, 400mW
2 10y tantalum 14,16,17 M 22 5,1V zener, 400mW
3 100n 712 10kk Transistors
45 220p 3,18 120 12 BC109C
Integrated clrcults 10 10 3 BC212

1" see below Other components
% %Tg 4C922N 15 33k Baéterges, MP3-100 from Ever

oa
4 4013 Capacuors Case, 7%—3018C from Verospeed
5 4011 4,7u tantalum Ltd

2 10u tantalum Moving-coil transducer, 3T from

Diodes 4-9 100n K Bess:jonés Ho;el,' gggsBe;(ooz

eypad, Grayhi -
1 1N914 10 10n glghlang EI:Ztromcs Ltd, 8 Old
. o teine, Brighton

Crystal Integrated circuits 35mm ia ket

1 32768Hz type 1 408 For crgn{n?uofgcchasrgmg, R11
QRT-38 from 2 4001 should be chosen to provide
Interface Quartz 3 4538 1mA charge current, or 10mA for
Devices 4 4013 rapid charging.
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Table 1. Mnemonics for the 6402
universal asynchronous
receiver/transmitter.

VvCC positive supply

N/C no connection

GND ground

RRD receiver register disable

RBR receiver buffer register outputs
PE parity error

FE framing error

OE overrun error

SFD status flags disable

RRC receiver register clock

DRR data received reset

DR data received

RRI receiver register input

MR master reset

TBRE transmitter buffer register empty

transmitter buffer register load

TRE transmitter receiver empty

TRO transmitter register output

TBR transmitter buffer register inputs
" CRL control register load

Pl parity inhibit

SBS stop bit select
CLS character length select

EPE even parity enable
TRC transmitter register clock
Comments

This selective call unit was designed with
the sure knowledge that the facility it
would provide could not be relied upon in
the same way that the telephone service
can. However, tests so far conducted sug-
gest that the unit is useful even in less than
ideal conditions, and generally the opera-

" tional range is the same as that achieved

with normal speech. Further improvement
could no doubt have been achieved had a
filter been added to bandpass the
1.638kHz carrier signal, but this idea was
rejected because of the extra test equip-
ment needed to align the unit. Also, the
bulky compenents required for a passive
filter would not fit in such a small case. A
phase-locked-loop was rejected because of
the need for passive pre-filtering and
power-supply dependent oscillator fre-
quency problems.

The design was based upon a standard
¢.m.o.s. uart in view of its low cost and
availability; also, the use of eight-bit bytes
provides for easy interface to microcom-
puters should the need arise. Modular con-
struction allows the unit to be used as a
byte-wide parallel-data entry terminal for
microprocessor applications when board B
is omitted. Alternatively, the unit may be
used for serial data-entry applications
using both logic boards, but with some
components omitted., WV

Pholo—copws of the p.c.b.-foil patterns and components

can be obtained by sending a s.a.e. to Wireless
World Selcall, Room L303, QuadramHouse, The Quad
drant, Sutton, Surrey SMZ SAS. Requests for printed-
circuit, boards, whose price will depend on
demand, should be sent to the same address.
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Fifth-generation computers

The government has recently announced
that it will be financing research into the
development of ‘Fifth generation compu-
ters’. The need for this is illustrated by the
peculiar effect of the tumbling cost of
large-scale integrated circuits. The very
cheapness of the hardware means that we
are using computers to solve bigger and
more difficult problems and this results in
an escalating cost in the writing of the
programs. The situation has been referred
to as the ‘software crisis’.

The principal reason for the software
crisis is that the internal structure of the
computer allows it to operate on one piece
of data at a time, using only one instruc-
tion at a time — the von Neumann archi-
tecture. The next step is to allow the com-
puter to operate by overlapping the various
stages that make up the execution of an
instruction, so that a number of consec-
utive instructions are simultaneously ac-
tive in various stages of partial execution.
This is called ‘pipelining’, first used in
Manchester University and is employed in
large, fast computers such as the Cray 1.
From a programmer’s point of view there
is little difference — it just runs faster.

An ‘array processor’ uses an array of
similar processing elements but still has a
single stream of instructions emanating
from a central point. Each instruction is
simultaneously carried out by all the
processing elements in the array. Finally in
this catalogue of existing computer archi-

tecture, we come to the multi-processor
multi-instruction machine. These are still
at the experimental stage. The CYBA-M
computer, built at UMIST has a number
of independent processors arranged
around a common memory. Each proces-
sor has its own tasks to perform and is
coordinated with the others through the
shared memory. The shared memory when
built normally can cause a bottleneck as it
can only be accessed by one processor at a
time. This may be overcome by having a
number of separate memory elements,
connected to the processors through a
switching network.

This brings us to the Dataflow compu-
ter, the next, 5th, genecration. The basic

‘plan for a dataflow machine is that there

are two main components; a block of
processing units and an activity Sstore
(where the program is kept). They are
interlinked by a high bandwidth commu-
nications path in the form of a ring. At any
given time the processing units will be
performing a number of tasks, each of
which might be quite simple such as a
multiplication. A packet of data complete
with its instruction arrives at the processor
from the activity store. The processed re-
sult is transmitted back to the activity
store and its arrival there triggers the re-
lease of further tasks to be transmitted to
the processing units. Many of the tasks
may be performed independently and
therefore asynchronously, the only time

that operations need to be sequential is
when one operation depends on the results
of another. A program consists of a very
large number of small tasks, coordinated
only through their data dependencies.

As all the existing program languages
are based on von Neumann architecture,
completely new programs need to be de-
veloped. One such is KRC, The Kent Re-
‘cursive Calculator, developed at the Uni-
versity of Kent. An interesting distinction
is that once a value is a assigned to a varia-
ble (i.e. X=A+B), this cannot be altered
as there is no sequential order. So an as-
signment such as X=X+1 is not valid.
The left-hand side of each assignment
equation must be unique. In KRC there is
a SORT operation and if we want to sort
the elements of list X we could write
Y=8SORT X. Y is the name for the new
sorted list while X remains unaltered. All
data structures are built using lists includ-
ing such elements as ‘infinite lists’ for
example (1,3..), the list of all odd
numbers. Many such lists constitute ma-
thematical sets so elements of the language
can be built by obeying the rules of set
theory.

Such languages have still a long way to
go as at the moment they actually take
longer than conventional programs.

Much of the above has been extracted
from a paper presented by David Turner
of the University of Kent, presented at a
recent seminar on the Fifth Generation.

This micro-cassette drive comes from Hungary and is a low-cost alternative to many
rivals. Each 2V5-inch disc is housed in a rigid plastic cassette which offers some
advantages in that it is better protected from the environment and can be provided
with a solid core to improve the drive. It is claimed that the single-sided disc can hold
up to 200Kbytes of data and can read or write its entire contents in less than a second.
The bare drive costs £60 for one-off or is available in an applications kit with five discs,
a head tuning disc, instructions and an interface cable for £100 (+v.a.t.). The UK agents

are BATS-NCI Ltd, in London.
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For QWERTY
read QPYCB

After an exhaustive computer analysis of
the frequency of the use of letters in key-
board operations, and of the ease finger
movements, PCD Maltron Ltd. have re-
arranged the positions of letters on the
keyboard. They claim that their keyboard
has 90% of the letters of the 100 most
commonly used words on the ‘home’ row,
which on the usual typewriter is
ASDFGHJKL. On the Maltron keyboard
this becomes ANISFDTHOR. The
analysis also suggested that the distribu-
tion of the letters could be arranged so that
the same finger is used less often successi-
vely and that there could be a lot less
hopping up and down the rows of keys. In
these two respects the improvement
claimed is in the ratios of 9:1 and 256:1
respectively. Not only are the keys altered
in their relative positions but they have
been arranged so that the keys operated by
each hand are physically separated and
-instead of being on a single plane are ad-
justed so that the keys operated by the
longer fingers are sunk into the plane of
the keyboard and all the keys require a
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Peter Wheeler, one of the National Co-
ordinators of the Microelectronics
Education Programme, is seen using
an ergonomically designed Malton
Keyboard with an RM 380Z computer.

minimum of movement to be operated.
New learners can be trained faster than
on traditional keyboards, according to trial
tests. Even those already skilled in
QWERTY operation can be supplied with
the ergonomically moulded keyboard but
with the traditional order of the keys. Er-

ror rates have been shown to be reduced to
one tenth while speed can be increased by
up to 40%. This could be very important
as the keyboards for computers seem to be

invading every aspect of our lives, at least -

until there is an efficient voice recognition
system.

BT up for sale

As predicted in our May issue, the Govern-
ment has at last announced its plans for the
‘privatization’ of British Telecom. The
process started with the granting of a
licence to Project Mercury. Then thére
was the opening of the doors to allow pri-
vate-sector selling of telephone apparatus
direct to the public. Patrick Jenkins, in a
Statement to the House of Commons, said
that the liberalisation of telecommuni-
cations had started and that he intended to
see it through.

He pointed out that 90% of BT’s invest-
ment programme was financed by BT, or
rather by their customers. Consequently,
costs to the customer had risen to an ‘unac-
ceptable level’. Selling BT would generate
capital for investment: the proposed sale
would take place after the next General
Election. Any legislation would keep BT
as a single enterprise.

The Board of British Telecom has been
very cautious in its response. Until de-
tailed proposals are put forward, the Board
is unwilling to express any general view on
the proposals. They welcomed the Secre-
tary of State’s commitment to full consul-
tation and would be seeking to ensure that
BT would have a stable basis for future
development.

Engineers
surveyed

The Institution of Electrical and Electron-
ics Incorporated Engineers (formerly the
IEETE) have conducted a salary survey of
their members which showed that there
has been an average increase in income of
30% over their last survey two years ago.
The most noticeable difference is that the
difference between salaries in the public
and private sectors of industry has in-
creased with Incorporated Engineers now
taking home an average of £1,190 more
than their counterparts in the private sec-
tor, compared with a difference of £410 in
1980. For the technician who was better
off by £50 in the private sector, he is now
worse off by £300 compared with his pub-
licly employed peer.

Incorporated engineers can expect to
break the five-figure barrier. Technician
Associates on average get £8,000 in the
public domain and for graduates the figure
is £8,400 (their private-sector counterparts
get £1,000 less).

The best paid members work in General
Administration, the next best in Broad-
casting, Telecommunications and Postal
Services. After them come the workers in
Electricity Generation and Distribution
(and for technicians the Armed Forces).
Where they used to earn most, in the
chemical and processing industries, they
have now been relegated to fourth place.

The predominant qualification for mem-
bers is still the HNC.
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British Rail's R&D Division at Derby is using a Dataport 5 hand-held microcomputer to
record the measurements of the effects that vehicles have on rails. The Dataport can
retain the data and then at a later stage transmit it to a host computer, by telephone if
needed. It is hoped that the research will lead to improved passenger comfort and into
a better understanding of rail and wheel maintenance. The Dataport 5 is produced by
Data Recognition in Earley, Berkshire.
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The 50th ACR 430 airfield control radar has been installed by Plessey at the British

Aerospace private airfield in Hatfield. The cost-effective X-band system is easy to install
and maintain and will be used in connection with the flight testing programme of the new

BAe HS 146 Feediner aircraft.

Micros in primary
schools

At last Clive Sinclair has a foot in the door.
The ZX Spectrum microcomputer has
been accepted as suitable for use in prim-
ary schools. This is an extension of the
‘Micro in schools’ project which is part of
Information Technology campaign of the
Government, through the Department of
Industry. Like the scheme for secondary
schools the Dol is offering 50% of the cost
of the computer to schools which can raise
the other 50%.

Other systems selected for the scheme
are the BBC Model B and the Research
Machines Link 480Z.

Recording
medium

The needle-like particles used in magnetic
recordings have a limitation. Because of
their physical length, there is a minimum
distance between the two points where a
change of magnetic flux can be recorded.
The current maximum density for data
storage is about 15,000 bits per inch; with
multi-track recorders it is possible to get a
large amount of information onto the mag-
netic medium. However there is a limi-

24-track digital recorder

Sony have launched their PCM 3324 re-
corder which offers many of the advan-
tages usually associated with analogue
machines. Spliced joins or punch-in
recordings are simplified by means of a
computer-generated cross-fade over the
join to give a continuous signal round the
insert or edit point.

At a recent demonstration, Sony trans- -

ferred a recording from the first track to
the second and then to each of the 24
tracks in turn and then played the 24th

The head configuration of a Sony PCM 3324 digital tape recorder. The heads from left to
right are 1. Advance digital recording head. 2. Digital play-back head. 3. Analogue erase
head. 4. Analogue record and playback head, and 5. Th

head. :

7
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recording in stereo with the original.
There was no audible difference. In addi-
tion to the 24 digital tracks there is a stereo
pair of analogue tracks, a control track and
a time-code track. There is a long cata-
logue of features and operations; one that
appealed to us was the ability to rehearse
an edit; to be able to hear what it would
sound like without losing the originals.
There is a claimed dynamic range in
excess of 90dB and all 28 tracks fit onto
1in tape.

e

e synchronised digital recording

tation and any attempt to increase bit-den-
sity can lead to a loss of data. One solution
has already been mentioned in these co-
lumns; the EMI Watermark system orients *
the magnetic needles across the magnetic
track — transverse instead of longitudinal.
Another system proposed by Vertimag of
Minnesota, USA (co-incidentally the home
of 3M), is to get the magnetic particles to
stand on end, perpendicular to the surface.
With the vertical system, each particle
can be shorter and thinner without losing
its magnetic coercivity. In fact by some
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quirk of nature it is found to improve the
coercivity.

This leads to a tenfold increase in the bit
density. 100,000 bits per inch is already
achieved and experiments have shown that
400,000 will be possible. This may be com-
pared with 25k b.p.i. for an optically read
laser disc and in terms of bits per square
inch can even compare favourably with a
64K, random-access memory, which can
hold 10° bits in a square inch while the
vertical magnetic recording can have 10°,

Vertimag are concentrating their de-
velopment into the production of compu-
ter memory discs. First the ‘floppy’ variety
where a disc will offer three to five times
the capacity of an equivalent conventional

disc. One drawback is that the medium is
produced by using a sputtering technique
to deposit the chromium cobalt crystals on
to the backing. This is expensive and discs
are likely to cost up to 75% more than the
conventional ones.

Further advantages will become
apparent when the technique is applied to
hard disc memories of the Winchester
type. With their sealed environment and
more precise mechanisms it is possible not
only to improve the linear density but also
the number of tracks on the disc. Similar
advantages will accrue to digital tape and
disc recording for audio and video applica-
tions.

The vertical magnet idea was developed

Satcom 1200 is a 12GHz receiver for direct broadcasts from satellites. Signals received
from the dish aerial are amplified by a low noise downconverter using Gallium Arsemide
fets and hybrid i.cs. To give a stable low-drift performance across a minimum 500mHz
bandwidth. The signals are fed to an indoor tuner with a further downconversion to
normal broadcast frequencies, which are demodulated to PAL —G/625 line standard. For
use on future DBS the dish size may be as small as 700mm but for current satellite
transmissions, dishes of 2 to 3 metres are offered. The system is marketed by March

Microwave in Braintree, Essex.
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in Japan but Vertimag are hoping to beat
the Japanese at their own game and be able
to sell products ahead of them.

News in Brief

British Aerospace has been appointed
prime contractor for the European Space
Agency’s Giotto scientific satellite which
will intercept Halley’s Comet in 1986.
Giotto will be Europe’s first space explorer
when it begins its eight month journey to
the interception some 150 million km from
Earth. Data will be transmitted back in the
s and X bands.

Other news from the ESA is that the Ma-
recs-B Inmarsat satellite and Sirio-2 the
Italian communications satellite are to be
launched together from Ariane L5 — the
first fully operational launch of Ariane.
The two satellites will be put into orbit by
a dual launch system developed by Aero-
spatiale known as Sylda.

*Video coverage of the artempt at the land

speed record is to be provided by light-
weight tv colour camera and a portable
tape recorder to be installed in the cockpit
of the jet-powered Thrust 2 car, driven by
Richard Noble. The equipment supplied
by Sony will be subjected to foces up to
6%2G and it is not yet known if it can stand
up to it. Sony are quietly confident.

Two fibre-optics experts, Dr George
Newns and Dr Keith Beales have been
awarded the Martlesham Method by their
employers, British Telecom. They de-
veloped a method of cladding one type of
glass in a sheath of another type to improve
its internal reflectivity along the fibre.
Their ‘double-crucible’ technique is a ver-
satile process, capable of producing most
types of fibre.

After seven years of producing profes-
sional audio equipment Monogram are
seeking a buyer. Don Purkis, the com-
pany’s founder, says the unexpectedly
high development costs, spent on an as yet
unexploited new product, have lead to the
downfall of Monogram. Now Mr Purkis is
looking for a buyer prepared to spend, we
believe, around £12 000. He can be
contacted by ringing London 573 3362.

The Home Office has set up an Indepen-
dent Review of the Radio Spectrum under
the chairmanship of Dr, J. H. H. Merri-
man. The first area of enquiry is to be the
use of tv Bands I and III once the 405 line
services are withdrawn.

Channel 4 commences broadcasting in No-
vember and already some 31 transmitters
are ready to provide the service to about
87% of the population. The task of
converting all the main IBA transmitter
and 600 relay station will not be completed
until 1984,
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TRANSMITTING AERIALS ON
MODERN MERCHANT SHIPS

Following a lengthy correspondence in our Letters pages on the deficiencies of modern marine
communications, John Wiseman presents photographic evidence of what he calls 'the

In the early days of marine radio, almost
every merchant ship had two tall masts for
the very practical purpose of supporting
the cargo derricks, the principal method of
cargo handling of those days. This fortu-
nate circumstance provided, at no extra
cost, a ready made means of supporting a
transmitting antenna for operation in the
band 400 to 525 kHz, a band chosen to
take advantage of the 24 hour, long-
distance, ground-wave propagation char-
acteristic of low frequencies, while still
permitting the erection of a reasonably
efficient aerial in the space available on-
board ship.

The aerial provided was invariably a
capacitive “flat-top”, inverted “L” or
“T”, resonating with the transmitter tank
inductance at the transmitted frequency,
heaviest current up, and omni-directional
radiation from, the vertical section, rising
to a good height and clear of the super-
structure.

Textbooks of those days had whole
chapters on antenna theory. For example,
the Textbook of Wireless Telegraphy, by
Rupert Stanley, 1919, makes the following
observations: , . . . the range of transmis-
sion, or the energy radiated, depends on
the (height)? for a given aerial current
.. .7 and “. . . the greater the capacity of
the aerial the less will be the maximum
voltage strain on its insulation for a given

Five mast aerials. From the left: Greek flag,
14,383 g.r.t., B. 1966, taken W.Africa, Sept.
1980; Japanese flag, 15,967 g.r.t., B1979,
taken W.Africa, Sept. 1981, U.S.A. flag,
11,000 g.r.t., B.1963, photographed
W.Africa, Sept. 1981, German flag, taken
W.Africa, Aug. 1981; Liberian flag, 20,713
g.r.t., B.1972, taken Nagoya, Oct. 81. Latter
is of Japanese design, perhaps inspired by
a Japanese lantern — note the rope
propping it up. Other aerials in this strip
have extraneous ropes or wires hanging
from their radiating parts.
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insanities of ships’ aerials”.

by J. Wiseman

Mr Wiseman is a freelance marine radio officer

aerial current and frequency . . . the capa-
city of the aerial is increased by having two
or more wires in parallel . . . the greater
the capacity of the aerial, the more energy
it will take from the closed circuit for a
given voltage strain ., . .”.

