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FEATURE: Surface Acoustic Waves

- =

Simplified Plessey IF filter, it would be difficult to reduce
component count further.

devices can be produced to suit different applications, or
in the case of TV filtering, for different systems (ie PAL, —
SECAM, NTSC etc). If the electrodes are evenly spaced
with a gap of No between electrodes of the same polarity
the frequency response of the filter would be sin x/x
where the centre frequency is given by:

(velocity of wave propagation)

A\o

The bandwidth (Af) is given by:

Af/fo = 2/N

Where N is the number of electrode pairs. Such a device
would possess a linear phase response.

The central coupling grids consist of uniform strips of
isolated electrodes, which effectively re-direct the surface
wave to the output transducer.

The Future?

So far, SAW filters have been competing against conven-
tional IF filters and are now recognised as being economic
and technically advantageous. Already techniques are
emerging from the development laboratory which will
give even better response and cheaper filters. Parallel
sound filters, which have separate outputs for sound and
video signals are now in development. These will make
possible TV sets with Hi-Fi quality sound. Professional
‘SAW filters are now also being produced and these filters
are very stable and can have response shapes which are
almost impossible to produce any other way. For instance
the CATV filter from Plessey in virtually square. lthasan 8
MHz bandwidth which is flat +0.2dB and then falls off
almost vertically to sidelobes which are lower than 55 dB
down. The filters have also made new types of pulse

compression /expansion radar possible.

Our thanks to Peter Haywood of Plessey Semicon-
ductors Ltd for his help in preparing this article and
to Mullard Ltd for additional information.

Z

FLETCH

“‘Good Morning Miss! You are privileged to be a participant in
my new invention — 2-way broadcasting through mirrors.
Would you care to say a few words?”’
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SO WHAT, YOU MAY ASK, is the
advantage of an electronic dice over,
its conventional and inexpensive
plastic (solid state?) counterpart?
The answer is that, apart from
looking better (and being a better
conversation piece), the electronic
die or dice is very fast: it can be
“thrown’’ and read in a fraction ofa -
second, compared to the several
seconds needed for the mechanical
item. That enables the rate.of play :
of a game to be speeded up, and
consequently makes most ‘games
more fun to play. The electric
die-dice is a particular boon to the
war-games enthusiast.

Our dice has a few unusual
features. It has only two
panel-mounted controls. One of
these is a two-way switch that lets.
you select either a single die or a
double die (dice) display: the
displays are naturaily presented in
the conventional die format. The
other control is a push-button that
gives the roll-and-throw action.
When the button is pressed the die
are rolled and the display is blanked
out. The die are thrown and
displayed on release of the
pushbutton. Once thrown, the die

_are displayed for about seven
seconds, and then black out
automatically. When using the
device, you can roll-and-throw as
fast as you like: you don’t have to
wait for an autoblanking phase
between actions. The unit
consumes negligible current when
in the standby mode, so no on-off
switch is required.

The ETI die-dice is designed
around readily-available CMOS
iC’s. It is the most economically
die-dice circuit that we've seen sO
far. It uses only five IC’s and eight
discrete components, apart from
the 14 LED’s and 8 limiting resistors
associated with the actual display.

Construction

Not much to say here. All the
electronics, except the LEDs, are
mounted on a single PCB, so
cdnstruction should present no
problems. On our prototype we



—PROJECT.

.Not a good idea: the orange LEDs

used red LEDs for the left-hand die
display, and orange for the right.

aren’t contrasty enough, and aré
difficult to read. Our advice is use
red LEDs for both displays.

Our prototype unit is housed in a
sloping-front Verocase. The PCB is
held in place by Sellotape sticky |
fixers. That's a good idea: it saves totalof 3or 11

drilling holes in the case and the t’otal ofd4or10

PCB. S

Fig. 1. The random element in Double Die is
comparable to the mechanical version. The
table on the right was compiled from ex-

gamble: DOUBLE DIE

tensive practical tests and as you can see it
produces identical results to it's ‘solid
state’ counterpart.
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Fig. 2. The complete circuit diagram of Double Dice, as you can see the component count is significantly lower than any previously.
published design. ICs 3 and £ are 4017s arranged as divide by six, counter-dividers.
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'The circuit may be divided into three sec-"
tions; the clock-control and two identical
counter-decoder stages. IC1 handles the
control fuction and generates the clock
pulses to drive the 4017 counters IC3 and
IC5. The output from these in then decoded
to provide a conventional die display by IC2
and IC4.. .

When PBl is depressed the output of
ICla goes high. This signal, inverted by
IClc, disables IC1d as long as the switch is’
closed and QI remains off so no LEDs are
lit. During this time, C2 is charged to about
9 volts through D1 and the clock oscillator
IC1b is enabled.

Clock pulses are input to IC3, a 4017
gonfigured as a divide by 6 counter-
decoder. This is achieved by connecting
decoded output ‘6’ to the rest input. As the
outputs are numbered from zero, output ‘6’

'HOW IT WORKS

PSSR I SIS S

3

goes high on the seventh clock cycle reset--

ting the counter and providing six decoded
outputs which go high sequentially. The
rest puise generated is too short to reliably
clock the second counter IC5 so one of the
decoded outputs from IC3 is used.

When PBI opens, IC3 and IC5 which
have been cycling continuously will stop at
a random position as clock oscillator IC1b
is disabled. The output of IC1 a will go low
again and this signal inverted by IClc
enables one input IC1d. The other input of
IC1d will be at a high level as C2 is still
charged and so its output will go low
turning on Q1 and the LEDs until the
charge on C2 leaks away through R3 after
about six seconds when the LEDs will
extinguish. One or both displays will be
illuminated depending on the position of
SWI. If you wish to replace PB1 by a touch
contact, R1 may be increased to 4M7
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PARTS LIST

RESISTORS (5% all Va-waft)

R1 100k
R2 56k

R3 10M |
R4 : 47k -
R5,6,7.8.9,10, 11, 12, 470R
CAPACITORS

(o}] 470p |
c2 680n |
SEMICONDUCTORS sl
D1 IN4148

Q1 . BC214L

IC1 4093 1
IC2, IC4 2025 '
IC3, IC5 4017

LEDs 1-7 red 8-14 yeliow. standard 0.2""

MISCELLANEOUS

PB1 push-button SPST
SW1 SPST

P.C.B. Vero-case to suit.




PROJECT: Double Die

Fig. 3. Component overlay; note the orien- _
tation of the LCs. d c

Fig. 4 Layout for the LED display, two are ] - ’
r_aqunje.d' _ ; . s - - 4,—-(’, — 3 ANODES

= — F e -

i\\:
d Fig. 5.
[ Diode matrix diagram
for the LED display.
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L=_ b a (o

i ~ BUYLINES B

l_, There should be no problem in obtaining any of the components used in this project. The !Cs are common type$ l
, available from most electronics hobby shops. l‘
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IT WORKS

- AM & FM RADIO

Gordon King manages to dispell a few rumours about a very widely misunderstood
subject, Radio. Such diverse subjects as Varicap Tuning and Stereo FM are clearly

explained.

OF THE TWO sound broadcasting systems the AM
(amplitude modulation) system is capable of far greater
range of reception than the FM (frequency modulation)
system. This has nothing to do with the type of the
modulation but is related to the carriér frequencies
involved. FM sound radio uses a part of the VHF (very
high frequency) spectrum called Band Il and covering

approximately 88 to 108 MHz, though all of this is not yet,

used in the UK specifically for entertainment radio.

AM radio broadcasting occupies the long, medium and
short wavebands which range respectively from about 50
kHz (6,000 metres) to 600 kHz (600 metres), 600 kHz to
1.5 MHz (200 metres), and 1.5 MHz to 300 MHz (1
metre). Conversion from frequency to wavelength merely
involves dividing the propagation velocity (virtually 300
metres per microsecond) by the frequency, or from
wavelength to frequency by dividing the velocity by the
wavelength.

With increasing carrier frequency the waves tend more
closely to follow the laws of light, and at VHF they
emanate from the top of the transmitting aerial in rather
the same way as light is radiated from the top of a
lighthouse. They are less affected by obstructions,
though, and are more prone to diffraction and refraction
than light which to some extent allows them to pass round
obstacles and penetrate walls, etc, but this accommoda-
tion is diminished at even higher frequencies. The recep-
tion distance of VHF waves, therefore, is limited to a little
in advance of the ‘line of sight’ distance between the
transmitting and receiving aerials, the extra being pro-
vided by atmospheric refraction and diffraction round the
curved Earth.

On Reflection

However, VHF waves are less reflected back to Earth by
the ionosphere, and most wave energy skyward-bound
penetrates the ionosphere and vanishes into space —
which is just as well for space communications! At the
lower AM broadcast frequencies the ionosphere acts more
like a ‘mirror’ to the signals, which not only prevents them
getting into space but it also reflects them back to Earth
over ranges far in advance of the ‘line of sight’ distance.
World-wide reception is thus possible by the waves
undergoing a number of ‘hops’ between ionosphere and
Earth.

At certain frequencies ionospheric reflection is en-
hanced as night falls which means that signals well
outside the basic reception range appear and are likely to
cause interference with the. signals from wanted local
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Fig. 1. Impressions of modulation (not to scale). (a) carrier wave,
(b) single-tone modulation signal, (c) AM waveform, and (d) FM
waveform.

stations. To some extent this is avoided by an internatio-
nal agreement of wavelength spacing; but because there
are so many medium-frequency stations to take account
of the spacings cannot be very wide, so to reduce the
effect of interference the bandwidth of AM receivers is
restricted, as this attenuates or deletes the higher-order
sidebands the quality of the reception is impaired. This is
not necessary at FM because the stations can be
adequately separated in Band |l without the fear of distant
stations producing signals which could interfere with
those of the wanted signals. Moreover, FM has a far better
immunity than AM so far as this sort of interference is
concerned.

The FM system, therefore, is capable of far better audio
quality than the AM system as it is currently exploited. |t
also carries an additional channel of information for stereo
reproduction and is-thus a ‘hi-fi’ broadcasting system asp
will be explained.
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“ Fig. 2. AM and FM sidebands basad on 15kHz f_. (a) two pairs
only of AM sidebands, and (b) multiple pairs of FM sidebands
based on modulation index of 5 (e.g., f, 15kHz and F, + 75kHz).

I These diagrams show that to accommodate ali the significant
40 pairs of sidebands an FM receiver requires 8 times more
- | bandwidth than an AM receiver.
S F
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Sidebands

Audio information at AM is carried by .the carrier wave
being caused to change in amplitude in sympathy with the
sound. The stronger the sound, the greater the amplitude
change; and the higher the audio frequency the faster the
rate of amplitude change.

At FM it is the frequency of the carrier that is altered in
sympathy with the sound. The stronger the sound, the
greater the frequency change; and the higher the audio
frequency the faster the rate of frequency change.

It is always instructive to look at a carrier wave.
modulated by a single-tone audio. signal, as in Fig. 1,
where at (a) we have the carrier, at (b) the modulation
tone, at (c) the resulting AM signal and at (d) the resulting
FM signal (not drawn to scale, of course!).

100% AM occurs when the carrier amplitude dissolves
to zero at the troughs of the modulation envelope. If the
modulation level is increased beyond this point very
severe distortion sets in owing to-the carrier holding at
zero for a period of time. With FM sound broadcasting
100% modulation is said to occur when the change in
carrier frequency is * 75 kHz on audio signal peaks. This
is called the deviation frequency (f,). It is noteworthy that
‘with 625-line TV sound, which is also FM, f, is = 50 kHz
for 100% modulation. With stereo the total f; includes
both the mono and stereo information, the latter occu-
pying approximately 10% of f,, so that approximately
+ 67.5 kHz is available for the mono part.

Modulation

When a carrier wave (f)) is modulated sideband signals
corresponding to every component frequency of the
modulation signal (f,) result. With AM and.a.pure single-
tone f,, upper and lower sidebands-at f —f, and f.+f,
occur, as shown at (a) in Fig. 2. With FM the resulting
sideband structure per pure single-tong of f is’ far more
complicated, as shown at (b). At 100% AM each of the
sidebands is 50% greater in amplitude than that of the
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unmodulated carrier; but with FM f, as well as f_ deter-
mine both the amplitude and number of the sidebands.
Ratio f,/f, isthe modulation index which has a value of
five at full deviation by the top audio frequency (15 kHz).

Fig. 2 (b) shows that FM yields a sideband structure
which spreads out either side of the carrier over a far
greater spectrum than AM, and for the least distortion all
sideband. pairs above 1% amplitude must be accommo-
dated by the receiver. The multiple sidebands result from
the change from sinusoidal form of the carrier as its
frequency is changed by f,,, and Bessel functions are used
to determine the sideband amplitudes and frequencies for
any modulation index. It is not proposed to become
involved. in the deep mathematics of this, but it can be so
proved that for top quality mono the bandwidth require-
ment is about 240 kHz, and a little greater than this for the
best stereo.

Assuming a top modulation frequency of 15 kHz at

AM, the total bandwidth requirement is a mere 30 kHz,
some 8 times less than for FM. Sadly, 30 kHz spacing
between stations just cannot be accommodated in the
‘highly congested medium-frequency scene, and to avoid
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FEATURE: Radio
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adjacent station interference the receiver bandwidth
needs to be curtailed to 7 or 8 kHz at best with a
consequent attenuation of the upper audio frequencies.

The Capture Effect

With FM channel spacing is 200 kHz (there is much more
elbow room at VHF), and local station groups use far
greater spacings between transmitters (2.2 M Hz) so there
is very little danger of interference. Moreover, FM exhibits
what is called the capture effect which itself avoids
interference provided the wanted signal is a little stronger
than the unwanted one, even when the two stations have
the same frequency! This results from the insensitivity of
an FM receiver to amplitude variations of the carrier.
When two signals interact one tends to amplitude
modulate the other, which means that on AM the wanted
signal needs to be very much stronger than the interfering
one to give the same interference immunity as FM.

Receiver Requirements

From Fig.2 itis dramatically apparent that an FM receiver
requires much more bandwidth than an AM counterpart
to do full justice to the high quality audio signal. The
bandwidth needs to be reasonably phase-linear to ensure
the least distortion at high modulation index and for the
best stereo performance (channel separation, distortion,
etc). Latter-day creations employ phase-linear quartz,
ceramic and surface-wave acoustical filters to achieve
these requirements, as distinct from the earlier LC trans-
former couplings, as shown in Fig. 3.

To help maintain a high S/N (signal-to-noise) ratio the
VHF front-end must employ low noise-figure transistors,
especially for the RF (radio-frequency) amplifier, and have
a good coupling match to the VHF aerial. Most of the

AMPLIFIED fe
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Fig. 3. Requirements of FM IF channel. (a) idealised amplitude
response over 240kHz passband having sharply falling side
skirts, (b) phase linearity within the passband, and (c) the type of
circuit from which these requirements are closely approximated.

selectivity and response tailoring is undertaken in the IF
(intermediate-frequency) channel at the standard IF of
10.7 MHz. Even so, a reasonable degree of front-end
selectivity is desirable to restrict the amplitude of off-tune
VHF signals arriving at the mixer from the aerial. A
multiplicity of fairly strong signals here can generate
intermodulation products of the 3rd-order variety and
hence produce spuriae which might detract from the
quality of the wanted signal. RFIM (radio-frequency
intermodulation) immunity is achieved by using two or
more variable-tuned circuits between the aerial and mixer
and VHF transistors of good linearity (e.g., bipolars
running at fairly high emitter current or FETs).

One important aspect of 3rd-order RFIM lies in the
production of an interfering signal of f,+f,—f; where f,, f;
and f, correspond to Radios 2, 3 and 4. This interfering
signal lies in the f, transmission and is perturbed by the
modaulation of any of the three transmissions. In bad cases
of this interference (stemming from a receiver with a poor
RFIM performance) the only solution lies in attenuating
the aerial signal.

Most front-ends use an RF amplifier followed by the
mixer which may generate its own focal oscillator signal
(f.) or call for a separate oscillator stage. Whatever the
arrangement, the mixer receives f.and f,and thus delivers
f,+ f.. The vast majority of FM front-ends use an f, equal to
f.+IF, the IF thus corresponding to f,—f and it is this
signal only which is accepted by the IF channel, as shown
in Fig. 4.

Thus, if the aerial signal is, say, Radio 2 from Wrotham
at 89.1 MHz, the local oscillator will be 10.7 MHz above
this at 99.8 MHz, so that 99.8-89.1 equals the 10.7 MHz
IF. Both additive and multiplicative mixing are used, the
former generally when the mixer has just one input port, p

=d
Ao TO IF
\ CHANNEL

FIXED—TUNED
TO 10.7MHz

Fig. 4. FM front-end with RF amplifier using two variable-tuned'
circuits between aerial and mixer. The RF and mixer input
circuits are’ tuned in step while the ganged oscillator tuning
tunes over Band |l so that the oscillator frequency is always
10.7MHz above the carrier frequency. Accurate tracking is
essential to avoid a decrease in sensitivity over the tuning range.
Some receivers have double bandpass tuning between the RF
amplifier and mixing for further improvement in front-end
selectivity.
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and the latter when there are two inputs, such as with a
dual-gate FET as shown in Fig. 5. This sort of FET (MOS)
may also be used for the RF amplifier, with one gate
accepting f. and the other an AGC (automatic gain control)
bias via an amplifier as shown in Fig. 6.

Varicap Tuning
Some contemporary receivers, especially of European
origin, use varicaps (e.g., capacitor diodes) instead of a
mechanical tuning gang. The bandpass section in front of
the mixer in Fig. 5 is tuned in this way. The varicaps are
diode pairs arranged to neutralise non-linearity which,
when biased for reverse conduction, exhibit capacitance
of value which decreases as the reverse bias is increased.
For continuously variable tuning, therefore, itis necessary
merely to bias the diodes together from 3 potentiometer
which is mechanically coupled to the tuning system. To
eliminate capacitance change and hence tuning drift the
tuning voltage is derived from a stablizer or regulator. The
scheme also lends itself to press-button station selection.
Also in Fig. 5 the IF signal is filtered out by a

capacitively coupled circuit. The 330 ohm resistor

Fig. 5. Dual-gate MOSFET mixer accepting f_on one gate and f,
on the other gate. The circuit also shows varicap tuning and a
capacitively-coupled IF output filter.

matches the output to the following ceramic filter in the IF
channel, as do the input and output filter resistors in Fig.
3. Unless this matching is correct the filters fail to provide
the proper symmetry, selectivity and skirt sharpness.

Bandpass coupling at the output of the RF amplifier is
also used in Fig. 6, but the tuning here is by a ganged
mechanical capacitor.

Oscillator Stage

To avoid oscillator ‘pulling’ on strong carriers state-of-art
FM receivers use a local oscillator followed by a ‘buffer’
stage, as shown in Fig. 7. Less elaborate models either
.use a separate oscillator coupled direct to the mixer or a
self-oscillating mixer.

AM Front-Ends

Exactly the same principles apply to AM, but because f_ is
that much lower the design of the front-end section is less
critical. The IF is generally around 455 kHz and, as with
FM. f, is often the IF above f,; but some models place f,
the IF below f_, though this may reverse on some
wavebands.

