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FEATURE : Lasers In Hi-Fi

This results in a plot having the same width from top to bot-
tom (the width of the central slice through the speaker) instead
of the circular representation of SCALP. Each separate curve
‘now represents the behaviour of this slice at a different frequen-
cy. FRESP gives a complete resonant history of vibration of the
cone slice between any two frequency limits, the curves being

-a plotted in 3-D and with added horizontal and vertical perspec-
tive to aid visibility.

The Plot Thickens

FRESP may also be plotted in adifferent manner, instead of
each curve being a slice across the middle of the speaker for a
single frequency, the axes are both turned through 90°. Each
curve is then a complete frequency sweep at a single point on a
line across the middle of the speaker; each curve represents the
behaviour of the cone at all frequencies, albeit at slightly dif-
ferent points across the width. This change in vision angle can
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Fig. 2 This FRESP plot pinpaints regions which may benefit from a more
detailed SCALP analysis. For example, the odd hump at about 500 Hz is
probably worth investigating.
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often allow faults to be more clearly seen which could have
been hidden behind other features in the normal FRESP.

Furthermore, both FRESP and SCALP can easily be drawn
with the phase of the display changed. Peaks in the original
display become troughs and vice versa, especially useful where
the true depth of very deep ‘holes’ are masked by the
‘foreground’ of the plot, as in the ‘BAD’ example of Fig. 1. The
out-of-phase plots along the bottom of Fig. 1 show how this
reversal makes holes into peaks and allows their true ‘depth’ in
relation to the rest of the curve to be judged. A powerful tool,
then, and one which will keep Wharfedale at the forefront of
loudspeaker design.
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1 Fig. 3 Block diagram of the SCALP equipment.
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V3 LOUDSPEAK

As always, ETI delivers the best in DIY hi-fi. These high quality, high
power speakers will make your music sound good and your living
room look good. Design and development by David Lyth.

three unit design using a Volt 8”

bass driver and a Philips dome
midrange and tweeter; crossover points
are 700 Hz and 5 kHz. A reflex ,
enclosure is employed, constructed
from 19 mm high-density chipboard
with the units mounted in a mirror
image configuration. A grille baffle is
not necessary for other than aesthetic
reasons because the driver units
incorporate either a grille or similar
structure protecting the ‘software’.
However, extensive research has
revealed that small fingers'can get at
the midrange dome which will result in
a recessive sound balance. Beware!

The V3 is a medium efficiency
system with a wide frequency response
and is capable of high power handling,
especially in the bass. Distortion and
colouration are very low and the
smooth response gives good tolerance
of aggressive or edgy material.

The cabinet uses high-density
chipboard 19 mm thick and is simple to
construct, with panels coming
economically from standard sheet
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The V3 loudspeaker system is a

sizes. All the drive units are rebated
and some care is necessary to get a
good fit, although plywood could be
used for the front panel to make this
task easier.

Reflex Action

Reflex enclosures have been the
subject of much controversy in the

-past because some designs work well

and some are appallingly bad. The
problem lies in the design itself and the
approach taken here is to use tables
generated by A. N. Thiele, an
Australian. Thiele likened the
combination of bass unit and enclosure
to an electrical filter and used synthesis
techniques from this field to build up
tables enabling the designer to choose
a cabinet to suit a particular drive unit.
Knowledge of various drive unit
parameters is necessary — for
example, Q,, V,,, F.. The system
response optlons are those showni by
Butterworth or Chebyshev high pass
filters — Fig. 3 shows some.
characteristics.

However, the Thiele alignments
are not the final solution to the design
problem. The responses available (with
the exception of the QB3) are flat
down to the —2 dB point (give or take
a ripple) and a correctly aligned system
would show this response under free
field or anechoic conditions. But who
sits around listening to ideal electrical
filters hanging 30 m above a field? Your
private life is none of my concern, but |
have found that when a pair of
loudspeakers are listened to in an
average sized room the bass response
can sound unbalanced. This is because
they are not ‘looking’ into
omnidirectional space but seeing rather
less than this depending on the
wavelength of the sound reproduced
and system-room positioning. There is a
dramatic difference between the bass
response of a system held in the middle
of a room and that when placed in a

-cormer. This is similar to the variation

when going from true free field
conditions to a listening room, and it is
necessary to modify the ‘correct’
response to compensate for the bass
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Fig. 2 Frequency response of the V3.
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Fig. 4 The response of the V3 speaker compared
to the Thiele QB3, showing the improvement in

the bass.
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boost provided by the room so that
very deep bass is maintained but
overemphasis of middle and upper
bass is avoided.

This means that we want a flat
response in the room and not in free
field conditions. The Thiele alignment
that most closely approaches our
desired free field response is the QBS3.
Initial work showed that a fairly small
cabinet (volume about 29 litres)
produced good results but there was
still an overemphasis of middle bass in
an average sized room. Enlarging the
cabinet by 30% and reducing the reflex
tuning frequency to 30 Hz gave a
dramatic improvement, the bass output
sounding even and with an excellent
lower octave. In a way the obvious has
occurred ie “a good big ‘un will always
beat a good little ‘un”. Excellent
transient response is maintained and
this is fundamentally due to the large
magnet fitted to the B220 bass unit.
Nevertheless the Thiele approach was
an excellent starting point for the
design. Figure 4 shows the effective
improvement in the bass response. The
system was always used on stands
250 mm high with free space
underneath, placed with its back
against a wall and kept out of corners.

Middle And Upper
Class

A midrange dome was selected

because domes have a fundamental
advantage over coned units of the
same size — their break up modes
occur at higher frequencies. As the
alternative to a 50 mm dome would
have been a 75 mm cone unit, this
means that the dome will operate with
more diaphragm control to a rather
higher frequency. The tweeter has a
soft dome as opposed to the
midrange’s pulp dome, and
incorporates a diffuser.

The midrange and tweeter have
very smooth responses with low
colouration and distortion. These two
units are offset from the centre of the
cabinet so that the pair are mirror
imaged on the two speakers. This-
improves stereo imaging, mainly by
reducing edge diffraction which is a

_major cause of poor stereo.

The worst case for diffraction is
when the tweeter, for example, is
mounted equidistant from the three
nearest cabinet edges. Reradiation will
then take place at the same frequency
for each edge and this will cause a
discontinuity in the frequency
response. By offsetting the unit the
diffraction is smeared and reduced to
insignificant levels. Elimination of the
grille also helps because there is no
grille baffle standing proud of the
cabinet to present an obstacle to the
surface sound wave, thus worsening
diffraction. The only real argument for
a grille is aesthetic and then a foam ‘
grille is the best solution.
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After the components have been soldered to the PCB, the crossover board is w s ; 220 o
secured to a plywood panel using the choke fixing bolts. To get the choke = E = s

connecting leads the right length, you'll have to cut access holes beneath the

Fig. 5 This diagram shows the drilling positions for the choke and mounting
PCB pads so you can solder the wires last.

screwholes on the crossover panel.

The Crossover

This uses air cored chokes
exclusively because these have a better
ability to pass transients than ferrite
cored chokes, which can momentarily
saturate on high power peaks. The
chokes are well spaced to prevent any
flux linkage between them. There are
two 40uF capacitors feeding the
midrange so that their combined
voltage rating is great enough to
prevent possible failure under high
power drive.

The crossover is constructed on a
PCB which is attached to a wooden
crossover board by clamping it beneath
the chokes which are bolted through
with brass screws. The wire used should
have a 6 A rating.

Listening Tests

During the design of the V3 there
were constant trips made between
listening rooms and the test equipment
in order to make modifications to the
crossover or cabinet. Comparisons
were made with the Yamaha NS1000M,
Gale GS401A, KEF 105 Il and Popular
Hifi Boxers: each of these systems had
particular strong points and it was a
design aim to approach the low

colouration.and discrimination of these

designs. Listening was done with
material ranging from choral works
through to heavy rock. The cabinets
were set so that the dome units were
on the inside of the pair. A front grille
was never used and connection was by
screened twin lead with the screen
connected to the inner core, thus
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Fig. 6 Circuit diagram of the crossovep

HOW IT WORKS

* The crossover uses second order filters
throughout, except for the high pass
tweeter section which is third order. The
values diverge from those of the text book
because the load presented by the driversis
not a constant resistance. Apart from the
impedance rise at resonance for the
midrange, all units exhibit a rising im-
pedance characteristic over their possible
operational range because of the voice coil
inductance. This is compensated for in the
low pass section feeding the bass driver by
using a larger shunt capacitor than calcula-
tions show.

The band pass filter used for the
midrange also includes a little response
shaping in its function. The midrange unit
has an impedance rise at its resonant fre-
quency (which lies one octave below the
crossover point) and to control this the
shunt choke of 0.5mH is appreciably

smaller than calculated. This is because the
normally rising impedance characteristic
of a high pass filter below the crossover
point prevents amplifier damping from con-
trolling a resonance in this area — thisis the
case with the Philips unit. By using the
lowest possible value choke next to the unit
that did not upset frequency response or
drop overall system impedance it is possi-
ble to give the unit a degree of damping by
simulating a low impedance drive around
resonance. The net result is better control
and increased power handling. This con-
sideration dictated the choice of the lower
crossover point.

The upper crossover pointis chosen to
match the radiation characteristics of the -
units as closely as possible and to provide
the best integration. The tweeter is also at-
tenuated to match levels.

ETI OCTOBER 1981



PROJECT : V3 Loudspeaker

making twin flex. If there is a magic in
speaker cables, apart from common
sense, then the greater surface area of
the screen should reduce skin effect,
the only thing that would have a
deleterious effect on the electrical
transmission — 13 A twin cable would
probably do just as well, however.

Ancillary equipment tried varied
from moving coil cartridges to moving
magnets with either valve or a high-
powered transistor amplifier. The end
result justifies the time and effort and
the V3 stands very favourable
comparison with systems costing £400
upwards per pair.

Cabinet Making

You will need the following: 24 +
1% x No. 8 self-tapping screws and
screw sink No. 8 — 1” long; flexible
Plastic Padding, sandpapers, electric
drill, jig saw, chisels, 7/32" drill bit, and
wood glue. Butt joints are used
throughout — providing reasonablée
care is taken this will provide a
satisfactory cabinet. Rebates or

internal battens are only Koo
necessary where high // % // -~

strength is required,
which is not the

case with a domestic
system.

Fig. 7 The V3 system polar RN
response at 1 m, showing the ™~ SO

dispersion at three DN
frequencies. The speaker is \o

facing the 0° direction.
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Internal battens, or a least small blocks,
may be useful in helping to locate the

side panels.

An important consideration when
cutting the panels is to allow the edge
of a panel to stand slightly proud
(0.5 mm) of the mating panel surface
when assembled so that the step
produced can be sanded back — at
';he very least this should be toleranced

or.

When it comes to rebating the unit
the best plan is to cut the basic
mounting hole and rest a unit in this.
Draw round the outside edge and
rebate to suit the flange thickness — it
is not necessary to allow for any gasket
thickness. It is more pleasing to the eye
if the unit stands slightly proud rather
than sub-flush.

The midrange and tweeter are
secured by No. 6:x 19 mm pan head
self-tapping screws. The bass unit is
heavier and requires 2BA x 1" screws

/L
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.,/,/.v' V3 sysTem

“—111mm—
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65mm
75mm (\ ‘
DIAMETER J

l 130mm

115mm
DIAMETER

195mm
DlAMETER/\ 192.5mm
| c.L \
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\ 160mm

DIAMETER
TO SUIT PIPE

FRONT PANEL (RHS SPEAKER}
SHOWING BASIC CUTOUTS FOR UNITS.

PLASTIC PIPE IS 65mm INTERNAL
DIAMETER AND 180mm LONG.

CUTOUT ON REAR PANEL FOR
TERMINALS IS 30mm x 12mm.

BAF SIZE 1S 1 SQUARE METER
x 25mm THICK.

SCREWS SHOULD NOT BE MORE
THAN 150mm APART.

Fig. 8 Template for the

front baffle. The

dimensions are

important,

so cut carefully!




—_—_PROJECT : V3 Loudspeaker

— TECHNICAL SPECIFICATION _ WOOD CUTTING LIST._

| Frequency Range 30-20,000 Hz 2 off 600 mm x 300 mm for front and back
| Frequency Response 60 -20,000 Hz + 3 dB |1 2 off 262 mm x 300 mm for top and bottom
{|impedance 8R _ 2 off 262 mm x 562 mm for sides
[Amplifier Requirement 25 W -150 W 1 off 220 mm x 220 mm for crossover board
Efficiency 1W for82dB at1m All panels are 19 mm high-density chipboard except for
{|Reflex Tuning - 30 Hz the crossover board, which is 12 mm plywood.
Crossover Frequencies 700 Hz and 5 kHz .
Size 600 mm x 300 mm x 300 mm!

with Tnuts — use the 7/32” drill for
these and hammer the T-nut into the
back of the panel so it seats flat.

. BUYLINES_____

A kit of parts comprising all the drive units,
all the crossover components including the'

The electrical assembly is
straightforward. The completed PCB is

The mounting of the plastic tube is PCB, BAF wadding, T-nuts and 2BA screws,
easy enough — you simply glue it into ter;ninal panelaknd gaskets is available from
Volt Loudspeakers Ltd, 88-90 Grays Inn
fhe hOIe at '.:he bottom of the baﬁle’ Road, London WC1X 8AA. The cost of a set l‘
€aving t_he inner end fre?- The length of parts for one pair of V3 speakers is L
of this pipe is critical, as it tunes the £189.75 including VAT and ca ‘iage. Note o i
resonant frequency of the enclosure. that the woodwork isnotincluo. din the kit, FRONT i
although Volt can provide this too for an ex- i J } !
-d b | tra charge. Contact them for details. !
An Inside Jo Sy W || ,

bolted to a wooden board which is _ — -PA_RTS "I;!ST'—‘-_—
then glued and screwed onto the back e N 2 I
panel of the cabinet — here it will give C amirewonn
some extra panel damping. The BAF R2.12R 5%, 7:W wirewound
wadding is distributed about the Capacitors ‘ Fig. 10 This is how the panels fit together — if
cabinet such that the vent end is not €1, 60u50V non-polarised electrolytic [|  you did your sawing right!
obstructed and all surfaces other than | 8'3 ‘1‘8“ gg - "°"'p°:"!5°g e:"c'mll"fc :
the front panel are covered. Enough G5 1u0 p(',,:e';?;'p ) i
BAF is specified to allow for some to | €6 2u2 50 V non-polarised electrolytic
be positioned in the centre of the
cabinet where it is at its most effective 'l';d““ms :
¢ ) : 3.25mH (No. 17)

for stopping standing waves. 123 0.5mH (No. 12)

Ensure that leads to the drive units {14 0.28mH (No. 15)

do not sit against the cabinet walls or : = -
drive units where they might buzz. Air
leaks are definitely not allowed.

- Good listening! TWEETER
+Ve

Fig. 9 Overlay for the crossover PCB. This board
was designed to be ‘multipurpose’ so ignore the
unused pads.

ETI
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FEATURE

DESIGNER'S
NOTEBOOK

Ray Marston looks at some unique micropower monitor and
oscillator circuits which give years of continuous operation from
a battery supply.

practical applications in the home and in industry. Such

circuits may be used to monitor temperature, light,
sound or voltage levels and activate an alarm or relay when
preset levels are exceeded. The trouble is, such circuits almost
invariably draw fairly high quiescent currents and have to be
mains-powered, since they would otherwise flatten a supply
battery after only a day or two of continuous operation. This
month’s Notebook looks at ways of designing micropower ver-
sions of such monitors, which will give years of continuous
operation from a single supply battery.

Conventional Checking

Figure 1 shows the circuit of a conventional precision
temperature monitor, which operates a relay when the
temperature of TH1 rises above a value preset by PR1. Here, R1
and R2 are wired as one half of a Wheatstone bridge and apply a
fixed reference voltage to the non-inverting terminal of voltage
comparator IC1; NTC thermistor TH1 and PR1 are wired as the

“other half of the bridge and feed a temperature-dependent
voltage (which falls with increasing temperature) to the inver-
ting terminal of the comparator. In use, PR1 is adjusted so that
the bridge is very slightly unbalanced at the desired alarm
temperature, thus driving the output of IC1 high when the
temperature reaches or exceeds the preset level and actuating
therelay via VFET Q1. Note that the action of this circuitcan be
reversed, so that it acts as a precision undertemperature switch
ormonitor, by simply transposing the positions of TH1 and PR1.

An outstanding advantage of the Fig. 1 circuit is that,
because TH1-PR1-R1R2 are bridge-configured, the trip point of
the circuit is not influenced by variations in the supply voltage,
and the design thus gives true ‘precision’ operation. A major
disadvantage of the circuit is that it draws a quiescent currentof
about 5 mA and will flatten a PP9 battery- after less than two

g nalogue alarm-type monitor circuits have a variety of

—Q +12V

RLA

>m

IFL

NOTE:

IC1 18 3140
D1 1S 1N4001
Q1 1S VNGEAF

~—Oov

Fig. 1 This over-temperature alarm consumes a quiescent
current of about 5 mA and will flatten a PP9 battery in
under two days.
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days of continuous operation. In actual fact, however, the cir-
cuit does not (logically) need to be continuously powered, for
the following reason.

Micropower Sampling
Techniques '

The Fig. 1 circuit monitors the temperature continuously
and thus draws continuous power. In reality, however,
temperature is a slowly varying parameter and thus does not
need'to be monitored continuously; instead, it can be efficiently
monitored by briefly inspecting or sampling it only once every
second or so. If the sample periods are very brief (say 300 us)
relative to the sampling interval (1 s)the mean current consump-
tion of the monitor canbe reduced by afactorequal to the inter-
val/period ratio (eg a factor of 3300) by using the sampling
technique; for example, the 5 mA consumption of the Fig. 1 cir-
cuit can be reduced to a mean value of a mere 16 uA. The
sampling technique thus enables micropower monitor designs
to be implemented.

Figure 2 shows the basic circuit of a micropower or sampl-
ing version of the precision temperature monitor, which
operates the relay when the TH1 temperature rises above a
preset value but which draws a mean quiescent current of only -
a few microamps. The TH1-PR1-R1-R24C1 monitor network is
almost identical to that of Fig1, but instead of being con-
tinuously powered it is powered by a sample pulse generator
and Q1. Note that the outputof IC1 is fed to temporary memory:
store R4-C1 via D1, and that the memory store operates the
relay via VFET Q2. _ ;

Thus, if the TH1 temperature is below the trip level when
the sample pulse arrives, IC1 output will remain low and no

- = - — ﬁ
+12v
Q1
NOTE:
IC1 1S 3140 LA
a1 1S BC109
300us j Q2 IS VNE6AF D2
4 D1 1S 1N4148
"n* n D2 IS 1N4001

Fig. 2 This micropower or sampling version of the circuit consumes a mean
quiescent current of only a few microamps and gives years of operation ‘
from a PP9.
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charge will be fed to C1, so Q2 and the relay will be off. If the
TH1 temperature is above the trip level when the sample pulse
arrives the 1C1 output will switch high for the duration of the
pulse and thus rapidly charge C1 up via D1, driving the relay on
via Q2; the C1 charge will then easily hold the relay on until the
arrival of the next sample pulse.