The wisdom of Stanley’s words is
echoed by the Admiralty Handbook of
Wireless Telegraphy, 1931, according to
which: “. . . the greater the capacity of the
aerial, the less inductance will be required
for tuning to any particular wave, and con-
sequently the less will be the oscillatory
potential of the aerial above that of the
deck insulator. V= I/VL/C ... .”. and
. . . defective insulation will account for
a considerable loss in efficiency, especially
on long wave . . . leakage to earth in this
way is equivalent to having a resistance in
parallel across the aerial capacity, and this
can be replaced by an equivalent series resis-
tance, whose value (approx) is given by
1w C?R, where R is the resistance of the
leakage path . . .”.

The following table will illustrate that
aerials of low capacity are less tolerant to

* problems of parallel leakage. It is compiled

for antennas of 500,250 and 150 pF operat-
ing at 500 kHz.

series series series
parallel equivalent equivalent equivalent

leakage at500p at250p at150p
10kQ  40.5Q 16202 4500
100k 4.05Q 16.2Q 450
1MQ  0.405Q 1.62Q 4.5()
10MQ  0.0405Q -0.162Q 0.45Q

I only mention these elementary matters to
show that all necessary information on
good aerial design has been readily avail-
able for 50 or 60 years.

Times have changed: only passenger
ships have long aerials now. Since the early

Australian flag, 21,731 g.r.t. B.1974,
pictured Yokohama, October 1981. .. . a
few years ago a ship would be fitted with a
good T or inverted L aerial, often extending
the entire length of the ship and as high as
the masts would allow. Nowadays, we are
lucky to have 80 feet of wire round the
funnel. ..”, (Letter to the Editor, Nov.
1979). Insert shows size of ship in relation
to space for aerials.

Liberian flag, 10,430 g.r.t. B.1974.
Photograph W. Africa, March 1981. Efforts
to increase capacitance offset by wet
weather leakage offered by 11 insulators
on one aerial and seven on the other. Does
not rise above funnel, a vertical ground.

'

1960s, bulk-carriers, container ships,
supertankers, chemical and gas tankers,
with their specialized, shore-based loading
gear and gantries, have done away with
masts, changed the shape of ships, and
created a whole new menagerie of aerials.
Some of the problems they have given have
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Fig 1. Collection of diagrams on sound marine aerial design from early textbooks. Inverted L and T aerials at (a) and (b) are from “The
Maintenance of Wireless Telegraph Apparatus’, P.W. Harris, 1917, Diagrams (c) to (f} show ‘capacity aerials’, taken from “Wireless
Principles and Practice”, L. S. Palmer, 1928, and the insulators at (g) and (h} come from “’Handbook of Instruction for Wireless
Telegraphists”, Hawkhead and Dowsett, 1918.

been discussed in the Letters to the Editor
columns of WW over the past three years,
under the heading “Failure of distress sig-
nals at sea”. The photographs reproduced
here have not been specially selected. They
are by no means an exhaustive collection,
but they are typical enough. There is a
‘Murphy’s Law’ about photographing
aerials: the most interesting and splendid
examples sail past during a tropical thun-
derstorm, or are seen in ports where per-
sons with telephoto lenses are likely to be
shot on sight.

There are neither “good” flags nor
“bad” flags. The “designers” of these
aerials appear to be (a) d.i.y. enthusiasts,
(b) practitioners of black magic, (c) per-
sons who have not heard of Rupert Stan-
ley, and who believe that ‘‘a more powerful
transmitter will compensate for an ineffi-
cient aerial”, or, in too few cases, (d) real
radio engineers.

The commentary accompanying the
photographs will refer in general to opera-
tion at S00 kHz. The Home Office ‘Code
of Practice for Ships’ Wire Antenna
Systems for Radio Telegraphy Transmis-
sions in the Frequency Band 405 to 535
kHz”, MPT 1270, published 1974, gives,

British flag, 11,897 g.r.t., B. 1973, taken at Kobe, Oct. 1981. Parts of aerials radiating most are
two horizontal wires, hanging from bottoms of whips below funnel and optimistically
described as ‘feeders’. Whips look very ‘modern’. Insulators are inaccessible for inspection
and maintenance. These are really mirni inverted L aerials rotated through 90 degrees. To

obtain sufficient capacity for full power operation, both are operated in paraliel, frustrating as the “major objectives at the design
the concept of main and reserve aerials. No use is made of sighal mast to obtain good aerial stage”, the following criteria: in
height. Works weli at h.f. , order that the required anterina shall
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From left: British flag — plywood lead-in-trunk for minimum shunt capacitance — brass
bells shield lead through insulators from spray and rain, but they are shunted by
unprotected strain insulators; Italian flag — steel mesh offers neither protection from
weather nor reduction in shunt capacitance; British flag — no trunk at all — cheaper and
quicker to cut holes in wall, but efficiency of shielding bells on horizontal insulators is
doubtful — bells shunted by unprotected strain insulators (seems to be universal practice).

East German flag, 11,127 g.r.t., B.1976.
Photographed at Yokohama, Oct. 81. High
capacity ‘sausage’ aerial with good height
and only three possible points of leakage.
Many splendid examples of this type can
alsp be found on French, Belgian and
Soviet vessels. The mast aerial in the
background is a standard model widely
used on eastern bloc merchant ships.
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USSR flag, 3236
g.r.t, B.1963.
Photographed in
W.Africa, Sept. 81.
Maximized capacity,
minimized leakage
on a 19-year-old
ship. Return to the
basic principles, of
1919 and rational
design.

‘radiate efficiently, it is necessary that:

(1) It should be suitably dimensioned.

(2) The electrical connection between the
radic transmitting apparatus and the
antenna is of such design that only a
small part of the radio energy is ‘lost’.

(3) a principal part of the antenna is ver-
tical or near vertical.

(4) the principal part of the antenna is
not in close proximity to any substan-
tial part of the ship’s superstructure.

(5) the uppermost part of the antenna is
of adequate height above the topmost
deck or superstructure.

(6) the antenna is not shielded unduly by
parts of the ship’s superstructure.

(7) the radioroom be situated on the top
deck or second deck so the feeder
connecting the radio apparatus to the
effective part of the antenna is short.

(8) the vertical part of the antenna,

which is of principal importance for

radiating energy, is close to the radio
room.

attention be especially given to the

means necessary to avoid the high

loss of radio energy which can occur
when the lower part of the antenna
includes a substantial amount of open
conductor in close proximity to
metallic portions of the ship. In such
cases the measurement of antenna

©

=

British flag. Receiving whip bends in strong
wind, almost touching transmitting aerial.

current at the radio transmitter could
be misleading and would not give a
good indication of the radiation from
the antenna. ~

(10) the radio installation is efficientl
earthed to the ship’s hull. '

How would the aerials depicted measure
up to these requirements? \VVVi

Linsley Hood 100W am-
plifier — corrections

Several errors and omissions made the
circuit diagrams of the amplifier —
given on p.28 of the August issue —
misleading. We apologize for them
and give the corrections below.
Ordinary small-signal transistors
(high-voltage, where necessary) are
suitable for the early stages, and it was
not intended to tie them down too
specifically, but the types used in the
prototype are: Tr,;—BC447;
Trs s—~MPSA93;  Trs7;—MPSA43;
TR;3—BC212; Tryo—BC182;
Tr;;—2SK134;  Tr;p—2SJ49. The
output transistors should be n-chan-
nel (Try;) and p-channel (Tr2). :
The negative supply to Trs should -
be negative, the Zener and C; being
shown upside down. Capacitors Co
and Cjg can be reduced to 100pF.
Resistor values in Fig. 25 are not
shown, since they are the same as
those in Fig. 24: Rs3 are IM5, Rg 7
are 3M9 and R;4 are 2M2. Care
should be taken to connect the pins of
Tr3 to the correct pads on the p.c.b.,
since the case outline is shown
‘twisted’ from the correct position.
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CES CHICAGO

A thousand exhibitors demonstrated the consumer electronics they will sell to America

This year, a record number of well over
72,000 visitors attended the Consumer
Electronics Trade Show in Chicago. There
were more than 1,000 exhibitors dispersed
in the huge McCormick Center and
various hotels in the city. In general, the
mood was one of cautious optimism and
most dealers were looking for increased
business in the future when the political
and economic climate improves.

As with the last three Shows, the em-
phasis was very much on video — which in
this context includes computer-based
electronic games, many now embellished
with “speech”.

Video discs

Big news from RCA was the introduction
of a new video disc player which features
an infra-red remote control, a fast search
speed (16X) in both directions, rapid
access (120X) and stereo audio tracks with
CX noise reduction. Similar models using
the RCA CED system were being demons-
trated by Zenith, Toshiba and Hitachi.
RCA’s Vice-President, Thomas Kuhn
.said: “Despite the recession, US consum-
ers spent more than $90 million for CED
players and discs in the product’s first
year”. Although the VHD players were
being heavily promoted by Panasonic and
JVC with programs in NTSC, Pal and
Secam formats, release has been post-
poned-again. Rumour has it that work is
proceeding on a recordable disc although
many experts believe this is unlikely.
However, it is known that the Japanese
broadcasting Corporation (NHK) has de-
veloped a video disc that can be recorded
and erased any number of times. It uses a
thermomagnetic principle for recording
and the Kerr optomagnetic effect for laser
playback. Prototypes have a carrier-to-
noise ratio of only 38 dB but work is
proceeding on methods of improving it.
The third system-LaserVision, was re-
presented by Pioneer and Magnavision
among others and the new models also use
CX noise suppression. At the January
Show in Las Vegas, Kenwood caused a
minor sensation with the introduction of
the first audio-video amplifier which fea-
tures a video enhancer circuit, switching
for VCR’s and V-Disc players, provision
for mic dubbing and more, all combined
with a 50 watt integrated amplifier. This
model really heralded the coming audio-
video ‘marriage’ caused by the enormous
number of potential video program sources
and the need for better sound quality.

Television

Although as yet there is no stereo tv in the
US, apart from some cable systems, most
of the new VCR’s and video disc players
have this facility, usually with some kind
of noise reduction system, so the tv set
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this year

By G. W. Tillett

with its poor quality loudspeaker is just
not good enough. In addition there are the
electronic games, computers and satellite
tv signals — all requiring connections to
the tv. There is no question that the tv of
the future, the near future, will be just a
monitor, part of a component system need-
ing only a video signal for direct applica-
tion to the tube. Sony’s Profeel system is
one of the first and similar units were
shown by nearly all the other tv manufac-
turers. Some have amplifiers built in to the
monitor while others like Jensen, offer a
combined audio-video receiver. Model
AVS-1500 combines a a.m.-f.m. digital
tuner, a 133-channel tv tuner and a stereo
50 watt amplifier with a microprocessor
controlled switching unit — all in a single
unit. There is a choice of Slcm or 67cm
colour monitors. The smallest monitor
comes from Hitachi: it has a 10cm screen
and there are two built-in 6.5cm loud-
speakers.

There is a definite trend towards larger
tv screen sizes: Sony were showing a proto-
type with a new 80cm picture tube and
there were a number of new projection
models. GE unveiled a 110cm rear pro-
jection model which has a built-in stereo
amplifier rated at 10 watts per channel —
plus two loudspeaker systems. A switch
panel -allows connection to external video
sources. Other rear projection systems
with similar size screens were shown by
RCA, Sony and RCA. Pioneer’s L§-501 is.
a forward projection model and the screen
size is about 130cm. Zenith claim to elimi-
nate picture distortion in their 100cm pro-
jection models. The red, green and blue
tubes are mounted side by side but the
faceplates of the left and right tubes are
tilted to cancel out distortion caused by the
angle of projection.

Video cassettes

Now for a look at some of the new video
cassette recorders. With the appearance of
the T-160 long-playing tapes, most of the
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new VHS recorders can record up to eight
hours. At the other extreme, a number of
mini-portables were seen using a new for-
mat called UCM, for Ultra Compact
Machine. These mini-VHS models were
shown by RCA, Sharp and JVC, the aver-
age weight being only 4}4lbs. Playing time
of the cassettes — which are slightly smal-
ler than a cigarette pack — is 20 minutes.
Adaptors permit them to be used with
standard VHS machines as 1 inch tape is
used. Apparently the UCM format was
developed to meet competition from Grun-
dig, Funai and Technicolor who make
small portables using 6mm tape. Discus-
sions are being held among some Japanese
manufacturers concerning an entirely new
format employing 8mm tape for portables
but production might be two, or even
three years away.

Marantz were demonstrating a Beta
VCR which was specially designed for high
quality sound reproduction and among the
features is Dolby C and stereo sound. Pa-
nasonic’s VHS model PV-1780 also has a
similar specification with Dolby and Ste-
reo but, like many VHS models it employs
four video heads. This means that field-by-
field scanning is used for the “still” mode
instead of frame-by-frame.

Sony had a new Video Special Effects
Kit which includes an effects generator, a
monochrome video camera which, when
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Fig 1. The AR room-acoustic adjuster
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combined with a colour camera and VCR
can provide such effects as superimposi-
tion, colour keying alteration in up to six
colours, monochrome reversal, plus re-
mote control of VCR transport functions.
The kit also has a close-up lens, camera
stand and title holder. For the profes-
sional, Sony introduced a waterproof
“marine pack” designed to protect porta-
ble Betamax video equipment during un-
der water shooting. It is equipped with a
built-in microphone.

Audio

Although audio seems to be taking second
place to the more glamorous video pro-
ducts, there were plenty of new items in all
price ranges. Here are some of the most
interesting: AR were demonstrating their
new digital signal processor which com-
pensates for loudspeaker-room acoustic
deficiencies. Figure 1 shows the basic cir-
cuit: the listener presses the re-set button
and a random noise-like signal from the
m.p.u. memory is sent to the loudspeakers
via the a-to-d convertor. This signal is
picked up by a microphone located in the
remote hand-held module and stored as
ram data under control of the m.p.u. The
data is analyzed and compared with the
original to produce a filter which is then
inserted into the preamp circuit. Each
channel is analyzed separately so there are
really two filters. The system operates to 1
kHz and a typical pair of before-after res-
ponse curves are shown in Figure 2.

Last year Onkyo introduced a double
cassette deck, this has now been joined by
a “second generation” model with other
twin decks from Sansui, Hitachi, Sharp,
JVC and Technics. Most offer a fast speed
for dubbing so a single side of a C.60 can
be copied in 15 minutes. Perhaps the most
significant development in cassette decks
is a revival of interest in microcassettes.
Panasonic make a miniature model using
dbx, while Sony’s TC-MR3 is described as
“the first home microcassette deck.” One
of its advertised functions is to make tapes
for the Sony Walkman and similar models.
Few pre-recorded microcassétes are avail-
able at present but this situation is likely to
change soon. Meanwhile, blank cassettes
using metal formulations are being mar-

- keted by Sony, Fuji, and TDK among
others.

Denon were showing a ‘Pure Class A,
No-Feedback’ 200 watt amplifier last year
and now they have a matching preampli-

fier. This is the PRA-6000 which also uses-

_no feedback. Equalization and tone con-
trols use passive circuits while input
switching is electronic. The price is pretty
steep at $3,000. Another interesting ampli-
fier comes from Harman-Kardon, the
Citation XX which was designed by the
Finnish engineer, Matti Otala. It includes
an instantaneous current capability of 200
amps so the amplifier can deliver 14,000
watts per channel into a 0.35 ohm resistor
under transient conditions; a low value of
negative feedback; dual power supply with
a total capacitance of 80,000 mfd; three
thick copper plates are used to form a low
impedance transmission line from the
power supply to the output transistors.
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Fig. 3. The Southern linear tracking
arm is driven by the groove without
motors

Flanged ball bearing ————, @

Rated output is 440 watts per channel into
4 ohms with no more than 0.1% THD, A
special feature is a three-position switch
for bias so the current can be adjusted
according to the power level desired.

The new Quad ESL was attracting a lot
of attention — so was the latest electros-
tatic loudspeaker from Acoustat, the
Model Eight which stands 94 inches high.
It has a radiating area of over 23 square
feet and is capable of as.p.l. of 125dB ata
distance of 25 feet. The impedance is said
to be “an extremely peaceful 6 ohms”. At
the other extreme; in terms of size B & W
were making some impressive sound with
a new mini system measuring 240mm by
'155mm by 190mm which was designed for
domestic or car use.

New turntables caused no great excite-
ment among dealers; although there were
several new linear tracking designs from
manufacturers like Sansui, Luxman, JVC
and Technics. The most unusual was a
precision linear arm from Southern: unlike
all the other models now on the market, it
doesn’t use a servo-drive mechanism as the
record groove pulls the cartridge across,
just like a conventional pivoted arm. In
order to do this, arm friction needs to be
very low indeed, as does the mass. The
arm is actually made from a glass composi-
tion and weighs only 1% grams. A three-
point suspension is used with stainless
steel and sapphire bearings and it runs on
pure quartz rods. Price is about $600. Yet
another unusual arm was the Townsend
Elite which is a pivoted design with a dif-
ference. An extension section near the car-
tridge floats on an arc-shaped trough filled
with silicone to provide damping and the
turntable base can be hit quite hard before
mistracking occurs,

Radio

One of the issues causing some arguments
among engineers is the proposed a.m. ste-
reo transmissions. There are no less than
five systems contending for acceptance:
Magnavox, Kahn, Belar, Harris and
Motorola. All employ some kind of phase
modulation but the Kahn system has inde-
pendent left-right sidebands. The Belar
approach is to frequency modulate the car-
rier while the other three systems phase
modulate the carrier. Most of the Japanese
manufacturers appear to favour the Mag-
novox system although the Harris system
which was demonstrated at the Show has

several advantages. These include a wider

"bandwidth, separation up to 15 kHz and
the smallest occupied bandwidth. As
shown in the block diagram, (fig 4) the
Harris system amplitude modulates two -
RF carriers separated by 30 degrees and 90
.degrees phase difference. The left channel
modulates one of the signals while the
right modulates the other. A pilot tone is
-varied from 55 to 96Hz to enable the re-
ceiver to track this varying phase dif-
ference and provide normal stereo decod-
ing. Although this means that channel
separation can only be maintained down to
200 Hz, this is not considered a serious
"drawback. The block diagram shows the
decoder arrangement: unmodulated i.f is
generated with the phase locked loop to
quadrature detect the l-r stereo difference
information. After attenuating the L+R to
match the L-R, both are fed to an audio
matrix to recover the left and right audio
channels. The basic circuit will be avail-
able in a 24 pin ceramic DIP (HS-3604)
later this year. Harris say that orders for
over 150 transmitter adaptors have already
been received, but these will obviously be
cancelled if one of the other systems is
adopted. It is now up to the broadcasters
to make a decision. At the Show, Sansui
were demonstrating a receiver equipped to
receive signals from a local transmitter in
the Kahn, Harris and Magnavox modes.