—0

+Ve

GANGED fe TUNING
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Fig. 6. Dual-gate MOSFET RF amplifier where one gate receives
AGC f. and the other an AGC bias obtained from a bipolar amplifier.
INPUT  With increase in signal strength the bias increases so that the
gain of the RF amplifier is diminished.
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The majority of AM transistor portables employ a ferrite
rod aerial which also serves as the input tuning. Only the
more elaborate models boast an RF amplifier, and a
self-oscillating mixer is commonly adopted, as shown in
Fig. 8. Receivers with poor front-end selectivity are
relatively prone to spurious responses at frequencies
removed from the tuned frequency. A typical one is the
‘image’ or 'second channel’” response where the IF is
produced from an input two times the |F above the tuned
frequency when the oscillator is running at the IF above
the signal frequency. For example, if the receiver is tuned
to, say, 1,000 kHz the oscillator will be running at 1 455
kHz, so an incoming signal at 1,910 kHz (two times the IF
above the tuned frequency) will heterodyne with the
oscillator signal to yield the IF in terms of 1,910-1,455.
When the front-end selectivity is sharp a signal two times
the IF away from the tuned frequency would be well
attenuated and not so likely to cause interference. An-
other is called the half-IF or ‘repeat spot’ response which
falls half the IF away from the tuned frequency owing to

Fig. 8. AM front-end using single bipolar transistor as a self-
oscillating mixer. The ferrite rod aerial serves as the input tuning
and may have switched windings for long and medium waves, as
also the oscillator transformer.

FERRITE |

the 2nd-harmonic of the oscillator heterodyning with the
2nd-harmonic of the off-tune signal from the RF stage and
producing the IF again.

IF Channels

IF channels nowadays use ICs for the gain and resonant
filters of the type already mentioned for the selectivity. FM
IF channels employ amplitude limiting ICs or ICs deliber-
ately arranged to limit above a certain signal amplitude.
Although FM detectors are essentially insensitive to
amplitude variations of the IF-converted carrier, especially
ratio detectors, additional limiting is desirable in the IF
channel further to enhance the AM rejection ratio and to
help with the capture effect. A top-flight modern FM
receiver will fail to rise in audio output level once the input
cartier at the aerial has reached the 2 to 3 microvoit level,
the effect then being a progressive improvement in S/N
ratio with increasing level of aerial input, as shown by the
curvesin Fig. 9. Less exacting models will require an input
of 100 microvolts or more before full limiting occurs. The p
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ETI goes to war! The model tank
shown on our cover is a Tamiya
1/16th Leopard A4, kindly sup-
plied by Richard Konstam Ltd
who import the kits. See page

62 for marching orders.
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action of the stereo decoder impairs the S/N ratio at the
lower signal levels, catching up with though never
reaching the mono ratio at higher inputs. There is always
an ultimate S/N ratio impairment of about 2 dB on stereo
with respect to mono owing to approximately 10% of the
available deviation being used for the stereo information

and the greater noise power bandwidth of the receiver in’

stereo mode.

The FM IF channel also provides the AGC bias for the
front-end (when used), AFC control voltage (automatic
frequency correction potential derived from the FM
detector or separate discriminator for application to the
oscillator varicap to hold the carrier at the centre of the IF
passband), signal strength and tuning metering, and
inter-station muting (where the audio output is disabled
until the input reaches a predetermined level as a means
of cutting the noise when tuning between FM stations).

The most complex of FM IF channels may employ a
cascade of ICs (three or four) feeding into a bipolar
transistor which in turn drives the FM detector. Additional
ICs and bipolar transistors may be used for front-end AGC,
AFC; muting and metering. The simplest adopts a com-
plex IC, such as the CA3089E,: which provides IF
ampilification, limiting, FM detection and audio pream-
plification for driving the stereo decoder, as shown in Fig.
10. The device contains no fewer than 80 transister
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hi-fi FM receiver.

integrations, and includes sections for delayed front-end
AGC, AFC, signal strength meter drive, tuning indication
and interstation muting. In the circuit the muting is
operated by S5 and the threshold level set by RV7. S4

- .switches the AFC on and off, while coils L10and L11 are

' concerned with the FM detection.

Quadrature FM Detector .
The coils, in fact, are a part of a quadrature detector
circuit, which is fast finding favour in FM receivers,
facilitated by ICs, without which would demand a com-
plex of discrete components. The arrangement is based
on a 90-deg. phase shift and synchronous detector, as
shown in Fig. 11. FM IF signal is amplified and heavily
limited, and the resulting ‘clipped’ signal is passed to one
input of the detector direct and to a second input via the
phase shift, which is merely an LC circuitsuchas L10/11
in Fig. 10. The detector is essentially a ‘multiplier’ which
combines the two inputs vectorially. Owing to the relative
phase shift and the deviating FM signal the output
consists of varying width rectangular pulses, and from
these the audio signal is obtained by low-pass filtering.

Ratio Detector
This is another very popular FM detector whose circuit is
given in Fig. 12. When the primary and secondary of the
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Fig- 12. FM Ratio detector circuit.
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steady-state potential across R1 is substantially unaf-
fected by faster occurring amplitude changes of IF signal
such as caused by electrical interference, etc. A value
around 200 milliseconds is a fair compromise between
poor limiting and sluggish tuning.

FM detectors generally have a bandwidth in advance of
that of the |IF channel to ensure that at maximum deviation
the signal remains on the linear parts of the 'S’ charac-
teristic and as an aid to the capture effect.

AM Stages

The IF channel is far simplier in AM than FM receivers.
Gain is given by a couple of bipolars or an IC and
selectivity is introduced either by two tuned transformers
or a ceramic filter (sometimes both). AM IF is around 455
kHz which, with the restricted bandwidth, makes it easier
than FM to achieve the required gain with fewer devices.

Detection is invariably accomplished by a simple diode
circuit as shown in Fig. 13. From the signal point of view
this rectifies the AM waveform so that the average value
varies in sympathy with the modulation. Subsequent
filtering deletes the |F component. The rectified DC value
of the carrier is commonly used as an AGC potential
automatically to control the gain of the |F amplifier. At the
front-end a damping diode may be used to reduce the
mixer output on very strong aerial signals. Such adiode is
shown in Fig. 8. This conducts and thus damps the IF
output when the signal level rises above the value
established by the biasing. Fig. 13 shows alternative
biasing for this diode.

The tapped primary of the |F transformer ensures that
the tuned circuit is not excessively damped by the output
resistance of the transistor. This technique is also used in
other sections as will be observed from the circuits.

FM Pre- and De-Emphasis

The S/N ratio of the FM system is further enhanced by the
application of treble boost to the modulation signal at the
transmitter (pre-emphasis) and compensating treble cut
(de-emphasis) at the receiver. These are based on a
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time-constant which is 50 microseconds UK and 75
microseconds America. It thus refers to the ‘turnover’
frequency (that frequency where the boost or cut occurs)
and is equal to 1/27T, where the frequency is in Hz and
the time-constant (T) in seconds, which works outto about
3,184 Hz at 50 microseconds. The ultimate rate of boost
or cut approximates 6 dB per octave (e.g., single-pole
filter). FM produces a triangular noise output because the
output from the detector is proportional to f,. Because fq
max is + 75 kHz and f,, max 15 kHz the noise content is
significantly reduced and is reduced by a further 4 dB or
so by the pre- and de-emphasis.

The de-emphasis consists of a simple RC time-constant
at the detector output in the case of mono and at the
decoder output in the case of stereo. It is not possible to
apply de-emphasis at the detector when this is followed by
a stereo decoder since the effect would be seriously to
attenuate the complex stereo multiplex signal. The net
result of the =75 kHz f, and the pre- de-emphasis is a
weighted S/ N ratio of 75 dB or more mono and just over
70 dB stereo, depending on the noise figure and quality of
design of the receiver.

Stereo Encoding

After separate pre-emphasis of the left (L) and right (R)
audio channels at the transmitter the signals are fed to a
combined adder and subtractor (matrix) which yields L+R
mono information and L-R stereo information. The mono
signal is passed to the transmitter in the usual wayp
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tuned transformer are resonated to the undeviated carrier o o
the two diodes conduct equally and since the diodes are § s -
.connected in series a potential is developed across R1 S :
WhICh chargeS.C1 o | ) . . | ‘ * 40 4 ¥ SUPPRESSED
When the input deviates either side of its nominal BakHZBUERARRIER
frequency the balanced phasing condition is destroyed 2
and the diodes fail to conduct equally. This results in -
current flowing out of the circuit through the ‘phasing’ or
tertiary winding, and because this external current is 10
geared to the deviation the audio signal develops across
C2, which is fed out through C3. " BH

An advantage of the ratio detector compared with the
Foster-Seeley detector or discriminator (which also uses

two diodes but connected back-to-back and is without the.
tertiary winding) is that it yields amplitude limiting.

Provided time-constant R1/C1 is large enough the
{allowing receivers not equipped with a stereo decoder to
work on the signal without undue lgss, which is an aspect
of system compatibility), while “the stereo signal is

separately processed and subsequently ‘added’ to the

mono signal for transmission. It is applied to an amplitude
modulator whose carrier frequency is 38 kHz but which is
suppressed so that only the lower and upper sidebands of
the stereo information remain (in practice the residual 38
kHz subcarrier accounts for no more than 1% of the
maximum deviation — e.g., less than =750 Hz). The
stereo information sidebands along with the mono infor-
mation are then applied to the normal VHF modulator of
-the transmitter.

For the detection of suppressed carrier AM the carrier
needs to be regenerated at the receiver (in the stereo
decoder), and to facilitate thisa 19 kHz pilot tone using up
approximately 9% of the maximum deviation (e.g., about
+6.75 kHz) is also applied to the VHF modulator. The
total modulation signal thus applied to the VHF carrier has
the spectrum shown in Fig. 14. The L+ R mono signal
occupies the normal audio range from about 30 Hzto 15
kHz, next comes the 19 kHz pilot tone and then the lower
and upper stereo sidebands between which is the sup-
pressed 38 kHz sub-carrier. At no time can the total
deviation of all these signals exceed =75 kHz (e.g, 100%
modulation). In Fig. 14 the total modulation consists of
45% L+R mono, 22.5% L-R stereo in each sideband
(45% in all), 9% pilot tone and 1% residual subcarrier,
adding up to 100%. This condition would obtain with an

42

FREQUENCY (kHz)

Fig. 14. Spectrum of multiplex signal at FM detector output on
stereo signal when one channel only is modulated. See text for
other modulation levels. -

‘input only to one channel (e.g., L or R 1 unit and R or L

zero). With both inputs receiving the same intensity of ‘in
phase’ signal (e.g., stage-centre mono condition), the
stereo information would be virtually zero so that a full
90% modulation capacity would be available for the L+ R
mono information (the remaining 10% being used by the
pilot tone and residual subcarrier). With both inputs equal

‘but in phase opposition (a very rare happening) all the

information would be in the L-R stereo channel. Under
normal music conditions, of course, the mono and stereo
information is continuously changing, but the balance of
100% maximum is always maintained.

Stereo Decoding

The encoding system just described is based on the
Zenith-GE developments which is universally adopted.
Various schemes for decoding the signals back to the L

and R channels for reproduction have been devised, the:

earlier ones using discrete components with valves and
later transistors, and the latest ones using ICs specially
developed for encoding. It is clearly outside the scope of
this article to venture back into history, but a phase lock
loop (PLLY IC decoder circuit used in many receivers is

‘given in Fig. 15.

Multiplex signal (of Fig. 14 spectral form) is fed to pin 1
input via Q1. Inside the IC the PLL is formed by a 76 kHz
voltage controlled oscillator (VCO), two divided-by-two
stages yielding first 38 kHz and then 19 kHz, a 19 kHz
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phase comparator, low-pass filter and DC amplifier whose ° BRCTIECEX
output is fed back to the VCO for control, as shown in Fig. DETECTOR | yypur
16 AMP
The muiltiplex signal is first buffered and then fed to the
phase comparator where the pilot tone component is
compared with the loop-derived 19 kHz signal. The loop is N
thus locked and the 38 kHz signal from the first divider
constitutes the reclaimed subcarrier which, along with the T im s n veo
multiplex direct, is applied to the decoder section. This gy RSP Y e FILTER [ AMP et 7ekiz
can be regarded as an ‘inverse’ of the encode matrix
which, after AM demodulation, yields the L audio from 19kH2
(L+R)+L—R) and the R audio from (L+R)—(L—R). Each { 7otz
output is subjected to de-emphasis before being applied ‘
to the L and R audio amplifiers for driving the loud- \ : oL _
speakers. N = -
The IC is also equipped with automatic stereo switch-
ing so that on a non-stereo signat the two outputs deliver
mono signal, and a stereo indicator switch which lights a
small bulb or light emitting diode (LED) when stereo | 19kHz 38kH2 .
information (pilot tone) is detected. The circuit connec- BILoT - " {h -
tions involved are shown in Fig. 15. The VCO locking is R (| E CORBECH = Y
achieved by L1 which is a 2 millihenry inductor. Audio ; .
from each channel is ‘buffered’ by Q2 (same for the other
channel though not shown) and passed through a low-
pass filter for attenuating residual pilot tone and sub-
channel spuriae before arriving at the audio stages of the
receiver. Some of the very recent ICs incorporate a pilot .
tone cancelling circuit so avoiding the need for low-pass g T
filtering and maintaining an excellent response to 15 kHz
or more.
] Of course, all stereo receivers have two separate audio SIERES
] channels for the L and R signals. Hi-fi receivers employ the SHERED __®
latest technology in this area, some models yielding 6 0W CONTROL
per channel or more at remarkably low distortion. Less
exacting receivers have relatively simple audio stages : e
i based on push-pull transistor pairs or hybrid power ICs. ‘ fsmz
There is no doubt that latter-day hi-fi receivers o Yo
operating from off-air stereo signals (particularly when - DECODER

o

3
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o 0 3 K R
these correspond to ‘live’ transmissions) are capable of T

- - - . R
extremely high audio quality, on par with the best of most AUDIO
other programme sources. ET Fig. 16. Block diagram of PLL stereo decoder IC.
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AMBUSH! PART 2

At last the second and final part of our very own space game Ambush. Red blood sweat
and tears have gone into the production of the game and we beleive it’s all been
worthwhile. Virtually guaranteed to provide hours of excitement, not one of those
games you easily tire of. So switch it on and prepare to do battle with the forces of evil,

THE MAJOR part of the Ambush
circuitry, other than the LED displays,
is wired up on a set of three PCB's.
Considerable care should be taken
over the construction, due to the
“difficulty that will occur in
trouble-shooting the circuitry if it
does not work correctly first time.
Take special care to ensure that all
diodes are fitted in the correct
polarity, and that all IC’s are correctly
located.

On our prototype unit we mounted
all IC’s in holders. We used
Wafercon connectors on each board,
rather than solder pins, to facilitate
the interwiring. Take great care over
the interwiring.

When it comes to fitting the LED's
for the Main Display and for the
Missile Store indicators, take the
precaution of testing each LED
individually to confirm its polarity
and functioning before finally wiring
it in place. Note that silicon diodes
D22 to D25 are mounted directly on
the Main Display matrix. ;

Our own Ambush game is
mounted in an attractive but rather
expensive case that we obtained from
Boss Industries. The same company
produces an ‘economy’ range of
similarly shaped sloping front
cabinets. We have powered our unit
from a set of eight HP2 batteries,
fitted in two 4-section holders. Our
Attack counter is mounted on a
20mm x 60mm 0.1 inch matrix Vero
board that is epoxy-glued into
position on the front panel of the
case.

Inside the front panel of Ambush showing the display layout. All
of the wiring on the prototype was completed before final
assembly to allow for flexibility in arranging the PCBs within the

case.
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The finished AMBUSH prototype, it really does look good in its case. The staff of ETI| have
had great fun over the past few weeks playing with the game. A case similar (or the same)
to ours is highly recommended and would look good almost anywhere.
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SCENARIO

Like all good wargames ‘Ambush’ has a scenario to go with it«This is it. The
scout cruiser Eatyeigh is on a vital war mission to the planet Tora. An enemy
fleet (Yappanies) is detected closing in on it by long range hyper radar. A
message is flashed ahead to the cruiser’s captain. The communications
officer, white-faced, takes it to the control room wherein the crew are
gathered to hear the news.

The Captain read the message he had been
handed. A worried frown briefly creased his
brow. He looked up again and spoke. “"Men, |
have just received a message from Command
Headquarters. Our intelligence units report
that the Yappanies know of our mission. They
are determined to stop us at any cost, and will
probably attack us with a suicide fleet
'somewhere in space sector seventeen. We will
reach that sector in just over three hours. All
units will maintain Battle stations until further
notice. Message ends.’’ The screen flickered,
and went blank.

Joe Reader sat back thoughtfully in his
chair. He glanced at his three fellow gunners.
He spoke reassuringly to they. "Don’t worry,
mates. The Yappanies haven’t got a chance
against us. We've got masses of Phanton
missiles on board, enough to fight off an entire
suicide fleet each. All you've got to do is sit
there and wait for the little devils to appear on
your sector screens, then press your Phanton
FIRE buttons and blast ‘em to hell.”" His three
companions laughed. One of them made a
rude sign.

Three hours later Joe Reader was sitting in
the data viewing room, adjacent to the Fire
.Control centre, reading up on Yappanie battle
techniques. A terrible explosion suddenly
blasted through the ship. He was thrown to the
floor by the blast. The ships starboard engine
had ripped itself apart and hurled great chunks
of white hot metal through the hull. The ships
self-repair system immediately set to work,
sealing the damaged hull. Joe raised himself
from the floor, forced open a connecting door,
and staggered into the Fire Control centre. A
ghastly sight met his eyes.

The control centre was a shambles. His
three companions were clearly dead. Blood
was spattered on the walls and across the
floor. Three of the four Phanton missile
magazines had disappeared, blasted into
space before the hull had resealed itself. Joe's
mind raced. The ship was about to enter space
sector seventeen. The Yappanie attack was
about to start. Joe would have to fight off the
attack alone. Feverishly, he started to patch all
four quadrant fire control switches into his
own control console. A damage control report
‘could be heard echoing through the ship. All
external attack sensors were damaged. Attack
warnings would be minimal.

A few moments later the battle attack sirens
screamed through the ship. Joe knew that the
Yappanies would attack with either a fult
Century of one-man Kamanzi suicide craft, ora
Dekuron of ten heavily armoured Sutzma
battle cruisers. Ten fire units of Phanton
missiles were needed to destroy a single
Sutzma cruiser, whereas a single unit would
destroy a Kamanzi. Joe checked the
ammunition register, and made a quick
calculation. He had just enough ammunition,
in the form of Phanton missiles, to destroy
either type of attack, so long as he fought off
the attacks with fire bursts of no more than
one hundred milliseconds each.

Joe knew how the attacks would be
delivered. The:Yappanies always attacked one
at a time, at random intervals and from
random directions, until they had either won
the battle, or had been totally destroyed. He
switched on the attack indicator unit. A cross
formation appeared on the screen in front of
him, each arm of the cross indicating a
possible quadrant of attack. At the centre of
the cross a red indicator gleamed, representing

the starship Eatyigh. He switched on the attack’

simulation computer, to check the extent of

-the sensor damage. The ships sensor system

projected a continuous beam that reflected
back from the hull of any attacking vessel, and
was modulated by the vessel's hull vibrations
in the process. The reflected beams were then
demodulated to give a visual output of range
and an audible output of engine noises.

The computer showed that the Forward
sensor was inoperative on sound, and gave
only 250 milliseconds of range warning at
normal battle speed. Port and Starboard
sensors were operating at half strength on
sound, and gave 300 milliseconds of range
warning. The Aft sensor was fully operational
on sound, and gave 350 milliseconds of range'
warning.