The Fig. 2 circuit, then, illustrates the basic principles of the
micropower sampling technique. In reality, the sampling inter-
val used (and thus the reduction in mean power consumption)
will depend on the specific application. If, for example, you
wish to monitor the temperature of a large vat, which has
massive thermal inertia, you can happily use sampling intervals
of several minutes and thus run the monitor with only
nanoamps of current. If, on the other hand, you wish to monitor
transient changes in light or sound levels with minimum dura-
tions of 100 ms, you may have to use a 50 ms sampling interval
and a1 ms sample pulse, in which case the mean current con-
sumption of your circuit will be reduced by a factor of ‘only’ 50!

200 us sample period the resulting output pulse will be captured
by D1-C1-R7 and use to fully connect the supply to the IC1-1C2
monitor circuitry via OR gate 1C3a and Q1: the circuit will then
temporarily operate in the conventional mode in which the 5
kHz input tone burst produces a train of square wave output
signals from 1C2. These signals are then ‘conditioned’ by D2-R9-
R8-C2 and IC3b, which produces a high output only if the signals
are continuously present for at least 50 ms. The sampling and
conditioning circuitry thus gives very high overall immunity to
false triggering by transient signals and other glitches.

Looking again at the Fig. 2 and 3 circuits, it is obvious that if
the sampling systems is to be truly efficient, the actual sample-
pulse generator must itself consume negligible current, and this
immediately makes us think of using a CMOS oscillator in this
position. Unfortunately, however, conventional CMOS
oscillators are not good enough for the sampling application, so
some rather special designs are called for. Let’s look at this sub-
ject.

200us

»>| |-

<« 200ms > 0\

—— ) t9V

RS
56k

p_

1
SAMPLE-—PULSE
GENERATOR

i

IS c1 |
. 10n
o ic2 Ee
4
R8
M0 .
R3 e A iy — IC3b ouT
100k
|
R6 ro
XTAL 33k - "'“ﬁz ARQ i
Mic NOTE:
- 22k + 1C1,2 ARE 3140
s 2 R10 = I35 4071
o 22k c2 Q1 1S BCT
(SENS) ? LZuZ D1,2 ARE 1N4148
. - ! - ) e ST - - — Qov
Fig. 3 This micropower 5 kHz tone-signal monitor consumes less than i

10 uA of stand-by current.

In some cases you may have to slightly modify the
opeérating principle of the sampling circuitry to obtain the
desired micropower operation. Figure 3, for example, shows the
basic circuit of a micropower 5 kHz tone-signal monitor which
consumes a quiescent current of under 10 uA and in which the
monitored tone signals have minimum durations of 250 ms.
Thus, the sample pulse generator is designed to produce a
minimum pulse width of 200 us so that it can ‘capture’ at least
one full 5 kHz tone cycle, and the sampling interval is set at 200
ms so that part of a tone burst will always be captured. The
sampling circuitry thus gives a 1000:1 reduction in monitor cur-
rent consumption. The Fig. 3 circuit is designed to produce a
high output when it receives a tone burst that is greater than a
preset amplitude and duration, and operates as follows.

A crystal microphone is used to monitor the tone signals
and has its output fed to the input of variablegain amplifier IC1;
this IC is a CA3140 op-amp and its input terminal is grounded by
R1-R2, so it produces an output that is equal to anamplifiedand
positively rectified version of the input signal. This is fed to the
input of non-nverting voltage comparator IC2, which thus pro-
duces a high output when the tone signal amplitude exceeds a

value preset by PR1. The IC1-IC2 circuit would normally con-

sume about 6 mA, but in this design is sampled by a 200 us pulse
once every 200 ms via OR gate IC3a and Q1 and thus consumes
a mean current of only 6 UA.

If no output is produced from the monitor during the 200 us
sampling period, the circuit will simply send another sample
pulse 200 ms later. If, however, an output is produced during the
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NOTE:
1C11S-4001B, 4011B, etc

Fig. 5 This ring-of-three CMOS astable consumes 12 uA at 6 V, 75 uA at 10 V.

CMOS Oscillators

Figures 4 and 5 show the circuits and waveforms of a stan-
dard and a ring-of-three B-series-astable respectively. Note that
each of these circuits has a period of 132 ms and consumes a
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\ mean current of 12 uA from a 6 V supply or 75 uA from a 10 V
supply. Also note that both circuits use a 10M timing resistor, so

| these relatively high current-consumption levels are clearly at-

| tribuktable to the actual CMOS chips and not to the timing net-
works.

The Fig. 4 and 5 astable circuits are designed around
| modern B=eries buffered CMOS chips: even higher current-
| consumption figures are obtained if old-fashioned Aseries un-
| buffered chips are used in the designs. Aseries chips are no

longer readily available, but you can simulate them by using a
4007 UB dual complementary pair plus inverter chip (see Fig. 6).
| Figure 7 shows how to connect a 4007UB so that it acts like an
unbuffered ring-of-three astable; note in this case that the circuit
consumes 280 uA from a6 V supply or 1.6 mA from a10 V sup-

7" e

J ]
445

Fig. 6 Functional diagram of the 4007UB dual complementary pair and
inverter.

Efe

y:yuaa:

Omn]

R1
10M

NOTE:
ACY IS 4007,

ov

Fig. 7 This ‘unbuffered’ version of the ring-of-three astable consumes
280 uA at6 V,1.6 mA at 10 V.
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Fig. 8 Typical current and voltage transfer characteristics.of a CMOS
inverter stage (4001, 4007, 4011 etc).
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Fig. 9 This micropower ring-of-three symmetrical astable consumes-8 uA at
10V,or15uAat6 V.
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Fig. 10 This asymmetrical ring-of-three astable consumes 5 uA at 10 V, 2 uA
at6 V.

_&_j:’ ICa

The reason for the high current consumption of the Fig. 4,5
and 7 circuits can be explained by looking at the typical cur-
rent/voltage transfer characteristics of a CMOS inverter stage,
as shown in Fig. 8. As the inverter is driven into its ‘linear’ region
both halves of its complementary MOS stages are driven on and
fairly high currents flow through these stages. Looking back at
the basic waveform of the Fig. 4 and 5 astables, you can see that
the input of IC1a is almost permanently driven into the linear
region, hence the high mean current consumptions of the cir-
cuits.

Now that we’ve discovered the cause of the high current
consumption of the conventional CMOS astable, it is a fairly
easy matter to solve the problem and come up with a useful
micropower CMOS astable design, as shown in Fig. 9. Here, the
4007UB IC is configured as a ring-of-three astable, but current-
limiting resistors are wired in series with its IC1a and IC1b stages,
to limit its ‘linear mode’ currents to very low levels. The resulting
circuit consumes amere 1.5 uA at6 Vor8 uA at 10V and pro-
duces a symmetrical output waveform, although the frequency
stability of the circuit is not particularly good, with the period
varying from 200 ms at 6 V to 80 ms at 10 V.

Figure 10 shows how to wire the 4007UB a an asymmetrical
ring-of-three astable that consumes 22uA at6 V or5 uA at 10 V.
The circuit produces a 120 ms pulse once every 800 ms: the
pulse width of the circuit can, if desired, be reduced below the
120 ms value by shunting R2 with a diode-resistor series com-
bination, as shown dotted by R3-D1 in the diagram; the R3 value
determines the pulse width. Note that this circuit has the desired
cha;acteristics of the sample pulse generator that we are look-
ing for

Figure 11 shows a practical example of the modified ver-
sion of the Fig. 10 circuit. In this case the circuit produces a 300
us pulse once every 900 ms and consumes 2 uA at6 V or 4.5 uA
at10 V. In the diagram the output is shown feeding directly to a
PB-2720 acoustic transducer, which thus produces a repetitive
‘tick-tick” sound: this circuit can usefully be fixed to a lamp or
other object, so that the object can easily be sound-located in
the dark, or by the blind. i

The current consumption of the Fig. 11 circuit can be even
further reduced by simply wiring a 22k resistor between pin 2 or’
the 4007UB and the positive supply line, as shown in Fig. 12. This

3



FEATURE : Designer's Notebook

modification is of value if truly minimal current consumption is = e
essential, or if the circuit is to be used as a sample pulse
generator with a brief sample interval. The table shows two
typical sets of performance figures obtained using alternative 1,14
R1 and C1 values. =
Note at this point that there is little practical value in spen- |

ding extra money in reducing the current consumption of a

micropower circuit to values that are so low that they are in- 1c3
significant compared to the leakage current of a conventional
battery. The basic Fig. 2 circuit, for example, can ‘in theory’
operate continuously for 50 years from a single PP9 battery, but.

10M

in practice the battery itself has a shelf life of only two years, so vy g
| B 5 o o a . I NOTE:
there is no point in seeking to obtain even further reductions in IC1 1S 4007UB
the current consumption! ,b_.._"‘ﬁ.‘.'ffﬁ —0
77 oV
]
+Ve 300
o e
10M C1/R1 | MEAN w P
211,04 438 |+ 900ms -4 VALUE AT 9V
Z O
i QU 47n/10k 1.50A 300us 900ms
I 1,510 3 10n/33k 3.5uA 160us 180ms
ic1 - A2
I 1 Fig. 12 This version of the micropower asymmetrical astable consumes
= Rl = absolutely minimal currents.
o PB-2720
The principles discussed in Notebook this month are so novel that we've
‘4 7 l9 NOTE: included two practical applications of the micropower technique in this
- e month's projects. The Micropower Pendulum on page 37 is a ‘tick-tock’
0 sound generator circuit that can be added to virtually any existing
,7;77 ov electronic clock. On page 68 there is a practical version of the Fig. 2
. : - 0 . -~ . 3 circuit, i i I | ith k audi
Fig. 11 This transducer-driving version of the Fig. 10 circuit acts as a tick- pl(;wl:r,(;?::o‘l"vp‘orahng D et e Ry B e e
tick generator or acoustic object-finder. It consumes 2 uA at 6V, or4d.5uA at

10V. Bl ETI
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~PROJECT

MICROPOWER s
PENDULUM

Add a ‘tick-tock’ sound to your electronic clock
with this amazing little module. Design by Ray

Marston. Project development by Steve Ramsahadeo. '

odern electronic clocks are
M inexpensive and highly
accurate devices, but lack the

comforting ‘tick-tock’ sounds of old-
fashioned mechanical timepieces. The

‘tick-tock’ sound of a clock confers two:

particular advantages. First, its
rhythmic sounds are soothing and tend,
at night, to help induce sleep: second,
the sounds help the owner to easily
locate the clock in a darkened room.

The little module described on this
page enables you to add a ‘tick-tock’
sound to virtually any electronic clock.
The unit consists of a low frequency
micropower oscillator and divider
circuit that has its output fed to a
PB-2720 ceramic transducer, which
generates the ‘tick-tock’ sounds. The
unit can be operated from any supply
in the range 4V5 to 12V, its total
current consumption varies from 1 uA
at4V5to 55 uA at12 V. Toput it
another way, the unit will give a couple
of years of continuous operation from
a PP3 battery!

Construction

The complete circuit (other than
the transducer) is built up on a small
PCB and construction should present
no problems. Note that three jumper
links are used on the board and that C2
is a tantalum component. The use of
mounting sockets for IC1 and IC2 is
advised.

When construction is complete, fit
the PB-2720 transducer in place and
simply connect the unit to a battery
and check that the ticktock sound is
generated. The tick-tock rate can be
varied by PR1 and the volume by PR2:
if you can’t get the tick-tock rate low
enough for your particular application,
increase the C1 value to 100n.

The complete module can be

‘powered from the existing clock supply
rails (if they are in the 4V5 to 12 V
range) or from its own PP3 battery. No
on/off switch is needed in the supply
line, since the current consumption is
so low.
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HOW IT WORKS

L4
4

PARTS LIST

Circuit operation is quite simple. IC1 is con-
figured as a special micropower oscillator (see
this month’s edition of Designer's Notebook) and
produces a 300 us pulse at pin 12 roughly once
every second; the rate can be varied over a
limited range by PR1. This pulse is fed to the
PB-2720 acoustic transducer via emitter follower
Q1 and volume control PR2, and is also fed to the
clock terminal of 1C2, a 40178 divider chip. The
40178 is configured in the divide-by-two mode
and its action is such that pin 2 switches between
ground and supply voltage on alternate clock
cycles.

Note that pin 2 of IC2 is connected to the |}
base of emitter follower Q1 via R6 and D2. Thus, ||
on the arrival of the ‘tick’ clock pulse pin 2is high,
so D2 is reverse biased and virtually the full clock
pulse is fed to Q1 base (via R5), producing a loud
‘tick’ sound from the PB-2720. On the arrival of
the ‘tod’ clock pulse, however, pin 2 of IC2 goes
low and pulls R6 to ground via D2 so that R5-R6
act as a potential divider, thus causing only two-
thirds of the clock pulse to reach Q1 base, and
generating a softer ‘tock’ sound in the PB-2720.
This process repeats ad infinitum.

Note that although the mean current con-
sumption of the unit .is only in the microamp
range, the peak pulse currents feeding the ultra-
efficient PB-2720 acoustic transducer may have
amplitudes of several milliamps; the transducer
thus produces ‘ticktock’ sounds that are (if
desired) clearly audible at a considerable range.

BUYLINES

There should be no problems obtaining any of
the components used in the Pendulum. The
PB-2720 transducer is available from Ambit In-
ternational. The PCB for this project can be ob-
tained from our PCB service — see page 54. |

Resistors (all %W, 5%) j

R1 10M il

R2,5 10k

R3 4M7

R4 100k

R6 2k [ :
| Potentiometers

PR1 4M7 miniature horizontal preset

PR2 22k miniature horizontal preset

Capacitors

(6] 47n ceramic

C2 47u 16 V tantalum

Semiconductors

IC1 4007UB

IC2 4017B

Q1 BC109

D1,2 IN4148

Miscellaneous

X1 PB-2720

PCB (see Buylines); battery (4V5-12 V).

Fig. 1 Overlay.

211'-]143 8

IC1

B

CEK 1c2 RESET |12
oL clE__2
28 8L113] [
1
NOTE:
IC1-1§ 4007UB
162 IS 40178
5% a1 1SBC109

D1.2 ARE 1N4148

Fig. 2 Circuit diagram.




NOISE REDUCTION

Overshadowed by Dolby despite its theoretical superiority, the dbx
noise reduction system now seems poised to take the hi-fi market by
storm. Peter Green was at the press launch and this is what he heard.

with anything like the quality of the original. However

much you spend on your hi-fi, however low the distor-
tion figures, however carefully you tend your records and
however diligently you clean your tape heads, you cannot get
away from the twin evils of surface noise and restricted
dynamic range.

Surface noise is caused by the limited quality of the recor-
ding medium itself. Imperfections and inhomogeneity in the
particles that make up the tape coating generate the familiar
hissing we know and hate; the roughness of the vinyl surfaces of
record grooves produces its share of hissing and pops. Surface
noise also affects dynamic range. During a live performance it is
possible for sound pressure levels to momentarily hit 120 dB
during music transients; however, background noise levels in
the audience can easily range from 30 to 50 dB and so this
simplistic treatment indicates that live music has a perceived
dynamic range of about 70 to 90 dB. Unfortunately a good
cassette recorder has a dynamic range of only about 45 dB,
while a conventional vinyl record is not much better at 55 dB.
Recording engineers have to compress the signal by a factor of
21 so that the loudest passages are below the level that causes
tape saturation or distortion, and the quietest passages are
above the level of tape hiss or record surface noise (see Fig. 1).
This squeezing of the signal into a restricted dynamic range
makes the music sound flat, unexciting and unrealistic. You
know it’s a recording.

D Versus d

The noise reduction system that established a virtual
monopoly in the world hifi market of the seventies was Dolby
B, a system that reduced high frequency noise (the most objec-
tionable kind) by boosting high frequencies on recording and at-
tenuating them on playback, thus also reducing the noise added
in the recording process.

dbx decided to tackle the other problem — restricted
dynamic range. Since sounds have to be compressed to be
recorded on tape or disc, a system that allowed 1:2 expansion
on playback would recreate the range of the original perfor-
mance (Fig. 2). This idea is quite old but difficult to apply,
because the expander and compressor must track each other
(be exactly complementary), especially on transients — this in
turn requires accurate detection of the signal. The difficulties in
this and the way that dbx overcame them are described later,
but the important point is that when the recorded signal is ex-
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U ntil now it has been impossible to listen to music at home

Fig. 1 (left) When recording tapes or
discs, engineers monitor the signal
and turn the level up or down (‘gain -
riding) to avoid distortion or hiss.
This compression greatly reduces the
dynamic range to an absolute
maximum of about 60 dB.

S, TAPE DISTORTION

90dB 50-60dB

LEVEL OF TAPE
HISS

ENCODE

DECODE
{2:1) (1:2}

Fig. 2 (right) By introducing 2:1

compression on recording, then 90dB 4548 90HB
accurately and automatically = 1

reversing the process on playback, SR |

the dbx noise reduction system A

reclaims the original dynamic range. : % INAUOIBLE.
As a bonus, tape hiss becomes it
inaudible. '

panded the tape noise drops below the level of audibility. dbx
have killed two birds with one stone, together with an assort-
ment of sacred cows; for example, they recommend that you
use chromium dioxide rather than metal tapes, because it's
pointless to pay extra money for an improvement of 2 to 3 dB
when the system itself is giving you an extra 30 dB across the
whole frequency range.

Paths Of Glory

Figure 3 shows the block diagram of a Type !l dbx noise
reduction system for domestic use (the Type | system has cer-
tain differences in the turnover frequencies of the filters to suit
professional situations). The encoder and decoder each have
two paths — the signal and detection paths.

The music signal to be recorded first goes through a band
pass filter to remove unwanted out-of-band components, Type
I values are 30 Hz to 100 kHz, Type | are 22 Hz to 27 kHz. The

‘lower limit is there to prevent subsonic noise from underground

trains, traffic vibrations and the like from being recorded; the
upper limit prevents pick-up of CB and other interference. The
Type | value is much lower because studios often have very
long leads which are more susceptible to pick-up. The signal
passes through a preemphasis network that boosts high fre-
quencies and helps to overcome tape modulation noise (which
is caused by uneven magnetisation due to tape inconsistency),
and into the voltage-controlled amplifier. The VCA is linear in
dB with control voltage to make things simpler later on; it com-
presses the signal by a 2:1 ratio.
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; 3 TAPE N :

T BAND PASS | PRE_EMPHASES VCA RECORDER LOW PASS VCA DE- EMPHASIS |
FILTER { NETWORK FILTER NETWORK
18dB/ e ° | |
ana—pd €T 68/ 6d8/ hin ouTk: = o 1 out o OUISIO i
\ ocT ocT 121“ —— 5@ 3 ; 648/ HI=F)
2 ocT
; b oct i 1248
l L]
| conTROL ; CONTROL i
I0Hz  100KkHz F00Hz 100kHz \ 300z

JFEEDBACK

T K
i
i .
{ e
A I RMS DETECTOR PRE—EMPHASIS' BAND PA

[l NETWORK FILTER

18dB/
| e
g OUT IN g 6dB/ T \ J ==
ocT zofa |
l——y—u L - re———a
i B 150HZ" 30Hz 10k Hz

Fig. 3 Block diagram of the Type Il dbx noise reduction system.
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The output of the VCA is passed to the tape recorder, and
also into the detector section. The first stage is a band pass filter
which has a slope of 18 dB/octave above 10 kHz, so that the
detector ‘takes less notice’ of high frequencies. Next comes
another pre-emphasis network, this time to increase the com-
pression of the signal at high frequencies and avoid the possibili-
ty that the pre-emphasis in the signal path will cause high-
frequency tape saturation. The RMS detector converts the AC
signal into a DC voltage proportional to the level in dB; since the
VCA also follows this law the whole system is linear in dB.