Arguments ate still going on concerning
the compatibility of the CBS CX noise
reducing system. Fewer than two dozen
CX records have been released although
some 200 are promised by the end of the
year. Several receivers were to be seen
featuring CX and a number of decoders are
‘now available while the system is being
used in video disc players and VCR’s.

I counted 17 compact digital disc players
at the Show but only one company, Cyber-
net, claim that units are being actually
produced. The software situation is not too
clear although Polygram claim that they
will release 200 to 300 records by the end
of the year.

Electronic music

Casio’s new musical keyboard lets the user
create 1000 different sounds which are
stored in 10 memories. Arpeggio patterns
can be programmed to match the music by
reading in up to 127 steps, 9 note pitches
and rests. There is a built-in “sequencer”
which allows the user to program a series
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of notes, play the sequence and create
other sounds — all at the same time. Other
features include digital frequency display,
vibrato, sustain, delayed vibrato and pre-
set sounds for such instruments as a bas-
soon, pipe organ and flute. The keyboard
is a full-size 61-key model and the instru-
ment has a built-in loudspeaker. Another
musical instrument from Casio is the CT-
701 computerized electronic player piano.
It uses a “miracle scanner” and the user
just passes a wand over a printed bar code
music sheet and the tune is instantly put
into the keyboard’s memory for instant
playback. The instrument can store up to
345 melody notes and up to 201 accompa-
niment chords.

Home computers

The Commodore MAX machine uses a
new m.p.u., the 6510, to produce a variety
of music and sound effects. There are
three “voices” each with a 9 octave range
and the instrument is said to, “command
amazing orchestration when used with a
good quality audio system” With a BASIC
language cartridge, MAX users can learn
the fundamental language of computing
and write their own programs which can
include maths functions. Commodore also
introduced a home computer, the Model
64, which the American Express said,
“could be the m.p.u. industry’s outstand-
ing new product introduction since the
birth of the industry” It can use VIC 20
peripherals and the addition of an IEEE-48
cartridge will enable it to run other peri-
pherals including CBM printers and disc
drives. Another feature is its capability of
using a Z-80 add-on processor board to run
CP/M. The 40 column by 25 line screen
and 16 colours, plus its 64K of RAM help
to give it one-third more computer power
than the Apple II at $595.00 — less than
half the price.

The most inexpensive computer at the
Show was the Timex-Sinclair, which sells
at less than $100. It is a modification of the
Sinclair ZX81 and manufactured in Scot-
land.

An interesting telephone adaptor was
shown by International Mobile Machines
Corporation and it is intended to screen
phone calls, tell you who is calling and it
also features a memory. It works like this:
whenever someone dials your number, the
phone will not ring but a pleasant synthe-
sized female voice asks the caller to enter
their personal access code by pressing the
appropriate buttons. If the code you’ve
authorised is entered, the number appears
on a digital display so you know who is
calling and who the caller wants to speak
to. A touch of a button and the Access
codes of all those callers who tried to reach
you will be displayed. The system is called
“Privecode” and one of its uses is to stop

people from being bothered with wrong

numbers, obscene calls and slick salesmen.

Mitsubishi were demonstrating what
they called a “Micro Robot Minicomputer
system” which consisted of a keyboard
computer with display, plus a “mechanical
arm”. This was a jointed structure

mounted on a base and powered by six
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Fig 4. The Harris system for receiving stereo a.m. radio
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drive motors. There are five degrees of
freedom with independent rotation around
six independent axes and a multi-location -
memory. The device, called a Move-Mas-
ter can be controlled by a number of stan-
dard computers but the Mx-6000 was
specially designed to interface. It has a 5
inch green display, 64K dynamic RAM,
floppy disc, 640 character display and an
impact type dot matrix printer. Program-
ming languages include BASIC, assembler
and a new robot-oriented language called
M-Roly. What can this robot be used for?
Well, the makers say it is useful for getting
practical experience in robotics either for
the hobbyist or for educational.

Etc.

Do you play golf? If so, Mitsubishi have
just the gadget for you — the GL-500 Golf
Trainer. It consists of a computerized
display unit mounted on an artificial grass

mat base. As the club passes over this base,
the shot is detected by four sensers and the
data displayed. This includes head speed,
head angle, hitting area of club, sk.ot direc-
tion and the difference in distance between
the aimed and actual point at which the
ball would land. Now if they would only
make a similar device for cricket . . . Prize
for the smallest radio must go to Sony’s
wrist. watch model which uses on-chip
technology. A four-function LCD displays
time, alarm time and AM station fre-
quency. Loudspeaker is a one-inch model
.. . Marantz were demonstrating the “Sing
Along System” which uses a cassette deck
with special tapes so the lyrics of popular
songs are displayed on a screen . . . Texas
Instruments were showing the “Magic
Wand’’ reader designed for young
children. It features an optical scanner
built into a “Magic Wand” to read talking
book codes which are translated into
“human-like” voices. The vocabulary con-
sists of 200,000 words and there are
various sound effects and music songs.

WIRELESS WORLD SEPTEMBER 1982



Air data links

During recent years there have been sev-
eral major disasters that appear to have
been brought about, or at least assisted to
happen, by misunderstanding of air traffic
control messages in circumstances which
suggest that poor speech intelligibility may
have played some part. The hazard, if
hazard there is, occurs less on routine mes-
sages than where there is some marked
departure from message formats that fol-
low a pattern familiar to the pilot.

Voice communication with aircraft
involves achieving intelligibility in a very
difficult environment, and it is this factor
rather than basic distortion that appears to
account for some of the problems. What-
ever the cause, aircraft communications
still fall a long way short of high fidelity.

One approach would be to replace voice
communications with a data link, provided
that this would not add to the load already
imposed on the eyes of a pilot. An alterna-
tive would be voice assisted by data. G.
Bennelli of Florence University has put
forward proposals for simultaneous voice-
data links over a simple radio channel by
using combined amplitude-phase modula-
tion of a single carrier, rather akin to some
of the proposals for medium-wave stereo
broadcasting in America. He suggests
(Electronics Letters, June 24, 1982) that this
could provide a simple and economic
method of introducing a certain degree of
automation into air-trafiic-control -func-
tions without the need for entirely new
equipment, so opening the way to extend
data-link operations to small as well as
large aircraft.

Computer studies suggest that problems
of mutual interference between voice and
data in a narrow bandwidth need not be
excessive with AM-MSK (m.s.k. -
minimum shift keying, or in other words
f.fsk. — fast frequency shift keying)
modulation systems which, it is suggested,
have greater potential than AM-PSK
(p.s.k. — phase shift keying).

Engineers at the Nippon Telegraph &
Telephone Public Corporation have re-
ported the fabrication of a single-chip
c¢.m.o.s. coherent demodulator for
m.s.k./f.f.s.k. working at an i.f. of 455
kHz at bit rates up to 32 Kb/s, a consider-
ably higher bit rate than proposed by the
Italian team for ground-air-ground com-
munications, for which bit rates of from
300 to 2400 b/s were considered in the
simulation tests,

E.m.c. and c.b.

The Home office radio interference report
for 1981 underlines the large increase of
complaints made by viewers and listeners
during the year, many relating to the
operation of illegal 27 MHz amplitude-
modulated transceivers in the months
leading up to the licensing of 27 MHz f.m.
equipment. However, a reading of the re-
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port shows that many of the arguments
publicly used for a number of years by the
Home Office to oppose allocating 27MHz
for c.b. were based on the false premise
that the prime cause of r.f.i. to domestic
equipment is harmonic radiation. The re-
port shows that not harmonics but “direct
audio break-in arising from the close prox-
imity of the ¢.b. transmitters” is the main
problem. It could thus be argued that ¢.b.
operators have been (and still are being)
blamed for the poor electromagnetic com-
patibility of modern domestic electronic

-equipment.

Of the 14,359 complaints ascribed after
investigation to illicit c¢.b.; over 3000 re-
ferred to m.f. radio and more than 9200 to
Band IV-V u.h.f. television — few of these
appear likely to have been caused by “har-
monic radiation”. The statistics do,
however, lend support to the view that
f.m. transmissions cause less problems
than a.m. (though listening in the London
area reveals that widespread use of illegal
a.m. is continuing).

There can be no doubt that there are
many home-entertainment equipments,
such as cassette recorders, that are vulner-
able at distances up to 50-100 ft or so to
interference from low-power a.m. (or
s.s.b.) transmitters of the type marketed
for c.b. operation. The vulnerability un-
doubtedly increased significantly when
solid state devices replaced valves in
domestic equipment; it was also made
worse by “unit” audio equipment with
interconnecting leads that act as aerials.
Yet there is also little doubt that domestic
equipment could have much improved
electromagnetic compatibility at relatively
little added cost. For many years, British
and American manufacturers have resisted
suggestions that tv sets could be made far
more resistant to r.f.i., although some
European firms have been more respon-
sive.

The recent showing at CETEX of “unit-
video” systems by Sony and Phillips may
raise the question once more, since there is
evidence that a number of separate units
tends to be more vulnerable to r.f.i. thana
single unit; for example the combination of
a video recorder with a tv set tends to
increase e.m.c. problems.

Interference complaints in 1981 rose
sharply over 1980 — from 35,790 to
70,452. This near doubling in numbers
appears to have overwhelmed the system
with 28,490 uncompleted cases carried
over to 1982. Nevertheless the number of
completed investigations rose by 47 per
cent from 41,086 to 60,571. Although
much of this large increase is due to 27
MHz c.b. operation, there appears to have
been a general increase in complaints of
interference from other causes, although
there was a significant drop of 16.57 per
cent in compldints identified as due to
contact devices, frem 10,684 in 1980 to
8,914 in 1981 — almiost wipiiig out the

very large jump in such interference
recorded in 1979.

Despite the increase, the complaints
amounted to less than one for every 500 tv
licence holders; on the other hand, over 11
per cent of licence holders for the two-way
land mobile radio services reported in-
terference, though it should be stressed
that 18,048 licences cover 340,830 l.m.r.
receivers.

Radio. complaints were sharply up
(24,648 compared with 20,345) but this
puts radio back on the ascending curve of
the past decade with 1980 the odd-man-
out. The v.h.f.f.m. service accounts for
about half the number relating to L.f./m.f.

In the news

British Aerospace are building the largest
solar generator yet announced for non-
military space applications. Designed to
provide 5 kW of electrical energy, using
almost 50,000 solar cells made by AEG-
Telefunken, it represents a cost of about
£300,000 per kilowatt, underlining the
limitations on the number of d.b.s televi-
sion channels that could be provided in the
near future on a single satellite.

The firm of Daini Seikosha, Tokyo, is
reported to have developed a new photoli-
thographic technique for the manufacture
of GT-cut quartz crystals to provide tiny
crystal resonators in the megahertz region.

With a number of British communications
and electronics firms noticably absent
from the 1982 British Army Equipment
Exhibition (more from megacost than me-
gadeath considerations) it is interesting to’
note that Racalex ’82, the private exhibi-
tion of the Racal Electronics Group, is to
be opened by the Secretary of State for
Defence, John Nott, MP, next October.
But Racal continue their unbroken record
of expansion, announcing a pre-tax profit
to March 1982 of over £100 million from a
turnover that has climbed in ten years
from £25 million to £644 million.

The recent joint presentation by NHK
and RTE (with encouragement from CBS)
of the NHK-developed high-definition
television system having 1115 lines, 5:3
aspect ratio and 60 fields per second un-
doubtedly impressed all those who saw the
excellent quality pictures at Killarney. It
should encourage the use of electronic
techniques in the production of cinema
material (remember the 1000-line black-
and-white system developed by High Defi-
nition Films in 1951?) but it would set
broadcast engineers the almost impossible
task of finding spectrum spacé transmit-
ting 20MHz of luminance plus 7MHz and
5.5MHz of chrominance — and keeping
thése as separate components! Electronic
production for ciriemas could undoubtedly
reduce costs but it may prove difficult to
convince film production teams that they.
should switch to video.
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Solar upset
Sunspot Cycle 21 developed a square
wheel during June that gave a very bumpy
ride on the h.f. bands — and posed the
interesting question once again of what
triggers off Sporadic-E propagation condi-
tions. From early to mid-June there was a
succession of solar flares, sudden ionos-
pheric disturbances, magnetic storms and
the largest X-ray event for several years.
These gave rise predictably to very dis-
turbed h.f. conditions including some day-
light “black outs™.

This period also witnessed two Spo-
radic-E openings extending up to 144
MHz, the first on May 25 when Scandina-
vian amateurs, including many in Finland,
were heard and worked by British ama-
‘teurs. The second on June 5 when the 144
MH: band opened to the Central Mediter-
ranean area, including Malta, Sicily,
Southern Italy, Corsica etc. Although it is
‘not common for Sporadic-E conditions to
extend as high as 144 MHz, there seems
little reason to link these openings with the
solar disturbances on h.f.

50MHz

Long-distance openings in a generally
north-south direction continued to occur
in early June on 50 MHz, including re-
ception by Gordon Pheasant, G4BPY of
the Brazilian beacon station PY2AA, in the
afternoon of June 4 and the FY7THF bea-
con on June 5. A number of South African
signals also continue to come through on
50 MHz.

British amateurs have for long sought
use of the 50 MHz band available in the
other WARC Regions, and have recog-
nised that such an opportunity could arise
in the UK with the phasing out of the BBC
405-line television service in Band 1 (due
to be completed about 1986). This objec-
tive has become a live issue with the setting
up of the independent review, under the
chairmanship of Dr J. H. H. Merriman,
charged with producing an interim report
by September on the future use of Bands 1
and 111 “taking account not only the need
to provide for expansion of the land mobile
services but also of various possibilities for
the continued use of these bands for broad-
casting”. The main review, by June 1983,
is to examine the present occupancy and
utilization of frequencies from 30 to 960
MHz, and thus covers the 70 MHz, 144
MHz and 430 MHz amateur bands. The
RSGB will make a submission to the Mer-
riman committee. .

Less formally, it is hoped by many ama-
teurs that the committee will note how
much more generous are the frequency
allocations to amateurs and broadcasters in

North America than in Europe, with not
only the 50 to 54 MHz band but also the
allocation of 220-225 MHz and the much
wider 430 MHz band; yet at the same time
extending the v.h.f./f.m. broadcast band
right up to 108 MHz and continuing to use
Band 1 (except Channel 1) and Band 111 as
the main television bands plus 55 u.h.f.
television channels. The sometimes-heard
premise that the valid needs of the land
mobile service can be satisfied only by
whittling away the frequencies allocated to
existing non-military users needs to be
challenged.

CQ out?

Those who, like myself, operate c.w. on
h.f. bands normally listen until we hear a

‘reasonable signal calling CQ and then re-

ply. It is considered bad form to reply to
European stations calling “CQ DX” or
“CQ Africa” etc. Just occasionally one
puts out a CQ call.

On s.s.b. much the same procedure ap-
plies although the growth of multistation
“nets” means that there are far fewer CQ
calls than on c.w.

But from an editorial by Gary O’Neil,

N3GO in Ham Radio one learns that
launching a CQ call on 144 MHz f.m. is
now regarded in the States as an unusual
and peculiar event. Instead a station an-
nounces it is listening ‘“‘on channel” in a
rather forbidding manner that does not
invite a random reply but suggests only a
wish to be called by known friends or
members of a particular organization or

.someone with a positive reason for seeking

contact. The tendency for amateurs to
form élitist coteries, cold-shouldering all
outsiders, is not entirely unknown this side

-of the Atlantic.

Here and there

The effects of inflation, the less-strong
exchange rates, the growing use of fre-
quency synthesizers, up-conversion, digi-
tal readout and the like have all combined
to push up the price of amateur radio
equipment. The Yaesu “FT-ONE” h.f.
transceiver retails around £1300, the latest
Trio (Kenwood) TS930S is over £1000,
and some American-built models such as
the KWM380 and the Signal/One (built to
a military specification) tend to be well
over £2000. One notes that more and more
advertisers, particularly in the USA, are
becoming very coy about disclosing prices
and this appears to conceal substantial
discounting as the market becomes rather
more sluggish. Though it would seem that
sales of the lower cost transceivers, both
h.f. and v.h.f., are suffering more than the
“top-of-the-range”’ models.

The GB3SWH 10.368 GHz beacon at
Bushey, North London, has been rebuilt
and now provides 22mW output to an om-
nidirectional aerial (6dBi gain). It has been

heard in Hampshire over a difficult 80 km

path. The 10 GHz beacon at Martlesham,
like the British Telecom Research
laboratories with which it is associated, is
changing away from GB3BPO that linked
it with the British Post Office.

A Scottish Amateur Convention will be
held at Aberdeen University
(Nat.Phil.Dept), St. Machar Drive, Aber-
deen, on September 11, from 10 a.m. to 5
p.m., with trade stands. Among the
speakers will be Professor R. V. Jones, M.
C. Hately, GM3HAT, John Nelson
G4FRX and members of the Moray Firth
Amateur Television Group.

A Midlands VHF Convention is planned
for October 9 and will be at Wolverhamp-
ton Polytechnique, near the centre of the
town,

Reminder of the British Amateur Televi-
sion Club convention at The Post House,
Leicester on September 5 and the British
Amateur Radio Teleprinter Group rally at
Sandown Park Racecourse, Esher, Surrey
on August 29.

In brief

Launch date for the Phase 3B satellite
could be any time between September and
March 1983 depending on the completion
of the main load for the Ariane launcher . .
. Proposals for five amateur television re-
peaters in Leicester, Luton, Stoke-on-
Trent, Bath and Worthing are being put to
the Home Office. . . The Home Office is

“ introducing an annual fee for “experimen-

tal v.h f. licences” which permit holders to

. use powers up to 1kW and are considering

the provision of other forms of experimen-
tal licence . . . Members of the Barry
College of Further Education Radio
Society are to operate GB2F1 on Flat-
holme island in the Bristol Channel from
August 27 to 30. Flatholme was the site of
Marconi’s first radio transmisson across
water in 1897. Since the island is adminis-
tered from South Glamorgan it also repre-
sents the southernmost point of the Princi-
pality . . . Mobile rallies: August 22
Avoncroft Art Centre Bromsgrove. August
29 ITT Social Centre, Old Brixham Road,
Paignton. September 12 Telford New
Town Centre Malls, Telford, Shropshire
and Nicholas School, Basildon, Essex.
September 19 Wirrina Sports Stadium,
Bishops Road, Peterborough. . . Chris
Chisholm, G2CX, who died recently,
played a prominent role in R.S.G.B. activ-
ities in the 1930s including a long spell as
QSL Manager and also as a Council Mem-
ber. He was also one of a number of radio
amateurs who played a role in secret radio
activities during World War II. He was
licensed in the 1920s. Another loss has
been Jack Box, G6BQ for long an out-
standingly successful 1.8MHz contest
operator.