The Commander’s voice boomed through
the ship again. ~*All units at Red Alert. A
Yappanie century of Kamanzi suicide craft has
been detected, closing at high speed. Out."”
Joe threw the attack mode switch to the CENT
position, and the fire control computer
automatically adjusted the Phanton missiles
into packets suitable for fighting a Kamanzi
attack. Almost instantly, the first Kamanzi craft
‘appeared as a rapidly moving spot of light at

=y

the bottom of the attack indicator screen, and
the staccato sound of the crafts engine burst
from the audio simulator. Joe stabbed his
finger at the AFT fire button, heard the screech
of a Phanton missle pack leaving its silo, and
instantly saw the Kamanzi craft obliterated
from his screen. Without hesitation, another
attack started in the starboard quadrant, and:
was rapidly stopped by another pack of
missiles. A pause of five seconds, then another
attack from the aft quadrant.

The attacks continued relentlessly. Sixty
attacks were clocked up on the attack counter
within the first five minutes. Joe glanced at the
ammunition state indicator. Nearly seventy per
cent of his ammo was used up. If he was to
survive, he must reduce the fire time on each
attack. He glanced back at the screen and saw
an attack rushing in silently on the forward
quadrant. He groped frantically for the
Forward fire button, and hit three buttons at
once. Three packets of Phantons screamed
from the silo. The-attacking craft disappeared
from the screen. The ammo store indicator
lurched downwards. An attack from the stern.
Fire! A three-second pause. A port attack. Fire!
Instantly, another attack in the same quadrant.
Fire again. The attacks continued.

Part way through the seventh minute Joe
noticed that the attack register recorded
ninety-five, and that the ammo register was
only a notch above the EMPTY state. He
wondered if he could ward off the final five
attacks. The crew of Eatyigh were depending
entirely on him. “’It's up to you now, Reader,"
he thought. Another attack came rushing in on
the starboard quarter.
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Above. internal view of ambush with top
panel removed. The PCBs are mounted
within the case on stand-off pillars.

Centre. PCB, B showing the intercon-
necting plugs removed, the use of plugs or
PCB connecting pins makes trou-

bleshooting (we hope you don’t have to)
simple.

Left. Inside Ambush from the rear, the
speaker can be clearly seen, note also the
battery pack on the base panel.
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MOST OF YOU probably think that people who work on
electronic magazines spend their days burrowing
through mounds of exotic electronic equipment sent into
us by eager manufacturers. Well to an extent that's true,
we do get to see a fair amount of new stuff but how
enthusiastic can you get over a 20 amp power supply or
yet another revolutionary device that indicates 'heads or
tails’ at the flip of a switch?

Perhaps we're being a little unfair, the odd calculator
or TV game does catch our jaded eyes but is usually
followed by ""Oh yeah and how many games does this
one play?’’ It's true that we see more TV games than
most people, so it's got to be good to get any kind of
reaction, and such a game crept unceremoniously into
the ETI offices last week. It had all the odds stacked
against it from the beginning, for one thing it only had a
one game repertoire, not a very good start for something
costing almost sixty quid. It almost didn’t get switched
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STAR CHESS

on! Perhaps it would have been better if it hadn’t
because ETl came to a virtual standstill for nearly three
days.

Button boxes

Called STARCHESS it boasts a fine pedigree, coming
as it does from Videomaster (now owned by Wadding-
tons). The game is housed in a fairly un-imposing
black /grey box, looking like so many other TV games.
The remote control boxes seemed to have more than
their fair share of buttons but we're so used to a plethora
of ‘reset’ and ‘serve’ knobs we didn’t think much of it.
Duly connected up to the power and TV set, it was
switched on. Our ears were immediately assaulted by a
shrill warbling sound punctuated by what can only be
described as a noise like someone treading on a cat's tail
— coming from the built-in speaker. A touch of the re-set
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A AV, _FEATURE

Chess games seem to be a growth area in
the electronic games market, so find a
mate and switch on the TV — Rick May-

bury tells what to expect then. ...

and clear buttons soon cured that.

A quick fiddie with the TV’s tuner brought in a sharp

well defined chess board (in full colour) with some rather
unconventional looking pieces lined up on the back
ranks. A lengthy study of the instruction manual (more of
that later) is highly recommended before any play
commences.

At this point it must be said that you've got to be able
to play chess but that hurdle over you can forget any
ideas you may have about playing ordinary chess with
this machine, that's about as likely as the editor of ET!
becoming the next Prime Minister. After a game or two it
soon becomes abundantly clear that what this game has
that others seem to lack is the need to think, rather than a
question of who can twiddle their knobs fastest?

A typical game is both noisy and exciting, the
manufacturers have seen fit to include as many variables
as possible but without making it cumbersome. We take

ELECTRONICS TODAY INTERNATIONAL — MAY 1979

our hats off to the software engineers who wrote the
game.

A lovely mover

Each piece is moved by shifting a cursor with a set of
four positional buttons arranged in a cross, when the
cursor is over the piece to be moved the ‘move’ button is
pressed, then the cursor is placed on the square to be
occupied and the “activate’ button pushed. Every action
is accompanied by a virtual symphony of ‘squarks,
warbles” and other equally strange noises, adding
tremendously to the fun of the game. All of the pieces
except the ‘pawns’ move exactly as ordinary chess. The
main feature of the game, however, is the ability of each
piece to ‘fire’ missiles in the direction it would normally
move, so instead of taking an opponent’s man you can
take a pot-shot at it, although you're not guaranteed ap
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newsdigest.....

BYTE SIZED
CHUNKS

Some new expansion kits for
the three most popular MPU
systems have been announced
by Ithaca Audio Ltd. Each pack
contains eight 16K Rams,

91, New York, 14850. i

e

packed in anti-static foam and

are all 100% guaranteed. The
kits are intended for the TRS 80,
Apple 11, and Exidy Sorcerer.
UK price and availablility are
yet to be announced but for
those who can’t wait you could
contact Ithaca Audio at:- Box

alecti

e R

- "

FRED’S BIG BILLS

Another Electricity Board first;
“‘Fred’ is an electronic spokes-
man and will give advice on
how to save energy by using

===

more economical appliances.
Using only 5KW, it is hoped to
supply every home that has a
‘white meter’ with their own
'Fred.’ ]
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PUTTING OUT THE
FEELERS

Pointing the way with their
new ‘cold’ light-sourcé boxes

Optronic Fort Ltd are intro-.

ducing a new design incorpo-
rating fibre-optic techniques.
The Flexible or semi-rigid light
guides can be obtained in a
choice of thicknesses, and up to
1800 mm long. Because the light
is ‘cold’ it would be ideal for
illuminating areas sensitive to
heat, particularly microscopic

S

-

£

TROUBLE
LOOMING?...

Anyone who has ever had to
build up, or fault find a wiring
loom will realise how useful the
Vero Cablehound promises to
be. It works by connecting one
end of the loom to the unit and
a wrist strap from the Cable-
hound to the operator. Particu-
lar wires can be identified
simply by touching each wire in
turn. Another feature is the

LR, s

work. The light sources are
available in a variety of ratings,
from 50 to 250 Watts. The boxes
will work on an .AC supply of
110-240V (selectable) 50/60 Hz.
The Tungsten-Halogen lamps
are fully adjustable for
brightness and are cooled by .
fan to prevent over-heating.
Prices for the light sources start
at around £145, call Optronic |
Fort Ltd at Cambridge Science
Parl, Cambridge CB44BH for
more information.

e SS

inclusion of a digital readout to
further identify individual |
wires. Two or more Cable-
Hounds can be connected
together to increase the loom
identification size from 100 to
10 000 separate wires (or more
if further units are added). Vero |
Systems Ltd will be only too |
pleased to supply any more de- |
tails, contact them at 362
Spring Road, Sholing,
Southampton, Hampshire.




FEATURE:Star Chess

hit, in-fact you take a chance of hitting one of your own

men if they are too close.

Each direct hit will destroy one of your enemy’s
‘shields’ which can number from two (pawns) to seven
for the King and Queen, and the amount of ammunition

each man has is similarly limited. The pieces, however.

can replenish their ammunition by returning to the
‘starbase’ which is the squares occupied by the king and
queen. When an opponent’'s shields have all been
_destroyed a further hit will produce a satisfying ‘double
explosion’ (in red) and obliterate the piece completely.

Warped ideas

The second major feature is the ability to ‘warp’ any
of your pieces from the board, the only danger in doing
this is that the piece will return after a random period
(from a few séconds to several minutes) and will reapp-
ear anywhere on the board, even on top of one of your
own men (or your opponent’s). The piece coming out of
‘warp’ makes a banshee like wail and slowly materialises
(just like the transporter on the Starship Enterprise), but
this is an extremely useful feature lending itself to risky
but worthwhile tactics.

Yet another feature is the ‘report’ facility which
apparently gives a readout of shield and weapon status
but we found we rarely used it as it counted as one move.

All of the pieces are given alternative names which is
just as well, because none of them look even remotely
like ordinary chessmen, the rook for instance is a star-
cruiser. The final objective of the game is to destroy
your opponent’s King, although it can’t be taken on its
Starbase, it can still be fired upon.

We did find we had one or two small niggles with ihe
machine, it would have been a good idea for it to play
ordinary chess, especially when most of the hardware is
already-there, and the power supply could have been
located inside the case.

Taken overall, however it's without doubt the best

‘dedicated’ game we’ve ever come across and recom--

mend it highly. By the way ET| Starchess team con-
fidently challenges all comers to a shootout!
Any takers? ET
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1

Starchess, naked to the world. It has a
surprising amount of parts for a
‘dedicated’ game, many of the ICs are.
unknown to us. The modulator deserves
a mention: it produces one of the most
stable and clear pictures of any TV game:
we've COme across. -

(2)

The preliminary stages of a game, the
pieces may look rather unusual,
particularly the ‘queen’ which looks a
little like the ‘Starship Enterprise.’

(3

It's a bit confusing showing a game in
black and white, there is an explosion on
the screen (square C4). In fact the
oexplosion is in red and accompanied by
some very ‘Star Wars' like sound effects.

Our thanks to N.I.C. Models for lending us an
example of Starchess, just hope they don’t want it
back. But just in case they do it will cost us (and -
you) £59.95.
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PROJECT

PART 1:

THERE WERE SEVERAL criteria we
considered important in any radio
control system before this project
came up, and these have been
perhaps the main reason for ET!I
keeping out of this field thus far.

However Rencoms design,
presented here, satisfys our
requirements perfectly and fulfills a
few we hadn’t thought of. Firstly it is
easily constructed and easy to set up
— too many systems are marred by
their requirements for expensive test
gear in the alignment procedures. All
that is needed here is a simple
voltmeter.

Secondly the transmitter produces
a ‘clean’ output which does not
interfere with adjacent channels to
any degree worth mentioning. This is
an essential requirement since the
receiver can handie 10kHz channei
spacing, and interference would
render this unusable. In any case this
is now a legal requirement in many
countries.

The charger for both transmitters
and receiver can be built into the
transmitter case itself, which any
enthusiast will recognise as a decided
convenience a five pin socket
fitted to the case allows access to the
charger circuit for this facility, and
the same sacket holds the transmitter
crystal (normally encased within a
DIN plug). This means channeis can
be changed quickly — or the set

e 1
L BUTPUT

The Strato system can be built as
either a four or six channel unit, and
is suitable for any kind of model from o -
airplane to boat. Choice of servo will |
be made according to the vehicle to
be controlled. »

disabled — simply by removing the v ’
plug.
: an
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Publication of the system will be
in two parts, transmitters first. Next
month there wili be full details of the
receiver unit along with some hints
on installing the radio control. There
will also be a follow up article later
‘designed to give some ideas of what
can be achieved with a system of this
versatility.

We chose an armoured vehicle as
the example upon which to base our
articles, as this is more general in
principle than most and allows easier
illustration. The model we used was
the excellent Tamiya 1/16th
Leopard kit. This gives a splendid
model of the W. German tank with
Tamiyas usual superb mouldin
detail and a drive system designed
for radio control through an
ingenious twin clutch system.

Itis an expensive kit, but in our
opinion is well worth it, and includes
everything right down to the servo
rods.

A Gase For It

The transmitter case is designed for
four channels to be controlled by
joystick and two by either pot or
simple switch. The latter could be
useful for aircraft undercarriage and
the like.

The angled aerial produces a

radiation pattern that reduces the risk

of an aircraft (in particular) getting
itself into an area of low strength and
thus passing beyond operator
control.

The meter on the front panel is a
form of field strength meter and is
used initally for setting the only

tuning control in the TX circuitry, and-

thereafter indicates RF output as a
check upon performance.

Construction

Building the Tx should pose no
problems to the average constructor,
but when fitting the joystick and
case, follow the photographs
carefully otherwise it could cause
unnecessary problems.

Assemble the PCB first, and check
carefully the polarity of
semiconductors etc. Fit the aerial and
other sockets initially, then the
passives and leave the transistors
until last. Note the inductors are
labelled.

The smal! PCB fits aback the
meter and carries the components for
the FSM.
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Above: the Tamiya tank upon which the system is based

Solder the output wires to the
board at this stage as fitting the
control pots later will be tricky else.
Follow the installation drawings
carefully and there should be no

trouble. Check everything carefully
though.

Power To The Aerial

Once the board is complete and the
sticks wired fit the rechargeable cells,
screw in the aerial (telescoped) and
plug in your crystal. Switch on.

The meter should show a reading.

Below: the receiver with its DEAC and charger switch

A

Rotate Cl using a small insulated
screwdriver or better yet a plastic
control trimmer the reading will rise
and fall as Cl is rotated.

Extend the aerial fully and rotate CI
to get a maximum meter reading. It
helps during this operation to keep a
finger on the —ve of the cells to pro-
vide an earth load.

The reading should be about 80-
90% of FSD so move the FSM aerial -
around slightly to obtain this.

The transmitter is now tuned. Pre-
sets PRI-6 are used to set the centres
of servo operation and do not interfere
with RF output at all.
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—PROJECT : Radio Control

BUYLINES

With a project of this type the metalwork is
more important than for our usual endeav-
ours. For the transmitter in particular, with
the joysticks and aerial to be mounted, we
cannot imagine anybody enjoying filing
away for hours. In consequence we strongly
recommend use of the hardware packs
offered by the designers, Remcon. Qur
photographs and text employ these.

Ambit are marketing the components for
this project, so between the two a complete
kit is to be had. We estimate that, including
four servos, the project will cost about £130
in total, which is approximately £60 less
than a commercial set-up of approximately

equal performance would cost.
‘ The model we intend to base our instal-
lation on is the Tamiya Leopard A4 in
1/16th scale, which is designed for radio
control. The kit is superb in all respects,
both as a model and as a vehicle for radio
control, and cannot be recommended
highly enough. Beatties chain ‘of stores
stock the kit and it will cost around £90
including the gearbox/clutch/motor
assembly for direction control.

1. !

&

y

Above: a denuded transmitter unit. The joysticks mount above the board.
Component details: _
From Remcon.

Below: the receiver removed from its case. Note the crystal.

Manual for system (worthwhile step-by-
step constructional details) £2.75

£1.00 refundable against purchase of
packs over £25

Transmitter hardware pack (everything
except components and batteries):
4 channel £39.95
6 channel £45.00

All components available separately.
SAE to Remcon for details.
Receiver hardware pack complete (six

channels) £18.50

All components available separately.

From Ambit —
Transmitter components £10.95
Two PCB DIN plugs and charging resis-
tors £1.60

Matched crystals (2) and DIN plug
£

0 i o PR S 1w e

: — ; < Five—pin plug DIN (options) £0.75

Fit the completed assembly to the That same DIN socket is utilised Receiver components (complete) £8.95
-C?se,_hmng up the aerial bush with the many ways. Pins 4 and 5 are the All components available separately.
plastic grommet on the case top. For connections for the Tx crystal. Pins 1 Rechargeable batteries also available. SAE
those not fitting the internal charger, (+ve) and pin 2 (—ve) allow charging for details.
cover the holes in the back of the case of both the Tx and Rx cells together. 4 il e

g ) [ ny servo will operate with the Strato
with some tape or card. P'n.s 2 and 3 if strapped together can system. Next month we will give wiring
Gharge switch on the T)’( so that when details for the different types.

4 ' removed ‘locks off’ the unit. Makes Addresses:
Remember that the cells used wilk unauthorised use a little difficult! Pins Ambit International, 2 Gresham Road,
take 14 hours to charge from flat, and 2 (+ve) and pin 5 (—ve) connect an BrEnigaeg, o
urs rge fr at, a h b ‘ Remcon Electronics, 1 Church Road,

the bulb will light quite brightly at first external charger to the Tx cells. 50mA | Bexieyheath, Kent.
and then dim as Charging progresses. maximum please. ) i Add 12%% VAT to all prices except
To charge the Tx batteries alone fit the Crystal Clear §|mander
DIN plug with R32 across pins 1 and I
2 and plug in the mains lead to the. By changing crystal you change r
rear socket. channel, and the colour can be used p L__ . il .