Mirror, Mirror

The encoder is a compressor with negative feedback; the
higher the signal level the greater the gain reduction. The
decoder must be a mirror image to give the correct tracking and
recovery of the original performance, so it is configured as a
feedforward system acting as a1:2 expander. The importance of
this is that if the tape recorder is considered to be ‘transparent’,
the VCA control voltage in the decoder is being derived from ex-
actly the same signal as that for the encoder VCA. The detector
path in the decoder is identical to the one already described —
band pass filter, pre-emphasis network, RMS detector — and so
the contro! signals will also be identical (to within component
tolerances). The decoder VCA has its control polarity reversed
and gives a complementary gain change to that of the encoder;
the de-emphasis network reverses the effect of the encoder pre-
emphasis to restore a flat overall frequency response. It’s in-
teresting to note that this flat system response is due solely to
the mirror-image nature of the signal processing — the frequen-
cy responses of encoder and decoder are complementary, but
not flat. Lt

Because a high value.of loop gain (40 dB) is employed in
the decoder, a low pass filter is needed at the input to prevent
high-frequency oscillation caused by capacitive coupling. This
keeps the system stable.

RMS detectors have been used because tape recorders
aren’t perfect, or ‘transparent’ — they introduce huge amounts

STl o
L

' !

LA
|

Fig. 4 Phase shift can have dramatic effects on the shape of waveforms!
ETI OCTOBER 1981

of phase shift. This is not noticeable to the ear, but the effect of
passing a 1 V peak-to-peak square wave through a 90° phase
shift filter is shown in Fig. 4; cheaper and simpler detectors such
as peak or averaging types would not give identical outputs for
the two waveforms and the mirrorimaging would be lost. An
RMS detector is the only one that will give the same output level
forboth.

Silence Is Golden

If anyone feels that the working of the system is hard to
understand, rest assured that a practical demonstration isn‘t.
The press showing started with a hiss comparison using blank
unencoded tape, first with no noise reduction, then Dolby B,
Dolby C and finally dbx. Hiss was still significant with the two
Dolby systems, although the improvement was noticeable —
but when the dbx cut in, nothing could be heard except the
gasps of amazement from hardened journalists. No hiss what-
soever! Listening to extracts from discs and tapes was a revela-
tion; for the first time in my life | could shut my eyes and believe
the orchestra was really there. | heard musicians fingering their
instruments, | heard someone on the record sniff, and the music
appeared out of a silent background — it was real!

Naturally the impact dbx has on the market will depend on
how many encoded discs and tapes they can release, and how
quickly. But several major cassette deck manufacturers (eg
Technics, Trio, Teac, Yamaha, Marantz) are fitting dbx along-
side Dolby in some of their models, and Dolby must be thinking
hard about their next move. (At ETI we're thinking about how
nice a review model would be, hint, hint!) With approximate
RRPs of £120 for the Model 222 (for two head tape decks) and
£170 for the Model 224 (three head decks), a dbx noise reduction
system could be the best upgrade you'll ever make.

70
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ROBOT
ARM

Part 2 of the Armdroid
project gives the complete
constructional details of the
electronics. System concept
by Ron Harris. Realisation and development by
Ajit Channe, Nick Ouroussoff and Andrew Lennard.

his month we give the Parts Lists
Tand overlays for the Armdroid,
plus a few things we have to point
out. A large number of supply i o5 o,
d}ecouphng capacgtors are requ1re<ﬂ1 on J o
the interface board — for clarity these : | .
were not shown on last month’s circuit - Y |
diagram, but they appear as C2-14 in
Fig. 3. Figure 3 also includes two extra ac g
resistors which experience has shown ° s
to be necessary
On the motor driver board, there
are four spare pads to the left of each s A P
H I r WITIn, lagram. e al e
L%i’n22$?0$?gl E?g;lzfl)sd ff’(())r(rjl”;?](;ﬂy ce%ntre terminals a§e co!r;mected to12V.
outputs of the latches on the interface ‘
boa?d, if direct computer control of the PARTS LIST
stepper coils is desired as mentioned POWER SUPPLY ) "
last month. Resistors (all 4 W, 5%) BR1 200V,6 A br|dge rectifier
Finally, Colne Robotics are o iy Is1 ﬁfﬂsfo’,‘c fiansientsypy
continuing development work on the Capacitors
gripper, and invite suggestions for C1,2 4760u 25 V axial electrolytic Miscellaneous .
alternative designs. If you think you've C34 1;8 oy tantalum ?‘1"” ;';a{;‘sssa”\'}xh
got a good idea (some possibilities are e "R e LP1 12V 50 VA
mentioned in Robotics Today this Semiconductors LP1 neon lamp
month), get in touch with Colne at the Ic1 78H12 FS1 1A fuse
address given in Buylines last month. If IC2 7805 = Heatsink (drilled for T03 case)

they like your proposal they’re
prepared to do the development and
engineering work and pay the inventor
a royalty. Over to you!

Fig. 2 Overlay for the PSU. Note that IC1 requires a heatsink.

m | 2 | B - 5 ;, - . w

+

+8V

ov
AND EARTH ’

42V
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PROJECT : Robot Arm

———PARTS LIST__

Capacitors
C1

Semiconductors

off).

INTERFACEBOARD
Resistors (all 14 W, 5% except where stated]l |

IR1 1k0
R2,13 10k
R3-8 2k2 resistor network
R9-11 1k8
R12 15k

100p polystyrene
C2-14 10n ceramic

1C1,2 7418125
IC3 74L504
| 1C4 74508123
] IC5 7418366
ICe 7418138
1C7-12 7418175
Miscellaneous

L] SW1-6 SPST microswitches 3
'| 0.1” 10-way edge connector (one off); four-|
way PCB plug and socket connectors (six

i
|
f

TO COMPUTER

DIL SOCKET
FOR'CONNECTION
TO MICROSWITCHES

2]

Fig. 3 Interface board overlay. The connection to the computer port will depend on your particular machine..
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TO MANUAL
CONTROL
‘BOX

ov o T/

R
Sw2(2)~
SwW1
SW3(1h
SW2(1)1
SW3(2)
MANUAL CLOCK OUT

Sw2(4}
SW3(3})
Sw2(3)s
SW3(4)
Sw2(6}

_“lecik 2
Z27JCDIR 2

GOCOULOU

/

MOTOR DRIVER C3 10n ceramic
* (For one channel only — six sets required ;
ol except where stated) Semiconductors
@8 Resistors (all 4 W, 5%) 1C1 CD4551 (three off)
b - R1 10k (one off) 1C2 CD4013
. R2,3 10k IC3 CD4070
g R4 39k (one off) 1IC4 CD40109 |
P9 R5 68k (one off) IC5 VQ1000CS
- R6 100k 1C6 555 (one off)
»
4 Potentiometer Miscellaneous
: PR1 100k miniature vertical SW1 SPDT toggle (one off) :
g preset (one off) SW2,3 SPST push-button '
Y MTR1 12 V stepper motor : )
o) Capacitors 0.1” 16-way edge connector (one off); four-
| C1 10n ceramic (one off) way PCB plug and socket connectors (three
C2 100n ceramic (one off) off); 25-way terminal block (one off). L4

channels, pads are provided at pin 9 of each IC1 for the extra pull-down resistors.

PROJECT : Robot Arm

PARTS LIST_

Fig. 4 Overlay for the motor driver board. Points A-A, BB, . . . ., F-F are linked by lengths of insulated
wire; normally points G-G-G are also linked so that the manual override switch {SW1) controls the CMOS
switches in all six channels. However, if it is required to provide a separate override for each pair of
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Audio Link
Modifications

T. Bennett, Hazel Grove

Referring to the circuit information of-
fered by T.P. Hopkins in the June Tech
Tips Special for a Bidirectional Audio
Link, a closer inspection of the circuit
will reveal several omissions, some of
which the amateur constructor may find
difficult to rectify. There are no biasing
components shown (to provide balance);
the voltage rails are not shown; and DC
blocking capacitors are not shown — it
won't work without them. | enclose a
drawing of a circuit with these features
which I constructed in order to test the
rejection — this was measured at 50 dB.

O
+9V~15V

100 [ coaxiAL

63V CABLE
TO IDENTICAL
CIRCUIT

1 < PINS 14
M B 1c1.1C2
: - AAAA ™Mo
i R4 ]°2
MO |
. ICle
IGNITION R2 ! ca
ety E " iC1a IC1b IC1c Ic1d 100n
¥ !
RS !
100k i
L 3 ! : H_ o
- ?00,( 1C1 154069 'l s
c3 1C2 IS 4010 c6 >
100n D1 IS 1N4001 Mo S R12
D2,3 ARE 1N914 . - *s (SEE TEXT)
o
PINS 7 |
Ic1.1c2
——
CHASSIS b3 i I PIEZO
= - = TRANSDUCER
r
R7
LIGHTS
SWITCH i |
c % — s i e 5 e -] - |

Car Lights Warning

A.M. Tucker, Dorchester

This circuit gives an audible warning if
-the car lights are left on when the ignition
is switched off. If necessary, the lights
can be switched off and then on again,
and the alarm will be cancelled.
Operation is as follows: the ignition
switch is connected to buffer 1C1a,
Schmitt trigger R4-IC1b-IC1b and in-
verter 1C1d. R1-C1-C2 and R2<C3 are

" filters. If the lights are on and the ignition

is switched off, a negative pulse is ap-
plied through C4 to IC2b and the junc-
tion of R5 and D3 goes high, causing the
flip-flop to change over. This enables the

slow oscillator IC2¢c-IC1e (approximately.

1.3 Hz), which pulses the (approximately)
4 kHz oscillator IC2d-IC1f, causing audi-
ble bleeps in the piezo-electric
transducer. If the lights are off, the input
to IC2a is held low via D3 and R7, in-
hibiting the oscillators. D1 and D2 deal

with unwanted transients, while R12 is
chosen to give the required warning
level.

The circuit can be adapted for
positive earth vehicles by reversing the
diodes and electrolytic capacitor, revers-
ing the connections to pins 7 and 14 of
the 1Cs, and substituting a 4001 NOR IC
for the 4011 NAND IC. With this
modification, there may be a short bleep
when the ignition is switched off and the
lights are not on.

Tech-Tips is an ideas forum and is not aimed at the beginner. We regret we cannot answer queries on these items. ‘
'l is prepared to consider circuits or ideas submitted by readers for this page. All items used will be paid for. Drawings should be as clear as pos
and the text should preferably be typed. Circuits must not be subject to copyright. Items for consideration should be sent to ET! FECH-T!

Electronics Today International, 145 Charing Cross Road, London WC2H OFE. { . )
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Seven Channel
Lightshow

J. McCauley, Dundalk

When used with an audio input this cir-
cuit gives a very effective display, using
seven 75W coloured spot lamps for
disco work or smaller ‘pygmy’ bulbs
when used as an addition to a home
audio system. Altemnatively the 7447,

which is a display driver, can drive seven
LEDs directly.

As can be seen from the truth table
there are 16 different arrangements for
the sequence of switching. This helps
give the impression that the bulbs are
randomly switched. The operation of the
circuit is as follows.

The 555 timer is connected here as a
VCO with the control voltage on pin 5
derived from the audio input via the FET
input buffer circuit. The variable length

-0
240V AC
LP1
v

- FEATURE

pulses from the VCO are then used to
clock the 7493 which is connected here-
as a binary counter.

The outputs-from the 7493 are then
decoded by the 7447 decoder (BCD to
seven-segment). The outputs from this IC
are used to trigger the SCRs, thus turning
on the appropriate lights. '

All that is necessary to operate the
circuit is adjustment of the input level
control (RV1) to give the best visual
display. When switching low power
loads ie 75 W, RFI suppression circuitry
should not be required; however, with
greater loads (absolute max 750 W per
channel)such circuitry will be necessary.’

-0
+5V
R3 >
8 5 16  goen % {
. 3 7 T scri
-
ety 12 COUNT| tP1 | P2§ LP3 | LP4 | LP5 | LP6 | LP7
163 137808 " ] % B
Q1S BF2448 0 x X X X X X
D1,2 ARE 1N4001 1 8 3 IDENTICAL.
SCR1-7 ARE C106D 2 i CIRCUITS 7 R B
= / 3 WEp 2 | x e [IEX LB
el [ - 3 | X T S B
f O —0 4 X X X X
+5V 5 X X X X X
240V AC
IANLI"[l,JI$ L -0 6 X X X X X A
C 1k0 7 X X X
IN ouT
Ha= + L 1ca 8 | x e ) e P 5%
c2 l— BV 9 X X X X X
RV1 100 i 10 x | x | x X
5k0
fin Q1 1 X X X X
240V AC 1+ 12 X X X
R11 - 13 | x X X X X
0 Cc3
i ' FOOO“ 14 | x X X X X
15
N ov
= X = LAMP LIT
Simple Frequency
[ L[] I
Response Display
M. Harrison, London
This circuit was originally designed to : 19V
test audio filter circuits, but has several N .
other uses such as demonstrating the prisINates
properties of tuned circuits, or testing
graphic equalisers. The circuit consists of o
a low-frequency oscillator with a 5
triangular wave output which is used to . 0 i
frequency modulate a VCO, while also = . =

being fed to the X input of a ‘scope (the
signal is about 2 V peak-to-peak, so fur-
ther amplification may be needed for
some ‘scopes). The VCO output is passed
to the Y input through the filter under
test. This gives a display of output level
against frequency, with the frequency
decreasing from left to right. SW1 sets
the frequency range of the display, and
RV1 sets the scanning speed: it is ad-
justed to give a good display, and does
not affect the actual shape of the
display. As well as being simple this cir-
cuit is cheap, the 76477 only costing
about £2. Q1 and Q2 are any NPNisilicon
transistors with a reasonable gain, for ex-
ample BC108.
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___FEATURE

SPOT DESIGNS

Light-activated Switch

Most light-operated switches. are designed to
respond to the ambient light level so that
some item of equipment is switched on or off at a
certain light level, This circuit is somewhat dif-
ferent in that it is designed to respond to mains-
powered lighting, rather than to some ambient
light level. It could, for example, be used with a
bedroom TV set, to automatically switch the set
off when a bedside lamp was switched off. No
doubt there are other applications for a circuit of
this type.

The difference between mains lighting and
natural light which is exploited in this circuit is
that mains lighting is modulated at the 50 Hz
mains frequency whereas natural lighting is fairly
stable. LDR1 and R1 are connected as a potential

divider across the supply lines, and in the.

presence of natural lighting only, the output
voltage from this network will change only
gradually. On the other hand, mains lighting will
vary in intensity at 50 Hz, causing the resistance
of LDR1 to vary in sympathy and producing a
50 Hz output signal from the potential divider.
This signal is coupled by C1 to the input of a

| high gain common emitter amplifier which uses

Q1 in a standard configuration. C2 reduces high
frequency noise that could otherwise upset the
operation of the unit. The amplified signal at Q1s
coliector is coupled by C3 to the base of Q2, and
the latter is switched on by positive half-cycles.

+9V
= = )]
R3
“ 6k8
c2 ‘
LDR1 4,,7" Il RLA1
Ty N3 ng ENT
2u2 EQUIPM
2M2 c5
100u
10V
R1
6k8
NOTE: Q1 i Q2
Q1 1S BC169C x
Q2 IS BC338
D1 IS 1N4001
LDR1 IS ORP12
amined0)
oV

This gives a series of pulses across the relay coil,
and these are integrated by C4 so that the relay is
closed continuously, not pulsed on and off. A
normally-open relay contact is used to control the
external equipment (or a normally-closed type if it

is necessary for the controlled equipment to'
switch on when the mains lighting is switched off).

Avoid strong natural lighting on LDR1 as
this will greatly reduce the sensitivity of the cir-
cuit.

NOTE:
Q1,2 & 3 ARE BC109C R2

D1 1S 1N4001 TM8 <
LDR1 IS ORP12 S
LED1 IS TIL209

.

R5
ak7

100u
10V

b

Q2

5oL ot
A

Swi1
ON/OFF

S
LED1

R6
560R

47n

D1
ov

' Dynamic Noise

Limiter

- A dynamic noise limiter (DNL) is primarily in-

tended for use with a cassette recorder to

- process the output when playing a cassette that

has not been encoded by a noise reduction unit of

. some kind, and therefore gives a comparatively

poor signal-to-noise ratio. The DNL gives a degree
of treble cut at low signal levels, with a subse-
quent improvement in the signal-to-noise ratio. At
higher signal levels the treble cut is gradually
lifted, and is practically eliminated at the highest

levels. This gives reduced signal-to-noise ratio, but
this is not noticeable as the main signal masks the
noise.

The parallel impedance of R1 and LDR1
together with C2 forms a low-pass filter. The out-
put from this filter is taken to the output socket via
emitter follower buffer stage Q1, and the high in-
put impedance of this stage ensures that loading
eifects do not impede the performance of the
filter. :

Some of the input signal is coupled to the
base of Q2 via PR1 and C4, and a greatly amplified
signal appears at Q2's collector. This is coupled to
the base of Q3 by C6, and Q3 will be switched on
during positive signal peaks of suitably high
amplitude. This causes LED1 to light up, and since

-0

it is directed at LDR1 (which should be shielded
from the ambient light), the impedance of the lat-
ter falls. This reduces the high frequency attenua-
tion of the filter and gives the required lifting of
the treble cut at high signal levels. The fast attack
and relatively slow decay times of LDR1 ensure
that it responds to the average light output of
LED1 and not to individual light pulses, so that the
required circuit action and low distortion are ob-
tained. |

The unit will operate with input signal levels
from about 50 mV RMS to over 1 V RMS, and it
should therefore match the output signal of any
cassette recorder or deck. PR1 is given the highest
resistance setting that provides full treble lift at
the peak signal level.
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REMOTE CONTROL

Control your home without leaving the comfort of your armchair with

this cunning system that sends instructions down the mains.

emote control on a small scale
R is fairly simple to implement,

these days — ETI has pub-
lished many circuits on this topic.
These have ranged from simple
ultrasonic on/off switches, to
‘dedicated’ hard-wired systems such as
the Beast train controller, to general
purpose, multifunction infra-red
devices. The disadvantages of these
systems were that their use was
restricted to one room, with the
exception of the Beast; but then who
wants to control model trains from
another room?

Remote control over a reasonable
distance needs a rethink about the
methods available. Infra-red and
ultrasound are both out; light only
travels in straight lines, and an ultra-
sonic system that could operate
throughout the house would need an
impossibly powerful transmitter —
even if you left all your doors open!
Radio control is also out of the
question, since it may only be lawfully
used to operate models, not to
mention the interference and
bandwidth problems that would occur
if everyone started using such a
system.

It seems that the only choice left is
to run-lengths of cable to all the
devices that need to be controlled,
and use electrical control signals. All
that money for expensive copper wire,
all the work involved in laying the
cable runs beneath floorboards and
plaster, all the redecorating; this idea
doesn’t seem to have much going for
it either.

68

Project development by Steven Ramsahadeo.