PAT HAWKER, G3VA
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Simple divider
The GAP-01 general-purpose analogue
processor, primarily intended for synchro-
nous demodulation, may be used as the
basis of a versatile divider.

In the first circuit diagram, two CA3080
transconductance amplifiers are shown,
each with a g, of Ip/2VT, where I3 is the
‘bias current and V, the thermal voltage at
23°C, is 26mV. Given that Ig;=aV; and
Ig;=aV,, and further, V=V, ki(k+1)
and Vyp=Vou K/(k+1), where a and k are
constants, the equation

8m1Vx1+8m2 V=0
yields ‘
Vi

Aand hence

\'/
Vour=— Vinvl

This equation demonstrates the advan-
tages of this circuit over others, i.e., that
errors resulting from temperature varia-
tions do not influence the output voltage.
The first circuit may be simplified by
replacing the two amplifiers by a GAP-01,
as shown in the second diagram. This i.c.
consists of two differential-input transcon-
ductance amplifiers, two ‘low-glitch’ cur-
rent-mode switches, an output buffer and
a comparator. Values for R; and R; are 50
and 15k} respectively and k is 0.01.
Kamil Kraus
Rokycany
Czechoslovakia

GAP-01

Ry Ry |

J—Gnd

o
1oV,

7 b

GAP 01

13
Qut

10+1 MHz comb
generator

A 1 MHz frequency comb with every tenth
spectrum line raised by 10 dB is very con-
venient for use as a spectrum analyser cali-
brator or sweep generator marker. It can
be generated using the simple logic and
pulse shaping shown, by gating out every
tenth pulse of the incoming 10MHz clock.
The resulting pulses, of nearly 1.4 ns dura-
tion, ensure an essentially flat spectrum to
250MHz into 50 ohms. A faster, larger-
signal p-n-p transistor such as BF479 or
MM4018 and a higher supply voltage for
the second transistor might raise this limit
to 400 or SOOMHz.

The principle works for any other ratio
N, with the exception of N=2, by having
the counter divide by N and selecting its
outputs to enable gate 3 during N—1 clock
pulses.

J. C. Baumeister
Chantraine, France
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Analogue-channel
switching

Logic signals to control analogue gates in
channel select/mixing applications are pro-
vided by this circuit. A series of single-pole
push-buttons are ‘arranged to operate
either independently in push/push
(latching) mode, or as an interlocking
bank. When the mode switch is set to
“interlocking™, a common-reset pulse is
generated by pressing any switch, result-
ing in the appropriate channel flip-flop
being clocked high, thus ensuring break-
before-make operation. In push/push
mode, the reset signal is gated off and each
flip-flop is toggled by its associated push-
button. The 3300/100uF RC network,
together with the 74121°s Schmitt input,
provide switch debouncing. The circuit
may be expanded to any reasonable
number of channels and only minor mod-
ifications are required if c.m.o.s. i.cs are to
be used.

Tim Williams

Wadhurst

East Sussex

Improving adjustable-
regulator performance

Three-terminal regulators in general func-
tion best when their input/output-voltage
differential is just above the specified
minimum, especially where high currents
are being drawn and the device is subject
to large temperature changes. On average
it is simpler, more economical and more
practical to design a regulator-input supply
so that it just exceeds the regulator’s
minimum input/output differential re-
quirement when the anticipated load is
maximum, but with adjustable regulators,
such as the LM317 shown, the minimum
requirement can only be obtained for one
output voltage when the supply voltage is
fixed.

The circuit shown keeps the variable
regulator’s input voltage close to its output
voltage throughout the circuit’s operating
range using a preregulator consisting of an
op-amp and series-pass transistor, keeping
the regulator’s performance optimal.
Curves given are for an output current of
1A.

Supply voltage to the 741 must not ex-
ceed 36V for the circuit shown, Vg is 30V
and the op-amp’s negative supply is
—5.1V, determined by the zener. As can
be seen from the graph, without the nega-
tive supply, the circuit still performs fairly
well. '
Czeslau L. Barczak
Escola Federal de Engenharia de Itajuba
Brazil
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NETWORK ANALYSIS
WITH A Z2X81

This second part details the method used to compute insertion loss

First it is desirable to define what is meant
by insertion loss. The concept arose in
communication engineering where there is
a frequent need to break a circuit to insert
a filter or other network. More recently, it
has given its name to a class of filters de-
signed so that the response when inserted
between the correct resistive terminations
can be accurately predicted. Because of the
great advantages this brings, many of the
filters for video purposes, for example,
belong to this type.

For the sake of simplicity assume that
the input and output terminations are
equal. Although this is not necessary, it is
by far the most common situation. A more
complete treatment will be found in chap-
ter 2 of Skwirzynski3.

Now consider the illustration in which a
generator with e.m.f. e; and source resis-
tance R feeds a network also terminated in
R. The loss from input to output is |ej/e,|,
but if the network is removed and the
junctions reconnected the output is ej/2.
Hence

insertion loss=20 logyolei/2e,|
insertion phase shift= Zej/e,.

The use of the reciprocal ratio to deter-
mine the phase shift has no effect other
than to make a lagging angle positive in-
stead of negative, as is the more usual
convention.

For computational purposes the circuit
shown needs to be considered in terms of

and group delay of a network.

by L. E. Weaver

Equation 1 can be written in matrix form
Sl _ a2 €o
i

ay

ayn an io
The array of a’s is known as the A-matrix
of the system. Its particular virtue is that
the combined response of two networks in
series is given by the product of their indi-
vidual A-matrices.

In the simplest case this second network
can take the form of a single series or
parallel network branch. Then for a net-
work with an A-matrix having coefficients
Z11s 2125 2215 222:

X

addition of a series branch z,
Z11 12 1z Z1y Z12+2%'Zn
21 2 01 Z21 22+25'2))

addition of a shunt branch z;
znn 22| |1 O zy+z12/Zp 212
Z1 Z32 l/Zp 1 221+222/Zp Zn

The A-matrices of a single series or shunt
arm can be determined by inspection from
equations 1. The method of matrix
multiplication anears in a wide range of
standard texts *.

Equations 3 & 4 can now be considered
as recurrence relationships from which zj;

2.

the input and output voltages and cur-
rents, in fact it is completely described by
the Kirchhoff equation

€j=a11€o+a12i0

ii=az1€0+a2io

provided the system is linear. In general,
the a’s are complex numbers. The next
step is to consider the output termination
as forming an integral part of the network,
which is perfectly justifiable: Then the
system i§ open-circuited at the output
making i5=0, drid the above equations re-
duce to

1

=21
and i=agie; 2

It follows that the insertion loss and phase
angle are now

insettion loss=20 log;p|a1i/2|
insertion phase=Za,j,

WIRELESS WORLD SEPTEMBER 1982

and z;; may be determined, starting from
the input termination R;. As this is alwa)fs
in series, see illustration, its A-matrix is
1R

01 3

The process can be continued for any
number of branches, limited only by the
capacity of the program. Finally, the out-
put termination R, must be added as a
shunit branch, otherwise equations 2 be-
come invalid.

Although it has hot so far been
mentioned specifically, the coefficient z;
is not unimportant for some purposes.
From equations 2 we have z)1/Z21=¢ifii,
that is the input impedance as seen
through R;, giving the input impedance of
the terminated network. The original
program listing in fact included thi$ facil-
ity.

Nevertheless the input impedance is not
always needed, and if the computation of
the insertion loss only can be accepted then
a considerable simplification can be intro-
duced. Equations 3 and 4 reveal that the
lower row of the A-matrix does not enter in
any way into the calculation of z;. It can
therefore be removed entirely with a con-
sequent halving of the amount of complex
arithmetic which needs to be performed.

Equations 3 & 4 now reduce to the ex-
tremely simple recurrence algorithms

addition of series arm z,

(z115212)> (211,212 + 25 211)
addition of shunt arm z,

(Z11,212)(211+ 212/7p,712).
Incidentally, even including the complex
arithmetic the first only occupies two
program lines and the last three lines.

Now that the basic algorithm has been
established, it becomes possible to exa-
mine the actual program listing. Although
the number of REM statements has been
kept small for obvious reasons, some notes
have been added to the listing which
should make it possible to follow most of
the procedure without too much difficulty.

The component values of the ladder are
stored in sequences as L(N) and C(N)

'where N is the branch number. The auxil-

iary arrays G(N) and T(N) indicate the
type of impedance in branch N, and direct
execution to the appropriate one of the
four routines contained in lines 900
through 1140. The output in each case is in
the form Re+jIm, where these are the real
and imaginary parts of the branch im-
pedance.

The single reduced matrix row cor-
responds to the two-dimensional array
A(L4), ie. zp=AlD+AIW), and
z12=A(1,3)+jA(1,4) where I=1 and W=2.
Accordingly the initial matrix line has
A(1,3)=RI and A(1,)=1 (lines 750,760).
The indispensable information on whether
the first network branch is series or
parallel is provided by M(N) being I or ~1I
respectively. Subsequently, M(IN) reverses
sign with successive values of N so as to
ensure alternating series and parallel
branches.

The next step dfter N has reached its
miaximum value MN is the addition of the
output termination RO (lines 1330, 1340),
which completes the computation of zyj
and allows the insertion loss in dB to be
dérived in lines 1400, 1410. The insertion
phase shift is also available in the form of
arctan B=A(I,W)/A(I,I), and is stored in
the array P(S) as this is only part of the
necessary information.

The group delay is defined as df/dw
which is not calculable by purely numeri<

n




Ladder analysis and group delay equalization

18 REM -LADDER

15 LET CHECK = 2040

20 12T 0SS = 700

25 LET EQU = 1770

30 LET T = VAL "I*°

35 IET W = I+

€0 PRINT “FO?" [ )
50 INeOT FO

60 cLs

;10 PRINT "1747" (Frax )

0 INPUT PN

9 cLs

100 PRINT *DF?" (atep in F)
4p g or

130 PRINT "D7" (dissipation)

140 INPUT D
150 cus

T160  PRINT “FD?"
170 INPUT FD
180  LET FD = FD*W'PX (2an*FD)
190 cus

200 DIM L(20)
210 DIM C{20)
220 LET © = 1<
230 DIM PO
40 BTN =0
250 DIX B(W}

260 DIM T(10)
270 PRINT "RIZ"
280  WPUT RI

2%  cs

300 PRINT "RO?"
310 INPUT RO

s cus

(trequency of max.D)

(input termination)
(output termination}

320 PRINT "NO OF BRANCHES?"

330 INPUT MN

340 pIM M{(10)

350 DIN G{10)

360 s

370 LET N = BT

380 PRINT TAB 1} “L4C2") TAB 16} *N = ! N
3% INPUT W§

400 IF W§ = "NO* THEN GOTO 545

410 PRINT "SER OR PAR?™

420 INPUT WS

430 IF W$ = °SER" THEN.LET GIN) = I
440 IF W§ = "PAR" TREN LET G(N) = -T
480 PRINT "L2"

470 INPUT L

475 PRINT

480 LETLIN) = L

485 PRINT TAB 16 "L= “; L(N)

490 pRINT *c?" !

500  INPUT C-

505  LET C(N) = C

510 PRINT TAB 16 "C = "} C(N)

s20 PAUSE 1B2

530 IP N <>MN THEN GOTO 360

s40 IF N = MN THEN GOTO 650

545 CLS
550  BRINT TAB 1} “L2"} TAB 16} "N = "} N
$55  PRINT

560  INPOT L

565 LET L(N) = L

570 PRINT TAB 16} "L = ") L(N)

578 PRINT "“C?"

580 INPUT C

585  LET C(N) ¥ C

339 FRINT TAB 16} "C = "} c(W)
%00 HVL°-'& aes 1ET TON) - X

610 IF C = O THEN LET T(N} = ~T
610 GoTo 530

540  LET N = NI

650 PRINT "SHUNT N2

cal methods. The best one can do is to
‘replace it by the approximation AB/Aw,
where AP is the change in insertion phase
shift resulting from a small increment in
angular frequency Aw=2nAf, achieved by
adding a small quantity to the current fre-
quency value and computing B+ Af (line
1450). The fact that this doubles the run-
ning time is unfortunate but inevitable,
and it is a credit to the ZX81 that neverthe-
less the total execution time is still remar-
kably short.

The choice of the frequency increment
poses a difficult problem. In principle one
would like to make it extremely small, but
too small a value would be self-defeating
because the accuracy gained by ap-
proaching the theoretically infinitesimal
dw would certainly be outweighed by the
arithmetical limitations of the ZXS8l.
When two almost equal numbers are
subtracted, rounding-off errors can result
in a very large percentage error in the
difference quality. On the other hand, too
large an increment will give rise to inaccu-
racies where the rate of change of the
group delay is high.

The compromise adopted was a fre-
quency increment of 0.001, i.e. a 1kHz
difference when frequencies are in MHz.
It was checked by comparing the com-
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660 INPUT W$

610 IF W§ a “YES® THEN LET M(I) = =I
680 IF W$ = °NO® THEN LET M{I} = I
685  LET MM A N

690 cLs

695 sTOP

700 LETN = M¥

710 DIM X(20}

715 LETR=1I

720 1ET F = FO

730  LETS =1

735 LET A = WPI*F

740 DIM A(L,4)

750 18T AlL,3) = RI

760 LET A(I,I) = I

790 FOR N = I TOMN

830  IF T(N) = I THEN GOTO 940
840  IF T(N) = -I THEN GOTO 900
850 IF G(N) = I THEN COTO 1020
860  IF G(N} = =I THEN GOTO 1070
900 REM L ONLY

910 LET RE = FDL(N)*D/W

920 LET IM = LUD*A

930 GOTO 1150

940 REM C OMLY

950  IF A = O THEN GOTO 990

960 LET RE = D/(W*FD*C(N))

970 LET IM = ~ I/(A*C(N))

980 GOTO 1150

990 LET RE = D/(WFD*C(N))

1000 LET TH =-1E8

1010 GOTO 1150

1020  REM SERIES LC

1030 LET B = SQR{I/(LIN}*CIN})
1040 LET X = A/H

1650 IF A = O THEN LET X = 1B-8
1055 LET RE = R*D*L(N}

1060 LET IM = BXLIN* (X - I/X)
1065 Goto 1150

1070 REM PARALLEL 1

1075 IF LN} = O THEN GOTO 2150
1080 LET ® = SQR(I/{L(N)*C{N}))
1090 LET X = A/

1100 IF A = O THEN LET X = 1E-8
1110 LET J = (X-I/R)*(X-1/X} + D*D
1120 LET L1 = H'L{N)

1130 LET RE = L1*D/J

1140 LET IM = -L1*(X-1/X)/J

1150 IF M(N) = I THEN GOTO 1250
1160 IF M(N) = I THEN GOTO 1170
1170 LET DE = RE*RE + IM*IN
1180  LET A(I,T) = A(L,X} + (A(I,3)#RE + A(I,4)*IM)/DE
1190 LET A(LW) = A(LW) + (A(I,4)*RE - A(X,3)*IM) /0E

(atart matrix)

(real part)
(imaginary part}

(shunt arm)

1220 LET M(N4D) = - M)
1230 GOTO 1300
1240 5TOP

1250 LET A(I,3) = AlI,3) + A(IL,I}*RE - A(I,W)*IM
1260 LET A{I,4) = A(I,4) + A(X,I)*IM + A(L,W)*RE
1290 LET M{N+I) = - M(N)

1300 NEXT N

1310  LET RE = RO

1320 LET DE = RE*RE

1330 LET A(I,X) = A{I,I) + A(I,3)*RE/DE (add RO)
1340 LET A(I,W) = A{I,W) + A(I,4)*RE/DE

1400 LET LO = A(X,I)*A(I,I) + A(I,W) *A(I,W) (insertion 10ss5)
1410 LET B(S) = 10*(LN(LO/W*W))/ LN 10 (as)

1420  LET P(8) = A(I,W)/A{I,I) (tan §)

1430 LET S = S+T

1440 IF S = W+ THEN GOTO 1500

1450 IF § = W THEN LET F = F + ,001
1460  LET A = WAPI*F

1480  GOTO 740

1500 LETF = F - ,001

1510 LET P =(ATN{(P(W) ~ P(I))/(I+P(W)*P(I))}/(.002*P1)  (dB/dw)

(series arm)

{add frequency
increment)

(repeat computation}

puted group delay with the calculated
values in some special cases where it is
available in closed form. This suggested a
likely accuracy of 1 or 2 nanoseconds,
which wouldbe acceptable. Nevertheless,
such a compromise cannot be optimum for
all cases, and simple modifications can be
made to lines 1450, 1500 and 1510 to suit
individual needs.

One possible source of inaccuracy could
however be avoided. Truncation errors in
the ATN algorithm might have a large
effect on the value of A if it were derived
from expressions of the form arctan
A—arctan B where A and B differ only
slightly. It was replaced by arctan(A—B)
=arctan (tanA—tanB)/(1+tanA.tanB),
executed in line 1510. ,

Such difficulties do not arise with the
group delay equalizer sections whose
group delay is available as closed expres-
sions. These are

first order
dp/do=1/mf(1+x%)
second order
dp/do=1/nf,K(1+x2)/((1- P2 +K%)

where in each case x=f/f,. These corre-
spond to lines 1840 to 1860 and lines 1880
to 1900 respectively.

Furthermore, they are constant-resis-

T 1520 LET X(R) = P
1530 PRINT "F="; P, " MHZ #* ", B{I); " DB ** ", X(R}; " US"
1540 LET R = R#I
1550 PRINT
1560  LET F = F4DF
1570 IF P > PM THEN GOTO 1590
1580  GOTO 730

1580 sTop
1600 LE? DISS = 2100
1620 cLS

1630 DIM 2(20)

1640 DIM K(5)

1650 DIM F(S)

1660 LET M = I

1670 PRINT "V?"

1680  INPUT V

1685  PRINT TAB 16; "M = "; M
1690  PRINT "FR?"

1700 INPUT FR

1710 LET F(¥) = FR

1720 PRINT "K?*

1730 INPUT X

1740 LET KO = X

1745 CLS

1750 LET M =M +1I

1760 IF M < V+I THEN GOTO 1685
1770 FOR R = I TO 15

1780 2P Z{R) = X(R)

1790 NEXT R

1800 ILET R = I

1810 LET F = FO

1820 LET M =1

1830 IF K(M) <> O THEN COTO 1880
1840 LET T = E/F(M)

1850 LET 5 = PI*F(M)*(1+1+T)
1860  LET Z(R) = Z(R) + I/5

1870 LET M = M+ 1

1875 IF M = VAI THEN GOTO 1940
1880 LET T = F/F(M)

1890  LET U = (I - TAT)A(I - THT)
1900 LET S = (T+T*T)*K(M)/(U+K (M) *K () *T*T)
1910 LET Z{R) = Z{R) + S/{PI*F(M)}
1920 LET M =M+ I

1930 IF M < VI THEN GOTO 1880
1940 LET R =R+ I

1950 LET F = F4DF

1960 IF F > FM THEN GOTO 1980
1970 GOTO 1820

1980 PRINT "D(0}= "; Z(T); " Us™
1990 FOR R = X 70 15

2000 LET F = FO+(R-I}*DF

2030 PRINY F; "**"; 2(R) - Z{I}; " US"
2020 NEXT R

(group delay values)

(number of sections)

(resonant frequency)

(shape factor X)

{group delay values
nto array Z(R)

(if 2nd order section}

(1st order section)

(2nd order sections)

(delay differences)

2030 STOP
2040 PRINT TAB 1; "RI= "; RI; TAB 16; "RO= "; RO  (subroutine CHECR}
2050  PRINT

2060 FOR I TO MN

2070 PRINT "N= ") Nj "% Ls "; " N "% C()= "j CON); " UFY

2080 PRINT

2090  NEXT N

2100 FOR R = I TO 15 (subroutine DISS)
2110 LET F = FO+(R-I)*DF .

2120 PRINT F;" MHZ "3 17.37*PI*P*(2(R)-X(R)}*D; " DB"

2130 PRINT

2140  NEXT R

2150 LET RE = O

2160 LET IM = O

2170 COTC 1150

CORRECTION
30 should read IET I=1
2060 should read FOR N=I to MN

tance all-pass networks, so that in prin-
ciple it should be possible to connect them
between the filter and a termination with
no change in loss, only added group delay.
For convenience the filter group delay is
held in the array X(R) and transferred to
the working array Z(R) each time the EQU
subroutine is called by GOTO EQU. Each
pass is therefore executed very quickly.