~ ELECTRONICS TODAY INTERNATIONAL — MAY 1979 63




{321
U} Jo sired 9AnISUSS pue ‘pasHioyInEuUn
Buryoeas woay gy jusasxd 07 aIay] [je
a1e A9Y1, 16D ‘82D ‘62D ‘72D ‘81D 61D $ID

‘T1D ‘6D ‘27T ‘2D Sumonusw ypom sdey

-Iad s1 31 Jannwsues; ay3 SurAes| alojog
"YI3U1)S JOLLIED BY3 S3IBIIPUI A[JUBISUCD
1 Iayyearayy ~dn 3upies fentut Sunnp
sjueunsnlpe Suiyorew {errse oy yead
03 Pasn ST ‘71 ‘27T ‘ggD ‘1939wt ay) Sursud
-Wod ‘papn[our S JINdID 1939w gy syduas
V 1D ‘I'T J10m318u d[qeisn(pe 93 £q Burpeo;
aseq pue ‘pJ) ¢ ‘gD 191dnod -axd 4q pajosye
SI [BLISE 9Y) 03 10393][00 D woJyy 3uryojew
douepadwy ‘95 eia 1O Jayidure Jomod sip
01 10309[j02 1) woyy Suiysjew aduepaduiy
9D ®iA 1O seydwe samod a1 03 sassed
101991100 70 woxy 4y peyndwe ayy o
PUE 9 ®IA g0 0 pardde st agejj0a 10309]j02
I8y} sueaw yoiym ‘Bunonpuoo AjeuLiou st
%0 ‘I8podus ay3 Jo uondunsap ay3 ur pauor
~UBW am sy gD elA 71D adels Ioje[npow

/I83yng jo aseq 3y3 o3 paydnoo st Indino
ZHIN LT 1Bl 3A- 03 asBq [BISAIO SUOLIIAQ
PIe ZHIW Lg 3uisn Joje[[1ds0 [3sK50 oY) sI
€0 ‘1D usunsnipe suo Afuo Suraey ‘Ayond
-wiIs. Juess[@ JO U0 S| UONIAS 49 /Yy

"BJEp JO allel] W (7 AI8Ad
ur 6O pue $0) £q paresauald oq [ sasmnd
[eonuapl A[9Injosqe 2Ay uay) o o130 03 03
10393[[03 [1-L0 USYM SINOJ0 SIY} dUIS T 1Y
‘€10 Aq peunuizIep pouad e 10j 91els Uo
pauiny sjr ur 6O Suureiurew ‘[1y¥ ysnoayy
$331BYD USY] €ID "Gl SISSBIQ ISIIADI
yolum ‘¢ JJo suinj sjponpuod ¢ ‘gq BIA
asind J1apodus ue £q paIagsL) usym ‘oW ‘6
Y3noay3 Jus1ind asiq aseq Aq uo pawny 910}
-319U3 $0 pue ‘JJo-1nd 03 ¢ ‘BuLagsin a10]
-od ‘g0 98e3s Jagynq oY) SajR[NpOW ydIYM
3[qeIsouow 3y} Jo Hed ST YoIym 6o Uo SwIny
Z1Y y3noay3 juaiind sy £q passeiq pIemioj
ale 9( puB g( ‘uo pauiny urege si 60 Usym
"BJED [SUUBYD JO UOIRIND WINWIUN SW|

3U) uey) SSo[ yonw ST Yarym (EAd + 12y)
92D 3UBISUOD dwI} B UO SaBieydsip
92D ‘8D woyy ssind ayy £q Jjo-Ind s1 6O
U3YM ‘91D uo Jey] A[9ewrxoidde renusjod

B 0] padieyo Ajjewriou si gzp) Jojoeded

‘6d ‘12D ‘9gD ‘d[durexa ue se Junfe] “11-LD
3O 510309[[09 3y} I YIOMISU IPOIP pUB YD)
ay3 Aq pa3ajdod s1559201d uipoous sy

"SOAISS ay3 Jo uonisod
[2A®BI}-pIW 3Y) 39S 0] INO PILLIBD I8 SJUSW
-)snlpe asay] ‘paniuad sjo1u0d [duueys
U ytm uipim asind ay3 jo Sunmjasyuw
-1ad 87 ‘GZ ‘22 ‘61 pu® ‘S[013u0d Jojriado
3y} ale H-[AY SISISWONUI0J ‘[ pue
010 Aq pamojjo} st aousnbas smyy 8d) 10}
P3[Ie)ap Sk S)uUaAs Jo ulajed sures ay) Aq
Pamo[[0of ‘6D JJO SIND ZAY Iajpwonuejod
‘[013U0D 7 [suueyd 3y} je I8ejjoA afeis
Buro8 9A- ayy ‘suaddey siyy usyp ‘uteSe
30uo ( o130[ 03 $308 10393}[00 8y} jurod
SIY} 1Y passelq piemlioj sawodaq urede

SHIOM 11 MOH

3poIp I9IWB/9Seq ay) [NuUN (0Zd +61d)
12D 1UBISUOD IWII B UO SISM A[MO[S
80 Jo [enusiod aseq ayl ‘1 o130[ 03 sa0d
3I103913U3 80) JO I03V3[[0D Y, IUSLIND 0]
-29]102 531 Jjo FUINND ‘gY Jo aseq ay3 03 12D
BIA passed sI ‘AY I9owonualod [onuod
1 [PUUEBYD JO J3pYs ay) Je ae)ioA ur a8ueyd
da3s ay3 ‘g 01301 09 308 1) JO 10303102 Elip)
Usaym MoON ‘Selq aseq 119Y3 03 anp [enuajod
[Ie1 8A - 3y) 03 3SO[D SI0IDI[[0D 1Y} aAey |
Ajrenrur assyy Jeyy usss aq [ A ;-8 I8
1UBWIOW © 10J HOO[ 3M J "}OO[D WIIISAS a1} SI
Sy ‘swog APjewrxoidde pousd pue ‘onel
S/IN AIUn Jo I0jRIQIATINUI S[YEISE [eUon
“USAUOD B 9SHIAWOD §1-91D ‘TAY ‘LI-HTY
L ‘90 NN2I JaNIWSULT) 3Y3 03 JULLIBjOY

‘ “Jeaoare
[epow 103 sduel JY3is-Jo-IN0 IINSUS 03
indino Jemod s3enbape sey pue spueqapis
pUe uoneipel dluowey Jo 303dsal ul S301jj0
3sod [ejuaUnUOD Jo sjuswalnbal Juagurys
2y} 199w 03 pauldIsep uaaq sey syl

AZ8
Zed

105
SH4d

s
B

_...:_.IH

ELECTRONICS TODAY INTERNATIONAL — MAY 1979

812>

PI6NL 3UY Z1-5Q

998ENZ S) LD
‘310N

195
(11%.]

vLa £10

IV ADPZ
fozz
2AS

-0

Jenlwsuesy o weabeip uno40 yng - Hig

[ouo) oipey': 1 330U

64




o gy

-eseds Buipnioxe x| ejejdwod eyl

— i . -

Ao
W9V

-sqe) 1810w oy} 1e Buipueq

Apeei g9d PiMm ‘1erew ybuens piely sy

_ ©
uoi}isod ajou : ,W%a.ga
314Jn8 N papjnow
dVHAL | SAD L~z
AR |
jod £
puoaas uo bey 3 qad
3 BL: M ws} SERERY
’ y36ualys
P13
HINY04SNVHL
‘Ajquiesse yim djey pjnoys m
‘eses Jepnwusuesl ybnoiys uondses ‘g Big .ou
z
*$9SN 10} }X03 83§ "suonel s

-nbyuos Bnid Nja elqissod ey iy “Z Bid

204 2p3p XY A8'Y

p3p XY ABY

ELECTRONICS TODAY INTERNATIONAL —




ca b‘l@l\@

1 LONG

L e
@ Lt )

Q ' o e

Ce=D) /,—..ﬁ«-.\li-,h?m_.
D

@ Ig Ir !H
R

N J\.y e

»xl‘?@ ¥

-AERIAL FIXING

BUSH (FOIL SIDE)

g,ff:_‘_,,,,"qt:!

Fig 4. the main component overlay for the transmitter. Note that PR1-6 are 50k in value.

RESISTORS (all AW 5%)
R1

220R
R2,15,17 150R
R3,6,13 100R
R4,8,14,36 4k7
R5,12 1k2
R7,10,11 10k
R9 3k9
R18,21,24,27,30,
33,16 56k
R20,23,26,29,32,
35 82k

Note that R19,22,25,28,31 ,34 are an-
notated as PRI-6 to correSpond to channel
number

POTENTIOMETERS
RV1-RV6 4k7

CAPACITORS
C1 4-20p trimmer

€2.5 50n polystyrene

PARTS LIST

C3
C4,6
C7
C8.9
C10
C11,14
C12
C13

C15,20,23,26,29,

32,36,39
C16

C17,19

C18,22,25,28,31,

35,38

C21,24,27,30,34,
37

C33

33p polystyrene
47p polystyrene
10n polyester 5%
10p polystyrene
68p polystyrene
47n ceramic

68n polyester 5%
10n ceramic

4n7 ceramic
100u electrolytic
25V

100n polyester
5%

1n0 ceramic

47n ceramic
33n ceramic

INDUCTORS

L1,2 4u7
L3 220n
L4 22u
L5 680n
L6 Tub
L7/ 10u

SEMICONDUCTORS
Q1

2N3866

Q2 BF241

Q3, 6-11 BC172

Q4,5 BC307

D1-D4 ITT 2002 or equi-
valent

D5-D12 1N914

‘MISCELLANEOUS (for charger version)
Mains skt, 6V 60mA bulb, 20V 1A
secondary transformer, meter 200uA
FSD, 5 pin DIN skt, metalwork (see
Buylmes) aerial — 1.4m long.
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: . PROJECT: Radio Control

METER

Fig 5. (Above) the overlay for the meter
PCB. This mounts stop the meter itself

to identify operation easily. The
standard system of coding is: —

The top of the PCB slips under the flange at The Rf end of the PCB.

Tx Rx Colour
TSN = g 26.995  26.54 Brown
27.045 26.59 Red
Fig 6. (Below) Plug wiring for servos and channel line-up. 27.095 26.64 Orange
v S o ] - 27.145 26.69 Yellow
: yShoee g N 27.195 26.74 Green

I} A 8
5 lthnn 0 L] Y5
A

27.255 26.80 Blue

o ¢ ] g conclgslon ‘ .
‘®* So that's about it for the transmitter,
Chan 5 = Thang 1 except to remind you that to run a

2 o i radio control system you NEED A

plug. LICENCE. This costs £2.80 for five
years and obtained from: —

The Home Office

Radio Regulatory Dept

, 1 tasing Waterloo Bridge House
| |~
: == = London
mark in your ) J | SE1 BUA.
Seryo-Standard rotation, A
| Channel allocation & direction of oy Next month we will be giving full
servo, travel 3¢ 2 / 2 3
e . ‘ details of the receiver and installation
200 AL PAREL i round of the system into a model. In the
@ inside R - oy _Loeae meanwhile for the fleet of soldering
;)4 i __j = iron, or just plain impatient,
) o Remcons manual contains full
1 ‘Section thro case end moulding \;Viring — charge plugs switch & constructional details of the complete
attery. :

system and will be available shortly.
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data sheet

‘TDA 1008

Introduction

The TDA1008 integrated circuit provides
frequency-dividing and gating functions for
tone signal generation in electronic organs
and other electronic musical instruments. An
increasing variety of electronic organs has
become available in recent years, their
popularity having been enhanced by the rapid
expansion of the home entertainments mar-
ket. To provide effects such as sustain, per-
cussion, and fifth coupling, the organ de-
signer has usually needed to add special
electronic circuits to the basic organ design,
increasing overall cost. However, in a system
based on TDA1008 ICs, these and many
other effects can be easily provided without
significantly adding to circuit complexity. The
reduction in component count and number of
key contacts compared with conventional
systems results in a significant saving in cost,
greater reliability, and easier servicing. With
simplified circuits and fewer components,
organ designs using TDA1008 [Cs are also
ideal for the home constructor.

The main features of the TDA1008 are
given below.

The IC is a monolithic bipolar device using
I2L logic, and therefore requires no special
handling techniques. .

Only a single set of contacts'is required for
each key, because the TDA1008 provides
five octave-related output signals when each
of five key inputs is activated. Thus, in a
typical system, only one busbar is required for
each manual.

An outstanding feature of the TDA1008 is
that the tone-output signals are symmetrical
about a fixed DC level, and so no DC jump
occurs in the outputs when the keys are
operated. Thus ‘plopping and scratching’
sounds are eliminated from the audio output
without the need for the usual additional
suppression components.

The amplitudes of the five output signals
from the IC are proportional to the DC voltage
applied to each key input, and because the
nominal impedance of these inputs is high,
sustain and percussion effects can be added
by using simple RC networks in conjunction
with the key circuits.

The rate of attack and decay can be ad-
justed simply by varying a DC voltage applied
to a ‘sustain control’ pin on the IC.

Description of TDA1008
The circuit of the TDA1008 IC with basic
peripheral components is shown in Fig. 1.
The IC comprises eight divide-by-two circuits
and a matrix of gate circuits.

As shown in Fig. 1, the TDA1008 can be.

driven directly from a top-octave synthesiser,
because only one input signal applied to pin
15 is required to produce nine octave-related
notes within the IC. The minimum impedance
at pin 15 is 28 k ohm.

Up to five keys can be connected to pins 8
to 12. When a DC voltage is applied to one of
these inputs, five of the nine octave-related
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notes are routed by the matrix circuit to the
five tone outputs, as shown in the truth table.
Although the maximum input frequency of
the TDA1008 is 100 kHz, as can be seen
from the truth table the frequency chosen
would normally be within the audio range to
give the full range of audible tones. If more
than one key input is activated, then the
signal from each tone output will comprise the
sum of all the tones for the activated inputs.
The signal amplitude at each tone output
{pins 2 to 6) is proportional to the DC voltage
applied to each key input. Sustain and per-
cussion effects can, therefore, be obtained by
connecting simple RC networks to the key
inputs. Some practical networks are de-

scribed later. The networks shown in Fig. 1.
{resistors R, to Ry and capacitors C, to C;)-

provide a simple sustain effect. The imped-
ance of the key inputs, and hence the rate of
discharge of C, to Cy, is determined by the DC
voltage applied to pin 7 of the IC. With pin 7
at O V, the impedance of each key input is
greater than 8 M ohms. When this voltage is
increased towards 2.5 V DC, the impedance
of each input falls accordingly. Thus the
decay of the output waveforms at pins 2 to 6
can be adjusted continuously by simply
varying the sustain control voltage at pin 7.
The impedance of the tone outputs is deter-

mined mainly by the values of the load resis
tors R; to Ry, (1 k ohms in the circuit shown).

The ungated output from the last divider
stage is provided at pin 14. This output is
used when the IC is tested during manufac-
ture, but it can also be used by the organ
manufacturer for a quick operational check of
each TDA1008. {An output signal from pin
14 when an input signal is applied to pin 15
indicates that all the divider stages are

operating correctly.) During normal opera-

tion, pin 14 should be connected through a
resistor to the + 6 V supply so that a current of
20 pAis drawn. In a practical circuit, this can
be achieved by connecting a 330 k ohms
resistor (R, in Fig. 4) between pins 14 and
13.

It is possible to derive a low-frequency
output signal for a pedal board from pin 14,
Provided that the current drain of 20 pA is
maintained, a transistor can be used to
amplify the low-frequency signal from this
pin.

Practical Gircuits for Organs Using
TDA1008 ICs

The number of TDA1008 ICs required for a
particular system depends on the number of
octaves required by the organ designer.
Normally, a minimum of twelve of these ICs
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would be required for subdivision of the
twelve top-octave notes. For example, a
master oscillator, a top-octave synthesiser IC,
and twelve TDA1008 ICs would be required
for a five-octave single-manual organ. All the
ICs, together with the peripheral components,
can be mounted on a single compact printed-
wiring board.

" A brief description of a variety of practical
circuits for use with TDA1008 ICs is given
below. The five-octave organ has been chosen
as a practical example of a system using these
circuits.

Master oscillator
The Hartley oscillator is a popular choice for
electronic organs because of its inherent high
stability. The sinewave output signal from this
oscillator must be shaped by a Schmitt trigger
to provide a squarewave with the correct slew
rate for driving the TOS, as shown in Fig. 2.
For TOS circuits that require two input signals
of opposite phase, these can be provided as
shown. .
However, because the TDA1008 IC
requires a stabilised supply, use can be made
of this supply to simplify the oscillator circuit
greatly, as shown in Fig. 3. Only four NAND
gates contained in a single HEF4011P IC,
three resistors (one variable), and a capacitor,
are required to produce an output signal of
the correct shape for the TOS. One of the
gates can be used as shown to provide an
output signal of opposite phase.

Switching and envelope-shaping
circuits
The TDA1008 IC can be connected as shown
in Fig. 4, and will provide five octave-related
tones at pins 2 to 6 by operation of a single
key contact connected to each key input (pins
8 to 12). The signal obtained from each
output, relative to the three supply voltages,
is 'shown in Fig. 5. The amplitude of this
signal is dependent on the voltage applied to
the key inputs. If any of the output pins
remain unused, these pins should be con-
nected to the +9 V supply to avoid intermo-
dulation between the output signals.

30D

Inper As pin8

w 14 T

% 15 16 13 o1z n 10 9

) 1041008

1 2 3 ¢ 5 & 7 8 %
TTITTTT LS
output” As pin 2

07 to 2.5V
Sustan control

Fig. 4. Simplified connection diagram for
TDA1008.
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Fig. 2. Hartley oscillator and Wave- Shaping circuit.
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Fig. 3. Master oscillator using NAND gates.

Sustain
The sustain effect, the continuation of a note
or notes for a predetermined period after a
key has been released, can be easily obtained
in an organ system using TDA1008 ICs.

To apply sustain to the five tone-output
_signals simultaneously, it is only necessary to
connect a capacitor between each key input of
the TDA1008 and earth, as shown in Fig. 6.
With pin 7 either open-circuit or at a low DC
voltage, the impedance of each key input is

v

ICla-d HEF4ONP

VDD= 12V

bined with capacitor C,, provides a time-
constant which gives the maximum sustain
period (about 4s with the value shown for C,).
Resistor R, is included to reduce this maxi-
mum period to a practical value, determined
mainly by the time-constant of R, and C,. The
time-constant is given by:
t=C,R,,

where tis in seconds.

For more details of the device contact
Mullard Ltd, at: Mullard House, Torrington

high (=8M ohms). This impedance, com- Place, London WC1E 7HD.

+12v R1 Key
g 1 Output from +6V<——-——(:)—/L—¢—:=? —~  _»Pind
FHHRR RFHHEF =} s, 7 Todone
______ = R c1 R2
0.47uF 2.2M0
J 1162/9
— = sl o ™

Fig. 5. Output signal from pin 2, 3, 4, 5or 6. Fig. 6. Sustain circuit.

= K . t .
Tone output pin ‘: 8 9 2 u;%u pin 1 1)
2 fin fin/2 fin/4 fin./8 fin/16
3 S fin/4 f5/8 £ /16 £;,/32
4 fin/4 fi,/8 £, /16 /87 i /64
S i fi,/8 fin/16 fia/32 fin /64 fi,/128
6 fi,/16 fi,/32 f;,/64 f;,/128 £;,/256
TDA1008 Truth Table.
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....news digest.......
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LCD MULTIMETER

1 It’s a fair bet that 1979 will see
the digital multimeter make it's
long awaited ‘debut into the
amateur market. It's true that
one or two examples have app-
eared in the low price bracket,
but have rarely been as good as
an analogue meter of the same
price. Data Precision hope to
change all that with the intro-
duction of their model 935. It
features a 3% digit LCD display
with a claimed 0.1% basic accu-
racy. The unit has 29 ranges
selectable by what the
manufacturers call
‘ergonomically designed’ push-
button switches. The device is
fully protected over current and
voltage and short duration high

PR

BOOK CORNER

A couple of new books from

first is called Practical Elec-
tronic Calculations and Formu-
lae. Just crammed with all those
obscure and elusive equations
you'll probably only need once,
but can never find (it’'s got
plenty of the more mundane
ones too). Definitely one for the
. workshop bookshelf. Order
number is: BP 53 and it costs
£2.25.

The second new publication
is ‘Your Electronic Calculator

Babani have just arrived, the .

R W TR I R ..___.__,1,_, IR e e

viltage transients. A standard
9V alkaline battery (PP9)
should give over 200 hours of
useful life, battery and over
current fuses are accessible
through a removable hatch, a

replacement fuse is also located |

under the hatch.
Optional extras include high
voltage, current and tempera-

ture probes, the case is claimed |

to be virtually unbreakable and
it's small size puts it into the
truely ‘pocket size’ class. Price
is around the £99 plus VAT
mark and includes leads,
battery and instruction manual.
If you're interested Franell In-
ternational Instruments Ltd at
Dandbeck Way, Wetherby,
West Yorkshire, should be able
to help.

and your Money’, the book,
although well written (both
books are written by F. A.
Wilson) is just a trifle out-
dated, especially in these days
of pre-packaged software for
MPU systems. But for the con-
firmed calculator addict, parti-
cularly one who can’t afford an
MPU this book is a veritable
mine of information. It shows in
detail calculations for mort-
gages, profit and loss etc, all of
which can be carried out on the
most rudimentary of machines.
Order code is BP 54 and it will
retail for £1.35.