Send A Cable

Fortunately, almost every home in
the UK already has a suitable
distribution system installed; the
mains supply. This network links all
the rooms in the house (and probably
the shed and garage too), is hidden
from sight and yet has access points
exactly where you want them — at
the appliances you wish to control. A
single transmitter can be plugged in to
a power socket anywhere in the house
and superimpose control data onto
the 50 Hz mains using radio frequency
FM signals. These signals will be
picked up by any receivers that are
also connected to the mains, and after
suitable decoding the selected
a;f)fpliance can be made to turn on or
okl :

Such a system was first discussed
in our House Wiring feature in the
June 80 ETI. At that time we
postulated a six bit data word that
could address any one of the 16
different devices and convey up to
four different instructions; RF filters
(with a suitable voltage/current rating)
were to be fitted in the feeder lines to
the house wiring to prevent interaction
with a neighbour’s system.

The design presented here takes a
somewhat different approach.
Suitable inductors for the filter
network are not available, so the inter-
ference problem has been tackled by
using a nine bit data word. Four bits
define one of 16 system or house
codes, with each house in a street on

the same mains phase choosing a
different code. Another four bits
define one of 16 appliances, with the
final bit being the on/off command.
Your receiver modules are all set to
the same house code, but different
appliance codes; thus you can switch
appliances individually but not trigger
receivers in neighbouring houses.

Pressing Matters

In general, two key closures are
required to send an instruction with
this system. First press and release the
key corresponding to the appliance
you wish to control, then press either
the on or off key. After a quarter of a
second or so (the time taken to
transmit the complete data word plus
its synchronisation bits), the relay in
the chosen unit will change state,
operating the microswitch. The system
of mains switching has been chosen to
provide isolation, and the SW1/RLA
assemblies will be made available by
the kit supplier (see Buylines).
Naturally the number of bits means
that data must be transmitted serially,”
and the system requires information to
be latched, combined into a single
data word, synchronised to the mains
zero-crossing points . . . . a lot of
circuitry which results in the use of the’
ubiquitous chip, in this case two
custom-designed ICs which will only
be available from the source
mentioned in Buylines.

Once latched into one or other
state, the receivers will not switch over
unless they receive a specific
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TV Garhe
Comeback

V games are currently having an

incredible resurge of popularity
in this country after a massive drop
in demand over the past few years.
Hong Kong's TV games shipments to
Britain have risen by 260% in the
first quarter of this year, effectively
making us their biggest market —
even overtaking West Germany, the

former largest market. Exports to the .

third largest market, the USA, also
rose by 1,047%, thus giving a total
export rise for Hong Kong of 112%.

Cover Up!

miths Industries Time Controls, manufacturers of time switches, are in-

troducing a special protective cover for their ‘European’ range of pro-
ducts. The new cover is made of a resilient waterproof combination of metal
and plastic, and is designed to be mounted integrally to the ‘European’ time
switch models without either adhesives or major installation requirements. It
has been developed as a protective device, thus making the time switchrange
equally suitable for both interior and external, home or commercial use. The
tough plastic will not only protect the time switch from inadvertent knocks
but will also keep it waterproof in situations like exterior walls. The coveralso
has a sealing arrangement to prevent the setting being tampered with, par-
ticularly by children, although it is not difficult to remove when time ad-
justments need to be made. The European time switches are very popularand
feature quartz driven motor and battery reserve which allows for up to 150
hours of supplementary power in the event of power failure. Sixty minute, 24
hour and 7 day versions are available. The cover will fit any of the range and is
available from leading electrical appliance outlets and wholesalers
throughout the UK. Prices for the timeswitches themselves vary from £11.81
to £35. Smiths Industries Time Controls, Waterloo Road, Cricklewood, Lon-
don NW2 7UR.

3 Ll

Something In The Air

n recent years it has become necessary to monitor precisely the meteoro-

logical environment around nuclear power stations, and to this end Frazer-
Nash of Hersham, Surrey, has supplied several sets of windspeed and direc-
tion monitoring equipment to the Central Electricity Generating Board, in-
cluding the recent commissioning of a wind monitoring system at the Wylfa
Power Station in North Wales. The MK 5B system installed there uses ad-
vanced digital and analogue techniques to process the signals from wind-
speed and direction sensors, mounted at different heights on a remotely sited
tower. Signals from the sensors, displayed at the remote site on a meter panel
are transmitted to.the main electronics cabinet in the Power Station Ad-
ministrative Building. A second cabinet is for lightning protection and has
self-test facilities which allow system testing from the tower site or from the
cabinet itself. The wind systems are manufactured to licensed designs of the
British Meteorological Office and can be used to upgrade earlier Met Office
approved systems. MK 5B systems are designed to use lightweight cables over
long distances from the sensors, thus reducing installation and maintenance
costs. Telemetry can be supplied to transmit readings via standard PO
telephone lines or radio links. For further details of wind monitoring systems
contact Frazer-Nash (Electronics) Ltd, The Old Forge, Pleasant Place, Her-
sham, Walton-on-Thames, Surrey.

Disc Shooting

horn EMI Video Programmes Ltd

for the new VHD Videodisc System.

designed to exploit the data retrieval
facilities offered by the VHD system.

mation, accessible at the touch of a
button, to provide background
knowledge of each location

modation, fishing rights, travel

local attractions, tackle suppliers,
angling records and so on.

has now begun to commission
programme material purpose-made

Among the first productions to be
launched in june 1982 will be ‘Great
British Fishing” which features the
well-known footballer and amateur
angler Jack Charlton. The material is

The fishing programme runs for two
hours and covers several angling
locations including coarse, game
and sea fishing, all under the expert
guidance of Chris Dawn, Features
Editor of ‘Angling Times’. The pro-
gramme will also include a‘data sec-
tion’ — individual frames of infor-

featured, details of local accom-

gusdes and information on other

Elementary My
Dear Watson

As many education authorities are
now allowing and even en--
couraging the use of calculators,
Casio are attempting to help bridge
the gap for youngsters between us-
ing the simple four-function
calculator and its scientific counter-
part. They have launched two
models which they describe as
‘elementary’ — the FX5 and the FX7.
The FX5 has a ‘scientific’ layout giv-
ing access to fractions, roots, pi,

-percentages, square, reciprocal,

change-sign, parenthesis (three
levels) and independent memory.
The FX7 also incorporates sine, cos,
tan and log functions, while in-
troducing the concept of exponents.
There is an LCD display on both
models and batteries are the readily
available AA size. The recomménd-

{ ed prices are: FX5 £10.95, FX7 £12.95

and they should be available from
any Casio dealer, but in case of dif-
ficulty contact Casio Electronics Co
Ltd, 28 Scrutton Street, London
EC2A 4TY.

T ———
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command or are disconnected from
the mains (receivers always assume
the off state on power-up). This means
you can unplug the transmitter to
move it around the house without
upsetting any of the slave modules.
Using a switched 13 A socket (the
switch being wired in parallel with the
microswitch) allows manual override
of the slave module.

Some RF! may be picked up on
radios during operation of the
transmitter but this only lasts for the
duration of the keypress and will
cause no problems.

Construction

Construction of the transmitter
should present few problems. The
PCBs are specifically designed to fit in
a small hand-held enclosure (see
Buylines). The case comes apart in two
sections; the keypad is fixed in the top
half and the control circuit in the
other half. These are connected.with a
short length of ribbon cable and two
14-way header plugs terminated at
each end

We recommend the use of our
PCBs, especially for the keypad which
is a double-sided board.

Start construction by assembling
the 18 push-buttons and LED1 on the
top side of the PCB (side A). The 14 pin
header socket is mounted on the
opposite side and is soldered
approximately 2 mm above the
surface of the board, allowing just
enough space to solder the tracks on
this side. Note that wherever
corresponding tracks are found above
and below a pad, both sides should be
soldered to complete the connection.
When the keypad is built make a
visual check for any solder bridges or
dry joints; if all is well you can begin
construction of the control circuit.
Assemble all components according
to the overlay, observing the
orientation of the semiconductor
devices and electrolytic capacitor.
There are two points to note here; C3
is bent at right angles to lie flat on the
PCB (as shown by the photographs),
and rubber or PVC sleeving should be
used to insulate the mains connection
on the PCB.

As there is very little height
available the best way of securing the
control circuit PCB is by double-sided
sticky pads. To give a professional
appearance a grid can be cut out from
a self-adhesive aluminium sheet to
match the keypad, which can then be
stuck to the front of the case. The
keypad is held in place by a few drops
of Superglue at each corner. When
doing this it is worth checking that
there is adequate clearance between
the header socket and C3. This step
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Fig. 1 Circuit diagram of the transmitter.
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HOW IT WORKS

TRANSMITTER
The transmitter is built round a customlsed
IC with 16 system codes (selectable by wire
~ links to pins 8-11) and a separate code for
addressing up to 16 remote slave modules
in your home or office. The system codes
are necessary to allow you to switch lights
or appliances attached to the slave modules
on or off without activating slave modules
being operated by neighbours.

The keyboard matrix is scanned at 3.8
kHz; when a key is pressed its code is
combined with the system code. Multiple
key connection is controlled by the IC. The
single digital message is then sent to the
transmitter section which generates 120
kHz signals to pulse-position modulate the
AC line. The digital code serial output has
to be synchronised to the 50 Hz AC signal,
so the chip incorporates a zero-crossing
detector. The message, now synchronous
with the mains waveform, is clocked a bit at
a time on the zero crossing of the wave. It
contains nine bits of information; a four bit

1| system code and a five bit matrix (keyboard
function) code. Each message is transmitted

half-cycles of the AC waveform. A logic 1
bit consists of three 1 ms bursts of 120 kHz
signal at 200 us after the zero crossing of
i each phase. A logic 0 bit is indicated by no
| signal for that half-cycle. To synchronise
the receivers with the transmitter a trigger
code of three successive logic 1 bits

e raae

in true and in inverted form on successive:

followed by a logic 0 bit is used. The

complete message takes 11 full AC cycles
(220 ms) to complete.

The line attachment is made by a
transformer (12) and capacitive coupler
(C2). The transmission can range down the
wiring on the domestic side of your
electrical system and is bounded by the
Electricity Board’s transformer. This gives
the possibility of controlling slave modules
in a number of houses as there can be six or
seven on each transformer — hence the
system or house code.

The power supply for the circuit comes
from C3,R2 and L1 all inseries. The mains is
rectified negatively by D2, with shunt diode
D1 providing DC restoration. The supply
voltage, regulated by ZD1, is stored on C4.
The timing signal is limited by R5; it is

clamped in the positive direction by D4 |

connected to the common line, and in the
negative direction by D3 connected to the
negative side of the power supply. This
produces an 18 V square wave. C5 is
provided to eliminate high frequencies
from this section, such as the 120 kHz
transmissions.

C2 isolates one side of the transmitter
coil from the mains and thereby allows the
coil to produce signals across the mains. Q1
provides the drive signals; R7 and R8 set the
drive level to the transistor, while emitter

tesistor R6 provides stabilisation. The

oscillator components are R4-C6-C7-PR1,
the latter component setting the frequency.

240V AC

50Hz

TRIGGER “—L-—,- n n‘ _—
CLOCK ~ b = e n = mes—a
DATA OUT -i T l—-«g———

— 1mS -—
. 778m: 2.778m$S

4——5.556m5—»

4——5.556mSs——>

e e e

SERIALDATA —W—H—

DATA

DATA

Fig. 2 The timing diagram for the transmitter signals.




should only be done when the system
has been fully tested.

The most practical method of
housing the receiver unit is in an MK
double surface-mounting box (see
Buylines). This particular box accepts
two single 13 A sockets (only one

used) enabling the PCB to fit in the left

side and the switch mechanism on the
right beneath the 13 A output socket.

No problems should be
encountered in constructing the
receiver PCB provided you follow the
same precautions as for the
transmitter. The board is mounted on
three 4 ” spacers. The mains lead can
be passed through any one of the
’knockouts’ located around the edge
of the box. Heavy gauge wire (ie
13/0.2) should be used to connect the
switch mechanism and the 13 A
output socket.

The appliance module, which is
supplied as a ready built unit, is fixed
on the blanking plate. The

.connections are passed through a

L

240V AC

small hole and terminated at the
points indicated on the receiver PCB.
Setting up the system is a matter
of adjusting the presets in the
transmitter and receiver so that the
frequency of the clock oscillator is
120 kHz. Range of the system should
be good enough for any practical
purposes — the prototype unit was
able to consistently switch a light on
and off when the transmitter was in a
bedroom and the receiver was in a
shed at the end of a 100’ garden.

Inside the receiver. The PCB fits in one
half of the box, the switch/relay mechanism

CODE A B c D

A X X
B X
c X X X
D X X
E X X X
F X X
G X X
H X
1 X
J
K X X
L X
M X X X X

i N X X X

1 o X X X
p X X

Fig. 3 System code selection table. X means

in the other. insert a link on the transmitter board (Fig. 6).
NO— - —_— i 0
MAINS SUPPLY
oo SWIRLA TO APPLIANCE
=~
NOTE:
r ICT 15549
Q1-3 ARE 2N5401
ZD1 IS BZX61C15
D1,2,4,8 ARE 1N4004
D3)5.6,7,9,10,11,12 ARE 1N4148
)
PCB 1 MODULE
COMPONENTS COMPONENTS
j
”c1 wAL I‘ ¥
W0 oon D2 = Y v
R10
82R 330k ;
.
R11
DS 1 150k iz
a1 ,
.
D1 il
i ]
[ c}
. - - &
.
3 5
= 1k0 g
! Z07 r"' 0
‘ i ~ - D
¢ J :
" '
Sl g D10
S R15
b= T 39 ey D6 I R12
b= ol ' M D11
2K R16 ;
& \ ] 22k h
e R14 T T
100n 38R i d
: 3
R17 0
330k )
G

Fig. 4 Circuit diagram of the receiver. Components to the right of the dotted line are supplied ready-mounted on the appliance module.
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HOW IT WORKS____

 |the 15 V negative supply and the common|;

11Q2-Q3 are turned off, and hence RLA is off
'|and no power is supplied to the appliance

 {line to the base of Q1 high, turning the

1Q2-Q3 Darlington, so that RLA is|

| switch is closed or the sockethasaloadinit.

RECEIVER i 7
As with the transmitter, a tuned circuit is
connected across the mains; signals are
picked up by L1 via R14 and mains isolation
capacitor C2. The coil is tuned by C3 and
R15; its output is clipped by D10,11 and
capacitively coupled by C7 into the
receiver chip (IC?'). Once again
synchronisation to the mains is provided by
a resistor (R17), the signal being clamped to

line by D5 and D6 respectively. The
oscillator components are R13-C9-C10-PR1.

Two rotary hexadecimal switches codej,
the receiver in the same way as the
transmitter — SW2 selects the channell
number and SW3 the device number.

The power supply is similar to that of
the transmitter. D2 rectifies the mains with|
D1 providing the shunt path for R1-C1.
Normally Q1 is turned on and connects the
very negative supply section (ie D2 anode)
to C1 and ZD1, which smooth and regulate|:
the supply to the IC. The Darlington pair

via SW1. R5 ensures that C4 is discharged.
When IC1 detects a valid ‘turn-on’
signal, it momentarily switches the control

transistor off. This action rapidly charges|
C4; shortly afterwards IC1 switches on the}

connected between the regulated and|
unregulated supply rails and turns on. C4
discharges rapidly through the relay and
the Darlington, giving a switch-on boost
that makes sure the relay pulls in. SW1 is
now closed and the load is energised. A
‘turn-off’ signal causes IC1 to switch off the
Darlington, cutting the drive to the relay —|,
D4 is connected across the relay to suppress
voltage spikes. 1
R8-R9-C6-D8 provide a low impedance
supply to the positive side of C1-ZD1 when
SW1 is closed, to help hold the relay in. R10
feeds a clipper circuit that senses when the

PROJECT : Mains Remote Control

PARTS LIST__

TRANSMITTER

Resistors (all 4W, 5% except where stated)
R1,6 15k
R2 22R 2 W
R3 1k2
R4 220k
R5 330k
| R7 820R
R8 2k2
Potentiometer I
PR1 100k miniature horizontal
preset l
Capacitors
C1 1n5 polystyrene
C2 220n 250 V AC polyester
c3 1u0 400 V radial polyester
Cc4 1000u 25 V axial electrolytic
c5 100p ceramic
Cé6 22p ceramic
c7 33p ceramic
Semiconductors
1C1 542C
Q1 2N3704
D1,2 1N4004
D3,4 1N4148
LED1 TiL220
Miscellaneous
PB1-18 push-button switches
L1 150uH
L2 Toko 1A1011

14 pin DIL plug (one off); ribbon cable; case. -

BUYLINES

A kit of parts for the FM Mains Remote
Control System is available from Rockway
Ltd, 1 Station Road, Twickenham,
Middlesex TW1 4LL (telephone 01-892
7044). The kit contains one transmitter unit
and two receiver units and costs £99 plus
VAT and carriage. The receiver units will

also be available separately.

sw3
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it X "

NOTE:

k = CATHODE

® = THROUGH—BOARD LINK
Fig. 5 Overlay for the keypad. Note that
SK1 is mounted underneath the board, and
that all component pins are soldered on
both sides of the double-sided board.

NEUTRAL LIVE

Fig. 6 Overlay for the transmitter board.
Make links A,B,C,D as shown in Fig. 3.
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PROJECT : Mains Remote Control e

RLA COIL
|

s
———— D LA COIL

Fig. 7 (Left) Component
overlay for the receiver
board. The lettered
connections are made
with ribbon cable to

the appliance module

— see Fig. 8.

D
E
A
e SW1 AND
; OCKET .
; (13.@2) - Fig. 8 This diagram shows how the
i ribbon cable connections are made
[ to the ready-built module.
aflS .
2
L = a=ANODE ETI
k = CATHODE
Semiconductors
i3 AI\(I:DI QIVF\’I"—I,T IC1* 549
ol iy PARTS LIST Q23 s
= ZD1 BZX61C15
RECEIVER i D1,2,4,8 1N4004
Resistors (all 4 W, 5% except where stated) Potentiometer o | D3.5,6,7,-
R1 22R )W PR1* 100k miniature horizontal 9,10%,11%,12* 1N4148
R2 10k preset
R3,16 22k . Miscellaneous
R4 82R %2 W Capacitors . SWIRLA  Switch mechanism (see text)
R5. 12k C1 1u0 400 V radial polyester L1 Toko 1A1010
R6,15 3k9 C2 100n 250 V AC polyester SW2,3* Hexadecimal coded switches |
R7 180k c3 1n0 polystyrene i 14 pin DIL plug (one off); MK double
R8 ko c4 22u 63 V PCB electrolyhc. surface-mounting plastic box ref. 2025 (one
R9 33k ) 220u 25 V axial electrolytic off); single 13 A switched socket (one off); |,
R10,17 330k ce 100n 250 V AC polyester single blanking plate (one off). ]
R11* 150k Cc7* 330p ceramic ) ) ) L
R12* MO0 cg* 22n ceramic *Items marked with an asterisk are supplied
R13* 270k C9* 15p ceramic ready-mounted on the receiver module
_R14 . 33R c10* 47p ceramic _ supplied in the kit.

Kit yourself

out with our new

It’s full of all sorts of exciting possibilities, including a
digital barcmeter. So, if you don’t trust the weather
forecast, make your own. And get it right.

Like all Heathkits, it contains everything you need,
right down to the right kind of solder. Unbeatable
comprehensive assembly manual. Diagrams. Highest
quality parts. Everything to make a first class profes-
sional job. One you'll be proud of. One that will give you
far more satisfaction than a ready-made mass-produced
shop-bought product can possibly offer.

Because you made it yourself.