The performance of these equalizer sec-
tions deviates from the ideal for two
reasons. Assuming the component values
are correct and that strays are negligible,
the alignment may not be correct and the
components will not be dissipationless. In
point of fact the strays are usually by no
means negligible, but this is too extensive a
topic to be entered into here.

However, the extra loss due to dissipa-
tion in the delay equalizer components can
easily be calculated by a little known, but
extremely useful theorem due to Mayer’.
This states that provided the dissipation is
reasonably small, say no greater than about
0.02, then the loss is

Aooc8.686D.dB/dw. o decibels.

As in the loss program, D is the sum of the
capacitative and inductive dissipations, as-
sumed to be equal, but in practice this
condition need not be obeyed at all rigidly.

Continued on page 79
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DISC DRIVES

Winchester technology

Winchester drives are totally-sealed, high-density storage units, as opposed to floppy
disc drives that provide low-cost data storage on a medium similar to ordinary magnetic
tape. Electronic, electrical and mechanical aspects of these two quite different types of
drive are discussed in two sections, starting with Winchester technology.

These offshoots of the conventional ex-
changeable-pack disc drive described in
five preceding articles satisfy quite dif-
ferent requirements, as will be seen. First,
Winchester technology is covered, fol-
lowed by a description of floppy-disc
drives in the next article.

Servo-surface disc drives, as dealt with
in last month’s article, permit a great re-
duction in disc-track spacing since the
read/write head’s position is determined by
information on the disc’s surface, rather
than by an external reference. Winchester
technology — initially developed near the
Hampshire town of Winchester — is the
next step forward.

Briefly recapping, there are two ways in
which storage density may be increased

~ by increasing the number of bits stored
per unit length of track

— by increasing the number of tracks
within a given radius.

It was shown in the second article
(April) that an increase in writing density
must be accompanied by a reduction in the
head’s flying height. But reducing the
flying height magnifies the problem of
providing a contaminant-free environ-
ment. A conventional disc is well protected
while in its drive, but outside the drive,
even when the disc is protected by a
cartridge, the effects of contamination be-
come intolerable.

In last month’s article it was explained
that the difficulty of aligning the heads
increases as the tracks become closer to-
gether, There comes a time when it is not
physically possible to make a mechanism
which can provide the microscopic adjust-
ments necessary, and compatibility be-
tween drives could not be achieved. )

The essence of Winchester technology is
that each disc pack has its own set of
read/write and servo heads, with an inte-
gral positioner. The whole is protected by
a dust-free enclosure, and the unit is re-
ferred to as a head/disc assembly, or h.d.a.

As the h.d.a. contains its own heads,
compatibility problems do not exist, and
no head alignment is necessary or provided
for. It is thus possible to reduce track
spacing to about one half that of exchang-
.eable servo-surface drives. The totally en-
closed assembly can ensure a clean envi-
ronment for the heads and disc, permitting
a reduction in flying height without loss of
reliability, which leads in turn to an in-
crease in the number of bits which can be

*B.Sc., M.Sc., Digital Equipment Co.
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by J. R. Watkinson*

recorded per unit track length. If the rota-
tional speed is maintained, this increase in
density leads to an increase in the data
transfer rate. Ways in which high transfer
rates are accommodated will be covered in
a subsequent article.

The h.d.a. is completely sealed except
for a small port covered by a filter, which
equalizes pressure changes due to tempera-
ture and/or air transport. Into this sealed
volume of air the drive motor delivers the
majority of its power, and the resulting
heat is generally dissipated by fins on the
h.d.a. casing, in conjunction with an exter-
nal fan. The disc is designed to circulate
the air inside the h.d.a., Fig 1. Some
h.d.as have a temperature sensor to moni-
tor this dissipation. An alternative, for
where it is not intended that the h.d.a. be
exchanged by the operator, is to use a
conventional blower and absolute filter for
cooling. An exhaust filter is also necessary
to protect the h.d.a. when no power is
applied, Fig 2.

An exchangeable-pack drive must re-
tract the heads so that the disc can be
removed. With an h.d.a., retraction is not
necessary as the heads are integral. An area
of the disc surface is reserved as a landing
strip for the heads. The disc surface is
lubricated, and the heads are designed to
withstand landing and take-off without
damage. When the term retraction is used
in this context, it refers to the process of
positioning the heads over the landing
area.

Disc rotation must be started and
braked as quickly as possible to minimize
the time for which the heads are in sliding
contact. A motor with good starting char-
acteristics is required. On small units, an
extra winding may be used for starting,
whereas on large units a three-phase motor
will be necessary, consuming perhaps 10A
per phase during startup. Running current
will, of course, be much less — of the
order of 1A per phase. Eddy-current brak-
ing cannot be used, since in the event of a
power failure, the unbraked discs would
turn for an extended period with the heads
in sliding contact, resulting in damage. A
mechanical friction brake is commonly
used, actuated by a spring. The brake is
held off by a solenoid, which makes the
system failsafe in the event of a power
failure. Figure 3 shows motor-brake
assembly.

An advantage of contact start/stop tech-
nology is that the provision of more than

one head per surface is easier in the ab-
sence of mechanisms for retraction and
alignment. This leads to two gairs, firsiy
that travel of the positioner is reduced in
proportion to the number of heads per
surface, reducing the average access time,
and secondly that more data can be stored
at a given detented position of the carriage,
increasing efficiency on long transfers.

Breather filter

Fig. 1. The sealed-head disc-assembly has
to dissipate the power of the spindle
motor. The hollow disc stack in this design
circulates the air and brings it into contact
with the finned case, whose exterior is fan
colled. Note the vent which allows the
internal pressure to equalise. The vent
contains a filter to prevent dust ingress.

Exhaus
filter

Fig 2. A contact start/stop drive utilising a
full flow air cooling system. The exhaust
filter protects the medium from dust
ingress when no power is applied.
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Head/disc
assembly

Fig. 3. Contact start/stop drives require
mechanical brakes to prevent damage to
the disc or heads in the event of a power
failure. The h.d.a. of this unit has a capacity
of 500 megabytes, and is turned by a three-
phase motor which has on the lower end of
the shaft a brake.

Figure 4 illustrates the relationship be-
tween various areas of servo and read/write
surfaces.

Positioning velocity and rotation sensing.
In preceding articles, several types of
transducer used to monitor the velocity of
the positioner and the rotation of the disc
have been described. Whatever the prin-
ciple of operation, these devices all share
the drawback that they require both
mechanical adjustment and electrical cali-

Veef \

‘,,v }
G H J

Fig. 4. When more than one head is used per surface, the positioner still only requires one
servo head. This is often arranged to be equidistant from the read write heads for thermal

stability.

Fig. 5. To generate a velocity signal, the posmon error from the servo head is differentiated

and rectified.

" bration, with consequent demands upon

the skill and training of those who main-
tain them. With contact start/stop tech-
nology, the servo head is always over the
disc surface, and can be used for posi-
tioner-velocity and disc rotation sensing.
Figure S shows the position-error signal
generated by servo circuitry during a seek,
which rises and falls as the servo head
crosses servo information, and that the
position-error signal’s slope is proportional
to the positioner velocity. The position
error signal is differentiated and rectified,
the resulting signal representing the mag-
nitude of the positdoner velocity. The
process of differentiation exaggerates any

Set +
bandwidth :
Pos'n P
A R Differentiator  Rectifier
»l
Ll ]

ema current sample

I Analogue
switch

r Vetotlfy
t +1 o/p.

Integrator

Fig. 6. The intermittent naturé of the differentiated position error is eliminated from the
output by the use of the :ntegrated @:m.a. turrerit signal which is less accurate, but
continuous. At high seek velocities, the bandwidth of the input filter must bé raised. The
cohtrol signal for this purpose can be derived from the ¢ylinder difference.

4

h.f. noise present, and a low-pass filter is
placed before the input to the differentia-
tor to combat this. At high seek velocities,
however, the filter would attenuate the
position-error signal, and is therefore
switched out when the velocity exceeds a
certain threshold; since the differentiated
signal is large at this time, the absence of
the filter is of no consequence.

Owing to the sign change of the dif-
ferentiated signal, the output waveform
contains troughs where the position-error
slope falls to zero at the peaks. These
troughs prevent direct use of the signal by
the velocity-feedback loop during a seek,
as they would be interpreted by the servo
amplifier as momentary, large-velocity er-
rors, causing saturation of the output. The
troughs cannot be filtered out, since this
would introduce an extra pole into the
open-loop response of the servo, causing
instability.

In April’s article covering read/write
heads, it was shown that the area under a
graph of electromagnetic actuator (e.m.a.)
current against time represents the energy
put into the positioner. As the mass of the
positioner is almost constant, the velocity
of the positioner is proportional to the
integral of the e.m.a. current, neglecting
losses due to friction and air resistance.
Despite errors resulting from these effects,
integrated e.m.a. current is sufficient to
carry over the velocity signal wheh the
troughs in the differéntiated position error
occur. Figure 6 shows that the e.m.a.-cur-
rent integrator has a finité output im-
pedance, whereas the differentiator has
low output impedance in series with an
analogue switch., When the position-error
signal exceeds a reference voltage, the
switch is opened and the trough is
blocked. Now, the intégrator signal is
used. When the position error falls below
the reference, the switch is enabled, and
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Type

Type

— —~0dd'cylinder

~ Even cylinder ¢

Servo head on track

Off track towards
type A track

Off track towards
type B track

v

Servo frame

Fig. 7. TI'1is type of servo surface pattern has a second pulse which may be omitted to act as
a data bit. This is used to detect the guard brands and index.

Centretine of
cylde zero

—\/\/\/\/\/\/\/\/a) Conventional guard band

Plateau ‘

(b) winchester type
guard band

Fig. 8. The plateau in the position error known as the reference gap which is used to locate

cylinder zero.

the differentiated position-error signal
overrides the integrated e.m.a.-current
signal by virtue of its low output im-
pedance. Any difference between the two
signals appears across the integrator’s out-
put impedance.

Having obtained velocity information
from the servo surface, it is necessary to
ensure that velocity feedback is available
over the entire positioner travel. In the last
article, it was shown that conventional
servo-surface guard bands result in steady-
maximum position-error signals at the
extremities of the data area. Clearly this
approach cannot be used when velocity
feedback is derived from the servo surface,
as there is no slope to differentiate in the
guard band. With contact start/stop, the
head landing area is defined by a guard
band, and the servo must be capable of
operating there and identifying its posi-
tion.

A modification of the usual servo surface
is used, shown in Fig. 7, where there are
extra transitions, identical in both type A
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and type B servo tracks, along with the
familiar dibits. The repeating set of transi-
tions is known as a frame, in which the
first dibit is used for synchronization, and
a phase-locked oscillator is made to run at
a multiple of the sync. signal rate. The
p.Lo. is used as a reference for the write
clocks, to open windows to extract a posi-
tion error from the composite waveform
and to provide a window for the frame’s
second dibit, which may or may not be
present. Each servo frame thus contains
one data bit, and successive frames are
read to build up a bit pattern in a shift
register. The parallel output of the shift
register is examined by a decoder which
recognises a number of unique patterns. In
the guard bands, the decoder will re-
peatedly recognise the guard-band code as
the disc revolves. An index* is generated
in the same way, by recognizing a different
pattern. In a contact start/stop drive, the
repetition rate of index pulses is used to
monitor safe rotational speed. eliminating
a further transfucer. It must, however, be

possible to detect index anywhere in the
travel of the positioner, if speed errors are
to be avoided. For this reason, index is still
found in the guard bands, simply by re-
placing the guard-band identification pat-
tern with the index pattern once per revo-
lution.

An exchangeable-pack servo-surface
drive locates cylinder zero using the steady
position-error generated in the guard
bands. In a contact start/stop drive, this
form of guard band has been abandoned
because of conflict with the requirements
of velocity feedback, so the cylinder-zero
position has to be established by different
means.

A common solution uses a unique area

- of the servo surface known as the reference

gap.
In the reference gap, which is adjacent
to cylinder zero, there is a servo track
which is three times the width of all others.

In the reference gap and in several servo

tracks outside it, is a third data pattern
which is decoded by the index/guard-band
circuits to indicate that the reference gap is
close. Figure 8 shows position error in the
cylinder zero area, which is generated as
the servo head crosses that part of the disc.
Note that there is a plateau in the position-
error waveform. During the head load,
which in the context of contact start/stop
refers to the process of positioning the
heads at cylinder zero, the heads move
inward at fixed speed away from the head-
landing area. When the reference code is
detected, positioner velocity is reduced to
typically 2in/s, and the position error is
sampled repeatedly. When successive
samples of position error are the same, the
plateau due to the reference gap has been
found, and if the servo is put into track
following mode, the positioner will detent
at cylinder zero.
Rotary positioners. Figure 9 shows the
geometry of a rotary positioner with two
heads per surface. As the positioner
moves, the spacing between tracks will be
different from one head to the other, and
there will be a certain amount of skew
between the flux gap in the head and a true
radius of the disc. The tolerances involved
in the manufacture of the cantilever are
such that no two would generate the same
pattern on the disc surface with both
heads. None of these effects is of conse-
quence with contact start/stop drives, since
data is always read by the heads that wrote
it; they are however reasons why ex-
changeable-pack drives are not found with
rotary positioner, as compatibility would
be impossible. :
Having established that rotary posi-
tioners have no fundamental drawbacks
for contact start/stop drives, advantages
can be detailed. Firstly sizg — the rotary
positioner can be tucked into a corner of
the h.d.a. where it can easily be cooled by
air thrown out by the disc. Secondly cost
— a rotary positioner requires only two
ballraces on the shaft, compared to six or
more on a linear positioner, and a precision

*The term index refers to a once-per-revolution signal used 3
locate sector positions on the disc and was fully described in the
July issue of WW. :
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Breather filter

Fig. 9. A Mini-Winchester disc drive having a capacity of nearly 10 megabytes shown with a
rotary positioner having two heads per surface. The tolerances involved in the spacing
between the heads and the axis of rotation means that each arm records data in a unique
position. That data can only be read back by the same heads, which rules out the use of a
rotary positioner in exchangeable pack drives. In a head disc assembly the problem of

compatibility does not arise.

carriageway is unnecessary. Figure 10
shows an h.d.a. with a rotary positioner,
which functions in the same way as a
moving-coil ammeter. Other aspects of the
associated circuits are almost identical to
those required by a linear positioner, with
the exception that rotary positioners suffer
from windage due to the spinning disc
having a component which tries to turn the
positioner inwards. In linear positioners,
windage is almost at right angles to the
positioner axis, and can be neglected.
Windage is overcome in rotary positioners
by feeding the current cylinder address to
a r.o.m. which sends a word to a d-to-a

AR R

~ Previous artictes in this series.
@ Introduction, the drive’s role in a ::

computer system, March 1982.

1982,
Read/write head positioning
systems, May 1982.
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Read/write head assemblies, April

converter for inserting an offset voltage
into the track-following circuit.

As has been stated, it is possible to make
a Winchester-type disc drive with an
operator exchangeable h.d.a. The h.d.a. is
ejected by a motorized mechanism, and a
system of levers disengages the drive belt
from the stack pulley and removes electri-
cal connections. The machinery involved
adds to the unit cost, and to avoid this,
many drives have fixed h.d.as, only repla-
cable by an engineer. Head/disc assem-
blies, like all human artefacts, can fail, but
unlike a conventional disc pack, which can
often be put in another drive, a failure can

Motors, mountings, bearings and
cooling/filtration, July 1982.
Servo-surface and embedded-servo
disc drives, August 1982.
Subsequent articles planned cover
floppy-disc drives, disc control
Jogic and data integrity.

take place in electronic circuitry inside the
h.d.a., which means that the data is essen-
tially lost. This places added emphasis on
the necessity to back up data stored on
disc. Back-up is however made more diffi-
cult by a fixed h.d.a. and it is necessary to
use high-speed magnetic tapes or conven-
tional disc drives to perform the necessary
copying. One useful technique is known
as ‘journaling’, where a permanently
mounted magnetic tape records all of the
changes made to the disc since it was last
backed up. In the case of a failure, the tape
and the backup disc can be merged to
create an up to date working disc. Contact
start/stop technology offers extremely low
cost per bit, rapid access and high transfer
rate with the inherent reliability of the
sealed medium. It is these desirable fea-
tures which override the above problems
in many cases.

Fig. 10. A head disc assembly with a rotary
positioner. The adoption of this technique
allows a very compact structure.

Last month’s article showed that the
introduction of the servo surface permitted
a great reduction in the cylinder spacing,

- but that each read/write head was assumed

to be at the same temperature as the servo
head. At extremely small cylinder spac-
ings, small differences in head temperature
become significant, and it is necessary to
combine the principle of the servo surface
with that of the embedded servo. In this
approach, the servo head generates veloc-
ity feedback and coarse positioning in-
formation for the carriage, but when in the
vicinity of the desired track, the selected
head adjusts itself perfectly to the em-
bedded servo information on each surface.
This permits several thousand tracks to be
accommodated on one surface.