10

GATES ON YOUR
DOORS

Two interesting devices to
grace your front door have
been announced by Optimisa-
tion Ltd (45 South Street, Bis-
hops Stortford, Herts). The first
is the ‘Door Guard’, a calculator
sized, fifteen digit keyboard. A
caller is required to enter a
three digit number whereupon
a chime will sound. Should an
incorrect number be pressed a
piercing 96 dB siren will start,
‘enough to deter even the most
determined intruder. There are
2730 user pre-settable com-
binations, so the chances of a
‘lucky guess’ are almost negli-
gable.

Another useful feature is the
possibility of using the Door
Guard for signalling depar-
tures, a good idea if there are
children about. The device
should be on sale by the time

you read this, asking price —
£14.95, installation should take
only minutes and is powered by
a 9V alkaline battery, with
average use it will last for over
one year.

COMP-U-LOCK

The second piece of equipment.
rejoices under the name of

COMP-U-LOCK. As it’s name |

suggests this is a digital door
lock, requiring a four digit
combination to be entered on a
small waterproof key-pad
strategically placed on your
front door. Included in the kit is
an electric door latch, a trans-
former for mains operation and
a battery pack for back-up in
the case of a power cut. We just
hope that potential users do not
forget their combinations,
(numbers we hasten to add)
because there are over 10 000
possible sequences to try if you
are locked out.

YOUR FLEXIBLE
FRIEND

e R

Flexible printed circuit boards
have been around for some
years now, so what's new? Well
the one shown is the first to
meet stringent new British
Standard specifications. Wel-
wyn the resistor people are the

" first British company to meet

with BS 9765 approval. Flexible
PCBs offer several advantages
over conventional SRBP or
glass fibre boards, they are
lighter, smaller and allow better
heat dissipation and are parti-
cularly suitable for wiring loom
applications.
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microfile................

Microfile this month has been taken over b
Computing Today) during Gary Evans absence.

A slight case of sunstroke

COMMODORE, THOSE WONDERFUL people who gave
you a PET, have just taken a great step forward in the
true American tradition. Rather than going to the moon
they have headed for the Sun. A new solar powered
industrial complex has been built in Silicon Valley at
Santa Clara and they are moving in. The building was
constructed with the help of the United States ERDA and
is the first to get a ‘solar grant.” The design was chosen
out of 80 applications from 35 states.

In the 60 000 sq ft Commodore will house their
headquarters, the LED and LCD production line, Pet and
KIM assembly and warehousing space. The boffins
reckon that 90% of all heating requirements will be met
by the 6000 sq ft of roof mounted solar panels and a
further 3000 sq ft of passive collectors. By using this
little ot as a giant heatsink the building will be kept cool
in summer and warm in winter . . .

sl .“ﬁf

Two views of the new Commodore plant in Silicon
Valley. The picture on the right shows some of the
roof-top solar panels used for heating.

Also from Commodore | have just heard the current
UK sales figures for the PET. They are selling at 200 a
week, with about 10% going to the hobby end of the
market — that’s about 13000 quid a week. {(Who said

hobbyists were poor?) Commodore reckon that they are:

holding up well against the competition as well . . .

The Videomaster Chess Champion, the level of play
can be altered to suit your prowess, but be prepared
for some slow games on the high levels.

We had a new chess player through the office last
week micro based of course, and it nearly bored one of
our staff to death.He decided to play it on level 5 and the
machine took nearly six hours to make four moves. The
device is the new Chess Champion from Videomaster

122

y Henry Budget, (editorial assistant of

and can cater for up to six levels so we may never see our
colleague again if he tries that one . . .

The machine actually plays a very good game of’
chess and the response time is a good indication of the
amount of thought that the program is putting in to each
move. For the average player Level 1 or 2 will provide a
reasonable game, Level 6 is strictly. for the budding
Grand Master . .

Teletext domes home at last

On the subject of micro’'s — the faithful old 6800 is.
about to appear in a new home machine, with an added
plus. The Liverpool based firm of Technalogics is pro-
ducing a system that includes full Teletext decoding,
allowing you to store information off-line and also to use
the full graphics capabilities when running your own
programs. The unit is configured for easy expansion and
they hope to gain PO approval to connect to Preste! in
the not too distant future. The cost of all this is only
about £450 for a basic system and | hope to go and see
one in the next couple of weeks. A full report will be
published in Computing Today if | can get my hands on
one.

Isit, willit...?

BUZZ! Down the grapevine came some news of the long
awaited Texas micro. Allegedly it will be a 16 bit
machine running PASCAL as the main language and a
possible date of arrival is June. The last time | spoke
to anyone from Texas the reply was ‘No Comment’ so we
will just have to wait and see . . .

Club round-up

We have been getting news from around the country
about computing clubs.A couple of recently formed ones
have asked me to give a quick plug. This is a service we
delight in performing so please keep the information
coming in.

The Bristol Computing Club now meets regularly on
the third Wednesday of each month and further infor-
mation may be obtained from the Chairman, Mr L.
Wallace, 6 Kilbernie Road, Bridge Farm Estate, Bristol
BS14 OHY. Another new club is the Hull and District
TRS 80 Users club. They will be meeting on the second
Tuesday of each month and you can write for further
information to the Chairman, Mr F. Brown, 421 Endike
Lane, Hull, Yorkshire HU6 8AG.

Many thanks to the East London Branch of the ACC
for the notice about their third meeting. They meet at the
Harrow Green Library in Cathall Road, Leytonstoné on
the third Tuesday of each month between 7 and 10pm.
Your contact here is Jim Turner at 63 Millais Road,
London E11. Please note that when you write to these or
any other club we may have mentioned in the past it will
greatly help them if you enclose an SAE.
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Connect your pet to better things

I've just received an interface adapter for the PET that
should provide a solution to the problem of getting
printout. The device is a CMC ADA 1200, such a lovely
name, and has been announced by Petsoft in-conjunc-
tion with their CMC Word Processor. It arrives in a small
case that plugs directly onto the |IEEE-488 bus port and
will drive any RS232 device such as a printer. The unit
comes complete with an encapsulated power supply and
can be preset to any Baud rate from 110 to 9600 which
makes it suitable for any printer around. The parity and
stop bits are settable on a DIL switch to your own needs.
The output port can be called direct from BASIC to give
program listings or result output from calculations etc.
The main use however is that it is directly accessed from
the word processor package and will give you the basis

of a small office package to handle letters and docu-
.ments. The cost of the Word Processor program is £25
and the interface adaptor is going to set you back about
£90 .

The BBG and ETI show.

‘We've had more than our fair share of dealings with the
Beeb this month. First the bad bit, we wish to cate-
gorically state that the so-called spelling error-shown on
‘Thats Life,” was deliberate. Honest. Did you see that
recent episode of ‘Blakes Seven’, our old friend Tolinka,
the chess displaying MPU based devices was used for a

Another odd-on for PET, this time an interface
adapter for a printer.

game of speed-chess. The BBC recently got in touch with
us with a view to using yet another of our past projects
Twonky, the musical MPU as the basis for some theme
music for a new childrens series. Alack and alas the
programme was hit by industrial action; so Twonkys
golden moment will have to wait.

E! DUCTORS. Al lull spec. devices.
741 8 pin OIL 6 for £1.00. No 555 Timers 25p.
TBABOD audio IC's 50p. 741S (wide band-
witth) 35p. LM380 80p. ZNAK4 radio IC's 75p.
Multard DAPE) 30p. TILI0S Alpha numerica)
display£2.50. Minlature LORS {3ame spec. as
0PR1Z) 30p.

TOSHIBA LEDS. 0.2” greea [3p. 0.2"
green ditiusad 14p. 0.2 green flat top i4p.
0.2” Clear 17p.

MOTORS 1-5 to vic Mode! Motors. 20p.
Sub. Min “Big nch” Molors, 115vac 3ram
30p. 12vdc 5 pola mode! motors 35p. 8 track
12vdc molors £1.25. Cagselts motors vdc ax
oquip. 65p. Crouzet geared motor, 115vac
4rpm 95p. Smilhs cleck motor, synch.
240vac | rev. per hawr. 95p.

TOSHIBA TLRSO3 7 segmant LED displays
0.3" Cam. Anode 65p. Man3A min. 7 segment
LED Comm. Anode (Imm} 40p. i

TOOLS. SOLDER SUCKER. Plunger type. high

BUZZERS. Ministure solld slate buzzers. 33
X 17 X 15mm white plastic case, output a1 3
[ fest 700% {approx low ccasumplion oaly
| 15ma.. 4 voltages available 6-9-12 or 24 vdc
75p each. LOUD 12v Buzzer. Craam plaslic
case. 50mm diam x 30mm high. 60p. 6PD
cpen type buzzer, adjustable, works 6-12vic
25p. SMITH'S AUDIBLE WARMINE (DEVICE..
tranglsloriged unil. all metal, 30mm x t3mm
desp, operates on 6-12vdc 307.

suction, tallon nozzle. £4.75, spare nozzles
65p each. Bood quality sida cutiers, insulated

pliers, Insulated handles. 5" £1.35p. Antex
Mode! CI5 watt soldering irons 240vac
£350. Antex Model CX 17 watl soldering
irons, 240vac £3.60. Antex X25 25 watt
soidaring irons 240vac £3.60. Anlex ST3
“ slands (suits ali above models} £1.40, Antex
heal shuats 12p sach. Servisol Solder Mop
45p sach. Neon lester screwdrivers 8" long
40p. Miyama IC Ias! clip, 16 pin €1.75.

SPECIAL OFFER SEMICOMDUCTORS.
A prastic voltage regulators, 1 amp now

reduced ia price 7805, 7812, 7815, 7824 ail
1 75p sach. 7905, 7912, 7915. 7324 all 99p
sach, 3 types at give away prices: LM309K lo
35y rag. 75p each. L3401 6 volt 1 amp regs.
AQp each. 723 14 pin Dil. regs 38p sach.
FETS Unlon carbide N channel simliar (o
2K3819 15p. 3%140 or BFWG1 40p each.
M203 dual maiched palr of single gats
moslela in one can 40p. 2NS062 plasiic
{T092) scrs 100V BOOMA 18p eech. BX504
Dplo Isolalors, 4 lead Inira red lsd 1o
pholocell 25p each.

e .
SURPLUS BOARDS. No 1. This has 14
encapsulated reed relays. (12V] i
Tomovable, £1.95. No 2 this has af

tantalum capacitors £1.95. ¥o 3 LF. Boards.
these are complele IF boards made for car
7adios, 465KHZ, fult se of IFS and Csc. coils
{TOKO) 40p #ach. No. 4 Lamp llasher hoard.
suitable for low load 240vac applications
approx | flash par second but can be varied
via a preset pol 38p.

T

MIGROPHONES

chms, on/oll swilch £2.95. EM506 Con-
denser, cardiod. unj directional, 600ohms or

Oynamic stick Mike. 5.000 chms, on/olf
switch, litied wilh standard jac £2.95. EM104
Sub, min. tie pin microphones. condenser,
1,000 ohms imp., 50-16khz uses deat aid
batiery (suppliad] £5.25.

STANDARD casselte mikes 200 ohm imped.
fitied with 2.5/3.5mm jacks. on/off switch,

DYMAMIC P.A. Microphane. sullable for
moblle use, hand held with Thumb switch,
curly lsad, 50k imp. £3.40.

CRYSTAL [NSERTS. 35x10mm 45p sach.

idicalor ad quick relanse fese £3.25. 13
amp rebber oxiossion sackeis. wille 389
voch. 13 amp plastic fused plugs (1oreige)
o0 02ch.

handles 5" £1.35. Good quality snub nosed e

b

—

ECM105, condenser. omni directional. 600

SOk, heavy chromed copper case £12.95.

ELECTRICAL ITEMS. Whiie wilh neer |-

TAPE HEAOS. Mono cassalie £1.30. Stereo
Cassaile £3. Standard 8 track siereo £1.75,
8SA MNI330 % lrack 50p. BSA SRPSO %
track £1.95. TO10 dual head assombly 2
#eads both % track R/P with baill in erase
.20,

=

SWITCHES. Sub. Min. Yoggles. SPST
(8x5xTmm) 45p. OPOT (8x7x7) 50p. OPDT
Centre off (12x11x8mm) 75p. 3

PUSH SWITCHES 16x6mm. red lop. push
to make 14p each. push on break version
(Hack top) 16p sach.

SLIDE SWITCHES all OPOT 15x8x12mm
12p, 16x11x9mm 12p. 22x13x8mm 12p,
22x13x8 cenire off 13p. Multipofe slider,
doutls action (12 fags) 29x9x! Imm 24p.

RIBBON CABLE 8 way singie core minia-
ture. 20p per meire.

i 1

MULTIMETERS blg price reductions on
pocket size melers. Modal KATIOD 1.600
ahms per volt. mirror scals, ranga selecior
switch, 1.000v AC/0C. 100Kres. 150ma OC
current £4.65. Model KRT101 same gpec. as
the KFRT10G but range selaclion is via prod
insertion, £3.75. CONTINUITY TESTER.
Tubular unit wilh probe and croc. fly lead.
£1.35 with batt.

TRANSFORMERS. All 240vac primary
(postage per translormer is shown in
brackets after price. MINIATURE RANGE
606v 100ma.. 9-0-9v 75ma., 12012 50ma
all T5p each (15p). 12-0-12 100ma 85p{15p).
06, 06v 280ma £ 1.10 (20p). 0-4-5-9v 200ma
Ihese have no fixing bracket 65p (15g]. 12¥
500ma 95p (22p) 12v2A £2.25 (45p) 12¢dA
£2.75 [45p) 15-0-15v 1A £2.10 {45p].
30-0-30V la £2.75 (54p). 20-0-20v 24 £3.50,
{54p). 0-12-15-20-24-30v 2 amp £4.50 (54p}
20v2.52£2.20 (34p).

MICRO SWITCHES. Standard bution
operated 28x25xBmm make or break new
15p each. roller operated version ol the
faler but ex equip. 15p. Light action micro
swilch, 3 amp make or break 35x20x7mm
12p each. Cherry plunger operated micro
swileh, 2 norm. open and 2 norm. closed.
plunger 20mm long 40x30x18mm) 25p each.

ROCKER SWITCHES. 2 amp SPST singla
hete iixing. various colours (red, black.

' yellow. green. white] 19p sach. 250vac 6

amp while rockar. 21x15x13mm 17p each.

PROJECT BDXES. Sturdy ABS black

+plastic boxes with brass ingerts and lid.

75x56x35mm 43p 95x7x35mm 50p
115x9x37mm 58p.

VERO POTTING BOXES 49x71x24mm in
black or while with lid and scraws 39p each.

VERO HAND HELD BOX While ABS,
2.4"x3,7"" 1apered. with screws 65p each.

TRIAC XENON PULSE TRANS-
FORMERS. 1 (6PD style) 30p. Liplus | sub.
min. pch moualing 60p.

ESERRE e e |

DIODES. 4001 10 lor 35p. INADO4 10 for
45¢. 4007 10 fer 50y BY127 10 for 759.
1) 100 for £2.50. IN4148
(nemberad) 100 lor £2125.

RELAYS, Clare Elliot sub. min. relay
10x10mm 2 poie c/0. 1,250 coil new 75p.
Miniaiure encapsulated reed relay. 0.1
matrix mounting. single make operated on
12vdc 50p. Caatingnlal serles, sealed plaslic
case lype. 24vdc, 3 pole c/05 amp contacls.
new 65p. 12vdc (1300hm} | c/o0, 3 make and 1
break contacts new 65p each. Metal Cased
reed relay 50x45x17mm. has 4 heavy duty
make reed inserts, operales on 12vdc 35p
each.

MOTORISEQ CAM UNITS. Many applica-
lions including random light displays lor
discos atc. 12 switches per unit sach
changeover type. lilted with low rev. geared
molor which is 5Qvac. the unit is supplied
with a capacitor. however (o enable it to be
used direclly on 240vac £1.95 (ex eqaip).

ZEMERS. BZYB8 400mw 2V7 to 33v 6p each.”
BZX61 1.3 'watt 7¥5 lo 33v 12p each.

WORSE KEVS. Beginners praciice Euy 95p.
All-metal type. lully adjusiable £2.45.

PUSHBUTTON T¥ TUNERS (no varicap)

* trangislorised U.HF. new £2.25.

MURATA TRANSOUCERS. REC/SERDER.
MAMOIL 40KHZ £3.25 pair.

STOP PRESS. New arrivals. 12 voll car
sterao motors wilh pulley only 55p sach. 8
track stareo playback heads only 75p each.

DECOM DAL ETCHING PEN. With spare

1ip. 5.

Car radlo boards, complels chassis wllh 6
Iransislors IFS chokes. elc., new bul na info.
75p each. Car radio RF/IF and audio preamp

boards. 2 translstors. LM382 IC. Irimmers.
IFs etc.. new but no inlo. 65p each.

POWER SUPPLIES. 9V0C 120ma
requlaled. will raplace PP batlery etc,
£2.25. Switched 1yps plugs into a 13 amp
socke!, has 3-4.5-6.7.5 and  volts O c out al
either 100 or 400ma switchabls £3.25.
HC244R stabilised power supply 3-6-7.5-9vdc
a1 400ma. has polarity reversing and on ofl
swlich and is lutly regulated to give exact
voltage from no load lo maximum current
.25,

TELEPHONE PICK UP COIL Sucker type
with lead and 3.5mm fack 55p.

"JUMPER TEST LEAO SETS 10 PAIRA of
leads with varioas coloured croc clips sach
end (20 clips) 80p per sel.

PO S S

‘Terms. Cash w

lists.

ith order {official orders welcomed from

colleges etc) 30p_postage please unless otherwise
‘'shown. VAT inclusive prices. S.A.E. for new illustrated

T PROGRESSIVE RADIO

31 CHEAPSIDE, LIVERPOOL L2 2JD
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PROJECT

AMPLIFIER

Here’s a project for the true hi-fi enthusiast, or for the guy who simply likes

to ‘listen in silence’.

A HEADPHONE AMPLIFIER is a
gadget for the true hi-fi stereo
enthusiast. ltis a low-distortion
wide-band low-power amplifier,
without built-in tone controls. |t lets
its owner hear signals virtually ‘as
recorded’, with none of the usual
problems from ‘processing’
distortion, or from room acoustics.
Equally important, it lets its owner
listen to recordings at full orchestral
levels without upsetting the
neighbours or causing the pet budgie
to shed its feathers.

The ETI headphone amplifier has
a couple of special features. It has a
low-noise RIAA-equalised
preamplifier built into each channel,
so it can accept input signals directly
from a phono pick-up. It can
switch-select either phono, tape, or
tuner inputs, and can drive up to four
sets of 8 ohm headsets
simultaneously at total power levels
up %o a few hundred milliwatts. The
unit can thus be used for both
individual and group listening.

Each ‘phone output channel of the
amplifier has a source impedance of
10 ohmis. This impedance provides
each '‘phone with good damping and
transient response, and at the same
time makes each output immune to
short-circuit damage. The available
power at each output is sufficient to
drive the ear drums of a ‘phone user
to the threshold of pain when using a
decent 8 ohm headset; you can’t ask
more than that.

Construction

All of the units electronics
components, including the mains
transformer, are mounted on a single
PCB. The layout is quite compact, so
extra care needs to be taken over the
construction, particularly with regard

to the polarities of semiconductor
devices and electrolytic capacitors.

We fitted our prototype unit in a
fairly tight-fitting Verobox, and used
a 6-way DIN connector for the
inputs, rather than the six individuall
connectors shown in the circuit
diagram. Note that screened lead
must be used to connect the two
phono inputs to the input of the
preamplifiers.