= —

To: Heath Electron-ics (UK) Limited, Dept (ET10),
Bristol Road, Gloucester GL2 6EE. Please send me a copy of your
new catalogue. I enclose 28p in stamps.

Name — 1
I Address ___ SN e RN ﬁ‘
I NB: If you are already on the Heathkit mailing list D J

you will automatically receive a copy of the latest
I Heathkit catalogue without having to use this coupon.

| Youbuild on our experience

l[;!l’ll
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FEATURE

- ENGINEER'S GUIDE
TO BASIC

Despite the various alternatives, BASIC is still the most universally
accepted programming language; unfortunately there are almost as
many dialects as there are machines. This new series by Stewart
Fleming will help you pick your way through the programming jungle.

the reader with a detailed introduction to the BASIC
language (where we will look at the syntax or ‘grammar’ of
the language and illustrate this with lots of interesting applica-
tions); and to provide a reference manual of the differences bet-
ween the versions of BASIC as offered by some of the better-

The purpose of this series of articles is two-fold: to provide

“known microcomputer manufacturers together with an indica-

tion of the capabilities and limitations of the hardware concern-
ed.

The reader will therefore be able to use this manual:
@ to learn BASIC
® to help him decide which BASIC (and possibly which equip-
ment) is most suitable for his proposed application. Thus we
hope the articles will be particularly helpful to the firsttime
microcomputer buyer.

@ asan aid in implementing on one machine a BASIC program

which has been written for another machine.

Using The Articles

We hope then that this introduction to BASIC will be useful
both to the absolute beginner and also to the more advanced
programmer. Very little prior knowledge will be assumed of the
reader and we will explain any technical terms as we go along.

The articles can be treated as a complete course in BASIC:
they will cover all the important features of the language in a
simple and concise way. Alternatively they can be used as a
reference manual. We have included a section on the general
principles of computer operation, and, if you are completely
new to computing, it is suggested that you read this first — so
that you will understand some of the ‘whys’ as well as the ‘hows’
of BASIC programming.

Finally we hope that the applications described will be
both interesting and helpful and will be useful to you as models
on which to base your own applications. Perhaps you will also
be encouraged to come up with your own more elegant and ef-
ficient solutions (there will be a short section on programming
‘style’ and structured programming later on).

The best way to learn BASIC programming is by doing it! If
at all possible, get hold of a microcomputer, and work through
the illustrations and examples yourself on the computer. By the
time you've got to the end of the series you should have a really
good grasp of the BASIC language and of its potential applica-
tions.

Computer Operation

The way in which microcomputers and most minicom-
puters are organised (their ‘architecture’) is different from the
organisation of the large computers (‘mainframe’ computers as
they are called). This is partly because of differences in the way
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the main functional units of the computer (the CPU, memory
and the peripherals together with their interface units) are con-
structed and used and partly because of differences in the way
these items are connected together using sets of com-
municating wires known as ‘highways’ or ‘buses’. The
statements which follow concerning microcomputers will
therefore not all necessarily be true of the large computers
(although the general principles of computer operation will still
apply).

Figure 1 is a block diagram showing the main features of a
microcomputer. The MPU (Microprocessor Unit) may be fur-
ther subdivided into functional components as shown in Fig. 2.

MAIN PART OF THE COMPUTER |
MICROPROCESSORUNIT{  _ _ ________ . __
(MPU) - 9
OR 1 T I
CENTRAL PROCESSING 1 Y y
UNIT 1] ram : RAM ROM i
(cPU) a1 R i !
' * 1
- I MEMORY 1
A L e e | ¥ J
BUS [
t 4
INTERFACE INTERFACE INTERFAC INTERFACE
UNIT UNIT unit | UNIT
J Y Y
OUTPUT H
INPUT DEVICE BACKING OTHER 1/0
DEVICE (TV SCREEN) STORE DEVICES
J S— 4

PERIPHERAL DEVICES

Fig. 1 Block diagram showing the hardware of a microcomputer.
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)
1
1
1
1
1
t
| AND
UNIT y TIMING
'
'
I
t
i
1

ARITHMETIC/ CONTROL R DATA
A REGISTERS DA,
ADDRESS
UNIT BUFFERS
Fig. 2 The functional elements contained in the block marked ’
Microprocessor Unit in Fig. 1.




Programs And Data

The purpose of a computer is to carry out instructions or
operations on data that has usually been entered via an input
device, and to communicate the results produced to the out-

side world. A variety of different instructions(the instruction set) -

will be available and by arranging for a sequence of instructions
to be obeyed, or ‘executed’, one after the other, the computer
may be used to perform tasks as diverse as the solution of a
complicated mathematical equation and the control of the
lighting and heating of a house. A set of instructions to perform
a particular task is called a computer program. In all com-
puting, therefore, there are just two types of items that are
stored and used within the computer. These are:
® program instructions
@ the data which the program instructions are to use.

With this in mind, we can.now describe briefly the com-
ponents of a microcomputer.

Down Memory Lane

Both program instructions and data are stored in the com-
puter's memory. Actually, the very first computers that stored
their program instructions internally — EDSAC and EDVAC
(1943-1944) kept their instructions and data in separate memory
areas — the so-called ‘Harvard’ architecture — but this was
quickly replaced by the idea of a‘shared’ memory introduced in
1945 by John von Neumann.

The computer's memory consists of locations, each of
which can hold either a program instruction or an item of data
(or part of an instruction or item of data). Each of these locations
has a unique address — a number used to identify a particular
location. Thus, if we have a 32K store (1K = 2© =1024) the ad-
dresses may be 0 to 32767. Memory comes in two types: ROM
(Read Only Memory) and RAM (Random Access Memory).

We may deposit any valid instruction or data item into a
RAM location (this is known as writing to memory), or we may
get a copy of the information stored in a RAM location (this is
called reading from memory). By contrast, ROM can be used
only for the reading operation. ROM is used to hold instructions
and data that are a permanent feature of the computer system.
This information can be accessed but never altered. ROM
holds, among other things, the ‘operating system’ — a program
which is permanently resident within the computer, and which
controls the running of the computer and certain fixed items of
data.

In the context of microprocessors, the functions of an
operating system will include the following:

@® control over the selection and operating of input/output
devices and file handling (this includes screen editing and inter-
facing with the screen control electronics and keyboard
decoder) S
@® provision of error correction routines

® the calling of subroutines and programs as and when re-
quired. (Note that with some microcomputers, eg the PET, the
BASIC interpreter is permanently stored in memory; in others,
such as the Research Machines 380Z, the compiler has to be
loaded by the operating system under user control)

® sending messages to the user

® obeying instructions sent by the user.

There is often a particular area of RAM dedicated for use
by the main output device — the TV screen (also known as the
CRT — Cathode Ray Tube). Each location in the TV, or video,
RAM is associated with a particular part of the screen. This is an
example of memory mapping. By altering the data items stored
in the video RAM, different characters or graphics symbols are
made to appear on the screen. The actual conversion of data in
the video RAM to screen information is accomplished using the
TV control electronics (which in some microcomputers works
independently of the rest of the microcomputer) and which has
been represented as an interface unit in Fig. 1. The control elec-
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tronics actually accesses an area of ROM containing coded in-
formation needed to represent each of the different characters
and symbols on the TV screen.

Processor Processes

The Central Processing Unit (CPU) is the part of the com-
puter that takes the program instructions from store and obeys

" (or ‘executes’) them. Once an instruction has been obeyed, the

CPU fetches the next instruction from store and executes that.
Program instructions can be broadly classified as follows:
Load/Store These instructions transfer data from registers within
the CPU to the memory and vice versa. (A register is an elec-
tronic device capable of storing an item of data — the glossary
will give a more precise definition.) This family of instructions
will also include those that move data between CPU registers,
or put particular items of data into CPU registers.
Arithmetic/Logical/Shift These instructions perform operations
on data held in registers within the CPU and in memory loca-
tions. A typical operation would be the addition of two
numbers, one of which is assumed to be in aspecial CPU register
called the Accumulator, the other number being in the memory
address specified in the instruction. The result of the addition is
put back into the accumulator. The Arithmetic/Logic Unit (ALU)
carries out these operations.

Jump/Branch These are instructions to alter the normal se-
guence in which program instructions are executed.
Input/Output These instructions handle the input of informa-
tion from peripherals and the output to peripherals.

The CPU, then, actually covers quite a lot of separate
items. It includes the Control Unit (the part which actually fet-
ches instructions from memory), decodes the instruction
(decides which separate operations have to be carried out in
order to obey the instruction), and sends the appropriate signals
to the different parts of the computer. (The term
‘microprogramming’ — a method used by some control units to
generate these signals — has absolutely no connection with the
subject of this series which is the programming of microcom-
puters!) The process of fetching and executing program instruc-
tions is, in fact, all that computers ever do.

As already mentioned, the CPU also -has electronic cir-
cuitry known as the Arithmetic Logic Unit where arithmetic and

The program listed in Fig. 5 plots the Poisson distribution and gives this result
on the screen of a PET computer. For a mean of 0.5 the graph peaks close to
the y-axis at a fairly high value. . .
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other operations on data are carried out. Another component of

" the CPU s the series of registers — internal memory locations
-which may be quickly accessed, and which are used to contain

data and addresses which are needed by the CPU. The data and
address buffers indicated in Fig. 2 are used to hold data ‘in tran-
sit’ between the CPU and the external memory address stored in
the buffer.

Finally, in Fig. 2 the timer has been included as part of the
CPU. The function of the timer is to send a steady stream of

. voltage pulses to the rest of the CPU and to other devices also.

These pulses are used for controlling the timing of computer
operations.

On The Periphery

A peripheral is any external device connected up to the

- . . but as the mean increases (here it's 3.5), the peak shifts towards the right
and its value decreases, the axis scales automatically changing to suit. . .
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- . . until at a mean of 19.5 this squat symmetrical shape is obtained. Once
again the x and y scales have ‘auto-ranged their values to accommodate the
graph in the screen area.
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main part of the computer. (The computer here is taken to con-
sist of the CPU, memory and any interface units). Examples are
the keyboard, TV screen, floppy disc drive, cassette, graph plot-
ter, strain gauge, light dimmer, robot and so on. The connection
between peripheral and computer is normally via an interface
unit. The purpose of the interface unitis to act as a ‘go-between’,
thereby ensuring that the voltage levels and the form in which
data is represented in the peripheral can be made compatible
with those of the computer. Standards for interface units have
been set; the RS-232-C, IEEE-488 and the self-styled Centronics
interface are some examples.

PP S

|

HIGH-LEVEL COMPILER |

LANGUAGE =~ OR -
INSTRUCTIONS INTERPRETER

q e

MACHINE

CODE
INSTRUCTIONS

Fig. 3 BASIC or other high level program instructions cannot be executed
until they are compiled or interpreted into a form the MPU can understand
— machine code.

Bus Conductors

The bus is a set of wires connecting all the components of
the microcomputer, together with the rules about which wire is
to carry which item of information. Some wires carry data, some
carry addresses (or locations) and some carry control informa-
tion(eg indicating whetherthe CPU is reading or writing the data
item).

Storage

The programs that we have been talking about so far are
nothing like BASIC or FORTRAN or the other ‘English-ike’

~

languages. They are in machine code — ie the instructions are-

stored-in locations consisting of eight or 16 electronic ‘switches’
that are either on or off. This sequence of on or off switches can
be represented to us as “1s’ and ‘0’ — a1 corresponding to on
and 0 corresponding to off. Each instruction will have its own
unique pattern of Os and1s. The individual 0s and 1s are bits and
a collection of eight bits is a byte.

Similarly, data is stored as a set of bits — normally one byte
per character. Thus the number ‘3’ and the letter ‘A’ will both
have their own code or bit-pattern. Copies of these bit-patterns
can be moved from one register or memory location to another
under the control of the CPU regardless of whether the pattern
represents program instructions or data. When an instruction is
to be obeyed, it is read from its location in memory into a
register in the Control Unit. The Control Unit then decodes the
pattern of Os and 1s in this register and takes the appropriate ac:
tions as already described — thereby executing the instruction.

High-Level Languages

We have seen that there are only two types of item — pro-
gram instructions and data. A set of program instructions con-
sisting of 0s and 1s is a machine code program. These are the on-
ly programs that are ever executed.

A highlevel program, such as a BASIC program, will never
actually be executed by the computer. It will be used as data by
a special machine code program called a compiler or an inter-
preter which produces, as output, corresponding machine code
instructions which will be stored away (in RAM or on an external
storage device) and may be subsequently run or executed.

The difference between a compiler and an interpreter is
that the compiler converts the high-level language program into
machine code all in one go, whereas the interpreter converts
high-level language instructions to machine code one at a time
as the program is being executed. The versions of BASIC that we
will be looking at are all interpreted.

‘.
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BASIC instructions are stored over several bytes. The
details vary from microcomputer to microcomputer, but Fig. 4
is representative. The compressed BASIC text uses ‘tokens’ to
represent keywords, eg“?” means“PRINT”. The link contains an
address used by the interpreter in the sequencing of program in-
structions; it indicates where to find the start of the next line of
BASIC text.

LINE COMPRESSED
(LT NUMBER BASIC TEXT 9
TO SIGNIFY
END OF LINE

Fig. 4 BASIC programs are generally stored in the microcomputer memory in
a form such as this.

For each BASIC instruction, a series of machine-code in-
structions — known as a subroutine — will be executed. Once
these instructions have been obeyed, the next BASIC instruction
is interpreted. BASIC, when interpreted rather than compiled,
takes longer to execute, but the program can be stored in less
memory.

Commands And Statements

Basic instructions are of two types: commands and
statements. Commands specify some action which is to be per-
formed on a program; eg the execution of the program or the
listing of program statements. Statements specify operations to
be performed by the program, or provide information relevant
to the program.

Both commands and statements may omit line numbers:
normaily, commands do not have them, but statements do. (A
statement with line numbers is called a program statement; if it
doesn’t it is called a direct statement). When using direct

statements, the computer is rather like a super-calculator —
statements are executed as soon as they are keyed-in.

We are now in a position to look briefly at a typical BASIC
program.

Program Notes

Figure 5 is an example of a complete BASIC program. it
plots a graph of the Poisson distribution, a function used in
statistics. Details of this distribution can be found in most
statistics books; if you're interested, the formula is

Pr(x) =_me "
x!

where m is the mean of the distribution. The program uses a
restricted subset of BASIC and should work for most ‘floating-
point’ versions of the language. Ways of implementing such a
program in ‘integer’ BASIC will be discussed in later issues. If
yourmicrocomputer supports floating-point BASIC, you should
try running this program (it was actually tested using a PET).
Note that there may be slight problems with some machines
because of different screen formats — for example, the top nine
lines will be lost on a TRS-80 because its screen is only 16 lines
deep, not 25.

Those of you who are familiar with BASIC and have a
detailed knowledge of a particular version would probably
write a rather different program to this, but this example never-
theless illustrates how quite attractive results can be obtained
using just a few BASIC keywords: DIM, REM, PRINT, INPUT,
FOR. . .NEXT,IF. . . THEN, STOP,END "and RUN and the func-
tions EXP, INT, LOG and TAB. These will be explained fully in
later issues. We will also be discussing the variations that can
occur in different versions of BASIC, and looking at BASIC pro-
gramming structures and techniques, programming style, and
the conversion of programs from one version of BASIC to
another.

o
!
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Fig. 5 This simple example program should run on most microcomputers, ETI
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MICROPOWER

THERMAL ALARM

This over- or under-temperature alarm consumes a mere 3.5 uA of
quiescent current, yet the alarm delivers 1 W of peak audio power.
Design by Ray Marston. Development by Steve Ramsahadeo.

P recision temperature alarms have :

a variety of practical uses in the
home: they can be used to
indicate ice conditions in the loft, over-

temperature conditions in the
greenhouse or fire conditions in any
part of the building. Trouble is, all
conventional systems draw quiescent
currents of several milliamps and will
flatten a PP9 battery after less than two
days of continuous operation. Yuck!

ETI’s new Micropower Thermal
Alarm system can be used as either an
over- or under-temperature alarm; it is
specifically designed to overcome the
battery flattening problem using the
principles described in this month’s
Designer’s Notebook.

Construction

The entire circuit, other than the
thermistor, speaker and battery, is
mounted on a small PCB and
construction should present few
problems. Note, however, that the
circuit uses some high-value resistors,
so take care to keep the board clean
during and after assembly; when
construction and testing is complete,
you can coat the entire circuit with
varnish, to exclude the shunting effects

of moisture and dirt.

The circuit is designed to work
with a negative-temperature-coefficient
(NTC) thermistor that has a resistance
in the range 1k0 to 10k at the desired
alarm temperature; the VA1066S is
suitable for use at all ‘normal’
temperatures. TH1 and PR1 can be

HOW IT WORKS

configured to give either over or under-
temperature alarm operation; with the
connections shown in the circuit
diagram, the unit acts as an under-
temperature (ice warning, etc) alarm;
for over-temperature operation, simply
transpose the TH1 and PR1 positions
using the links provided on the PCB..In

The circuit comprises three main sections,
these being a thermal switch (TH1-PR1-R1-
R2 and IC1), a sample pulse generator (1C2
and Q1), and an alarm generator (IC3 and
Q2). The thermal switch circuit is quite con-
ventional: TH1-PR1-R1-R2 are wired as a
simple bridge across the inputs of voltage
comparator IC1. The action is such that the
output of IC1 is normally low (at 0 V) but
switches high when the TH1 temperature
falls below a value preset by PR1 (the circuit
can be made to give over-temperature swit-
ching by transposing the TH1 and PR1 posi:
tions). If this conventional circuit were
powered from a continuous DC source, it
would draw several milliamps of quiescent
current.

The sample pulse generator circuit is
designed around 1C2, which is configured
as a special micropower oscillator (see this
month’s edition of Designer’s Notebook)
and produces a 300 us pulse at pin 12
roughly once every second. This pulse is
used to connect power to the I1C1 thermal
switch circuitry via emitter follower Q1,
thus reducing its mean current consump-

tion by a factor of 3000 relative to the ‘nor-
mal’ DC value. Thus, if the TH1 temperature
is above the preset alarm level on the arrival
of the sample pulse, the IC1 output (pin 6)
will be low and no charge will be fed to C1
via D1, but if the temperature is below the
preset level the output of 1C1 will switch ||
high for the duration of the sample pulse,
rapidly charging C1: the C1 charge is used
to activate the IC3 alarm generator cir- |{
cuitry. |
IC3a-1C3b are connected as a gated 6
Hz astable, with the output fed to the input
of 1 kHz gated astable IC3c-1C3d; IC3d has
its output fed to an external speaker via
VFET power amplifier Q2. Thus, when the
C1 voltage is zero, the two 1C3 astables and
Q2 are cut off and the alarm generator cir-
cuitry consumes zero quiescent current,
but when the C1 voltage is high the 6 Hz
astable is gated on and pulses the 1 kHz
astable on and off, generating a powerful
pulsed-tone alarm signal in the speaker. The
supply to the major sections of the circuit is
decoupled from LS1/Q2 transients by D3
and C3.

Fig. 1 Circuit diagram of the
Micropower Thermal Alarm. The
points A-D can be linked so as to
provide either over- or under-
temperature sensing.
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Fig. 2 Component overlay for the alarm. For under-
temperature sensing link A to B and C to D; for an over-

temperature sensor link A to D and C to B.

practical use, the thermistor is
‘mounted remote from the PCB.