At the small end of the capacity scale,
the mechanical simplicity of contact
start/stop yields a low cost product. The
nature of the market rules out advanced
positioners such as have been described,
on grounds of cost. Current ‘Mini-Win-
chester’ have simple open-loop stepping
positioners, in conjunction with moderate
track spacing. Despite this, the price-to-
performance ratio of these drives is still
impressive. Figure 9 shows a typical Mini-
Winchester disc drive with a capacity of
almost 10 megabytes. The disc diameter is
.about five inches.
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SIMPLE DIGITAL

FOR

FILTERS

" SOUND REPRODUCTION

Filters for disc recording equalization, tone control, channel dividing and notch filtering,
as well as graphic equalization can be obtained by combining first-order digital filters

Many methods of designing digital filters
have been proposed, but most from the
point of computer-based filtering for
speech-signal processing. In audio, digital
techniques have entered the field of
recording and p.c.m. recorders are being
developed, and it is expected that digital
processing such as filtering will be incor-
porated. For this purpose, digital filters
using second-order digital filters as the

basic building block have been described.

by McNally!, but the realization requires a
large table for storing filter coefficients and-
a large filter word length, i.e. more than 30
bits for the arithmetic operation of digi-
tized audio input signals to avoid errors
occasioned by overflow and coefficient
truncation. What is needed is a digital
filter of least filter word length and the
minimum number of coefficients to obtain
the gesired spectrum shaping of input sig-
nals®.

Basic filter

The design of digital filters is simplified by
the z transfer function which can be rea-
lized using adders, coefficient multipliers
and delay elements. The z transform
operator, which corresponds to a unit de-
lay in the discrete time sequence, is related
to a frequenty f by

z—1 = e—ian/F

where j = V—1 and F is the sampling
frequency. As usual, suppose in the fol-
lowing discussion that the frequency res-
ponse of the digital filter is considered in
the region f<F/2 and that the frequency of
an input signal is limited to half the sam-
pling frequency.

Figure 1 (a) shows the structure of a
basic digital filter for low-frequency shelv-
ing, which consists of a non-recursive filter
with a coefficient A and a first-order recur-
sive filter which comprises a coefficient B.

The transfer function is
1-Az!
1-Bz!

in which the numerator corresponds to the
non-recursive filter and the denominator
to the recursive filter.

The processing required to implement
the basic digital filter is two adders, two
multipliers and one unit display element.
But to avoid overflow, the digital filter
structure shown in Fig. 1 is preferable,
with impulse and frequency response of
the filter shown in (b) and (c). The maxi-
mum slope of the frequency response is +
6 dB/octave when B = 1 and the minimum
slope is — 6 dB/octave when A = 1.
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- by Yoshimutsu Hirata

Figure 2(a) shows the structure of
another basic digital filter for high-fre-
.quency shelving. This consists of a non-
recursive filter which comprises a coeffi-
cient G, a first-order recursive filter which
comprises a coefficient H, and two
multipliers which multiply the input signal
by (1 — H) and 1/(1 — G). The transfer
function is

1-H 1-Ge™
1-G 1-Hz!
Impulse and frequency responses of the

filter are shown in (b) and (c). The maxi-
mum Jevel is given by H = 0 and the

In—»—g-

minimum by G = 0, provided that a
‘turnover frequency f; is kept constant.

Tone controller

A tone controller can be obtained by the
serial combination of the first and second
basic digital filter shown in Figs 1 & 2.
The transfer function of the tone controller
is

1-Az7'1-Gz7! 1-H
1-Bz!1-Hz! 1-G
with the low-frequency shelving character-
istic defined by two coefficients A and B,
and the high-frequency shelving by two
coefficients G and H. For example, when
the sampling frequency is 44kHz and the
turnover frequency f; is chosen as S00Hz,

D (2= 6]

+ + 9 Out
(a) e 7"
-A . B

A<B(L1>)
| I |l I ' LEis t
L ~>. —6dB/octave (o)
A>B((4<1)
T t
{c)  0odB > f 0
Ly =77 +6dB/octave e (Fram) (HA-1), (L1=>1)

(Fr2m) (1/B=1), (<)

Fig. 1. Basic digital filter for low-frequency shelving comprises two adders,
two multipliers and two unit delay elements (a), impulse response (b), and

amplitude response (c).
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la) 0dB

" ;
(a) . 1-H e
-6 H

Ve
+6 dB/octave~ Z—L, (b)
.

I

1(1-G)

G>H (L2>1)

o 1T

G<H (L,<1)

AN Fi2

i
-6dB/ octave — L, ‘
~

| . +

0

Fig. 2. Basic digital filter for high-frequency shelving comprises twc adders,
four multipliers and two unit delay elements (a), impulse response (b), and

amplitude response (c).
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Fig. 3. Family of measured curves obtained by tone controller implemented

as hardware.
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Fig. 4. Amplitude response of comple-
mentary low and high-pass filters ex-
pressed by equations 1.
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Fig.5. Frequency response of comple-
mentary low, band and high-pass filters’
expressed by equations 3.

a low-frequency boost is obtained by put-
ting A=0.93 and selecting B so that
L;=0.07/(1 — B)>1. Similarly, a low-fre-
quency attentuation is obtained by putting
B = 0.93 and selecting A so that L; =
(1 - A)0.07<1.

Figure 3 shows a family of measured
curves obtained by the digital tone control-
ler. When f; = 500Hz, f, = 2kHz, F =
44kHz, and — 18dB<L,, L,< + 18dB,
the addition of four bits (experimentally
three bits) in the arithmetic operation of
the tone controller can prevent overflow.
In practice, selecting the level steps L and
L, and the turnover frequencies suitable
for binary values, the additional ten bits,
four for headroom and six for the coeffi-
cient word-length (filter word-length is
given by ten bits plus the input Signal
bits), will be sufficient to avoid overflow
and coefficient truncation.
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The digital tone controller discussed
above is well suited for a dxgltal audio
system based on nucroprogrammmg where
mlmmum lnStI'llCthIl SICPS and a max.t
mum dynamic range for a given word
length are required. The filter of equation
1 has been accomplished by hardware
controlled by the microprogram of six in-
structions using about 1 ps3.

Record equalization
The recording characteristic is specified by
three time constants Ty = 3180, T, = 318
and T3 = 75 ps which correspond to
turnover frequencies 50.05, 500.5 and
2122Hz. For example, when F = 44kHz,
applying 88kHz as the sampling frequency
of the high-frequency shelving process, the
RIAA coefficients are

A=FT{/1 + FT;) =0.993

B = FT,/(1 + FT;) = 0.933

G =2FT3/(1 + 2FT3) = 0.868

H=0.
In practice the quantization error of coeffi-
cients will cause certain deviations from
the ideal curve. For F = 44.,056kHz
(88.112kHz for the high-frequency shelv-
ing), we have A = 0.9921875 (binary
0.1111111), B = 0.9296875 (0.1110111), G
= 0.875 (0.111) and H = 0. In this case,
the deviation from the ideal curve is within
+ 0.5dB and the additional ten bits (three
bits for headroom and seven bits for coeffi-
cient word-length) are sufficient to avoid
both overflow and coefficient truncation.

Channel dividing filter

Complementary low and high-pass filters
in a parallel combination have a linear res-
ponse in amplitude and phase, expressed

by
-B 1
L‘(Z)‘z B T-Br!
1 1-Az!
h@=;—5 g ©®

(1>A>B>0andA = 2B - B)

respectively. Lj(z) and H;(z) satisfy the
identity

Li(z) + Hi(z) = 1.
Figure 4 shows the frequency response of
L(z) and Hy(z), whose crossover is

f. = (F/2u)(1 - B).
These complementary digital filters can be
used for a digital two-way limiter anal- -
ogous to the conventional analogue two-
way limiter. Incidentally, a digital limiter
can be realized by either a variable coeffi-
cient multiplier, where a digital input sig-
nal is multiplied by a coefficient whose
magnitude varies with an appropriate time
constant according to the amplitude of an
input signal, or an s-type non-linearity
which can be realized by -a simple arith-

- metic operation of the input signal®.

Squaring the identity L;(z) + Hi(z) = 1,
we have complementary low, band and
high-pass filters

Ly(z) = Lf(2)

By(z) = 2L(2)H,(2) 3

Hy(z) = Hi(z)
respectively. They satisfy the identity

Ly(z) + Bo(z) + Hy(z) = 1.

Figure 5 shows the amplitude response of
these three filters, while the phase res-
ponse of L(z), Hy(z), . . . and Hy(2) is
shows in Fig. 6.

Notch filter

The z transfer function of the simplest
notch filter is

_N@-z)
1 - Bz™h)*
which is realized by the digital structure

shown in Fig. 7. If B = 1, the response of
this equation is approximately

1
NO=1 - =ty @
where {3 = (F/27) (1/B — 1)

N@ =1 , N=2(1-B)

Graphic equalizer

The z transfer function of the simplest
filter which can control a mid-band level is
expressed by

_ .. kKa-Ba-az
M@ =1+=—"g—f 17 > )
(1>A>B>0)

where K is a variable coefficient. If A = 1,
a peak-level occurs at

f, = (F/2n)(1/VB—VB), (K>0)

and a d1p-level occurs at the frequency f,
of equation 4 when 0> K> — 4, The d.lp-

119
Ly2)
//——\
_ L4(2)
= ===
= /,,,4"' "1
- === )
50 T
:<E( \~-_--_‘——__-’
& ("7 —
HAZ) |-
n 1 |
w % % 1 2 4 8

RELATIVE FREQUENCY { f/fc)

Fig. 6. Phase response of L4(z), Hy(2), . . .
and Hy(z).
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Fig. 7. Digital filter structure of N(z).

-1

[ws]

+20

el N

+10 > ——

\_/_//

=10 \/
b \.//
=30 Hrem ‘

20 200 500 Tk 2k

FREQUENCY (Hz)

Fig. 8. Measured curves obtained by the simple graphic equalizer whose transfer

function is given by equation 5,

level becomes minimum at K = ~ 2
(notch filter). When B~ 1 and = — 4, the
amplitude of M(z) is approximately equal
to 1 (all-pass filter). Adjusting A = 2B/(1
+ B?), gives ‘

fo = fa = (F/2u) cos™ (A + 1/A — B/2 —

1/2B).

The mid-band level is controlled by the
single variable coefficient K.

A family of measured curves of equation
5 obtained by a hardware filter is shown in
Fig. 8, where F = 44.056kHz and A = 1.
The difference between f, and fy at fy =
10kHz is theoretically given by 3.58kHz.
If the maximum level is limited to 15dB,
for example, the additional two bits (theo-
retically and experimentally) can prevent
overflow.

The z transfer function capable of
control for a narrow-band level using a
single variable coefficient can be obtained
also by the combination of first-order digi-
tal filters. This allows implementation of
the filter as hardware with a relatively
small word-length, i.e. the additional bits
are less than eight. AWM
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September 6-12

SBAC Show — 25th air show and exhibition,
society of British Aerospace Companies Ltd, 29
Kings Street, St Janes, London SW1Y 6RD.

September 8-10

Auditorium Acoustics and Electro Acoustics
Conference at the David Hume Tower,
Edinburgh University. Details from Institute of
Acoustics, 25 Chambers Street, Edinburgh EH1
1HV.

September 13-17

12th European Micro Wave Conference in
Helsinki. Details from LPL, Convex House, 43
Dudley Road, Tunbridge Wells, Kent TN 1
1LE.

September 14

Power Control Seminar. A one-day event on
Motorola solid-state power control. Cavendish
Conference Centre. Details from Motorola Ltd,
York House, Wembley, Middlesex HA9 OPL..

Seéptember 21-23 _
International Confererice on Electromagnetic

‘Compatibility. IERE Conference at University

of Surrey, Guildford, on radio interference
problems. Details from Conference
Department, IERE, 99 Gower Street, London
WCIE 6AZ.
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September 28

7th Sound Broadcasting Show. Albany Hotel,
Birmingham. Details from Audio and Design
Recording, North Street, Reading, Berkshire
RG14DA.

September 19-24

Human Aspects of Computer Systems. Course
on Ergonomics and Computers Systems in
commercial organizations, at Loughborough
University. Details from Rachel Shattock on
Loughborough (0509) 212041.

October 5-6-7

Electronic Displays ’82. Conference and
exhibition on displays at Kensington Exhibition
Centre, London. Details from Network
Exhibitions Ltd, Printers Mews, Market Hill,
Buckingham MK18 1]JX.

October 6

Radio and TV interference. IEEIE. At Royal
Star Hotel, High Street, Maidstone, at 7.30pm.
Detiils from IEEIE, 2 Savoy Hill, London
WC2R 0BS.

October 7

Auto Electronics. IEEIE mieeting at
Conference Centre, Friargate Hill, Preston, at
6.30pmi. Details from IEEIE, 2 Savoy Hill,
London WC2R 0BS.

Publication delays
‘Production problems have meant
the late publication of Wireless

World in July and August. We
apologise for the delays and ex-
pect to be on time in September
with the October issue.

Continued from page 72
The theorem is useful not only quantitati-
vely, but also qualitatively. For example it
predicts that a second-order delay correc-
tor should have a loss maximum in the
neighbourhood of its resonant frequency,
which is true.

The corresponding subroutine is called
up by GOTO DISS, which in the listing
starts at line 2100. \V
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THIRD-GENERATION
OP-AMPS

RCA CA3140 and Tl TL071/2

John Linsley continues his series of articles on i.c. design with a look at the operational
amplifiers which succeeded the versatile 741. The TL072 is the type used in the modular
preamplifier, to be described in the next three issues.

I made the comment in the first article of s stage and the output circuitry, shown in
this series, last October, that I felt the by J. L. Linsley Hood full in Fig. 2. In this, the most obvious
advent of the 741 integrated-circuit opera- feature, apart from the four p.m.o.s. de-
tional ampljﬁcr was the turning point in forces the use of internal Zener diodes, vices (Trggo 1021), is the most elaborate
the conversion of many linear circuit engi- whose leakage currents effectively limit the biassing circuitry, with its ladder of cur-
neers to the use of i.cs. However, useful input impedance to some 1.5X 10'2 ohms rent-mirrors built up from D;, Try, Tre
though the 741 and other similar contem- at 25°C. and Tr, all fed from Trg, whose geometry
porary i.c. op-amps were, they were relati- In order, therefore, to get the gain up to is organized to make it act as a current
vely slow and their input impedance was the 100,000 mark expected from his type source. This ladder of current-mirrors is
low enough to make it necessary to con- of device, some ingenuity has been applied used to control the cascade-connected cur-

sider the likely effects of the flow of the to the design of the second class-A gain rent sources (Tr; and Trs) in the “tail’ of
input bias current in the input circuitry.

CA3140 | 0¥
It is understandable, therefore, that the .5 3.4 Ty

advent of the RCA ‘mosfet-input’ op-amp,

the CA3140, with an input impedance of
more than 10'2Q and a slew-rate of some 1< Trqg
9V/us in comparison with that of the <] )

0.5V/us typical of the 74 in the mid- _jp | T oy —K
1970s, should have been greeted with great O— E—‘ p !
enthusiasm by the industrial electronic-en-  Inputs j ’_gr—‘ O Output
gineering fraternity, for whom a lot of o rT

rather awkward jobs now became very  +In CT T3 n

much easier to accomplish. Examination of

the circuit, drawn in simplified form in g

Fig. 1, shows a very great similarity in

general structure to that of the 741, except — T, e

that the complementary-pair output stage 12

emitter followers have been replaced by a . . -0-Vyq
single emitter-follower Darlington pair Fig. 1. Simplified CA3140 circuit, showing general similarity to 741 structure.

(Try7,18) with an active emitter load built
up from Trs,16 and Try;.

The input stage is conventional, consist-
ing of an input long-tailed pair of p-chan-
nel mosfets driving a current mirror
(Trjy,12) and a single class-A amplifier
(Tr;3) with a constant-current source as its
collector load. High-frequency compensa-
tion is again conventional in form, with a
collector-base capacitor (C.) connected
across Try3 to impose a dominant-lag type
reduction in h.f. gain.

The major advantage of this circuit ar-
rangement stems from the replacement of
the relatively poor ‘lateral’ p-n-p tran-
sistors which would have to be used in a
conventional, bipolar only type of i.c.,
with p.m.o.s. devices, which have an ex-
ceedingly high input impedance and very
good h.f. characteristics. Unfortunately, in
this circuit, there is an inevitable load
mismatch so that, in spite of the current- D R R R
mirror load, the gain of this input stage is 2Y L2500 | 75500 6?50
only about 10x. Also, the need to protect d 3 o

. . . dd
the input gates from inadvertent & d 3
breakdown due to electrostatic charges Offset adjust Output strobe  Fig- 2. Complete circuit of CA3140.

h
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Fig. 3. Gain/frequency plot for CA3140.
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Fig. 4. Output swing plotted against
frequency for CA3140.

the input long-tailed pair (Tr9 and Trjq)
and in the load circuit (Tr; and Try) of the
class-A amplifier transistor (Tr;3). This
second pair of cascade-connected current
sources is used as an ingenious output
overload protection device, in that if the
current through the output transistor
(Tr;s) exceeds some 30mA at 25°C (or less
at higher temperatures), Try9 will be
turned on, and will steal the current from
the driver stage.

The maximum current available from
the lower half of the output stage (Trg,15)
is already limited by the current fed into
the two output current-mirrors (Trys+D;,
Tris+Dg and R7) from Trg and Ry, which
is itself fed from a semi-fixed voltage
source arranged around the zener diode Dy
and Tr 20-

All in all, it is a rather elaborate circuit
arrangement, which has always been some-
what expensive to produce and has de-
manded a relatively large chip size.
Nevertheless, the performance of thei.c. is
very satisfactory, and it has retained its
place in instrumentation use, where its
good high-frequency performance, its high
input impedance, and its ability to operate
over the supply voltage range +2V —
+ 18V has made it a useful circuit compo-
nent. Characteristic gain/frequency and
output swing/frequency graphs are shown
in Figs. 3 and 4.

TLO71

From the point of view of the audio circuit
engineer, the remaining requirements
which remained to be satisfied in the field
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Fig. 5. TL0O71 in simplified form, showing return to complementary-pair output and

apparently rudimentary short-circuit protection.

of i.c. operational amplifiers were guar-
anteed low noise and low distortion param-
eters. These residual requirements were
amply met in mid-1977 when Texas In-
struments introduced their TLO** series
of ‘BiFET’ devices, based on a combina-
tion of bipolar and junction fet technolo-
gies, which were now capable of fabrica-
tion on the same chip.

Of these, for reasons of personal in-
terests, the one which was most immedi-
ately attractive was the TLO071, 072, 074
series of single, dual and quad op-amps
which are characterized for use in audio
circuitry, with a noise specification of
18nV/VHz and a total harmonic distor-
tion, just below clipping, of typically less
than 0.01%. In addition, the typical input
impedance was still of the order of 102
ohms, and the unity-gain slew rate was
typically 13V/us. The use of junction fet
input devices has also allowed a somewhat
simpler circuit configuration, shown in its
basic form in Fig. 5.