When construction is complete,
set RV2 and RV3 to minimum

resistance, insert a DC current meter
in series with the test point of the
Right channel, and switch the unit
on. Check that the unit is functional,
and then adjust RV2 so that the
meter reads a quiescent current of 15
mA. Repeat the procedure for the
Left channel, using RV3 to set the 15
.MA quiescent current, and
remembering to fit links across the
test points after the meter is

removed. The unit is then complete
and ready for use. Good listening. p

e . 0 +22V

=0 +11V

.

FS1
250mA >
L Ot onimsn— l l

£ mn -
240v/12-0-12V

Fig 1. PSU circuit for amplifier.

ELECTRONICS TODAY INTERNATIONAL — MAY 1979

~— = -0 ov

NOTE:

D1-4 ARE 1N4001
Q11 1S BFY50
Q12 1S BFX 88
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—————HOW IT WORKS —

t
The ETI Headphone Amplifier uses two
identical amplifier channels, each com-
prising an RIAA-equalised preamplifier, an
I’ input-selection switch and a volume con-
trol, and a main amplifier stage. The design
] uses two mains-derived stabilised power
l

lines, which are fed to each of the two
channels.

Each pre amplifier stage is designed
around one half of an LM381 low-noise dual
preamplifier IC. In the Right channel, R1
matches the preamp input impedance to
that of a standard magnetic pick-up, R2 and

. R4 set the quiescent output of the pre
* amplifier at approximately half-supply vol-
tage, and R3to R5 and C3 to C5 serve as the
RIAA equalisation network. The pream-
plifier stage has a voltage gain of about 41
dB at 1 kHz, and gives an output of about
600mV froma 5mV input at this frequency.

Input signals to the main amplifier stage
are derived from either the preamplifier
output or the tape or tuner inputs via
switch SW1 and volume control RV1. The
amplifiers are standard class-AB types,

+11v

RIGHT OUTPUTS _.lrni K

swib - c14 Ic

R26
100k

+11V

+1v

LEFT QUTPUTS

with voltage gains of about ten. In the
Right channel, the voltage gain is deter-
mined by R7 and R10. The quiescent cur-
rent of the output transistor stages (Q3 and
Q5) are controlled by ‘amplified diode’
transistor Q1, and are adjustable via RV?2.
Outputs are fed to each channel of each
headset via a 10 ohm limiting resistor: R15
and C8 act as a Zobel network across the
output, and enhance circuit stability.

Note that the op-amp used in each main
amplifier stage is an LF356 high slew-rate
type, which enables the amplifier to give a
good high-frequency performance. Also

note that the input and outputs of the

|
!
amplifier are referenced to the 11 volt ‘half J
supply’ power line, and not to the zero volts |
grounded line.

The two power supply lines are derived
from the mains via 12 V — 0 — 12 v
step-down transformer T1. Each output is

|

‘controlled by a series-pass transistor and

zener diode regulator network. The
nominal output voltages of the lines are 11
Vand 22 V. The zero-volts line is grounded.
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~——BUYLINES——

The only component that may be
" difficult to find is the LF356 FET
| op-amp.
| Marshall’s can supply this IC. |
|
“ il s A lle]

i

— ) OV

Fig 2. Main circuit. Note that R6 replaces
the 18V battery if the pre-amp is mains
powered.

—PARTS LIST ————

1

!

] RESISTORS

| R1,4,20,23 47k

' R2,21 15k
R3,22 39R

' 'R5,24 4k7
R6 390R

! R7,25 12k
R8,10,26,28 100k

R11,12,29,30 10k
R13,14,31,32 2R2
R15,33
R16,17,18,19,
34,35,36,37 10R
R38,39 1k
R40 2k2

; R9,27 33k
| 33R
l
f

POTENTIOMETER

| RV1 dual 100k
RV2,3 100k sub-min
preset
CAPACITORS
{ C1 1004, 25V
C2,9 1
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e PROJECT: Headphone Amp

PHONO
LED1 RIGHT. = RIGHT
LEFT_RIGHT INPUT QUTPUT PHONO
OUTPUT COM anode cathode: RV1a SWia INPUT

FLOATING LEAD

LEFT
PHONO
OUTPUT
SW1b

LEFT
PHONO
INPUT

LEFT
L N INPUT
SW2 RV1ib.

Fig 3. Component Overlay for the headphone amplifier with R6 in
‘place. to mains power the pre-amp. A lower noise figure can be
‘obtained by battery powering the pre-amp. Connect the battery as
shown in the circuit, and break the track at point A, Remove R6 from

overiay.

C3,10 220y

Cc4,11 68n

C5,12 16n

C6,7,13,14 100n

C8,15 10n !

C16,17 470p, 25V )
| C18,19 10u, 18V i

SEMICONDUCTORS

IC1 LM381

1C2,3 LF356

Q1,6 BC109C

Q2,7 BC1848B

Q4.9 BC2148B

Q3,5,8,10,11 BFY50

Q12 BFX88

D1,2,34 IN40O1

ZD1,2 12V zener

LED1 standard 0.2/

MISCELLANEOUS

SW1 2-pole 3-way

SW2 DPDT

T1 12-0-12V, 100mA

Fuseholder and 250mA fuse connectors
and case to suit.
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FEATURE

STANDING WAVES

A standing wave has nothing to do with goodbyes on railway stations, but they could
just be responsible for the poor quality of ‘Crossroads’.

YOU KEEP COMING across that phrase, don’t you, and it
seems a bit daft. Waves wave, after all, they don’t stand
about. Or do they? Depends how you look at it and what
you're looking at.

Pick a wave, any wave, radiating off an aerial into space.
When this happens, the wave is radiating out from the
aerial in all directions. The wave is an electromagnetic wave
but since we only usually detect the electric part we can
forget about the magnetic part for the moment. Let's just
remind ourselves of what a wave like this is and does.

Equating With The Problem

A radiated wave of this type is a travelling wave. If we
intercept it with an aerial attached to a sensitive
oscilloscope what we would see on the screen (Fig. 1)
would be the familiar sine wave trace, so that we could
measure the time between peaks of the wave. This time
between peaks is called the period or periodic time (T) of the
wave, and is the quantity we measure by making use of the
calibrated time base of the oscilloscope. This time period is
related to the frequency of the wave: f=1/T with T in uS
frequency fis in MHz. For example: if the period is 0.4 uS,
then the frequency is 1/0.4 =2.5 MHz.

The wave is travelling, though, so that places a distance
apart will get a different phase of wave. In the drawing, of
Fig. 2. A will receive a peak of the wave earlier than B.
simply because A is nearer the transmitter. The distance
between two places which receive peaks which are just
360° out of phase is the distance we call the wavelength.

In the time of one complete cycle, the wavelength is the
distance that a wavepeak travels, so that the speed of the
wave is simply frequency wavelength. For an electromag-
netic wave (radio wave) in space, the speed is a constant
300 million metres per second (3 X 108m/S), so that this is
the quantity equal to frequency X wavelength. Fora 1 MHz
wave, the wavelength is 3xX 108/ 1X 106=300m.

For a 1000 MHz wave, though, the wavelength is just
3% 108/109=0.3m — hence the alternative title of 300
mm wave. This frequency X wavelength business applies
also to sound waves, incidentally, except that sound waves
crawl along a lot slower, about 330 m/S. A 1 kHz sound

@q— TIME PERIOD, T —»

.
]
%

'«— TIME PERIOD, T —»~

LI ey

AMPLITUDE

h
0
'
1
1
'
]

Fig. 1. Time period. This can be measured between neighbouring
peaks or from one zero-crossing to the next-but-one, as shown.
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4— WAVELENGTH —»

PEAK PEAK

Fig. 2. Wavelength. Imagine the wavepeaks moving from left to
right. At the instant shown, a peak is at point A, and a trough at point

B, but the previous peak has reached point C. The distance between

points A and C is one wavelength of this wave.

‘has a wavelength of 330/ 1000 metres, which is only 330
mm, almost the same asa 1000 MHz radio wave.

If we're in the business of beaming waves into space or
testing loudspeakers in open fields, this is as much as we
need to know about waves, but we find nearly always that
there’'s some reflections around. Now the effect of a wave
reflection meeting a wave is the same as the effect of two
waves meeting each other — if the wave and the reflection
are in phase, then the result is a large amplitude wave, if
they are out of phase the result is a reduced wave. We can
expect to find some variations in wave amplitude, then, if a
wave meets its own reflection.

Reflecting On The Problem :

The easiest example to sort out is when a wave meets a
reflection of the same size travelling in the opposite
direction. Now the mathematicians can do this without
drawings, simply by fiddling with equations, and those of
us who play with programmable calculators can sort it out
that way — the fortunate owners of computers can watch
the whole thing — play it out in slow motion. We have to do
it the hard way — using imagination with the help of a few
drawings. Fig. 3a shows a forward moving wave meeting a
reflection — it's a diagram frozen at an instant in time
because what is plotted is wave amplitude against dis-
tance. Fig. 3b shows the same picture an instant later, both
waves have moved an identical distance in their opposite
directions. A few more stills from this exclusive movie, and
we begin to see glimmerings of something interesting. The
combination of the forward wave and its reflection travel-
ling in the opposite direction has produced a new wave
pattern. At some points along this pattern, there is always
complete cancellation — the forward wave and the
reflected wave are always in antiphase so that there is no
signal at this place — ever. At other places there are varying
amounts of signal right up to a whopping great peak whose
amplitude is about twice as much as either of the travelling
waves. This pattern is what we call a standing wave (Fig. 4)
— there is stili a wave present, because a graph of voltage
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Fig. 3. Setting up standing waves. The solid line (a) represents a
wave moving from left to right, the dotted line represents its
reflection moving in the opposite direction. At (b), each wave has
‘moved about ' cycle, and at (c) V2 cycle along in its own direction.
The positions where the waves cancel (because they are equal and
opposite, or both zero) remain fixed though. These positions are
called nodes.

plotted against time shows a wave, but there's no move-
ment of phase. In any standing (or stationary) wave like this
there will be nodes — places where there’s no wave signal
atall — which are half 3 wavelength apart and antinodes —
where there's a maximum wave signal — which are also

half a wavelength apart but out of phase with the nodes.

The Effect On You

What's in it for us? Quite a lot, whether you dabble with
high frequency signals or with loudspeaker cabinets.
Standing waves have a lot of influence whenever a wave
can be reflected For example, there are places where UHF
TV reception is terrible. Shifting the aerial slightly, though,
makes the world of difference. Why? Because we're sitting
in the middle of a standing wave pattern, that’s why. Place
your aerial at a node and you can forget about Kojak. Shift it
by just half a wavelength, and yours is the strongest signal
around. At 500 MHz, half a wavelength is just 300mm —
not very far to shift.

How To Find Them

Standing waves can exist on a wire as well. One of the old
classic methods of measuring the wavelength of a high-
frequency radio oscillator is called Lecher Lines. The Lecher
lines are two parallel metal bars of thick wires which are
connected to the oscillator output. A shorting bar is fitted
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with a detector, which might be a neon lamp (for high
voltage signals) a small lamp-bulb (for low voltage signals)
or a diode/meter circuit Sliding the bar along the lines
(Fig. 5) results in the detector indicating points of no signal,
the nodes; and points of maximum signal, the antinodes.
The distance between two neighbouring nodes, or two
neighbouring antinodes. can be measured — this distance
is half a wavelength.

The wavelength of a sound wave can be measured in the
same way. One classic method of measuring the
wavelength of a sound along a pipe was to sprinkle powder
on the pipe. When the sound wave set up standing waves,
the ‘powder would gather into piles at the nodes of the

measured. It's equally €asy to measure the wavelength of
standing waves in a room by moving a microphone
attached to an AC voltmeter and noting the position of
nodes — once again the distance between two neigh-
bouring nodes is equal to half a wavelength.

Leaving Loose Ends
If a length of coaxial cables connected to a circuit is left
either open circuit or short circuit, standing waves can be

the open circuit end. If the length of the cable s just right,
that's fine. If it's not, then signals will reflect to and from
along the cable, arriving at the circuit and with a time delay
equal to the time taken to travel along the cable and back .
Because of this effect, we seldom cut cables to a length
which will permit standing waves — instead we terminate
each end of the cable in 3 resistance value which will
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_FEATURE : "Standing Waves

prevent reflections — this value of resistance has to be
equal to a quantity called the characteristic impedance of
the cable (calculated from the inductance and capacitance
per metre of cable). With an open or shorted cable, on your
telly, you can expect to see ‘ghost’ images — several edges
to each object.

Advantages And Disadvantages

We do, however, encourage standing waves in aerials. TV
and FM aerials are cut to a total of half a wavelength so that
a standing wave is set up on them. This allows us to do two
things which would not otherwise be possible. One is to
extract the maximtum energy from the signal — the aerial
responds like a tuned circuit to the correct wavelength; the
other is to match the aerial to its cable. At one end of a half
wave aerial we have an antinode — maximum wave
amplitude. At this point we have maximum voltage, but no
current. At the centre of the aerial there is a node — zero
voltage but maximum current. We can select a point along

the aerial to connect the cable so that the ratio of voltage to

current is just right — 75 ohms for most coaxial cables, and

I ll | |A‘N'|'IN0DE‘Sl I ‘
NN NN

NODES

Fig. 4. Representing a standing wave. The standing wave has the
same wavelength as the moving waves which cause it, but the
nodes and antinodes are at fixed points, quarter of a wavelength
apart from one another.

GOOD AND PROPER!

. .. .orat least your projects. If there is one thing which is
impossible to do at home is lettering front panels to pro-
fessional standards. At least until now. If you cast your
eyes right a while you’ll see our new panel transfers sheet,
which has been carefully designed to allow you to do ex-
actly that.

The transfers are easily rubbed down,
and the two sheet set contains a mass of
lettering and —uniquely —control scales for
both rotary and slider puts.

Each sheet measures 180mm X 240mm
| and comes packed flat in a stiff cardbourd
envelope for protection. There should be
cnough for dozens of projects here - and the
longer you wait the worse they’ll look!

VE RE OUT TO FINISH
YOU OFF! %t

' OSCILLATOR

NODE ANTINODE NODE

<4——WAVELENGTH—>

Fig. 5. Using Lecher lines. A high-frequency oscillator attached to
paratlel wires can display standing waves, using a small light bulb to
detect the positions of nodes and antinodes.

'in this position there will be the maximum transfer of signal

from the aerial to the cable.

At the tuner, standing waves create another sort of
problem — the problem of how to earth conductors. Earth
one point of a conductor and there will be a node at that
point — but there will also be an antinode (maximum
signal) just % wavelength away. The result is that earthing,
a conductor may have just the opposite of the effect you
expect unless you earth at just the right place. Move any of
the conductors in a tuner, and you disturb the standing
wave pattern — even a dent in the metal case of a UHF
tuner can make a difference.

It's not always such a happy story. The greatest diffi-
culties with standing waves arise when we try to design a
loudspeaker cabinet. Each solid surface and cracks or gaps
will behave as a short circuit or an open circuit respectively..
A loudspeaker cabinet will be a mess of standing waves,

therefore, unless we do something to absorb them. The

room we use for listening will also have standing waves at
some frequencies (depending on its dimensions) and in
some directions — this is particularly noticeable in an
empty room stripped of all its furniture. All in all, standing
waves are all around us — we have to live with them!

_ETl
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riders and a drunken driver.

THE ETI AUTOMATIC

Immobiliser is an inexpensive but
highly original car protection device.
It has been designed to prevent a car
being driven away by the ‘joy rider’
type of thief, or by a drunken
owner-driver. Major features of the
design are lack of circuit complexity,
low building costs, and simple
installation of the unit in any vehicle.

The circuit is designed to

immobilisea vehicle's ignition
system, by shorting out its
contact-breaker points via a pair of
relay contacts, as soon as the ignition
is turned on. The owner then has five
seconds to turn the immobiliser off
by sequentially operating a set of
four push buttons. If the four buttons
are not correctly operated within the
five second period, the ignition -

system remains immobilised and the

.

vehicle’s engine cannot be started.
The automatic immobiliser timing
sequence restarts each time the
ignition is turned on.

There are four, basic concepts

. behind the ETI Automatic

Immobiliser system. The first of these
is that, since the immobiliser
activates automatlcally as soon as the
vehicle's ignition is turned on, the
vehicle is given a good degree of
protection against the drive-away car
thief, even if the owner leaves the car
doors open and leaves the ignition
key in its lock.

The second concept is that a thief

entering the vehicle will have no idea .

of the purpgseé of the four

push- button switches associated with
the immobiliser, so these switches
can be quite openly displayed on the
vehicle’s instrument panel, together

_PROJECT

BILISER

Here’s a low-cost project that giires your car good protection against joy

»

with a LED that ‘tells its legitimate

.owner the immobiliser circuit state.

Thirdly, because only five seconds
are available to de-activate the
immobiliser via the four
sequentially-operated switches after
first turning the ignition on, the
system gives a good deal of
protection against the
fumble-fingered drunken

. owner-driver. 4

The final concept is that because
of the three factors already outlined
above, the final circuit does not need
to be super-sophisticated or to have
an unbreakable ‘key’ sequence
network in order to be highly
effective in its functioning. Simplicity
and effectiveness are thus the key
features in the design of this ETI
Automatic Immobiliser unit.
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270R IGNITION
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+ Q2 IS 2N3053 POINTS
R1 1C1,IC2 ARE 4013
Mo “Teo D1 iS IN4001
10u ZD11S9 VOLT ZENER
LED1 STANDARD 0.2” LED
=0 ov
Fig. 1. Circuit diagram for immobiliser.
Gonstruction
There should be no problems here. LBy Y A/ND I/ &
The relay can be any 12-volt type HOW I-[_ WORKS,
with a coil resistance greater than - - —m - =
100 ohms, and with one or more sets The circuit is designed around the 4013 D ‘tors against the back EMF of the relay.
of normally-open contacts. The PCB type flip-flop. It derives its power from the System status is indicated by LED].

O DORIE L 1 car battery via R8 with stabilization pro-: To re-enable the system and start the car
and relay can be fitted in a metal box, vided by ZD1, C3. The chip features direct.  a logic ‘O’ must be present at the output of
or can be simply mounted on an set and clear inputs and complementa IC2b. This is produced by passing it down

21 nd comp ry : ;
aluminium plate that is screwed to %‘Eg"ts‘ Paté at ttl;le D "?g"t i t.rans(fie"e‘; t!‘: l‘gglﬁz‘”g thg ;“.p"tt of I‘ffla byl ?eptres' [

8 TP € outputs on the positive going e ge o sing » 4 2and 41n turn. A novel feature

the rear of the vehicle's Instrument the clock. The clear inputs are not ‘used in is introduced here. At switch-on C2 is
panel. N ) this design and are tied to ground, the set discharged and ICla will see a low level
The unit’s 12-volt rails must be .| inputs are connected together to the junc- logic ‘O’ at its input. This must be transfer-
connected to the vehicle’s supply via tion of R1, C1. This ensures that on switch- red to the output by depressing PB1 before
the ignition switch. The : E on the flip-flops will start up in the same the voltage rises above the transition level -
9 i state and a high level, logic 1, will be of the D input as C2 charges via R2. If PB1 is
normally-open relay contacts should present at the output of IC2b. This voltage not depressed until about five seconds after
be connected across the vehicle’'s s fed to the base of Q1 via R7 and will cause. switch-on then the junction of R2, C2 will
contact breaker points. The LED and the relay to turn on, disabling the car. Ql present a logic ‘I’ disabling the system until
the four push-buttons can b and Q2 are connected as a super-alpha pair power is removed and re-applied. To make
e four pu u ¢ C, oe which effectively produces a super high the system really difficult to beat, resistor,
mounteq on th.e vehicle S Instrument gain transistor whose gain equals that of Q1 capacitor networks could be inserted bet.
panel, either directly or via a | multiplied by Q2. D1 protects the transis- ween stages. :

screw-on panel. EN
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WATFORD ELECTRONICS

ILP MODULES 15-240 WATTS

We are now stockists for these world famous fully guaranteed (2 years guarantee on all
modules) Pre amps, Amplifiers & Power Supplies.