When construction of the unit is
complete, fit the speaker and battery in
place and give the unit a functional
check by adjusting PR1 so that the
alarm activates; then back-off PR1 so
that the alarm turns off again (after a
few seconds delay). Finally, raise (or
lower) the TH1 temperature to the
desired alarm value and then trim PR1
so that the alarm activates.

If desired, a PB-2720 acoustic
transducer can be wired between

- BUYLINES

PARTS LIST —_____

Resistors (all 4 W, 5%) )

trovalue.

TH1 and Q2 are available from Elec-
Technomatic stock the 64R
loudspeaker. All the other components are
readily available from our regular adver-
tisers. See page 54 for details of our PCB ser-
vice.

points A and C of the circuit to act as a
state indicator. This transducer will
generate an audible click once every
second when the circuit is working
correctly, and adds only a fraction of a

microamp to the total current
consumption of the unit.

{ R1,2,11 100k
R3,8 33k i
R4,13 10k .
R5,6,7 10M
R10 1MO0
R12 68k
Potentiometers
PR1 10k miniature horizontal
preset ]
Capacitors ]
C1 470n 16 V tantalum
C2 47n ceramic
c3 47u 16 V tantalum
c4 100n ceramic |
1C5 10n ceramic
Semiconductors
IC1 CA3140 r
1C2 4007UB
1C3 4011B b
Q1 BC109 |
Q2 VNG66AF [
D1,2 1N4148
D3,4 1N4001
Miscellaneous
TH1 VA1066S
SWi1 SPST miniature toggle
1 Ls1 64R loudspeaker
™1 PB-2720 (optional)

PCB (see Buy!ings)

ETI

( TYPE SERIES SECONDARY RMs
No. Volts Current PRICE
30 9X010  6-6 250
VA o 9o 166
X012 12-12 135
700‘43‘3(’"”' X013 15-15 100 £4,48
! 145 Kg 1ng; 18 - 18 083 | “0.g7p PP
| 1X0% 22-22 068 ~ 0.80p VAT
¢ Regulaton g 55725 ogo &
9 X017 30-30 050 !
Mol0  B-6 116 [
X0 g-g n i
50va pm p-u 2w
A 5-15 186
80, Jomm xon  w-1w s | £4.93
=l X015 22 -2 13 | Teriiope
2006 %-2% 100 |
0.90p VAT
Regulation 2011 30 - 30 0.83
2 2X028 10 045
2029 220 022
2X030 240 020
;00 66 564
™0 9-9  das |
612 12-12 333 |
80va X3 15-15 266 |
90« 30mm 304 B-18 222 £5 47
1Kg 05 2 -2 181 Pt
g;gu; 25 - 25 160 ‘151&3&11’_
! 17 30-30 133 | -£L
Regulation 3025 10 072 |
3X029 20 0.3 |
3030 240 033 | i
4010 6-6 1000 |
axon 9-9 866 |
120va X012 2-1 s i
SIX013 15-15 400
] X014 1818 333 |
2o 2",‘3;’"’ X5 2-2 27 £638
: X016 25~ 25 240 £1.43p/p
aX017 30-30 200 | - E7.77VA7
Regulation 4X018  35-35  17]
1% X028 19 103 |
X023 220 054 i
) 4X030 240 0s0 |
i 5011 9--9 889 |
y 5X012  12-12 666
1 SX013  15-15 533
i 160va gxma o184
d X015 22-22 363
10 A0mm e 25-25 3 £8.44
g 5017 30-30 266 | - £1.43P/P
B -3 28 |- FrasvAT
. 0% -0 20
Segulation  sxng 1o 145
2 5X029 220 072
5X030 240 066 |
H

Also available at Electzovalue, Maplins, Marshalls,
Technomatic and Watford Electronics.

== TRANSFORMERS

INCREASED PRODUCTION CAPACITY BRINGS LOWER PRICES

SERIES SECONDARY RMS|

No. Volts Current PRICE
6X012  12-12 938
g;gva 1®-15 750
14 18-18 625
ZZSVA 6X015  22-22 51
110 asmm &x6 -2 450 | £10.06
22Kg. 07 3030 375 | Uell
601 35-35 31 | 7 LIIIEAE
Regulation  6X026  40-40 281 i
7 6X025  45-4d5 250
9 6X028 110 204
X029 220 1.02
6X030 240 0.93
X014 18-18 833
M5 2-~2 B2
7xg;s %525 600
X0 30-30 500
300va me  n-3 s |[£11.66
170 - 20m= 1x0%8 a0 -d0 375 | gy 75 pp
6Ka. ;o 4s-45  3m | Dl
r X033 50 ~ 50 3.00 ’
Regulation  jxp8 110 271
6% X029 220 1.3
7X030 240 125
e |
8X017  30-30 833
500 BX018  35-35 713 |
VA w05 w-2 6%
140 - 60mm 8X025  45-45 555 £1 553
JKg. 8X033 50 - 50 5.00 - £2.05P/P |
8X042 55 - 85 4.54 £2.64 VAT |
Regulation  8X028 10 454
& 8X029 220 221
B30 240 208 |
9017 30-30 1041 |
9X0i8  35-35  B92
625VA 9X026 40 - 40 7.8 £21 54
140 - 75mm 9X025 . 45 - 4§ 6.94 .
5.0 Kg 9X033 50 -50 . 625 | - £2.20 F/P
9X042  S5-55 568 | ~ £3.56 VAT
Regulation  9X028 110 568
4%, 8X029 220 281
X030 240 260 |

IMPORTANT: Regulator references

All voltages quoted are FULL

LOAD. Please add regulanon higure to:secondary voltage to obtain oft

load voltage

See our adverts, also on pages 90 & 91

S . ? l F THANSFUBMEBS (e Etronics i

= FREEPOST T4, GRAHAM BELL HOUSE, ROPER CLOSE, CANTERBURY. CT2 7El
Phone (0227) 34778 - Technical (0227) 64723 - Telex 965 780
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NOW 95 TOROIDAL TYPES
FROM 30VA TO 625VA

%% |.L.P. TOROIDALS %

We use advanced winding technology to make our toroidal trans-
formers. They have only half the weight and height of their lami-
nated equivalents and are appreciably more efficient. Induced
hum is reduced by a factor of ten. |.L.P. toroidals cost virtually the
same as the older types which they are rapidly replacing. Now
increased production capacity means even lower prices.

Supplied with rigid mounting kit with centre bolt, steel and neo-
prene washers. GUARANTEED 5 YEARS.

CHOICE OF 3 PRIMARY INPUTS
LL.P. Toroidal Transformers are available in choice of 110V, 220V,
240V, coded as follows: (Secondaries can be connected in series
or parallel).
For 110V Primary insert 0 in place of X" in type number. For 220V
Primary (Europe) insert 1 in place of X" in type number. For 240V
Primary (U.K.) insert 2 in place of “X' in type number.
Example: 50VA 240V 6+6V 4.16A=22010.

% CUSTOMER DESIGN ENQUIRIES INVITED. QUANTITY PRICE
LIST AVAILABLE.

% FREEPOST FACILITY (UK. only). Simply send your order in
envelope marked FREEPOST to address below. NO STAMP
REQUIRED. .

% TO ORDER Enclose Cheque/Postal Order/Money Order payable
to I.L.P. Electronics Ltd. or quote your ACCESS OR BARCLAY-
CARD account number. VAT must be included with U.K. order.
To pay C.0.D. add £1 extra to TOTAL value of order.

GOODS DESPATCHED WITHIN 7 DAYS OF RECEIPT OF ORDER

: To: 1.L.P. ELECTRONICS LTD. CANTERBURY CT2 7EP

| Please supply Transformer(s)................ No.s)................
: .............................. Total purchase price £....... .. .
} lenclose Cheque( |Postal Orders| |International MoneyOrder|[ ]
: Debit my Access/Barclaycard Account No........................
|

1

|

H

NAME. ... ... ...
ADDRESS . ... .....

SIgRature . ... -




Greater
Capacity

Compstock’s family of electrolytic

capacitors are designed to meet
the requirements of power supply

from National Panasonic, is
available in values ranging from
220-22,000uF, —10% +50%, and
with working voltage ratings up to
500 V DC. Operational temperature
ranges vary between —25°C to
+85°C according to the working
voltage rating, and the series exhibits
good DC leakage characteristics.
The Type M capacitor is constructed
with a vinyl-insulated aluminium
can and an annular, chassis moun-
ting clip (for two hole mounting) at
the base, which incorporates in-
dustry standard solder-slot termina-
tions. Further information from

circuits in consumer and industrial
applications. The Type M series of
aluminium electrolytic capacitors,

Compstock Electronics Ltd, Comp-
stock House, London Road,
Stanford-le-Hope, Essex SS17 0jU.

Try It First

For all you eager circuit builders out there BOSS Industrial Mouldings Ltd
have launched an upgraded range of their Bimboard Designer Prototyping
systems. The new Bimconsole has either one, two or three individual Bim-
boards mounted on a 15° sloping front panel with a triple rail power supply.
Each Bimboard comprises a central breadboarding area in which 47 horizon-
tal rows of 5 interconnected sockets are set either side of a central channel on
a 2.54 mm matrix, together with integral bus strips running up each side for
power carrying etc. The Bimboard will accept.3” and .6” pitch DIL packages
as well as resistors, transistors, diodes, capacitors etc, which can be easily
plugged in. It incorporates a fixed 5 V DC at 1 A supply, and independently
adjustable positive and negative rails +5 V to +15 V DC at0.5A supplies, all
brought outto top panel terminals that simultaneously accept4 mm plugsand
stripped wires. 220-240 V AC, 50-60 Hz mains input is via an IEC plug and
socket with a screwdriver-release fuse holder providing 500 mA anti-surge
protection. Full details on the Bimboard are available from BOSS Industrial
Mouldings Ltd, 2 Herne Hill Road, London SE24 0AU.

Light
Entertainment

From Cetronic Ltd come the RC80
and RC120 Rectilinear Lighting
Faders for use in the control of
lighting for theatres, concert halls,
auditoriums, discos etc. Their work-
ing life is greater than 100,000,000
operations and they are designed
within a rigid insulated frame; the
resistance and collector tracks are
made from hard-wearing conductive
plastic for long life and smooth
operation plus the advantages of
very low noise level, good linearity,
low residual voltage, almost infinite
resolution and high traverse speed..
They are available with electrical
travel of 8 mm (1 W) and 120 mm (2
W) at 10K nominal resistance. Both
models incorporate stand off ter-
minals for easy PCB mounting. For
details of suppliers and prices con-
tact Cetronic Ltd, Hoddesdon Road,
Stanstead Abbotts, Ware, Herts
SG12 8E]).

Capacitor
Catalogue

10-page catalogue of capacitors

has been published by RBS
Capacitors Ltd, and it contains
everything you need to know about
their 125°C to 300°C high and iow
voltage ceramic, chip and mica
capacitors. The booklet is illustrated

' with photos, diagrams and tables.

Methods of installation are de-
scribed and instructions, theory and

/

IC Sockets

The Tl C69 range of screw-
machined integrated circuit
sockets is now available from BA
Electronics. They provide a high
level of performance in multiple in-
sertion applications. The low-profile
sockets have tin-plated pins for
solder-tail assembly, with four-leaf
gold-plated beryllium-copper con-
tacts for good electrical perfor-
mance. Sockets are available with
from 6 to 64 pins. Further details are
available from BA Electronics Ltd,
Millbrook Road, Yate, Bristol BS17
5NX..

parts numbering are explained in
clear language. For further details
contact RBS Capacitors Ltd, Or-
chard Works, Vencourt Place, Lon-
don W6.
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As readers must now be aware, we at ETI are convincedghat robotics
has a major role to play in the industrial development of this country
— hence this new series. To start us off, Martyn Paradise of Robotec
looks at procedures involved in the application of robots in industry.

to use robots are often by direct mailing approach, follow-

ed by telephoning. Occasionally, exhibitions such as the
recent Automan ‘81 exhibition at Brighton, where interest was
greatly increased over the previcus exhibition in 1979, result in
contacts.

Generally, customers fall into two categories, those who
want to use robots in their production facilities, but don’t have a
particular area to try first; and those who have decided upon an
application and want help to implement a robot system.

The first type of customer requires a visit by us to ‘look
around’ and assess the situation. From this visit, one or more
areas where. a robot may be feasible are highlighted. Simple
quick feasibility studies of each possible application are then
carried out in conjunction with the customer. It may be that the
feasibility studies show that some other type of automation is
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Initial coritacts between ourselves and companies wishing

, R

required, such as dedicated assembly machines, instead o’f a
flexible robot system.

The second type of customer, who has a definite project in
mind, needs careful vetting because often the proposed ap-
plication may be too arduous for the robot selected, or insuffi-
cient funds have been allowed for development costs or the
project isonly economic, producing a suitable repayment, if the
single robot can make a sweeping change to the production
processes presently used. For instance, one prospective
customerwished to justify one robot project by making it do the
work of five manual operators spaced over a distance of 40 ft.
The poor robot was expected to whizz back and forth along a
track from one work station to the next like a demented yo-yo.

As ageneral rule, assume that one robot can do the work of
one complete human operator, and that one small assembly-
type robot can do the work of one human arm and hand.
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This new series will provide a stage upon which our readers may
display their robotics achievements. It is intended to cover the
practical application of robots in Britain today, be it at hobbyist
level or in industry.

Readers in either category are invited to write to the editor of
ETI, detailing their experiments, projects, application or usage of
robotics. Any articles published will be paid for at commercial

1 rates. It is also hoped to run an ‘ldeas Forum’ wherein readers
can exchange views and ideas but that depends upon the
response of our readers — you!

Write to: THE EDITOR, ETI MAGAZINE, 145 CHARING CROSS
ROAD, LONDON WC2H OEE and mark your envelope “Robotics
A Today”.

Feasibility Studies

In the initial quick studies above, how did we arrive at a
decision as to whether a production process warranted a robot?
Basically, a five point approach can be adopted for selection:
1) Types and range of components, and loads to be handled or
worked on.

2) The cycle time required (or available) to carry out the work
task.

3) The accuracy/repeatability of positioning of the robot to
allow it to handle the components correctly.

4) Work envelope — ie, the work area required by the robot to
carry out the task; height, length and breadth. This may be con=-
strained by the physical environment of the work situation.

5) Costs and economics. This is an area where anotherwise ideal
application falls down; after all, most companies are in business
tomake a profit, not a loss, and if expensive modern technology
does not produce greater efficiency or save costs then there is
not much point in using it.

" To put some rough figures to each of the five points above,
a robot may be viable if the following limits are acceptable.
1) Loads and components vary from a few grammes to 100-150
kg. Often the batch size of individual components is more im-
portant than the component size, ie how long does a particular
specification of componentrunona production line in the pro-
posed application? If it is constantly changing, by how much
does it change; is there a family of similar components that can
be run one after the other? If the component is constantly
changing then the time taken to retool the robot for each new

Arc welding by robot. The device is one from ASEA Ltd.
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component may be significant and each part may require a
separate gripper, making tooling costs very high.
2) Cycle times required should be between 58 s minimum and
upwards; although shorter times are becoming available, par-
ticularly for assembly robots.
3) An accuracy/repeatability of less than 0.004”, and generally
+ 0.016” - 0.050".
4) A work envelope, as described above, that can vary from the
rang of a man’s arm and hand, upwards to that of a complete
man moving in a 6-8 ft circle.
5) If the project can pay for itself over a 2-3 year periodona first
project, then it is usually viable. A typical robot installation may
cost£20,000 — £70,000 in total including any other hardware re-
quired. Individual project costs and economics can vary from
one company to the next, and it is not simply that the robot may
save an operator's wages when installed. The robot does not
take holidays and always works at a steady pace. The robot may
not need any heat or light although when a completely darken-
ed automatic warehouse was tried a few years ago, the few
human operators left in the system insisted on lights being put
back in, as they were disconcerted by objects being suddenly
discharged out of the ‘night’ from unexpected directions.
Guarding may be simplified, needing to protect the human
operators from the complete system instead of from individual
machines. Another cost saving might be shown in the robot’s
greater consistency; it doesn’t have a Monday morming or a Fri-
day night, although problems have occurred with some of the
robots that we have worked on that begin to make one wonder.
If from the five points above, a robot system seems feasi-
ble, more detailed studies and trials can proceed, to look at the
actual operations that the robot needs to carry out and the
design of the gripper and the tooling necessary. Some type of
modelling of the proposed application is a good idea. We use
simple physical 110th scale models as well as engineering
drawings to aid analysis of the project. Models allow the possi-
ble variations and movements of the robot to be quickly
understood and observed, something that is not always easy for
many people when trying to understand movements in three
dimensions.

Selection And Design

Once we know what the robot is expected to do, we can
select the ‘ideal’ robot for the job and design and build the grip-
per and tooling to suit. The choice of robot may be constrained
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by particular preferences towards hydraulic or electric opera-
tion; country of manufacture; delivery time; previous track
record; and promised after-sales service; as well as the direct
costs of installation and running.

The gripper and tooling is the area of a robot project where
the most problems occur and often where the smallest amount
of money is allocated for development. A robot is no good
unless it has a gripper and tooling to allow it to do the job it was
bought for; or if its interfaces don't allow it to talk to the outside
environment.

The aim of the gripper design is to produce the simplest
mechanism to carry out the required tasks. After all, the gripper
has to be at least as reliable as the robot to which it is fitted and
work day in and day out without attention.

The most common types of grippers use some type of
pincer action to hold a component, similar to the action of the
human thumb and forefinger. Obviously the mechanical
‘thumb’ and ‘forefinger’ may be stronger, wider and thicker than
the human counterpart and peculiarly shaped to hold the
limited range of components to be handled.

Power to move the gripper (open and close it, for instance)
is commonly pneumatic, as compressed air is normally
available in factories and a wide range of actuators and valves
are available off the shelf. Hydraulic power can also be used,
particularly with hydraulic robots.

Magnetic grippers for handling ferrous objects, vacuums
for handling glass sheets and cardboard boxes, and electric
motors for driving geared jaws are some other types of gripper
power that can be tried, although the straight mechanical type
is often preferred because of its reliability and simplicity.

The design and development of the gripper may take
several months depending on its complexity and any problems
that occur with components and hardware used.

Other Interfaces And Hardware

Once the gripper, when mounted on the robot, can carry
out the sequence of operations as required by the application,
the remaining interfaces need developing. These include elec-
trical interfaces, to connect the solenoid valves of the
pneumatic gripper to the robot control system (eg simple
relays); also inputs from microswitches and proximity sensors to
detect the opening and closing of the gripper jaws and opera-
tion of other equipment such as lathes, presses, and conveyors,
in order to tell the robot that a component is ready for handling.

-
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Polishing stainless steel kitchen sinks. The ASEA IRb-60 robot picks up the
sinks and guides them against the buffing wheels which are attached to fixed
spindles.
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Opening of the safety gates also needs monitoring, so that any
ingress by human operators into the work area of the robot can
be detected and the robot stopped.

Programming

Most industrial robots use a cable-mounted teach box to
allow the programmer to instruct the robot. The robot is moved
from one position to the next in the required sequence of opera-
tions, and each position and operation is stored in the robot’s

. memory. For certain spraying and welding robots, it is possible

to teach the robot by holding the spray gun attached to the
robot head and leading it through the required cycle.