Once again, the circuit architecture is of

familiar form, with an input long-tailed
pair of p-channel junction fets driving a
current mirror to add the signal compo-
nents of both halves, a single class A am-
plifier stage (actually a Darlington-pair
connected stage), and a complementary
pair of n-p-n and p-n-p output transistors .
biased into class AB1 operation. The only
curious feature to the professional op-amp
watcher is the apparently complete ab-

‘'sence of any formal positive-excursion out-

put short-circuit protection, other than the
use of an output resistor, Rjg, and the
adoption of relatively high-value emitter
resistors for the output emitter-follower
pair. However, the makers claim that such
an output short-circuit can be sustained
indefinitely. ,

I have shown the full circuit of the
TLO71 in Fig. 6, in which there are a few
further details not apparent from the sim-
plified diagram. It will be seen that the
input circuit load is formed from a more
highly developed form of current-mirror
Trys6 and Rj34) than the simple, two-

Fig. 6. Full circuit ) O+Vcc
diagram of TLO71 Ry S 30 J
‘ Tr, T
T, 1 1% g
| N
~In Tr}
L T, |
Inputs 2
/—} Tr10 '»Tr12
o
+In Ty
s Dl- Re S 64 R
i R72(33k) 10 Output
"‘K Ce 128
L
.—'l L B R Tr
18p 7S 16
T ] T 3} 1
Trl* Tr13 s

—— . 2Dy ()

: ! Ry, :

bR a0 S e (33) R11§(33k)

{ ]

é , ¢ O Vg

Offset adjust o) . !
(available on 071 only)—" (f::“”";“’:sdb;if;:f: jolues
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Fig. 7. Comparison between TL071 and LF351 from National Semiconductor, showing
variations in input stage and overload protection.
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Fig. 10, Harmonic distortion plotted against
frequency.
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Fig. 11. Equivalent input noise voltage.
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Fig. 8. Open-loop gain and phase
characteristics of TL071-4.
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Fig. 9. Output voltage swing as function of
supply voltage and frequency in TLO71.
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fig.. 12, Typical application of CA3140 is as
lonization chamber amplifier at high
impedance.

transistor circuit employed in the 3140,
and a catch-diode is connected across the
compensation capacitor (D)) to bypass the
amplifier stages Try and Trg if Try3 is dri-
ven into saturation. This assists in output
overload protection, and also speeds up
recovery from any swing which drives the
circuit into negative line clipping.
Transistors Tr; 11,14 form a current-mir-
ror group fed from the constant current
source Trg 15,R11, with transistors 2 and
11 acting as the input ‘tail’ and the class ‘A’
stage load, respectively. The transistor
pair Trjp and Trg, are merely a passive
biassing network for the output emitter
followers, in which Trjg acts simply as a
forward-biassed diode. Because of the rela-
tively large proportion of the total (1.5-
2mA) quiescent current consumption

Continued on page 87

4 Fig. 13. Low noise and low
distortion of TLO71 make it very
useful in small-signal audio
circuitry.
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EPROM EMULATOR

A 2K-byte 2516/2716 emulator to aid software dévelopment. Designed for use in a
secondary school, the unit is simple yet provides eight control funtions, including two for
storing and recalling data on cassette. A directly compatible eprom programmer is to be

Microprocessor system design requires
some facility for transfering software from
paper to semiconductor memory. Often,
an eprom programmer is used, but it is
extremely useful to be able to evolve and
test a piece of software without having to
repeatedly erase and reprogram an eprom
— a process required even if only one byte
needs altering.

An emulator provides the facility to load
software into ram using a keyboard and
display, and then to use that software to
control an external microprocessor system.
Any byte in ram may be changed at will,
making for easy testing and correction of
the software and breakpoint insertion. A
24-way jumper and ‘header’ plug connects
the emulator to the external system
through its eprom socket.

This article describes an emulator for
2516/2716 eproms, designed for use in
secondary schools with cheapness and sim-
plicity in mind. At the same time a range
of useful facilities are provided making the
emulator suitable for the ‘serious’ system
designer. Manual input to the emulator is
through eight control keys and a hexadeci-
mal keypad. A description of the control
key functions should help one understand’
how the circuit operates, Table 1.

The eighth control key is spare and may be
used to add another function, such as a

described in a subsequent article.

by Peter Nicholis, M.A.

print command, which might allow the
emulator ram’s contents to be recorded on
a printer. At present, the unmodified mo-
nitor program, toc be shown, causes a jump
to the start when the eighth key is pressed,
resulting in a display of ‘a’, 000, XX.

To make the unit easier to use, the fol-
lowing features have been added to supple-
ment the single-character prompts for con-
stantly monitoring the emulator’s
operating mode.

— If 7 is pressed at addresses 7FF or
000, resulting in an attempt by the system
to go to an illegal address, an error message
is displayed for one second, after which the
monitor jumps to the start.

— When recording of the memory
contents on tape is finished, the display
‘sent’ is given until the ‘a’ key is pressed.

— The cassette-recorder interface used is
not RS232, but a software interface called
Transwift. With this, a check-byte is in-
cluded at the end of each transmission and
checked when the data is read back. If the
received parity is correct, the display will
show ‘read’, and if incorrect, will give an
error message. This display is held until
the ‘a’ key is pressed.

~ When eprom programming is com-

Table 1. Control-key functions and prompts

Controlkey Prompt Function

A B

Address entry. When display shows this
character, an address may be entered on
the keypad. This address is displayed to-
gether with ram contents at the address.

‘Data entry. This function allows data to be
entered at the displayed address.

increment address. With this function, the
system remains in data-entry mode.

Decrement address. Here, again the
system remains in data-entry mode.

Transmit to tape. On display of this charac-
ter, ram contents are transmitted to cas-
sette recorder through a ‘software in-
terface’.

Receive from tape. Reads data recorded
using previous function.

Eprom program. This function programs a
2716 with the emulator contents using a
small external board. :
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plete, the display shows ‘burnt’,

If the software to be programmed does not
fill an eprom, further data bytes sent by
the emulator must be FF if remaining
eprom locations are to be left free. Without
software this is a tedious business but it
was felt that a separate function key for
filling superfluous locations would lead to
students loosing their software by acci-
dentally pressing the wrong key.

So, to overcome this, the software is
designed so that if the ‘e’ key is pressed
within one second of a first depression, the
prompt will show ‘f” and all ram displayed
from the address when ‘e’ was pressed will
be filled with FF.

T

Prompt Address Data
000 — TFF

Fig. 1. A typical display. The 8060
processor has only 12 address lines, hence
the hexadecimal address display consists
of only three digits.

T FFF
Fig. 2. The
E"ﬂgfor emulator's memory
map in load mode.
Additional logic is
800 used to rearrange
8154 7FF the memory map so
_ram/I-0 y 70¢ that an external
A 6FF system addresses
the emulator
between 000 and
Monitor JEF,
program
‘——l—— 000
83




Table 2. The 24-way jumper lead that
plugs into the external system’s
eprom socket should be connected to
the emulator board by a transition
socket to provide strain relief. A 26-
way socket was used with the fol-
lowing pin assignments.

Point on Pin Pin name
board number {27116)
1 24 +5V
2 1 A7
3 23 A8
4 2 A6
5 2 A9
6 3 A5
7 21 Vpp (+5V)
8 4 AL
9 20 (0Eto CS
on emulator)
10 5 A3
n 19 A10
12 6
13 18 CE (0V)
14 1
13 17 D7
16 8 A0
17 16 D6
18 9 Do
19 15 D5
20 10 D1
21 14 D4
2 n 02
23 13 D3
24 12 GND
25 not used
26 not used

The reset button functions in the usual
way and can be useful when, for example,
a badly corrupted data transfer from tape
occurs, the error message will not be
displayed until 16K-bits of data of some
sort have been received. A Schmitt trigger
inverter is used to provide a clean pulse for
8060’s reset input.

Operation of the load/emulate switch
should be self explanatory.

Use of the emulator

Normally, the emulator is operated as fol-
lows.

— With the header plug disconnected
from the external system and the load/em-
ulate switch in the load position, the re-
quired software is loaded into the emula-
tor.

— After loading, the system is switched to
emulate mode.

— Now the header is connected to the
external microprocessor system, which
may need resetting so that it fetches from
the emulator’s first location.

Care must be taken with power supplies.
For example, if the system connected to
the emulator has to be powered by the
emulator, it is not advisable to use the 24-
way connecting cable for this purpose.
Generally, if the external circuit has its
own supply, it may be connected to the
emulator’s supply, provided that both are
regulated and nominally 5V.

If the system under development has a
microprocessor that will relinquish its
buses in response to a control command,
this facility may be used so that the two
systems may remain connected together
while the emulator is in load mode. An
appropriate control command could be de-
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rived from the load/emulate switch and
connected through a separate lead to the
microprocessor of the system under de-
velopment.

Circuit description

As stated, the prime considerations for a
~ piece of school equipment are complexity
and cost, 50 an attempt was made to elimi-

nate the need for buffers on the buses.
This influenced the choice of processor for
the emulator; the 6502, for example cannot
be switched to a high-impedance state on
all its buses. The INS-8060 can, and also
has the following features that make it
suitable for this application.

— no external clock is required

— the device may be rendered static for
50ms in the eprom-programming cycle

— control lines are available that simplify
implementation of the emulator’s ‘t, r,
¢’ and ‘p’ functions.

Referring to the main circuit diagram,
Fig. 4, the processor is linked to an 8154
-parallel-interface adapter — which pro-
:vides 128 bytes of ‘scratch-pad’ ram and
‘two sets of 8-bit input/output lines for
display and keypad control — to a 2716
‘eprom containing the monitor program,
-and to a 2K by 8-bit cmos ram. This static
Tam, the HM6116, is more compact than
the slightly cheaper equivalent of four
4114s, simplifying p.c.b. design, and it
consumes only 20pA in standby mode. A
p-c.b.-mounting nickel-cadmium battery
will power the 6116 in standby mode for
some 200 days. This makes the emulator
more reliable and allows one to develop a
piece of software over extended periods
with minimal use of the cassette-storage
facility.

When the main-power supply is used,
Tr; conducts, allowing the ram’s chip-
select input to be controlled by the NAND
gate. When the main supply is removed,
Ri3 holds the input high without excessive
battery drain. Provided that the board is
used on average for about a half an hour
each day, the back-up batteries will be
sufficiently trickle charged through Ry;.

Figure 2 shows the memory map, which
is implemented by most of the low-power
Schottky gates. When the ram is addressed
by the outside world though the header,
data appears in memory between addresses
000 and 7FF. Since the processor only has

Fig. 3. To keép costs to a minimum, the
crystal section controlling the 8060’s clock
may be replaced by an RC circuit as shown.

Peter Nicholls studied natural sciences
at Trinity College, Cambridge in the
middle of a “thick sandwich”
apprenticeship with AEI
Telecommunications. In 1967, after a
brief period engaged in quality control
on a production line for early electronic
telephone exchanges, he left to set up
an electronics department at Qundle
School in Northants. Then, in 1973,
Peter moved to Belper High School to
establish electronics at all levels in the
new school’s curriculum, subsequently
becoming head of the sixth form.
Recently, he left to work for the
Microelectronics Education Programme
in the East Midiands.

12 address lines, which is adequate
addressing capability for this application, a
fourth hexadecimal digit is not found in
either the display or the memory map.

A further small economy may be made
when the crystal used for the 8060 clock is
replaced by an RC circuit as shown in Fig.
3. The only section of the emulator likely
to be affected by the smail reduction in
timing accuracy caused by this modifica-
tion is the cassette interface.

Switch S; on the main circuit diagram,
the load/emulate switch, applies either or
logic 1 or a logic 0 to the processor’s NE-
NIN input. At this input a logic 1 disables
the processor, setting all the address and
data lines and control lines NRDS and
NWDS to their high-impedance state. In
this condition, the external system may
control the emulator buses without im-
pediment. The signal at NENIN is also
used to rearrange the memory map so that
the 6116 appears at the bottom of the map
as far as the external system is concerned.
Tape interface Data is sent to the tape by
the processor as a series of 16K bits
preceded by a header and ended by a par-
ity-check byte. The value of each bit is
conveyed as the time interval between two
successive changes in magnitude of the
‘output signal. When reading, the signal
from the tape is squared using two Schmitt
trigger inverters, and the data is then re-
covered by software.

Transwift, the name given to this in-
terface by its designer, Barry Savage, re-
quires very few components, yet it is relati-
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vely insensitive to changes in tape speed
and output level and is fast, taking about
nine seconds to load the emulator’s 2K
ram contents.

Keyboard/display. Functioning of the
display and keyboard is straightforward, as
the second circuit diagram shows. A 7445
decodes three bits of part B and provides
sufficient current to drive the multiplexed-
display cathodes. Seven bits of port A
control the display anodes through a dar-

lington driver i.c., IC;. This technique is
slightly wasteful of current, but it is a
practical solution as p-n-p ~ driver i.cs are
difficult to obtain.

The keypad is connected to port B in
such a way that no software decoding is
necessary. Lines B; to By carry the hexade-
cimal value of the key pressed. Depression
of a control key results in a low transition
on By, which is easily detected by the soft-
ware using a jump if positive command.

Diodes one to seven may be replaced by
wire links if the emulator is to be kept
basic, but they were included in my design
to allow printer heads to be driven by 1Ca.

Construction and testing

Wire wrapping was used for the prototype,
resulting in a compact unit, and later, a
single-sided board was made measuring
233 by 220mm. A 26-way transition
connector was used to join the 24-way rib-

+5V
R
3S Lk7
Ry S :
R 247
6
8
37
R
R 100k
4 I 38
Tk 4MHz
[3 33p +5V 3

Tape
sockef )

23 |24 |18

& Ton

40

+5V
R R
2 6 §1Ok7 { 10k
q

1 -
-

C
2=r=10n
o

Port A

To disptay /
keyboard
section

Port B

36 120 |34 |35

Fig. 4. Circuit diagram of the
emulator. Address lines to the
6116 need not be in the order
shown, but may be rearranged
to simplify p.c.b. layout.

The 8060 processor is linked to
an 8154 parallel-interface
adapter — which provides 128
bytes of ‘scratch-pad’ ram and
two sets of 8-bit input/output
lines for display and keypad
control —andtoa 2716 eprom -
containing the monitor
program. Programs being
written are stored in the
HME6116 2K-by-eight-bit static
cmos ram.
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Fig. 5. Diagram of display/keyboard
section. Port B and the keyboard are
connected such that no software decoding
is necessary and the hexadecimal value
appears on lines B3 to BO. A logic 0 on B7
indicates to the software that a control key

is pressed.
PBy )
PB,
PB2
+5V
23-25 3x
8 From
PB7 > ns1
+5V PB3
PBy
Rig-22
NN
NN\~
——" "\~
AVAVAY
AN
‘ WA PBg
7x 150 o LRog PB6
yvys y ¥ D4-07 7x1IN9% (May be replaced by wire links 27 2100k
except when pig. is required
to drive external circuitry )

bon cable to the board. This method is
preferred since the transition connector
provides strain relief.

When construction is complete, the
load/emulate switch should be set to the
load position and the power applied. If the
display is blank, pressing reset should re-
sult in a display of ‘a’, 000, XX. If this
does not happen, a fault must be assumed
as there are no adjustment points on the
board. Should a close visual inspection fail
to reveal the fault, checking the circuit
from i.c. pin to i.c. pin with an analogue
multimeter which uses a 1.5V battery for
its resistance range will usually locate the
fault, without risking the semiconductors.

Operation of the address and data entry
and address increment and decrement
functions may easily be checked by refer-
ring to the previous description of func-
tions. Next, connect a cassette recorder to
the interface, set the displayed address to
000 and press the ‘¢’ key twice (if an eprom
programmer board is to be used with the
emulator it should not be connected for
this test). This should fill the whole of the
ram with FF and after a few seconds, the
display will show ‘burnt’. Now, when ‘@’ is
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pressed, the usual display will be restored.

Set up the cassette recorder for
recording, then press ‘’. When the display
shows ‘sent’ the recording is complete, and
should consist of a steady tone of about
1.3kHz for a few seconds after a short
leader. This recording can be used to set
up the tape interface using an oscilloscope.
First, connect the oscilloscope to pin 18 of
the 8060 and start replaying the tape. Play
back the recorded data and adjust the
4,7k} variable resistor on the main circuit
diagram to give a 1:1 mark-to-space ratio.
After pressing the ‘r’ function key, a
further replay of the recorded data should
result in the acceptance message ‘recd’ be-
ing displayed.

Should ‘error’ appear, or the display
continue to show the ‘r’ prompt, it should
first be checked that the whole message
has been sent and received, and that part
of it has not been lost on the cassette’s
leader. Minor adjustments to the cassette
recorder volume control and to the setting
of the variable resistor may-be made to
ensure that the signal at pin 18 of the 8060
is 5V peak-to-peak.

Without an oscilloscope, the voltage at

pin 18 of the 8060 may be set to 2.5V using
an analogue meter, provided that the cas-
sette recorder input is grounded and that
one is certain that noise is not falsifying the
reading.

As a final test of the cassette interface,
switch off the emulator-power supply and
touch pin 24 of IC4 to ground. This will
fill the 6116 with random data which can
then be recorded on tape and played back
again, the display confirming accurate re-
ception and transmission.

Single-sided printed-circuit boards (233
by 220mm) and monitor eproms for the
emulator, at £8 and £5 respectively, will be
available from PKG Electronics, Oak
Lodge, Tansley, Derbyshire.
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continued from p.50

the vertical signal from the Y amplifier and
triggers the sawtooth oscillator if the
switch on pin 2 of the 4070 is in the ‘Trig’
position (closed). In the ‘Free Run’ posi-
tion, the sawtooth oscillator runs contin-
uously.

Two exclusive-Or gates form the clipper
circuit, the 2.2 MQ feedback resistor
across the two gates preventing the trigger
waveform having multiple edges due to
noise on the vertical signal. The polarity of
the trigger waveform may be inverted by
the following ex-Or gate when the switch is
in the negative position. The first of the
two Nand gates in the feedback path of the
sawtooth oscillator is used to inhibit the
oscillator when Q of the 4013 is logic 0.

With the circuit waiting for a trigger
edge, and the switch in the “Trig’ position,
logic levels are:

4011 pin 8 — logic 1
4011 pin 9 - logic 0

4011 pin 1 and 2 — logic 1

4011 pin 12 and 13 — logic 1
4070 pin 3 — logic 1

4013 pin 4 — logic 0 (reset is off)
4013 pin 8 — logic 0 (set if off)

When a positive-going trigger edge
clocks pin 11 of the 4013, the Q output.
pin goes to logic 0, the 4011 pin 3 goes to
logic 1 and resets the 4013, Q pin 2 to a
logic 1; this allows the sawtooth oscillator
to run. Further trigger waveform edges
cannot now inhibit the oscillator until it
has reset and the positive-going edge fol-
lowing flyback clocks the 4013 at pin 3.
The circuit is then ready to accept a
further trigger pulse.

Note that when the sawtooth generator
is waiting for a trigger edge, the CA3130,
pin 6, is at +12 V (the fet is therefore off)
and the 4011 pin 4 is logic 0, so that the
current transistor is off. The timing capa-
citor therefore floats from a starting
voltage of +4 V and, depending on the

leakage, would gradually drift over a
period of tens of seconds. However, this
drift has po effect when the circuit is
operating normally.

Flyback suppression

This is a.c. coupled to simplify the coup-
ling to the tube grid, which is at about
—200V. The pulse amplitude is about
35V negative-going at the collector of the
2N2369. A.c. coupling results in a spot at
the left-hand side of the trace when the
circuit is waiting to trigger.