.........news

HY5 Preamplifier. Input, magnetic pickup 3mV, ceramic 30mV. Output: Mains 500mV
RMS, Distartion 0.1% at 1KHz Price: £6.27"
HY30 Amplifier Kit. 15 Watts into 8Q, extremely easy to construct. Output 156W RMS,
Distortion 0.1% at 15W Freq. 10Hz-16KHz. Supply 18V ;
Price £6.27 {
] HY50 Hi-Fi Amplifier Module. 25 Watts 8Q. Input Sensitivity 500mV. Output 26W RMS.
‘l Distortion 0.04% at 25W. Freq. 10Hz-45KHz. Supply * 26V
4 Price: £8.18
{ HY120 Amplifier Module — 60 Watts BQ. Input sens. 500mV, Output 60W RMS. o060 00 .
! Distortion 0.04%. Freq. 10Hz-45KHz. Power Supply * 36V
! Price: £18.98% — - = - — - =
| HY200 Hi- F|/D|sco Amplifier Module — 120 Watts 8Q. Input sens. 500mV 120W RMS.
Freq. 10HZ-45KHz. Power Supply + 45V. Size 114 x 100 x 85mm
Price: £27 99%
HY400 (8ig:Daddy) Amplifier Module — 240 Watts 4Q. Ideal for High Power Disco or P.A.
] 0utput 240 Watts RMS 40 114 x 100 x 85mm. Distortion D. 1%
Price: £38.60%
POWER SUPPLIES
' :PSU36 — Drives 2 x HY30s £6.44
PSUS0 — Drives 2xHY50s ... .. £8.18 it
PSU70 — Drives 2xH120s ... . £14.58% |
PSU90 one HY200 ... .. ..... £15.10x
PSU180 2 x HY200 or one HY400 . £25.42% |
= = r. - |
SOCKETS SWITCHES* SLIDE 250V:
dacKhLuGs TOGGLE: 2A, 250V. ! 1A DPDT 14p |
Screened  Plastic open moulded in line SPST ap.| 1A DPDT c/over 15p i
1 chrome _ body § metal with couplers | DPST 34p | %ADPDT 13p ‘!
i 2.5mm | 13p | 10p break 11p OPOT 38p | Apole2way 24p |
35mm { 18p | 10p 5 s 12p | 4paleonalf B4p- pusu BUTTON 1
MONO } 25p | 14p 13p P 17p 7 A g loaded T
STEREO | 32p | 17p | 1%p 24p 25 | susminTocaLe | SPCRaleged
— | 3P changecker 599 | SppTc/over  66p”
oIN | Prucs | sockers | inLine oo :;: DFDT6Tag  85p
MINIATURE |
2 PIN Loudspeaker 10p e 20p | DPDT6wgs =~ 70p | o0 i 1
3. 4, 5 Audio 15p 10p 20p | DROT conte ol 7en | Pushto Moke  15p
: N Push Break 25p 2
COAXTAL (V). 14p 14p 14p ROTARY: Make your ownrmuitiway Switch.
PHONO 8p single 12p Adjustable Stop Shafting Assembly. Accom-
gssontec,colons SRS dounia [RNES Maire Somtcn DPST 1o it 4
Motal scroaned P | 16p&way | 20p | o Before Make Wafers. 1 pole/12 way.
BANANA 4mm 11p :gp = 2p/6 way. 3p/4 way. 4p/3 way. Gp/va_,a;
i | Bl e ] - et  * || A CASE  FOR Y = ot RN
WANDER 3 mm 8p 8p 1 pole/2 1o 12 way. 2p/2 to 6 way, 3 5 ) ’
Doy o sen | 200 N R A T TREATMENT - KEY BAUD?
AC 2°pin American 15p 15p ROTARY: Mains 250V AC 4 Amp___45p ; .
_.mg_ TRANSFORMERS® (Mains Prim. 220-240v) | ALUM i Some good looking new boxes A new Keyboard Terminal
o mG.le B.0.6V; 6-0-9V; 12.0-12V 100mA BOXEE T PANEL from the OK Machine & Tool module has just come to our
o, || R R A LR A wiiuo -, | METERS (UK) Ltd., there are over 25 attention, it features all the
Canatiiance V-1 gadr 88 | e sizes available with numerous currently favoured features and
78) o I kit os 3omm, | variations to accommodate will interface with any RS232
Compiete Kit 20VAr 6V-1.5 6V-1.5A; 9V-1.3A V-1 3A: | x2verd v 80 o
£54 50w oy N e e AN vor sl e v eel || oFroowa printers, terminals, clocks etc. computer (SYM-1 etc) up to
 (p&p 80P} VB8 ¢ cvano 2900 (dsopto) * | 2y 84 05008 Moulded from tough ABS plas- 9600 Baud. The terminal boasts
immeeepyed  BOVA: 6V-4A 6V-4A; 9V-2.5A OV-2.5A; 12V-2A | 5x4x2"! 82 > = 1
CRYSTALSK | 12V-2A 15V-1.5A 15v.1.5A; 20V-1.24 20V | a2 . ga | Coma tic they are all dust and splash 1%‘8 graphic characters on a 40 |
ookl plene I 28 IREIARS S0V 60w 881 7S ST ] o coma . proof. All the cases come in a character by 24 line format,
450KHz 385 | 100vA: 12V-4A 12V-4A; 15V-3A 15V-34; o 0-100mA | choice of 3 colours, black, blue, each character having an 8x8
20V-2.5A 20V-2.5A: 30V-1.5A 30V-1.5A; | 10x4vx3" 142 j i it’
100sM 385 | 20U2 00 SOV T ek SOv-tA SOv-IA 680y g T2 o1a or belge,. The range is called dot matrix. At £218 it's got to be
3z 323 | (600 phip). (NB. plip charge to be added above | 1283 210 | 328 Pac Tec' and is denoted the C the bargain of the month as the
4433619M 135 our nomal postal charge.) — 0-50V AC series. OK will be delighted to postage is free. Rostra Elec-
808333 275 VDLTAGE REGULATORS * COMPUTER | 0300vac help you. They live at 48a The tronics can help with any
a8 2 | O ey e | "!%;‘PWA'}E* g Avenue, Southampton, Hants, queries — they can be found at:
lsaam 323 12 7812 145p 7912 220p | 2102 100 pasch SO1 2SY. 275-281 aking Street, Hammer-
OMHz 323 | 1 145p —| 211 176 i
27.648M 323 | 18V 7818 148p —| 2114 785 | 4%3%advi ___4 smith, London W6. \
48.0MHz 323 | 1A T0220 Plastic Casing 2513 650 g?ov"*
teed 5 7805 80p 7905 90p | 2516 €29.50 | >-100w2
ETI Projects: 12v 7812  80p 7912 90p | 2708 778 sfs":w‘* [
A 15V 7815 7918 27108 1095 esch :
:‘m ‘“"a."o: SV 1318 | 255 1850
ETi'l:ninmr L 24v 7824  85p 7924 90p | 3064 oAl (Woriis B
.| 106mA TO92 Plastic Casin 4027 325
Ambush, Gui- | '5v 78105 9105 @sp | 4047 750 | | SCIENTIFIC
tar Effect 6V 78L62 30p — | 7as188 185 |
Unit. Send | BV 78182 30p =|| s 895 | £23.84%
SAE plus 12V 78L12  30p 79112 65p | 745287 325
: .16V 78015 30p 79015 8Bp | 745470 325
5p for list. 745475, 825
LM300H 170p  LM327 270p TEXAS
o | (M305H 1a0p  LM723 a3p | B1LS95 29 ot
ULTRASONIC | [m309Kk 138p MVRS 180p | 81LS96 99 University
TRANS- LM317K 350p  MVR12 180p | 811587 128 poacd
DUCERS LM323K 825p  JAAS50 | 9900 =350 | i
450p%x i LM325N 240p  TBA6258 95p | TMS6011 328 Ezomput-v
X pXperpair | Uho6N 240p  TDA1412 150p 0 1195 59.50"
393 230 § 4018 89| 4046 128 | 4085 74| 4450 208 a !
395 218 |e0i0  as|4087 @ l40s6 73|44 295 VDU Chip and | i
4020 99 | 4048 58 |4089 150} 445
398 276 | 4021 91| 4049 48 | 4093 85 | 4490F 695 gg?yhg!&ﬂgﬂv\/Wb
399 230 |2022 83| 4050 484094 180|440V 526 | STVl LIRS T L
445 150 | 4023 20| 4051 72 f4096  105[4501 17 ] ;TG NN AOmRsn -t
447 144 | 4024 86 | 4052 7214097  372|4502 120 | of o534, 16 line by o
X 180 1 4025 191 4053 72 |4098 110 4503 €9 chéraclars .(ell refreshment,
ggg ::: 4026 180 :gg‘; :12‘3’ 2099 145 2506 511 Cursor management Cursor |
4027 160 1094507 55 2
670 _2a8|40o8  81[4057 2570 4161 1084508 298 o T L
4029 9 480 | 416 1094510 99 '.
CMOSK[2323 21308 104185  108/4313 180 comeuting system.
A 15| 4031  205| 4063 110 4174 110|4512 98
4000 1%l4032 100|406 68 [a175 99453 208 | 3% rore: SHPE
4002 17| 4033 145} 4067 380 14194 10814514 265 Ay51013UART  £4.50%
2006 108 | 4034 196 | 4068 22 14408 720] 45156 299 | 51301 ROM £8.20%
4007 18 | 4035 111 4069: 20 14409 720| 4516 125 | grog0102 RAM £2.05%
4008 87 | 4036 325} 4070 32 {4410 720 4517 382 3415163 £1.18% 1
Potio 50| 4037 100} 4071 21 |4412F 165014518 102 gnosa50 €1.20%
20D 20| 4038  108] 4072 21 |4412v 1380|4519 65| gy75any 70p
4011 18] 4039 320 4073 21 [4415F  795}4520 108 | gn75452 70p*
2012 18| 4040  105) 4075 23 4415V 7954521 188 | gN75484 et
4013 42f 4041  80|4076 854419 2804522 199 | UEmodulator  E2.50 f
077 4422 Bas| 4527 1321 Complete Module £136.50% l
4829 165 (Send 30p stamps for full L e tzepal . 5 -

technical data)

ELECTRONICS TODAY INTERNATIONAL — MAY 1979

13




__PROJECT: Car Immobiliser.

+12V
VIA
IGNITION

r_*_ PARTS I-IST;;—_ - LED1 s

ANODE RELAY

| 'RESISTORS all %4 watt 5%

R1 1MO

‘R2 560k

R3, R4, R5, R6 100k

R7 47k

R8 270R

R9 680R

.CAPACITORS

C1 100n

Cc2 10u 16V electrolytic
Cc3 220u 16V electrolytic

'SEMICONDUCTORS

1 * : LEDY °
a1 BC109 = PB3
Q2 2N3053 CATHO i
IC1, IC2 4013 , PBY 234,

D1 IN4001 i :
ZD1 BZY88 C9V1 400mW Fig. 2. Component overlay.

9 volt zener

MISCELLANEQUS

BUYLINES —— .
|
o

B SRR e St ebbutton No. problems whatsoever with any ~very much up to the individual, a
pRa " switches ‘ of the parts for the Car Immobiliser, strong watertight case however is
' ‘ Maplin,.and Watford should be able ‘essential to prevent any ‘false

|. .RLA 12v relay (see text) | i to supply all the parts. The case is alarms’ due to ingress of water.

y
- —_— o —_————— e ————

e ek g TR i

e - - = e 0 el

The action-packed show for the electronics enthusiast now includes the
Midlands among its venues. If hobby electronics is your interest or
your business, then Midlands Breadboard is tailor-made for you.

Crammed with the gear that constructors need. Circuit boards, components,
audio kits, d.i.y. computer systems, electronic musical instruments —

you'll find it all here. And you can buy it on the spot — or browse at your
leisure. Demonstrations and competitions (exciting prizes!) keep the show
humming with activity.

P.S. There's a London Breadboard too, December 4-8th, Royal Horticultural
Halls — come to both!

D I want to visit the show. Send me more details nearer the date.

D' ‘ Please send me details now of exhibition space.

I Name to R N . o e T S
‘ Position .................ccoee.n. I o L AR B e
I CoOMPanNy oo . T, S SR |
» I Addresst o Emee SN TR L e . B o000
: Blngley Ha"' Blrm.ngham’ Telephone. .......... ... Tk e iTetex Hilelin SSNNIRE DRSO O
' 23=-26 May, 10am -Gpm ‘Return to:  Trident International Exhibitions Limited
e ] Abbey Mead House, 23a P h Road, .
1 Admission: £1Adults oo Aoy Mo ST
I 75p Students Telephone: 0822 4671 Telex: 45412 TRITAV

h-_ ----------------‘--------
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audiophile...

Not strictly news this month. Views. Readers views. Most of the letters to Audiophile
are ‘upgrading’ enquiries. Most but not all — some of the more interesting appear

below, presided over by Ron Harris.

THIS MONTH IT’S over to you. With all the letters that have
come in to Audiophile since it began | thought it was about
time some of them saw the light of print. The selection is
‘taken over about three months, and | hasten to add that afl
have been answered prior to this public pondering.

As you can see we get quite a varied mailbag to put it
mildly, but still not enough of you are writing (to ETI in
general) for our liking. Let's have more feedback please.
Mind you the two gentlemen who wrote in to ask who'this
Felicity Kendal is anyway have not been answered. After the

sedatives had calmed my outrage, and the expletives died
from the air, it was somehow still not possible for me to
compose a reply within Home Office rules. :

Time has passed, however, and has healed the wounds in
passing. (And wounded the heels | hope.). So gentlemen, let -
me state the obvious in as calm a manner as possible.

Felicity Kendal is quite simply the most beautiful woman in
the universe. Write it out 1000 times before one more copy
of ETl reaches your unworthy hand.

Anyway onto more sonic matters . . . .

BAD START?

Dear Sir,

I own a hi-fi system comprising a
Garrard SP25 Mk.5, Goldring G800,
and ‘home brew’ amp and speakers.
The loudspeakers are comprised of
twin-coned Fane bass units and a
pair of EMI drivers for mid and top.

I should like to upgrade this
system, and wonder what would be
the first thing you’d do?

J. WATERS
FAVERSHAM

Sell It.
o

STEAM VALVE

Dear Sir, :

Some time you (ETI) published a
series of articles on the subject of
valve sound in amplifiers. A friend
recently brought these to my
notice and it surprised me that an
otherwise modern magazine like
what ETI is known for should be
backing this old-fashioned
nostalgic rubbish. Do you really
believe that valves sound better
than transistors? Of course they
can’t! Why did we ever change if
they do?

I suggest you set yourselves a

94

listening test and then have the
courage to publish the results!
W. WITHERS, M.Eng.
PERTH

Hold it a minute mush.
Somewhere amid the prejudices |
think you express the opinion that
ETI is pro-valve. If this is indeed
the message, then it is mistaken.
To condemn a whole technology
in such sweeping terms, be it
valve or transistor, is akin to
running down football because
the All Blacks beat Liverpool at
hockey. (Think about it.)

My own opinion is that the best
of the solid state designs give a
more accurate representation of
the signal than do the top vacuum
tube units. Beyond that yer pays
yer money and takes yer choice

BARK DISTORTION

Dear Sir,

[ am writing to tell you (and your
readers if you should choose to
print this) and the great fun we
used to have in the ‘Old Days’ of
hi-fi. My very first gramophone
used to use wooden needles, pine I
think, which wore out very quickly,
but gave (to me) amazing tone.
Somehow nowadays it never
sounds as good as I remember it

being then. Are there any of your
“more mature” readers who’d care
to correspond with this old’un
about the early days? Anyone
remember shellac?
F. NEWTON
MANCHESTER

| can‘t resist this:— the pitch in
pine sounded fine eh? In apology
for that, if any readers care to
write to Mr Newton via
Audiophile, | will pass on the
epistles.

EAT YOUR HEART OUT

Dear Sir,

ETI hi-fi reviews!?! How come?
Not a bad idea but stop ignoring
the budget end of the business. We
also play records who stand and
drool (at SME’s) you know.

Also let’s see yer credentials Mr
Harris — wots yer reference
system? Reveal all and get rid of
these evil thoughts telling me it’s a
wind-up job from Woolies! Keep up
the reviews but more radio? It still
exists you know.

D. ALEXANDER
LONDON

You keep your hands off my
credentials, they've never hurt
anyone and are certainly not to be
revealed within the pages of ETI. |
didn’t get where | am today going
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around revealing me credentials.

As for reference system that
consists of:— Technics SL150
Mk.2, SME 3009 Mk.3, Goldring
G900SE Mk.2, Shure V15 Mk.4,
Lecson AC1 and AP3 Mk.2,
Pioneer TX9500 Mk.2, Celestion
Ditton 66 loudspeakers and Sony
EL7 Elcaset (for as long as they let
me hang onto it!) Occasional use
is also made of Ultimo 20 and
Coral 777EX moving coil
cartridges. The Technics is fitted
with a GA Audio glass turntable
mat, and for headphones | use
Koss Pro 4AAs or ESP10s as the
occasion demands. My budgie has
a green beak and my plants all
died last week.

Revealing enough?

QUADRUPLE QUERY

Dear Sir,

Please could you explain some
terms I keep reading in hi-fi
magazines (including yours) and
that no one has ever explained?
These are 1) Selectivity 2) Modulus
3) Dynamic Range 4) Musicality.

Also I wish to upgrade my Quad
33/303 set up for more power and
would welcome suggestions. Thank
you.

H. COHEN
STOKE

Easy ones first. A new amplifier to
replace a Quad. Since you give
very little information as to
speakers, cartridge, room size etc
etc I’'m gonna have to assume that
all you seek is a more powerful
version of the same thing! In
which case why not try the Quad
405 as a starting point? If this
fails to appeal, and funds allow,
cast an ear over units by Lecson,
Meridian and maybe the Sony
VFET designs.

Now to the definitions you
requested. Quite a mixed bag this
little lot. Ah well here goes:—

1) Selectivity (of tuners):—the
ability of the machine to
discriminate against signals on
adjacent channels (= 200kHz) to
the one you're trying to tune to.
Good selectivity is a must with
sensitive tuners.

2) Modulus:—Presumably you
spotted this lying next to the
word impedance. Otherwise it
must have been a maths book. In
literal terms modulus means “’'size

of”’, ignoring positive and
negative aspects. Phase
differences can make impedance
(resistance to passing a signal)
difficult to express simply.
Non-mathematically it is best just
to regard modulus as meaning
‘magnitude of’ but remember
there is more to it!
Mathematicians please don’t
write in — z=x+iy =r {cosl+isinf)
mod z=/z/=r= y/ x2+y?
OoK?
3) Dynamic Range:—the:
difference, in dB, between the
softest and loudest sounds
reproducible by the hi-fi under
discussion. For example a
cassette with 20dB of tape noise,
and on which compression sets in

.at 70dB, has a dynamic range of

50dB.