For complex palletising and handling programs requiring
very fine movements, programming can take several days at the
initial trial and development stage, followed by further time
during installation and commissioning. '

All preliminary programming and trials should always be
carried out away from the final production area, if only because
the problems that always occur during development of a robot
system will be spotted and picked on by the sceptics who

‘always seem to abound when new ideas are tried. Everyone has

met him — he’s the type who doesn’t offer help until you’ve had
ago, thensays ”If | were you | would have done thisor that”. It is
always easier to look backward, than to look forward and an-
ticipate problems.

Final Installation

Putting the robot and its associated hardware into the pro-
duction environment is the final stage, and includes checking
all the safety interlocks between the robot and the outside
world, final programming and any last minute modifications to
the gripper and tooling.

Often a new robot application will be run at half its de-
signed speed to allow it to ‘bed-in” and to test the operation of
the system over a period of weeks; after this the tooling may be
checked for wear and general conditions, and then the speed of
the system will be gradually increased up to the designed limit.

Our thanks to ASEA for providing the photographs.
Suggested Reading =

Assembly Automation and The Industrial Robot — both quarterly
magazines published by IFS (Publications) Ltd, 35-39 High Street,
Kempston, Bedford MK42 7BT.

L Sy

De-burring a guide-spindle housing after machining. The IRb-6 robot picks up
the items and guides them against rotary files.
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ENLARGHI
TIMER

| At last — an enlarger timer
designed for the photographer *
by a photographer. Design and
development by Tony Alston.

ost enlarger timers use either
M potentiometers or rotary

switches for time period
selection; however, both these methods
suffer from some drawbacks. First the
potentiometers, although inexpensive,
are generally difficult to line up with a
timing mark especially under darkroom
conditions, and also tend to wear out
after long usage. The rotary switch
overcomes the alignment problem but
the timing period range is normally
limited to the number of click stop
positions — mostly 12 ways, maximum
18 ways. The ET! Enlarger Timer does
not suffer from either of these ;
problems; it uses only eight toggle
switches in conjunction with the 2240
programmable timer IC to, offer a wide
range of accurate and easily selected
timing periods ranging from one
second to 4 minutes 15 seconds in one-
second steps.

This flexibility is due to the
programmable eight bit counter,
oscillator and control flip/flop featured
within the timer IC. Having set, the time
base to 1 s using PR1, R4 and C2, each
single switch (SW1-8) will give the basic
timing periods of 1,2,4,8,16,32,64 and
128 s; by switching in more than one
switch, any combination of timing
periods can be achieved as previously
mentioned. :

Construction

As can be seen from the
photographs, all switches and push-
buttons are mounted on the front
panel together with the LED indicator.
Suitable mains input and output
sockets such as Bulgin miniature mains
type are mounted on the rear case
panel, input nearest the transformer,
output (for the enlarger) by the PCB.
The PCB design will enable an easier
and neater assembly, but make sure to
orientate components D1-DS5, Q1, iC1,
C2, C3 and LED1 as shown in the
overlay diagram. Note that C2 must be
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a tantalum bead type.

Once all the components are
mounted on the PCB and the switches,
LED1, sockets and transformer are
wired to the board, make sure that the
panel assembly does not foul the
transformer or the relay when fitted to
the case.

Setting Up

This couldn’t be easier; having
checked all connections, connect the

timer to the mains and the enlarger to -

the unit. First put switches SW1-8 and
SW10 in the off positions, put SW9

(on/off switch) in the on position,

operate focus switch SW10 and the
enlarger lamp will light. Switch SW10
to the off position. Adjustment to the
timing range can now be made; switch

SW1 only (1 s switch) to on and adjust

HOW IT WORKS__

-
PR1 to give a timing period of 1 s after
PB1 (start) is pushed — a stopwatch or
digital watch is ideal for this.

Using The Timer

Switch on SW9 (on/off switch) and
power will be applied to the circuitry.
SW10 can be used for focusing the
enlarger; cancel SW10 once this is
done. Select the timing period required
using a combination of SW1-8, push
PB1 and the enlarger lamp timing cycle
will commence; after this period the
timer will stop/reset. LED1 will be on
during timing period as a visual
indication. If cancellation of a timing
period is needed press PB2 which will
abort and reset the timer. If any
interference from RLA/2 is experienced,
fit a 100n 600 V capacitor as gnarked
on the circuit and overlay diagrams (C4).

2240 programmable timer IC which
features a time base oscillator, program-
mable eight bit counter and a control flip-
flop that can be used in monostable or
astable mode. Here it is used in the
monostable mode.

On application of a positive pulse to
pin 11 (trigger) via PB1 and R1, the timing
cycle is started. The trigger input activates
the time base oscillator, enables the
counter section and sets the counter out-
puts low from their normally high state.
This switches on Q1 and activates RLA for
the time duration as set by the SW1-8 com-
bination. The timing sequenceis completed
when a positive pulse is applied to pin 10
(reset) via R3 from the output bus, disabling
the time base and counter sections and
returning the counter outputs to a high
state.

The duration of the timing cycle T, is
given as:

T, = nT = nRC seconds

(Rinohms, Cin farads) )
where T (= RC) is the time base period as
set by the timing components at pin 13
(PR1, R4 and.C2) and n is an integer in the
range of 1 <n <255 as determined by the
combination of counter outputs (pins 1-8)
via SW1-8 to the output bus. The time base

The heart of the ETI Enlarger Timer is the

- period. Manual cancellation is provided for

as set by PR1, R4 and'C2is 1.

The binary-counter outputs are the
open collector type and can be shorted
together to the common pull-up resistor R6.
Thus the time delays associated with each
counterinputcan be added together; for ex-
ample, if pin 6 is connected by SW6 to the
output bus the duration of the timing cycle,
Ty, is 32T. (T is 1 s as previously stated).
Similarly, if pins 1,5, and 6 are all connected
to the output bus via their appropriate swit-
ches SW1, SW5 and SWé the total time
delay is 49T (1+ 16+ 32). In this manner the
timing cycle can be programmed to be from
1 sto 255 s (four minutes 15 s} in 1 s steps by
proper choice of switches SW1-8.

The enlarger lamp is powered from the
ACoutlet socket and receivesits current via
the RLA/2 contacts for the duration of the
selected timing period. An LED is incor-
porated as a visual indicator; it is switched
on by RLA/1 and remains on for the timing

by PB2 which applies a positive pulse to pin
10; this can be used at any point in the tim-
ing period. SW10, the focusing switch, over-
rides the RLA/2 contact regardless the out-
put state of IC1 thus enabling the enlarger
to be focused.

The power supply consists of T1,
D2-D5 and C3 which provides smoothing.
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PROJECT

PARTS LIST

BUYLINES

Most of the components used in this project
can be easily obtained for component
retailers or mail order firms. IC1 isavailable
from Technomatic and the relay is from
Watford Electronics. The case we used is
from Tandy, order no. 270-627; and if you
don’t want to make your owITPCB from the
foil pattern at the back of the magazine, |
then take a look at the advert for our PCB
Service on page 54.

Resistors (all %W, 5%) Q1  2N3702
R1,2,6 10k 1N4148
R3 47k D2-5 1N4001
R4 33k LED1 0.2” red LED
R5 22k %
R7 1k5 Miscellaneous )
o P PB1,2 momentary action push-
Potentiometer button
PR1 22k miniature horizontal SW1-8 SPST miniature toggle
preset SW9 SPST 240 V 3 A miniature
g:p““m s SW10 rs‘;‘;‘;'ei‘zo V 3 A toggle
e Be cera RLA 12 V DPDT PCB-mounting,
C2 22u 16 V tantalum h >
Cc3 1000u 25 V axial electrolytic 205R coil (see Buylines)
Ca 100n 600 V mixed dielectric Transformer (12 V, 250 mA or similar); AC
outlet socket (Bulgin type); PCB (see
Semiconductors _ Buylines); mains lead; case to suit (see
1C1 uA2240CP Buylines).
LIVE QUT Liv )
TO ENLARGER FROM Swo (Left) Inside the
| prototype, showing
] the neat layout and
common  fidy wiring.
0 o & (3] R
L - —
-4 - ~ - PB1
- £ sws
T1 . I o o
{__ E E . Sw7
: e ( ! b SW6
i TS fe "k SW5
; . E sSW10 o ‘._PF" .@ L) :I: swa
i e o i ~ s SW3
B® .« of 1 2y
= 8 TR SW1
- LA} e
4 _fean

LED1 LED1

Fig. 1 Component overlay of the ETI Enlarger Timer.

(3

ANODE CATHODE

%

&

p

240V AC {
VIA SK1

1kS

NQTE:

I1C1 IS uA2240CP Tc3
Q11§ 2N3702 1000u
D1 1S 1N4148

D2-5 ARE 1N4001
LED1 1S 0.2 RED LED

L E Q=
Fig. 2 Complete circuit diagram of the timer. C4 may be necessary to suppress switching noise from the relay contacts. ETI
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Those clever Casio people hax
computer? — puts real progr
Harris on keyboards.

there are those who have questioned the need to pro-

duce programmable calculators at all. With a hand-
held computer, programmable to do almost anything except
make the tea, why bother with a calculator — which has no
string handling at all and is necessarily limited in its memory
space? The argument rounds off, usually, with the surmise that
with the continued plummet in memory cost, it won’t be long
before 8K handheld machines are available, with all the power
of the earlier personal computers.

This may all be true, but somehow | think it will take a little
longer than the optimistic programmer fraternity would have us
believe.

Even if we all awoke from our slumbers with the dawn
tomorrow to find some friendly faerie people had left a hand-
held TRS-80 under our pillows — with or without stealing our
teeth in payment — there will remain a place in the universe for
the calculator. After all, working out the electricity bill or last
month’s overdraft hardly requires an electronic brain the size of
a planet, now does it?

Everyday, mundane computations are more readily ac-
complished at the push of a button, without the need of
recourse to an all-singing, all-dancing, allbranching computing
marvel. Theirs is a loftier realm.

Casio Diversions

Having gone to all this trouble to justify the existence of the
calculator, | must say that this FX-602P from Casio is a brave at-
tempt at totally blurring the distinctions between calculator
and computer. It has string handling, of a sort, GOSUB and
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w ith the advent of the Sharp PC1211 BASIC computer,
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GOTO commands, a facility to swop memory against program
steps, and the option to save programs on tape.

Normally it has 512 program steps and 22 memories. This
can be varied up to 32 program steps and 88 memories. As you
can see memories cost more than one step apiece. As with its
predecessor, the FX-502 (see ETI February 80 issue), the 602 can-
be hooked up to a tape machine via the FA-1 adaptor.

Rather than me spend large numbers of words explaining
what the 602 will do, take a look at the keyboard diagrams given
herein, as these show all the keys and their functions more clear-
ly than my prose could illustrate them.

- Alpha Modes

The main difference between the 602 and its predecessors
is the ability to input and use alphanumeric strings both in the
program — usually as prompts or result indicators — or simply
to liven up routine calculations.

Each character is made up on a7 x 5 dot matrix on the LCD
display. Each ‘dot’ is in fact a small rectangle and imaginative
use of this matrix by Casio has given a good clear display with a
versatile character set.

As Before. . .

As with-the 502, this new machine uses different‘modes’ of
operation to allow programming and debugging. Mode 1 is the
‘RUN" mode and Mode 2 the ‘WRITE’ mode, which, when
selected, lists up the available programs (from a selection of 10)
and the number of steps left for use. ’

It is curious that selecting ‘WRITE” mode is in itself con-

83




FA-1 connector

( ' <ON )
'/ T "

[wv HLT RUN DEG ALPHA I —Holder guide

MODE.};N:N % w:v } P(;L } n:c I[ RASD l] G:A % DE:-M
N -
P5 —— P6 —+—P7 —+—P8—1 P9 “ALPHAT
e
’rogram keys A~ e = ETEaT

C
PAUSE IND —— SAVE - LOAD 4 MAC— [Sac j

J —Command keys
F

G —4+—H —+—1 —+—— [} +—[aR]
il X

Lt = & r ! : ‘
hyp) | Eng) | o227 (in) : - Lithium
ARS |:n' FRKAC sii,, CU“: - “x.. i ] the display enables both corrective and
7 () - -

g

5 3

@J:
[DEL] xzv
f?ur:'ﬁ\ I%HFI IGn 1l
8
q

(Z)

] (o1}

Eo ¥ XzF x” x>
HEE 88 |
&) _ 4] — o . 1] ¥ 7} 3
@ @ @ 1 a ] informative prompts to be produced on the
RNDlEFIX RAN“L'?J 7T, — %I:J = :
) 894
| LBl Cedim [#) | -lseace y Execution key
N P

A close-up of the FX602P keyboard when used in the programmable mode. h J
The top two rows of keys control program ‘call’ and mode selection. Most of Lithium

the functions of the FX602P can be read off from the keys themselves.
Note that the alpha characters are accessed by mode ‘alpha’ and then display. This gives the FX602P the ‘inter-active
keying in each letter as written under the appropriate keys. The display will
automatically scroll across to the left if you exceed the capacity. Under

program control this means you could use the 602P to leave messages. :
“Dinner in the oven” maybe?

sidered a step. Effectively then, since each ‘select’ uses up a
step, 512 are never quite available! ' 7 i _ -
Other ‘'modes’ employ either ‘grads’ or ‘rads’ in place of Lithium
degrees for scientific calculation and will, no doubt, be of in- 1
estimable service to someone, somewhere. ¥
Standard deviation is a ‘standard’ key function, as are 11
levels of parenthesis and a random number generator. It’s possi-
ble to select (FIX) the number of decimal places in the random
number to suit various applications. Percentages too can be ob-
tained from a single keystroke.
All the information stored in program or data memories is
retained, even with the 602 switched off. It takes only a twokey :
operation to clear the entire store, so care must be exercised TR

here.
Under Program —

ability more normally associated with computers.

When running a program, the 602 is capable of conditional
branching, ie ‘goto line XX if X> 0 etc, or.a simple GOTO com-
mand which is employed in conjunction with sets of ‘LABELS'.
These the user keys in — they occupy a single program step
each. In addition, other programs can be called as subroutines
from a main control program. All very versatile.

~ The "Alpha’ mode allows you to insert strings of letters
and/or symbols into the program at any stage desired. This can
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FEATURE : Casio FX-602P

Lithium

for use some very comprehensive software

1 sy

. can be developed. Alpha-strings are permissable

fEbym

within the program execution at any point.

be used as a prompt, for example
“KEY IN FUEL”

“KEY IN DISTANCE”

“AVE. MPG = 242"

or as indicators to answers or complex key routines requiring
the user to keep track of a string of numbers, perhaps in a stan-
dard deviation calculation.

Calculated Expense -

All this will cost you around £74, which includes a com-
prehensive program library — although this contains mainly
scientific applications and says much about the market in
which Casio expect to sell the FX-602P. There can be no doubt at
all that the 602P is good value indeed for its price and it duly
takes its place at the top of the list of programmable
calculators. | could find nothing to criticise in its operation of
facilities and can only recommend it to anyone seeking a
powerful portable machine, which has comprehensive control
over memory and data space.

You can obtain the FX-602P from Tempus, 164167 East Road, Cam-
bridge CB1 1DB, for the princely sum of £74.95 including VAT and
p&p. The FA-1 adaptor to allow storage of programs on tape will cost
you £19.95. The basic program library is supplied with the calculator.
Our thanks to Tempus for lending us the review machine.

ETI

Fully Compatible with indirect connectorsl rease

The Low Cost Eurocard Size Microboard ———=————"= ~~§~ ;

Mo

ORDERCODE | DESCRIPTION SIZE PRICE

= |

and Card Frames to the latest international

I SUPPLY QTY.

200-222718B | MICROBOARD |160 x 100mm| £3.47 each (including

MICROBOARD [160 x 233mm| £5.47 each AT &carriage)

specifications. '

1200-22270E

Accepts any Integrated circuit package -
allows high packing density. I

Screen Printed with ‘island’ R . v |
pattern for ease of use - ideal flRatidress: I
for solder and wire wrap '
applications. _ . Postal Code: SIFCul
Vero Electronics Limited, Retail Dept., 1ndustrial Estate, 5 -+ ) : v I
Chandler's Ford, Hampshire SO5 3ZR. Tel (04215) 62829 LM Access/ e e e e e

85

ETI'OCTOBER 1981




A ——— T

'SOUND
BENDER

This neat little ring modulator has a built-in wide-range sineftriangle
modulation oscillator-and a ‘pan pot’ output mixer, but can be built
(less the case) for under £10. Design by Ray Marston. Development

by Steve Ramsahadeo.

ne of the most popular types of.
Ocheap sound-effects units is the
so-called ‘ring modulator’ or
four-quadrant multiplier. These units
have two inputs, one being a voice or
music audio signal and the other being
a simple sine or triangle oscillator
waveform: the output of the unit is
equal to the product of the two
instantaneous signal amplitudes. In
other words, the oscillator effectively
amplitude-modulates the voice/music
signal, to give some very interesting
changes in the apparent signal content
of the original voice/music material.
The ET! Sound Bender is a fully
self-contained version of the popular
ring modulator circuit. Naturally,
however, our project has few special
features. First, it has a builtdin
‘modulation oscillator that can span the
frequency range 3 Hz to 5 kHz using a

single control pot and which can
produce either sine or symmetrical-
triangle output waveforms. Second, the
actual ring modulator is based on a,
precision fourquadrant multiplier
circuit that is integrated into the

oscillator chip; the multiplier balance is

externally adjustable, enabling the unit
to be used either as a ‘sound bender or
as a simple sineftriangle audio
generator. Finally, the unit incorporates
a two-channel audio mixer in its output
stage, which enables the original and
modulated audio signals to be mixed in
any desired ratio (ranging from ‘all
original’ to ‘all modulated’) by a single
pan-pot type control. _

Our unit is designed to operate
from nominal audio input signal levels
of about 100 mV RMS or greater and
can simply be interposed between the
output of the preamplifier and the

input of the main amplifer of an
existing audio system. The unit is
battery powered by a stack of eight

1V5 cells and typically consumes

about 12 mA.

Construction

The ETI Sound Bender is a fairly
simple project and construction should
present very few problems. Build up
the PCB as shown by the overlay,
noting the use of 16 Veropins to ;
facilitate the circuit interwiring, then fit .
the PCB into a suitable case and
complete the interwiring to the off-

‘board components, noting that the two

halves of RV4 are contra-connected.
On our prototype unit the four control
pots are fitted on the unit’s front panel
and the two switches and the
inputfoutput terminals are fitted on the
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Fig. 1 Complete diagram of the ETl Sound Bender.
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tear panel. As you can see from the
photographs, the circuitry and battery
pack make a fairly tight fit i in the
specified case.

The unit is very easy to use. Simply

connect the output to an audio power
amplifier/speaker combination, adjust
RV2 (null) for zero output tone, then

“connect a voice or music input signal

,and see how the sound can be ‘bent’

using the frequency and mix controls.

Level control RV1 is simply adjusted to
give good sensitivity without amplitude

limiting (clipping).

To use the unit as a simple audio
generator, turn the input level control
down and set the mix control (RV4) to
give a ‘modulation only’ output, then
adjust null control RV2 to give the
desired output signal amplitude. RV3
then acts as the frequency control and

;SW1 gives selection of either sine or

triangle output waveforms. -

BUYLINES_______

There are no unusual components used in
this “project — the XR2206 should be
available from most major mail-order com-
panies advertising in this issue. The case
used can be obtained from Watford Elec-
tronics or OK Machine and Tool Ltd —
order as CM5-125. The PCB is available
from our PCB service as advertised on

PROIECT

Everything does fit in the case specified, but only just!

produce either sine or symmetrical-triangle
waveforms, depending on the setting of
SW1, and its frequency (determined by
C4-R7-RV3) can be varied over the range 3
Hz to 5 kHz via RV3. The pin 1 input of the
multiplier is biased by RV2, which is nor-
mally adjusted to balance the multiplier so
that it produces zero output when zero
signal input is applied to pin 1.