Calibration oscillator

The squarewave oscillator generates an ac-
curate 1 KHz squarewave at 1 volt p-p.

Cathode-ray wubes for this design can be ob-
tained from: Colomor (Electronics) Lid, 170
Goldhawk Road, London W12; Langrex
Supplies Lid, Climax House, Fallshrook
Road, Streatham, London SW16 6ED.
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continued from p.82

which is routed through the last class ‘A’
stage (Trg-Try1), a very high slewing rate
(13V/us) is attained in spite of the relati-
vely large value of C.. An offset nulling
adjustment, for the output d.c. level, is
provided on the TLO71 only, by which an
adjustment may be made with a centre-
tapped trimmer potentiometer between
the ‘offset adjust’ pins and the — Vg4 line.

In spite of the relatively simple circuit
layout (for an i.c.) the performance of this
device is excellent, and is becoming
adopted as the industry standard for low-
noise, low-distortion, high-input-im-
pedance amplifiers of this type.

As is fairly typical, the National
Semiconductors design engineers have
‘second-sourced’ this device with their
own version (known as the LF351 and
LF353 for the single and dual units) incor-

porating a few design improvements,
which I have shown in side-by-side com-
parison in Fig. 7. Although these design
changes allow a somewhat improved pub-
lished specification, my own tests suggest
that the performance differences between
the TT and NS units are less than the small
random variations between one device and
the next, so the performance characteris-
tics for the TLO7* devices shown in Figs.
8-11 can be taken as representative of the
LF351-353 as well. The basic differences
in the circuitry concern the ‘tail’ of the
input stage, and in the output stage
overload protection, which is done much
more formally in the NS design by the
addition of the protection transistors Trg
and Trio. Because Tryg is a low gain
‘lateral’ type of device, it is used to rob
base current from Tr; by way of an addi-

tional amplifier transistor Try. Other cir-
cuit differences between these two types of
i.c. are trivial.

As examples of the types of circuit
which can be built very satisfactorily using
these types of op-amp i.c., I have shown
two typical applications in Figs. 12 and 13,
In particular, the low noise and very low
distortion of the TLO7* family makes its
use in high quality audio preamplifier
systems a very natural development. It is
unlikely that developments of such i.cs., in
this type of TO99 or DIL package, will
rest at this level of performance, and
straws in the wind are the Mullard/Signet-
ics NE5532-5534 series and the Frecision
Monolithics OP-27, which have noise
figures in the range 3-SnV/VHz, though
as yet, only with relatively low input im-
pedance characteristics. A\VVVV4

Next month

Modular preamplifier.
John Linsley Hood be-
gins his description of a
new, modular preampli-
fier, designed for use
with the 100W power
amplifier recently fea-
tured. Among its fea-
tures are a noise-blanker
stage to minimize
scratch ‘clicks’, a push-
button, eight-octave
tone-control, a four-in-
put mixer, a rumble filter
with a 22dB/octave cut
and a signal-strength
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meter.
Electronic compass.
This is a ‘no-moving

part’ design, by Neil Pol-
lock which uses a flux-
gate sensor, the con-
struction of which is
described. The output of
the sensor can be
processed by a
microprocessor to pro-
vide a numerical
display, or the hard-

- wired circuit shown in

the articie can be used.

Low-frequency oscilla-
tor. A sine-plus-square

oscillator, working in the
10-Hz to 250KHz range,
which provides a tone-
burst output for loud-
speaker testing. There is
octave switching and a
RIAA pre-emphasis net-
work, and the instru-
ment is built in the mod-
ular manner.

On sale
Sept 15.
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500MHZ FREQUENCY
SYNTHESIZER

Internal or external references may
be used to determine output
frequencies from 1 to 500MHz in
steps of 0.1Hz on the PTS500
synthesized-signal generator. All
functions may be programmed using
either binary-coded decimal signals
or the IEEE488 bus. Switching
between frequencies takes from 5 to
20us, output levels are between +3
and +13dBm, and resolution may
be selected. Wessex Electronics,
the manufacturer’s representatives,
say that the instrument introduces
little phase noise (—63dBc from
0.5Hz to 15kHz) and that the
simple synthesizing method used
involves fewer components than
competitive instruments do,
resulting in a reduction in power
consumption of up to 50%. A
wideband-h.f. lincar amplifier from
RF Power Labs is since recently
also available from Wessex

" Electronics. This 150W instrument -
may be used at frequencies from 1
to 30MHz with an average gain of
50dB, within +1.5dB. :
Comprehensive circuit protection is
incorporated in the design. Wessex
Electronics Ltd, 114-116 North
Street, Downend, Bristol BS16
5SE.

ww3iol

MONITORS FOR
PORTABLE USE

An uncased 5in monitor from Kent
Modular Electronics has 2SMHz
bandwidth and is claimed to be
suitable for displaying up to 80
columns by 36 lines. Designated
the MC500, this monitor is suitable
for displaying characters, in point-
of-sale terminals and computers for
instance, or for use in picture-
display applications including
surveillance and closed-circuit tv. It
requires a 12V d.c. supply, may be
driven by either composite video or
separate t.t.l.-level signals, and has
line and field-scan rates of 15.6kHz
and 50 or 60Hz respectively.
Resolution is 700 lines at screen
centre and 500 lines at the corners.
Different phosphors can be
obtained. Kent Modular
Electronics Ltd, Maidstone Road,
Rochester, Kent ME1 3QL.

WW302

12-by-12-BIT
MULTIPLIER

What is claimed to be the fastest
unsigned-magnitude 12-by-12-bit

WWw3ol

mutltiplier, the MPY112K from
TRW LSI Products, multiplies in
under 50ns. This 48-pin device,
available through MCP Electronics,
has dual-input registers, a
multiplier array and a 16-bit
output-product register with three-
state t.t.1.-compatible output
buffers. Applications include real-
time video-signal processing,
digital filtering, FFT calculations
and geometric transformations.
MCP Electronics Ltd, 38
Rosemont Road, Alperton,
Wembley, Middx HAQ 4PE.

WWw303

BYTE-ERASABLE
EEPROM

Limited samples of National
Semiconductor’s 2K-by-eight
electrically-erasable prom can be
obtained for evaluation purposes.
Two versions are available, the
NMC2816 and the NMC9716, the
difference being that the latter
device may be erased or written
using a t.t.1. pulse on the chip-

enable input while the
programming-pulse input is held at
21V. The erase/write cycle is
similar to that of the industry-
standard 2716 eprom. To erase or
write a byte takes 10ms, or
alternatively the whole device may
be erased at once in 10ms. Apart
from the difference mentioned, the
devices are pin and function
compatible with each other. Prices
for 250ns and 450ns versions are
between £30 and £40 for small
quantities. National Semiconductor
(UK) Ltd, 301 Harpur Centre,
Horne Lane, Bedford MK40 1TR.
WWw304

MICROWAVE
TRIMMERS

Four microwave trimming
capacitors from Waycom cover 0.3
t01.2,0.4,1t02.5,0.6 t0 4.5 and
0.8 to 8pF ranges respectively and
have minimum-Q values of
between 1000 and 5000 at 250MHz.
Self-resonant frequencies are
between 5 and 13GHz. The
MTRX2X series can directly
replace the company’s MTMX0X
trimmers. Waycom Ltd,
Wokingham Road, Bracknell,
Berkshire RG12 IND.

WW305

DIL PREFORMING
TOOL

As many readers will be aware,
integrated-circuit pins are
intentionally splayed so that the

. device stays in place when mounted
| on a board by an automatic-
insertion machine or tool. If

manual insertion is preferred, the
pins must be preformed in some

. way. Kam Circuits sell two small

preforming fixtures, one for 0.3in-
wide devices and one for 0.6in-wide

i types, which can quickly preform
 i.c. pins. One-off prices are £15 for

the DHPT3 and £18 for the

| DHPTS6, excluding vat. Kam

Circuits Ltd, Porte Marsh Road,
Calne, Wilts SN11 9BW.

WW306
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LED MOUNTINGS

Glass-filled polycarbonate holders
for mounting Smm leds either
horizontally or vertically ona p.c.b.
are available from Zaerix
Electronics Ltd. These holders may
be end or stack mounted on a 3mm
pitch, used between —50 and
+125°C and serve as a guide for led
lead forming. Zaerix Electronics
Ltd, Electron House, Cray
Avenue, St Mary Cray, Orpington,
Kent BRS 3QJ.

WW307

CONTROL
COMPUTER

This single-board microcomputer
which, it is claimed, can function as
its own development system, uses
the Zilog Z8671 ‘single-chip
microcomputer’ — a
microprocessor with a Basic
interpreter, two timers, a uart, four
i/o ports, vectored interrupts and
144 bytes of ram. The Arc
computer, designed for control
applications, can be set to initiate
itself on power up so that it may be
used as a stand-alone controller.
Built on a Eurocard, by Arcom
Control Systems, the computer has
a real-time clock/calender with
battery back-up, 4Kbytes of ram
and a 2Kbyte eprom containing
demonstration programs written in
Basic, and an RS232 interface, rate
selectable from 110 to 19200 bit/s.
Space is available on the board to
extend the memory capacity to
20K. Excluding vat, the Arc’s price

COMPUTER
SPEECH

Keyboard entries may be converted
into speech on most computers
using the Votrax Type-and-Talk,
claim Intelligent Artefacts (a
company name). Typewritten
words are translated into electronic
speech by the unit’s
microprocessor-based text-to-
speech algorithm. Suggested
applications include education for,
say, spelling tests, and in aiding
blind and dumb persons.
Communication with the computer
is through an RS232 link and the
device gives its verbal response
according to the English language,
but possibly with an American
accent since it originated in the US.
It can be obtained for £275

WWw31o

is £135. Arcom Control Systems excluding vat. Intelligent Artefacts,
Ltd, 38 Grantchester Road, Cambridge Road, Orwell, Royston,
Newnham, Cambridge CB3 9ED. Herts SG8 5QD.
WW308 : WWwW309

WwWWw309
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LARGE G.T.0.
THYRISTOR

A gate turn-off thyristor capable of
handling 50 to 150kW in
uninterruptible power supplies,
inverters, variable-speed a.c. motor
drive circuits etc., is manufactured
by International Rectifier. The
160PFT is a 250A r.m.s., 600A
peak device with a 1200V-
maximum repetitive peak off-state
rating and a turn-off time of 8us.
International Rectifier Co. (GB)
Ltd, Hurst Green, Oxted, Surrey
RH8 9BB.

WW310

CONTINUITY
TESTER

Some find it difficult to imagine
what a continuity tester costing
£54.40 might feature. The
Buzzbox, from Kelvin Electronics,
can locate p.c.b. short circuits
since, claim its makers Kelvin
Electronics, it is possible to resolve
resistances lower than 10m{} with
the aid of the unit’s ten-turn
potentiometer and audible-signal

generator. A similar method using a
medium-resistance range of 0.5 to
304} can be used to identify and
check multiple cables. Here, a
built-in intercom may be of use
should the cable ends be far apart.
The instrument is also claimed to
give consistently more reliable
indications than most multimeters
where general continuity testing is
concerned. Internal calibration
resistors are included, and the unit
may be used to check capacitor
leakage current, as a simple signal
generator for audio-amplifier
testing, and for alternating and
direct voltage checks. In short-
circuit location mode, current
through the circuit under test is
about 20pA and the alternating test
voltage too low to turn on a silicon
junction. Kelvin Electronics, 18
Exeter Close, Tilgate, Crawley,
Sussex RH10 SHW.

WW3ll

POLYPHONIC-SOUND
GENERATOR

An integrated circuit for
simplifying the construction of
polyphonic keyboard instruments,
the M112, is manufactured by SGS.
The device contains a
microprocessor interface, eight
sound-generating channels and
output-control logic. Each
generator consists of gating logic to
select required tones and
harmonics, and an a.d.s.r.-
envelope shaper to determine the
sound’s dynamics. Twelve-bit
words are sent to the i.c. througha
six-bit data bus to determine pitch,
a.d.s.r. and output options such as
‘hold’ and ‘pedal’. The device has
fifteen outputs in all and includes
an input to provide a percussion
effect. Cascading of the M112 is
possible. Sample quantities of the
device should be available in
September. SGS recently
introduced a 28-pin version of the
M3870 microprocessor, the
M2870, which will sell in large
quantities at ‘significantly’ under
$3. The device is identical to the
3870, except in the number of i/o
lines. Both have a 2K rom, 64 bytes
of ram, a counter/timer,
programmable i/0, external-
interrupt facility, internal clock,
and require a single 5V supply.
SGS-ATES (UK) Ltd, Walton
Street, Aylesbury, Bucks.

Ww312
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THREE DIMENSIONS

There is an advertisement in my paper for
one of those new Sony television outfits
made up from a set of separate units. It has
a separate picture monitor, a separate re-
ceiver/demodulator, teletext unit, video
cassette unit, etc. It’s the logical video
extension of the audio hi-fi philosophy,
and I’m sure it will be a winner with the
““video” enthusiast. It makes good sense in
terms of flexibility and must have consid-
crable prestige value.

It is clear from the advertisement pic-
ture that Sony intends the tv sound to be
handled by the hi-fi stereo system, a small
loudspeaker being shown placed at each
side of the picture monitor. Of course,
British tv sound does not come in stereo,
so the system would have to operate in
mone for broadcast entertainment.
Perhaps some video cassettes have two-
track sound, and broadcast television with
stereo sound is being developed in Get-
many.

Personally I have my doubts about the
advantages of stereo sound on television.
Even with a very large picture tube, I find
it hard to believe that the stereophonic
illusion can pinpoint the sound source
image to coincide with the visual image
accurately enough to improve the realism.
But I’m probably wrong. Even with real
sound sources I find it difficult to locate
them aurally. I have very little aural sense
of direction, and I am usually unable to tell
whether a two-speaker system is providing
stereo sound or just doubling up on the
monophonic.

Had I not made this admission,
however, I am sure I could pursue the
argument on the futility of the combina-
tion of television and stereo sound and
convince a significant following. But there
is bound to be a large number of viewer/lis-
teners who can locate the direction of a
sound source within a tenth of a second of
arc or even less. Indeed, I’m probably the
only person who can’t do it.

I made the mistake some years ago after
a demonstration 3D film at the local
cinema. It was based on the use of a dif-

ferent colour filter for the left and the right-

eye, with appropriately coloured images on
the screen.

I found that the stereoscopic effect was
far greater than I was accustomed to in real
life, and I was easily able to persuade a
large number of my colleagues that we
were only able to detect the three dimen-
sions visually to a range of about 10 feet. I
frequently heard my opinion voiced by
others, and each occasion reinforced my
conviction of the truth of the statements.

Then I got some new spectacles. The
moment I put them on out-of-doors my
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whole flat world leapt into 3D, and I rea-

lized that my disciples were preaching a

false doctrine. I was not too penitent, for
some were, presumably, normally sighted
and should have known that the 10-foot
limit was nonsense, even if the film’s ste-
reoscopic effect was somewhat exag-
gerated.

The moral of this story is that, if you
believe what you are saying, you can prob-
ably fool some of the people most of the
time, even in contradiction to the evidence
of their eyes.

MARKING TIME

Quite recently a kind lady gave me an
electronic ball-point-pen — all-solid-state
with quartz-crystal frequency control — a
high-technology writing instrument if ever
there was one.

Actually it was not really intended as a
gift so much as a prize for ordering more
stationery than one really needs. It is what
our supplier calls a “promotion”; and
there are, I know, folk who regard the
acceptance of such gifts as not quite
proper, especially as they are nearly always
received by somebody else. Anyway I’'m
quite pleased with mine. It is not everyone
who has an electronic ball-point pen.

It’s just the same as any other ball-point
pen really, except that it has a tiny digital
clock built into its upper half, with an
l.c.d. readout on the side giving the time in
hours and mminutes. It has been quite
well engineered — in Hong Kong — and it
has some attractive features; e.g., it takes
Parker refills, which are readily available
outside Hong Kong, and it is fat enough to
hold comfortably when writing.

I’'m not too fond of digital timepieces in
general. I find it easier to relate time in-
.tervals to distance round the circumfer-
ence of my wrist watch than to do the
arithmetic with digital information. This is
particularly true first thing in the morning,
when it comes to the nice assessment of
time for a final doze before crawling out of
bed. Although the digital charactérs on our
clock radio are large and bright, the con-
centration needed to subtract 6:33 from a
quarter to seven is such that I find I’'m
wide awake and the pleasure is lost; so I
still squint bleary-eyed at my old fashioned
watch.

Of course, my analogue mind lasts all
day and, ih common with the rest of the
human race, I find it easier to absorb dia-
grammatic information than to interpret
characters. But that little digital timepiece
in the stem of my ball-point has one impor-
tant advantage over the wrist watch. It is
easy to read when holding the pen in the

ByClwzp;

normal writing position.

This means that, when I get involved in
one of those boring office meetings, I am
able to keep track of the time without the
more obvious frequent reference to my
wrist watch. It is perfectly natural to look
in the direction of one’s pen when taking
notes, and I can look as often as I like
without upsetting anyone.

Terry Wogan has just announced that it
is coming up to eighteen minutes to ten. Is
that later than 9:41?

STRANGER THAN
FICTION

So it’s arrived at last. There it is on the
front page of the Financial Times complete
with a full-size photograph — the world’s
first wristwatch television. Needless to
say, it’s Japanese; and i must admit it
upstages my electronic ball point pen. It
must have impressed the FT, because I

-cannot recall ever having seen a new-pro-

duct photograph on the front page before.
According to the paper it is all made

possible by the development of a liquid-

crystal display with a matrix of 32,000 dots

‘covering a 1.2-in screen. It says, “the tv is

part of a slightly oversized electronic wrist-
watch with digital time display, calendar,
stop-watch and alarm.”

Fantastic; but how do they manage to
pack the receiver circuit and all the video
signal processing etc. into the wristwatch
case? Well, actually, they don’t. The
watch tv is connected by a thin cable to a
pocket-sized receiver unit, weighing just
under half a pound, complete with bat-
teries and all the normal controls. An ear-
phone is also attached by a lightweight
cable; so it seems that the wearer of the
wristwatch tv must be wired for vision and
sound.

The manufacturer expects to start mass
production in Japan in six months’ time,
and perhaps we shall see them here in time
for Wimbledon 1982. It should be fairly

.easy to spot the wristwatch television

viewer out of doors watching the tennis.
With a viewing screen about half the size
of a 35mm negative, it will be necessary to
hold it about eight inches from one’s eyes
to keep an eye on the ball; and, no doubt,
an aerial will be needed for all but the
highest field-strength areas, suggesting
some interesting headgear.

So if, next July, you should see a man in
the park with a deaf-aid and an antenna on
his hat, staring intently at his wristwatch,
you’ll know what he’s doing, won’t you?
You could be wrong, of course. If he talks
to his wristwatch and then slowly fades
away to nothing, it could mean that he’s
been “beamed up” to a 25th century space
ship.
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