The audio input signal is applned
across RV1 and a fraction of this signal is
tapped off and applied to x 10 amplifier IC1.
The output of IC1 splits into two paths, with
one path passmg to one input of two-
channel audio mixer IC3 via RV4b, and with
the other path passing to the input (pin 1) of
IC2, which has its output (pin 2) taken to the
other input of the IC3 mixer via RV4a. Note
that mix controls RV4a and RV4b are
contra-connected so that they control the
mixing action in ‘pan pot’ fashion, giving a
final output from IC3 that ranges from ‘all
original signal’ to ‘all modulated signal’ in
the extreme settlngs of RV4. The output
amplitude of IC3 is divided by 10 (by

an amplitude roughly equal to that of the
input signal feeding IC1, thereby giving the
Sound Bender a good overall signal-to-
noise ratio.

R12-R13), so that the final output signal has;

ETIOCTOBER 1981

Capacitors
C __220n polycarbonate

page 56, e PARTS LIST
Resistors (all AW, 5%) Cc2 100u 16 V PCB electrolytic
HOW IT WORKS R1 . 100k C3,6,7 470n polycarbonate
[ —— e - s R2,9,10,11 1MO c4 100n ceramic
The heart of this unit is IC2, an XR2206 func- R3,12,14 10k c5 10u 25 V axial electrolytic
tion generator _chip that incorporates a R4 4k7 Ccs8 470u 16 V PCB electrolytic
wide-range sine/triangle waveform R5,6 47k c9 4u7 16 V axial electrolytic
generator and a precision four-quadrant R7 2k2
multiplier within a single package Theout- R8 220R Semiconductors
put of the waveform generator is internally| IC1,3 741
connected to one input of the multnpller, 1| Potentiometers |c2' XR2206
and the other input of the multlplner is ac- RV1 10k linear
cessible at piin 1: the output is available at RV2 4k7 linear Miscellaneous
pin 2. RV3 2M2 linear SW1,2 SPDT miniature toggle
In our application, the generator can RV4 100k dual linear $K1,2 phono sockets

PCB (see Buylines); four-section HP7 bat-
tery holders (two off).

RV — L -
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{R I» R
RV1 WIPER ————= -@-
+

RV4b WIPER

RV4a WIPER £ f »:
RV4a & RV4b-—&—--—-=—;J—#

COMMON TQ semmmasecisi
RV1 & RvV3

Fig. 2 Component overlay.
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ACTing Up!

System A
ere are a few more cartridges and
the recommended input module

for the preamplifier. If you have a

cartridge that isn’t shown here or in

the July ‘81 issue send us an SAE and
we'll let you know which module is
suitable.

Ortofon VMS 20E

Ortofon MC10

Stanton 680 EE

~

~

Entre 1
‘Rega 100

Coral MC88
Dynavector 10X II

(ol &

oo
Sy HTAGH!

Dynavector 20A Il
NAD 9000

Technics EPC 205C

LT8R

Hitachi are launching a follow-up to their successful ACT-01 bookcase hi-fi
system called (surprise, surprise)the ACT-02. The system comprises of four

main separate units — amplifier, tuner, cassette deck and speakers — each
miniaturised and with brushed aluminium fascias. The amp and tuner
measure only 230 mm wide by 74 mm high and, when placed on top of one
another, come to the same height as the cassette deck. The amp has an output

Happy Answer

Do you get irritated when you
make a phone call and the only
* answer you get is the droning voice
of one of those dratted answering
machines? Well, GMTC are attemp-
ting to lower a lot of blood pressure
levels by launching their ‘Happy
Answer Message Cassettes’. They
carry six hilarious (2} singing
messages, written, produced and
recorded by Mitch Murray who is
renowned for hits like ‘Bonnie &

‘1 Like It'. The idea of the tape is to
put the caller in the right frame of
mind for putting his message on the
end of the tape. All too often people
just mutter expletives and put the
phone down — equally irritating for
the recipient! The Happy Answer
Message Cassettes are £2.50 each
from all GMTC stockists including
Harrods, Dickins & Jones, Allders
and branches of W H Smith and
Rymans, or by mail order from their
showroom at 15 Newman Street,
London W1. Telephone orders on

Clyde’, "You Were Made ForMe’ and  01-580 3647.

Audio Yearbook

tudio Sound’s Pro-Audio Yearbook 1981, edited by Angus Robertson, is the
second of a series of reference books for the professional audio and video
markets. It's a massive hardbacked effort, running to 624 pages of information
for the professional recording and broadcasting industries. The contents are
arranged in two parts. The first consists of 71 alphabetically sequenced sec-
tions on equipment and services ranging from ‘Amplifiers, Power through

'

‘Engineers, Freelance and Consultant’ and ‘Links, Radio’ to ‘Turntables, Pick-

up Arms and Cartridges’. The coverage is exhaustive; the only glaring omission
‘seems to be the area of professional sound reinforcement speaker systems.
Curiously, synthesisers are included; these are normally considered to be
‘musical instruments rather than sound equipment. Within each section the in-
formation is presented in a highly condensed fashion yet with sufficient detail
to allow comparison between the makes and models on offer. Prices, in
pounds sterling or US dollars, are quoted for most items to permit cost com-
parison. The first part also contains useful reference material; a list of pro-
audio dealers around the world, international power supply standards, and a
‘Jargon’ chapter (which inexplicably contains many terms from television and
even one or two from the print industry). The second, smaller, part consists of
aseries of indexes to companies and subjects mentioned in the first part, plusa
list of international pro-audio manufacturers and distributors giving an ad-
.dress, telephone and telex number and a contact name for each. The Pro-
Audio Yearbook will be a useful tool for anyone purchasing professional
grade equipment. The inclusion of every aspect of pro-audio — recording,
radio, television and film sound — means that much of its content will be ir-

relevant to any one user; presumably the size of the individual markets did not -

permit separate publications for each specialisation. In any case it could be
argued that there is sufficient overlap in both equipment and services to
justify the all-in approach. The retail price of £19.50 should not deter the pro-
fessional sector but will almost certainly discourage amateur or casual in-
terest. The Pro-Audio Yearbook 1981 is available.from specialist bookshops,
pro-audio dealers or by mail order from the Special Projects Dept, Link House
Magazines (Croydon) Ltd, Link House, Dingwall Avenue, Croydon CR9 2TA.
‘Post and packaging charges are £1.10.

RonKeeley
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of 25 W per channel with no more than 0.3% total harmonic distortion. It has
five LED power output meters per channel. The tuner receives FM, medium
wave and long wave and has a flywheel coupled tuning knob and LED tuning
indicators for spot-on station selection. For good clear, clean FM, the front
end features a dual gate MOSFET. The cassette deck accepts metal, normal
and C,0, tapes. It has the Hitachi self-programme search system which lets
you skip backwards and forwards to find your favourite track. There is also a
recording mute function for editing as you record, microphone mixing with
volume control, Dolby noise reduction and an air damped ejection system.
The speaker enclosures contain a12 cm woofer and a 5 cm tweeter. The ACT
costs £349 complete and further information about it can be obtained from
Hitachi dealers.

Safe Bef A ‘1

GMTC is. a company which has
\Jonly been operating for a year
and has now taken on the sole agen-
cy of what they think will be a real
winner — a safe with no keys! The
GMTC Elsafe has already been
featured on Tomorrow's World and
Pebble Mill and has full approval
from insurance companies fike |
Lloyds of London. The cabinet is fit-
ted with an electronically controlled
panel which replaces the conven-
tional keys and it offers one million
combinations which can be changed
every time the safe is locked. 1f some-
one doesn’t know the combination
and tries to open it, it will
automatically cease to function after
three attempts. Even if the right com-
bination is then used, it will not open
for another 30 minutes. The cabinet
can be fastened to the floor with in-
terior bolts and it has emergency bat-
teries in case of power failure. The
Elsafe measures 35.6x 46.5 x 53.6 cm
and refails at £450 including VAT.
Further information from GMT
Company, 15 Newman Street, Lon-
don W1.
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NEWS : NEWS : NEWS : NE P
Defence Digest I "%~ " S

This new regular feature is devoted to defence electronics, its

equipment techniques and application. Defence remains
one of the largest growth areas in UK industry, with much of the

real innovation and investment taking place there.

Defence Digest will thus act as a news (and views) section,
containing up-to-date information and explanation of some of
the happenings in the different sectors of the defence industry.

Companies with information and articles for these columns

editorial address. Indeed, anyone with anything to say on the
subject, be it information or opinion, is a potential contributor

and should not refrain from putting pen to paper.

Major sub~contractors include Mar-

are invited to submit them direct to Defence Digest at our S : i - | i

Sky Flash For
Sweden

The British Aerospace Dynamics
Group has taken up an option
valued at £11 million to supply a fur-
ther quantity of Sky Flash air-to-air
missiles to FMV (Forsvarets
Materielverk), Sweden, to arm the
Swedish Air Force’s Saab Viggen
JA37 all-weather fighter. FMV has
also identified options for further
quantities of missile. Sky Flash has
been successfully integrated with
Viggen and to date all firings have
been effective. British Aerospace is
the prime contractor for Sky Flash.

coni Space and Defence Systems for
the advanced monopulse radar
seeker and EMI Electronics Ltd for
the radar proximity fuse. Sky Flash is
the most advanced product of its
type in production and affords a
highly effective capability against
modern air threats. It has a proven
performance against both subsonic
and supersonic targets flying from
high, down to very low altitudes. Sky
Flash is in service on Royal Air Force
Phantom aircraft and will also arm
the Tornado F2 Air defence variant.
It has also been successfully fired
from the General Dynamics F16
fighter.

3
[ r v

Marconi Success

series of trials, sponsored by the

Royal Navy, has enabled Mar-
coni Radar Systems Ltd to
demonstrate the effective use of
millimetric radar to further improve
the GWS25/Seawolf anti-missile
system’s performance against low-
level targets. The trials were carried
out at one of the Royal Navy’s firing
ranges, and included seven suc-
cessful ‘live’ firings of Seawolf
against small and large targets close
to the sea surface. Using a derivative
of the DN181 Blindfire radar, on the
same mount as the Seawolf type 910
tracker radar, the trials showed that
the tracking of such targets as sea-
skimming anti-ship missiles flying a
few feet above the surface is con-
siderably improved, therefore ensur-
ing the probability of successful
engagement by the Seawolf missile.
At present this low-angle tracking is
carried out by a television system.
Now the DN181 gives an all-weather,
round-the-clock capability. The
DN181 was developed by Marconi |
Radar's sister company, Marconi
Space and Defence Systems Ltd, and
is used with the successful Rapier
missile system. Marconi is the overall
ship system contractor for
GSW25/Seawolf; British Aerospace
for the missile, and Vickers for the
launcher.

14

Surveillance
System For The
Forces

Anew range of technically ad-
vanced radio surveillance and
monitoring equipment is available
from MCL (Marlborough Com-

munications Ltd) the British’

telecommunications equipmeént
company specialising in HF frequen-
L Cy management, electronic warfare’
surveillance systems, and related
communications fields. The new

New For Jaguar

he Ferranti FIN 1064 inertial

navigation system is to re-equip’

the RAF Jaguar aircraft. The picture
shows the program loading unit in
.position in the inertial navigation
control unit. This program loading
unit is first programmed by flight
planning staff, and includes the flight
program, navigation information for

the sortie, weapon status and any
other relevant tactical information.
The PLU, which contains a printed
circuit board instead of a tape
cassette, is then inserted into the
control unit by the pilot or ground
crew and the data automatically and
quickly transferred to the FIN 1064
computer in the aircraft.

SUnbdrgh Radar For CAA

After a two-year leasing period, the Civil Aviation Authority have pur-
chased outright the Marconi Radar installation at Sunburgh in the
Shetlands. The total cost is estimated to be £1/3 million. Marconi Radar
Systems Ltd is a GEC Marconi Electronics company. The radar is one of the
S600 series of transportable radars and has provided cover support for
helicopters and oil-related air traffic serving the offshore oil industry in the
North of Scotland. An $1061 L-band (23 cm) squintless feed antenna together
with an $2011 transmitter/receiver provide good range performance against
small targets such as helicopters and light aircraft, while circular polarisation
and the $7100 Digital Signal Processor ensure a crisp, low ‘clutter display in
the adverse weather conditions often experienced in the Shetlands. The com-
pany said of this latest order, ‘the installation was carried out in record time —
just five months from receipt of order the system was designed, assembled,
containerised, transported to the Shetlands and commissioned ready for ser-
vice — and in two years of operation we have been able to provide a quick
response specialist back-up service so that a reliable operation has been main-

tained'.

range of equipment called COMINT
is for use by all three armed services:
Army, Navy and Air Force and can
be used in airborne, shipborne, land
tactical and in fixed site locations
and will be installed as a system by
MCL's engineers to suit the user’s re-
quirements. The system is designed
and developed by SciComm Inc of
Garland, Texas, leading specialistsin
this field, and it will be exclusively

supplied by MCL. The Royal Air

Force is currently using SciComm
ELINT surveillance systems with
MCL providing technical support.
The picture shows Phil Derry (right),
Marketing Director of MCL, discuss-
ing customer requirements for COM-
INT with Ray Urban May, Vice Presi-
dent Marketing of SciComm Inc who
designed and developed the range of
equipment.

Dart Gyroscope
For Texas

The British Aerospace Dynamics
Group Dart gyroscope produced
at Stevenage has been selected by
Texas Instruments for their Paveway
111 low-level laser guided bomb. The

-dart will be part of the digital

guidance and control system to in-
crease operational flexibility. The
Dart is a miniature two-axis rate
gyroscope giving high performance
for low weight and size. The Paveway
program has gained a reputation for
one bomb — one target, and
Paveway 1I'has been in high volume
production for several years, being:
the principal weapon of its category
in the USAF inventory.
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LASERS IN HIFI

Laser technology is making a bid to replace the cartridge in your
pickup arm, but it’'s already been in use for many years at the other end
of the hi-fi, helping to develop better speakers. Peter Green takes a
look at developments in the Wharfedale labs.

engineers trying to bridge the gap between theory and  need a scanning mirror system, what else would a loudspeaker
‘ practice are faced with the tricky problem of in- company build it from but loudspeaker voice coils?
vestigating exactly how a speaker cone vibrates at frequencies

D esigning loudspeakers is a complex business. Sound  The sensing circuit uses an ordinary FM radio set, and when you

across the audio band and at any point on the surface. Ten years

ago the use of laser holography techniques was applied to Take A SCA I-P

speaker development by Wharfedale (yes folks, it's British), The basic technique uses a Scanned Laser Probe, or SCALP,

technigues which provide the design team with a ‘contourline’  and in just 15 minutes it can provide an exact 3-D picture of the
L map of the vibration of a speaker cone. vibration of the whole surface of the speaker cone when a single

Typical holograms obtained with this technique are shown frequency is fed into it. The signal from SCALP corresponds to
in the centre row of Fig. 1. The contours provide a typical guide  both the amount and direction of the cone surface vibration at
to the manner and degree of vibration suffered by the cone at  the point of reflection of the laser light, and thus gives a clearer
the moment the hologram was taken, but although this techni-  and more accurate representation than holography requiring a
que is a good one it has a number of disadvantages. Com- ~ minimum of interpretation. Alternatively a Frequency Slice Plot
plicated vibration pattems give intricate contours whichrequire  (FRESP) can be made, which shows on one plot the 3-D
much interpretation; furthermore, there are no helpful little  behaviour of the speaker cone in one plane over the complete
numbers printed on the contours as in an ordinary map so it's  range of audio frequencies. Until now this complete vibration-
not possible to tell whether the vibrations are convex or con-  frequency signature has been impossible to obtain.
cave in nature. This makes it difficult to judge what remedy The SCALP process is basically quite simple and is shown
should be applied to counter the resulting sound distortion, so  diagrammatically in Fig. 3. Laser light passes through a beam
that the analysis becomes an art rather than a science; it also  splitter and emerges as two equally bright beams travelling at

L takes time, and in research and development time oftenmeans  right angles to one another. One of these, the refeérence beam,
g a great deal of money What is needed is a quick way of produc-  falls ontoarapidly rotating disc whose speed is such that the fre-
‘ ing a three-dimensional view of the actual *hills’ and ‘dales’ of  quency of the reflected laser light™is'Doppler-shifted by 10.7

the terrain, rather than a 2-D map. MHz — the intermediate frequency of the IF strip inside an FM
i To overcome these problems two new laser techniques  radio. The other beam (the sensing beam) is reflected from two
1 have been developed by Wharfedale's senior acoustic engineer,  mirrors and then onto the speaker under test. The two reflected
Al

Dr Peter Fryer. They are based on the Laser Doppler beams, reference and sensing, retum back along their original

i Velocimeter concept pioneered at the Government’s Atomic  paths and meet again at the beam splitter. Half of each of them

: Energy Research Establishment at Harwell, together with work  is sent into a new beam which falls onto a photocell.

g done at Southampton University. The equipment used was en- This output beam is composed of light-half of wbich is at

| tirely designed and built by Wharfedale for a small fraction of the original frequency and half of which has been frequency-

the cost of commercially available (and inferior) sensors, using  shifted by the disc. The two components beat together at the’

i the excellent engineering rule of never re-inventing the wheel, photocell and produce a steady 10.7 MHz electrical signal
7
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which is fed into the appropriate part of an EM radio just as if it forwards — the reflected laser light is shifted upwards in fre-

had been picked up by a radio aerial. With no audio signal being - *quency by an amount that depends on the velocity of the cone.
fed to the test speaker the FM radio will output a steady DC Thus the beat frequency at the photocell is altered and the FM
level, showing the speaker to be stationary. radio output increases by a corresponding amount. When the
Sﬁeaker is moving away from tizje bez}i]m splitter the frequency of
. . o the sensing beam is reduced and so the radio output drops. Thus
nght o 0. MUS|C ) ACth“ the output of the radio indicates both the amount and the direc-
Suppose now that a single frequency is fed to the speaker.  tion of the speaker cone movement — phase information that
During the first part of the vibration cycle the speakeris moving  the hologram would have lost has been preserved.

BAD ~ NOT SO BAD

Fig. 1 Laser studies of loudspeakers.
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The two mirrors in the path of the sensing beam are at-
tached to loudspeaker voice coils. One of these is connected to
the voltage from the 3-D plotter which scans the X-Y plotter
across the page, the other to the voltage which scans up the
page. Hence the sensing beam is scanned across the cone and at
any point on the plot the movement of a corresponding point on
the speaker is preserved in the form of a 3-D plot of the speaker
vibration. Typical results of laser plotting are shown in the top
row of Fig. 1.

BETTER
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FRESP — Son Of SCALP

FRESP is similar to SCALP, but in this case the vertical scan-
ning mechanism is turned off. Thus each curve plotted is of the
same horizontal slice across the middle of the loudspeaker. In-
stead of moving the laser beam by a small amount vertically for
each separate trace, the frequency being fed to the speaker is
changed between traces starting at the highest frequency and
moving down in small steps to the lowest frequency.