4) Musicality:—oh what a lovely
word! Whichever gnomic intellect
invented it has my
congratulations. The really nice
thing about it is that NO-ONE

. knows what it means! Currently it

is employed (I think) to express
the amount of ‘information
retrieval’ a system is capable of.
Earlier in its history it was simply
a word reviewers used to mean
‘nice’ with exactly the same
amount of precision as the word
implies. Next week it could be
describing how satisfying a
crunch is generated in the
destruction of a piece of toast.
Musical Mothers Pride?

EH?

Dear Sir,

I strongly feel that transient
intermodulation distortion and
slew rate limiting together with
uneven harmonic distribution are
the total reason for the so-called
‘transistor sound’ in modem
‘amplifiers. Do you agree?

M. DAWES
SWANSEA

My answer lies entirely within the
negative quadrant of the sphere
of communication.

ALL AT SEA

Dear Sir,

As a regular subscriber to ETI, I
am writing to express my protest at
ETT’s hi-fi content. If I wanted to
read about hi-fi [ would buy hi-fi
magazines, God knows there are
enough of them.

What ETI should be doing is
more articles explaining how
circuits work, so that your readers
can design them themselves. And
how about more circuits for us
boating enthusiasts?

i S. McGREGOR
LONDON

How did you get on this page?

““According to this, there’s a submarine approaching through

the living room!?*’
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Readers’ Circuit

QO gy
+ LEDT W=
o POWER
ON
v
h i 470R
| =
+r —s
T
(X:\
—te
I—9v g

Whistling Switch
R. C. W. Gate

The circuit acts as a remote con-
trol switch, activated by whistling a
high note and reset by a low note.

The input from the microphone is |

amplified by IC1 and then processed
by two notch filters. The outputs of
these are rectified and smoothed
and used to fire the Schmitt trigger
constructed from two operational

points A and B can be used

tions provided that if high imped-
ance logic is used a 10 k resistor is
placed in parallel with the 470 uF
capacitor at these points.

100n

[N

10k

amplifiers, IC’s 6 and 7. The output

separately to drive other logic func- -

741 \ 1N4148
/ ko 781 (23
| . = /
I |
100n 100n i
e 330R +
- < =
100n { =
| > k2 470u
0 10V
T 10k ?
} | |
/71; Soato
IN3148
10k » _ g
Py INa14g £ 3K3
O AN 741 | 470k 470k,
o I
TTLDIL
REED RELAY
(WITH PROTECTION
DIODE) 10k 6k8 LEDZ Leps i
e LED4 HIGH “57 > Low
‘RELAY On NOTE NOTE
3 | g5 ‘
R1

NOTE:
1C1 7415
IC2 7415

Triangle Generator
R. |. Harrison

The circuit consists of a comparator
IC2 driving an integrator con-
structed from IC1, C1 and R1. The
output of the two circuits is control-
led by the JFET switches Q1 and 2.
The peak and trough of the genera-
_tor is controlled by RV1 and RV2
respectively. The frequency is set by
C1and R1.

queries on these items.

[e}]

100k

1N4148 |

6V2

RV1
" 1k

2k2

RV2

iN4148

Tech-Tips is an ideas forum and is not aimed at the beginner. We regret we cannot answer

ET! 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 possible and the text should preferably

ELECTRONICS TODAY |

be typed. Circuits must not be subject to copyright. I1tems for consideration should be sent
to ETI TECH-TIPS, Electronics Today International, 25-27 Oxford St., London W1R 1RF.

500R

124R
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Limiter Feb "79

‘P. Burns

The performance of this unit may be
greatly improved by this S|mple
modification. The original circuit
assumes that a high level music
signal will mask background noise.
In reality a high level bass signal will

6n8 6n8
FROM o——| l——o TO RV1
INPUT I ! l
> 4k7

Modification to Tape Noise

trigger the filter, giving an audible
‘'whoosh’ of noise. This can be
alleviated by adding a simple high
pass filter to the control circuit. The
filter removes signals below 5 kHz,
resulting in a cleaner, less breathy,
sound. It should be noted that the
input impedance of this circuit is
only about 3 k and it may be advis-
able to precede this circuit with an
emitter follower.

__Readers’ Circuits

Upgrading Valve Tuners
R. N. Soar

Older valve tuners often use an
ECC85 type valve as the RF
amplifier-mixer amplifier. The per-
formance of these tuners can be
permanently upgraded by using a
solid state replacement such as a
Fetron. A typical example is the
TS12AT7, a plug in replacement for
the ECC81/12AT7 range of valves
but the performance is almost the
same as the ECC85, only the heater
connections are different and this
does not apply to solid state. The
advantages of replacement are that
gain never falls off, thermal drift
does not occur and performance is
generally better. The only disadvan-
tage is that the Fetrons cost several
pounds but can be obtained from
East Cornwall Components Ltd.

SUPPORT
BRACKETS

PLASTIC
SLEEVING
/

1N2175
PHOTDIODES
{TEXAS)

722

PHOTODIODES
1N2175

i

G2
7z

i

FIBRE OPTIC
PLASTIC
MONOFILAMENT

TORCH BULB
& REFLECTOR

)

TO BATTERY

_,:5:*'1 2V

ONE METHOD OF
CONNECTING DIODES
TO AMPLIFIER

1! ]

Polyester
< P TO AMP
10k < P.U. I/P

b e COMMON

Fibre Optic Bass Guitar_
J. Smith.

This item is in effect a simple musical
instrument. It consists of a number
of short lengths of plastic monofila-
ment fibre optic material arranged in
such a way that when a fibre is
touched then released it vibrates at
its own natural resonant frequency
(like a ruler twanged on the edge of a
desk). When in a light beam sup-
plied from a torch battery the
vibrating end sends sine wave
impulsed along the fibre, at the fixed
end there is a photodiode which with
suitable circuitry feeds a signal to a
normal audio amplifier. The sound
produced is similar to that obtained
using a tea chest, piece of string and
Broom handle, remember those
days? Thickness of the fibres and
length are not critical and it is.best to
experiment to obtain the sound that
pleases the constructor. The fibres
need be no longer than about
60m/m. Remember the shorter
they are the higher the note pro-
duced.
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Readers’ Circuits

Television Optoisolator
A. P. Hiley

The problem of how to connecta tape
+Ve SUPPLY (+Vs) recorder, or amplifier, to a television
B N <.OF set is not an easy one 10 solye, be-:
(Sl?slﬂ\lADL%l(ﬂ‘;I(’:lﬂgz\lé#\'l,gLss) -cau‘se most televisions, having n.o
< 3 mains transformer, have the chassis
U connected directly to the mains. The
AT . + — easiest, and simplest solution is to
2 Ik incorporate some form of optoisola-
MAINS | 150R tion between the television and the
10 LoubspEaker external equipment. This particular
g REOTCCELLYR QR 1ROgR OUTRUT ol .design is simple, has a very low noise

2u0

—_—

-
> - level, and introduces negligible
distortion.
= =0 The LED or neon is brightness:
e o AT modulated by the output of the
FOR MINIMUM television sound channel. The lightis

DISTORTION B o
picked up by a small, cheap silicon

photocell, placed a fraction of an inch
away. A small current is produced,
proportional to light intensity, which
produces a PD across the load resis-
tor, which is a replica of the original
.signal.

R (in kohms) = Vs — 4
10

‘Telephone Amplifier

E—————— 1 S LI

J. P. Macaulay

One of the most frustrating things in
life must be to wait in line whilst one’s
wife converses (nags?) on the phone.
What makes the matter worse is that
only one side of the conversation is
heard. The circuit here will at jeast:
enable you to hear what’s going on at
the other end of the line.

The signals are picked up by the
coil L1, a 5 mH RF choke taped to the
side of the set. Q1 operates in the
common base mode with the output
signal appearing across the collector
resistor, R4. The output stage con-
sists of two complementary transis-
tors fed from the output of IC1 and
included in it's feedback loop.

The gain provided by the IC is
made variable by the inclusion of R6
and this should be adjusted for a
comfortable output level. D1, D2 in
conjunction with R7 provides the

small but necessary bias required by ‘
the output pair. C5 defines the upper frequency limit Quiescert current consumption is less

The interstage capacitor provides a of the circuit at 3 khz, the best band- than 5 mA so the circuit can be easily
13db point in the bass end at 300Hz. width for maximum intelligibility. runfroma pair of PP3’s in series.

c4
100u

LS1
8ohm
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This months project boards. Note that the )
radio control transmitter PCB is copyright . CAR
Rencom and hence is not shown here.
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T.V. GAMES

PROGRAMMABLE - £31.86

COLOUR CARTRIDGE TV GAME
The Waddingisas Videomaster PROGRAMMABLE Colenr Cartridge Is e latest
I TV games tochasisgy. Tha coassis of this model can be co:
20 andie cassatts duck and I3 progromemed be play a muititade of differen
COLOUR. wsing verisus plvg in cartridges.
Toag last o TV game s avaiiabie which will keep paca wilk lmpreviag technslagy
you te axiond your Wbrary of gomes with the parchase of additional
ririéges 35 oow games are devsieped.
cariridge containa wp 1o bon differeal action gamea and tha firs! cartridge
contalaing lon aports games I Incloded ires with tha consela. Oer cariridges ars
wvailable i emabls you o play such games a3 Erand Prix Meter Raciny.
Super Wipsout 20d Stunt Ridar, Farthar cartridges are lo he relaased haler this
year. inchuding Tank Battle, Huat The Sub. and Target.
The cousole comes complate with tws remevalis joyatick playar contrals W aashia

EXTRA

CARTRIDGES:

POAD RACE — £4.58 Inc. VAT.

Grand prix meler racing with goar changes.
crash seizss. olc. 5 =
SUPER WIFEOUT — £9.90 inc. VAT

10 difforsal games of blasting shsiscias off (he

you lo move [n all ioer diractiona {up/dewn/right/lett] and buill inte ez jeystick
contrais ora hall sarva and targel fire butisns.
Ower {sateres iclede several difficully sptisn swilthes 1 handicap ane player or
0 aliew betd pioyera 13 compets (n TN 'POTESSIOBA DAY, BNTOMALIC 08 1CrO0R
digital scoring and coleur coding oa scores, Bats 3nd haila. This is addilien be the
Nfoliks sounds iransmitied Wirough (b0 TV's speaker. simulating the & ame
boing pleyed. pives mara rashsm 1o the qumea sed sdded excilomenl lor the
™

3ro08.
STUNT MDER — £13.13 inc. VAT.
Waiercycis 3p m|

AREE . CD
£24.30 inc. VAT
Thin pon-pragrammable conslo offars tos axch COLOUN games: Temmis, Squazh. Hockey,
1. Festhalt, Baskotiall, Gridball, Sein 2 and twi o buiit-in targel sl
cluds twe romevable jeystick play atrel
siractions fsp/dewn/righl/Iot) o0d beit inte thuze joyatick contrels

Dations.
Other fasturss inclede handicapping switch,

STAR CHESS - £55.50 inc. VAT

PLAY CHESS AGAINST YOUR PARTNER
using your own T.V. to display the board and pieces
Star Chess 15 3 ew absarbing T.V. game far twa plsyers, which will interesi and sxcile all ages.
Tha meit plugs into the aerial sockal of your TV saland dizplays the heard and pisces '
for Mack and while} on your T.V. scress. Based on the mevna 033, it adda
uxcitement and intorest 1o (ko game. For Lhess whe have Bever 81

{strasuction tn e classic game of chass. For the axperianced che
dimonsions of mprodictobility and chance sdded in the atraiegy of 1hs game. Kol saly cau pleces bt
moves, but sech peica can aise axchange rocksl fire with itz op|
Star Choss is Wo first microprocesser bassd T.¥. yame ls he dovals, masslactured by VIDEOMASTER {3
subsidiary of Waddington:. Earopa’s moul exporiesced masnisclarar of b i form rtul
compuling sysiom. taking imatractions irem hath of the player hand coatroia,
in e game, a3 well a3 gonersting a full raege of sound sfiecis. Tho unit con b saed
complels with u fros 16V meiaz adepter. full insiructions and 1 twalve meath guarasise.

CHESS CHAMPION 6 - £85.50 ===
PLAY CHESS AGAINST THE COMPUTER - 6 | -

LEVELS

The very falest In [ now enahles s te offef a maszive

roduction in the price of computor choss games. Choss Chompion iz 8 [
. masgtactvred by VIDEOMASTER [a subzid T W

sxporisnced manufacterer of bosrd gamas). Tha siylish, cai

play o six differamt lavels of ability from beginaer 18 sxper!

Iy Mail”.

The various levals of play can be changed al any U

board chamges withou! the computor responding

Castiing. on passaci s0d prometing 8 pawn

e la
convanional choza type

. gearantes.
“This chess

CHESS CHALLENGER 7 - £92.50
CMESS CHALLENGER 7 - £92.50 inc. VAT
Play chess against the compuler al 7 different levets. {Bimller o
Chess Challanger 10 hot it h3s only 7 levais of play.] Price includes
wail with woed grained bausing. aed Stavaten desiga magnuiisnd.

CHESS CHALLENGER 10- £154.50 inc. VAT

NEW IMPROVED PROGRAMME - MK 2. APRIL, 1979
i levals. Prics includes
nathsr & hrushad gold
foil playing sarface. & Stauwien design magasilsad chass pisces.
[Chess Challeniger 10 Busirated sbove}

BORIS - £178.50 inc. VAT
Seris is a advanced chess compuier {hals progeammed for all
classic chess moves. e will piay Biack or While. sven himsefl. He'll
aven 1oach you bow o play chazs sad sugqssis the meves ler yan
whou you're unsare of whal te do noxi. Baris can lalk 10 hiz oppenest
thraugh bz alpkanomeric dispiay snd will flash dilteremt mi
Wiring each gama to koop you o8 your [ees. Beriz will nel allow
mavex. and will allew you tu amter probiems or 301 up yasr own heerd
positions. Boris comes in hand cratied. selld wainal cass wilh chess
poicas md boord.

FOR FREE BROCHURES - SEND S.A.E.

For (ran Hiustraied brachures and reviews on TV, Bad chozs games pleaze send 3 slsmped. addressed

particular james you raquira imfermation on.

Callors woicome ot our shep in Woking — domensirations daily — Open (rom 3am-5.30pm Mon.-Sat. (Sam-1pm Wed.].

To oréer ¥y islephoss ploase quols yeur name, addrazs asd Access/Barclaycard number VAT is inciuded In ali prices ahove —
fosisge & Packiag FREE

AJD DIRECT SUPPLIES LIMITED. Dept. ET2
102 Bellegrove Road, Wellington, Kent DA16 3QD ==
Telephone: 01-303 9145 (Day). 01-850 8652 (Evenings)

ispe s8d stale wikich
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SYM-1

AN ideal companion to the
keyboard terminal (see key
Baud) is the new SYM-1. MPU
system. Intended clearly for the
development market it should
appeal to both engineers and
hobbyists. The board is com-
plete and ready to go, needing

'UNCLE SAMS
LATEST

Good to see the American built
‘Compucolor II is at last avail-
able in the UK. For £1,390 you
get a very comprehensive sys-

only the addition of a 5 V DC
supply. The unit has 4K on-
board software and 1k of static
RAM. Full access is available to
important busses and ports.
The SYM uses the popular 6502
MPU already a firm favourite
with TV games manufacturers,
price is £175, post free. See
Rastra Electronics for details.

(8 colour) and Mini-Floppy.

Disk drive supportthe on-board
8K RAM which works in Basic.
‘Abacus Computers Ltd will be
importing the machines and
examples can be seen at the
Byte Shop and Trans Am of
Chapel Street, London.
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WAVES

Surface Acoustic Wave Filters (SAWFs) are a comparatively recent newcomer to the
electronics scene. They promise to revolutionise entire sections of colour TV
manufacture. Richard Maybury and Peter Haywood™ take a look into the workings of

SAWFs.

THE SUPERHETRODYNE RECEIVER has been with us for
around 50 years now (although opinions vary as to its
exact age). In that time the basic concept has altered very
little. With the advent of semiconductors came Varicap
front ends, bringing with it the demise of the mechanical
tuner (well almost). As ICs began to appear another bulky
section of the superhet shrank dramatically — the audio
stage. One stage, however, seems to have resisted any
great change, the good old IF, indeed many a radio
engineer of the thirties and forties would still recognise a
contemporary |F stage, possibly even feel quite at home
with it. ’

A quick re-cap on the operation of the IF would not
corne amiss at this point, as most of you will realise the

* (Plessey Semiconductors Ltd)
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superhet works by mixing the incoming RF (from the
aerial through a series of RF amplifiers) with an internally
generated oscillator (the ‘local’ oscillator usually runs at
a higher frequency to that of the incoming RF, around
465 or 470 kHz in the case of an AM receiver and.
10.7 MHz for FM). The oscillator ‘tracks’ with the RF
when the tuner dial is altered the local oscillators
frequency will change accordingly. The result of mixing
these two frequencies is to produce a product, sum and
difference output. The IF stage will reject all but the
difference output, hence it is really nothing more than a
highly accurate ‘notch’ filter, tuned in the case of AM to
465 (or 470) kHz. '
4
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Early Days

Development work on SAWFs first began in the late
sixties — the theory, however, was known as early as
1940. The SAWF is perhaps unusual in that it uses no
silicon in it's construction, instead it relies on a substance
called Lithium Niobate, which has very predictable piezo-
electric properties. Simply explained that means it has the
ability to convert electrical energy into mechanical energy
and vice-versa. An electrical signal applied to the inter-
leved Aluminium fingers (see Fig. 1.) of the input
transducer sends an ‘acoustic’ wave across the surface
of the filter and is converted back into electrical energy
by a similar transducer at the other end of the device.
Because the signal is acoustic it will travel slower thanan
equivalent electrical signal, so there is a significant delay
between the input and output transducers.

A Notch In Time

Regarding the IF just as a filter can be somewhat
misleading, because the accuracy and stability of an IF
stage is of a very high order, and up to now could only
have been achieved with a series of highly accurate LC
networks. The main drawback apart from sheer physical
bulk has always been the setting up needed for a
conventional IF strip, often involving up to six or more
separate tuning operations on sophisticated pieces of
test equipment, (wobbulators or sweep-generators).
With all these constraints it's not surprising that a search
(mostly fruitless) has been going on for many years to
find a suitable alternative; the most likely candidate
looks like being the Surface Acoustic Wave Filter or
SAWF for short.

Pioneering Plessey

Most of the early development work was carried out by
Plessey Semiconductors Ltd at their Caswell plant about a
decade ago, and in fact within three months of the
research department being set up they had a working
prototype. This early success led to the department being
given a brief to produce a viable TV IF filter, demon-
strating what had previously been possible only theoreti-
cally.

Early efforts to market SAWFs met with a slow res-
ponse. This was not so much because of technical
performance but because a comparison of costs
showed little, if any, cost advantage of the SAWF version
at that time over the conventional coil-type of IF most UK
TV companies were committed to. Many TV manufac-
turers had invested a lot of money in coil-winding equip-
ment and were naturally reluctant to scrap such expensive
machinery.

The breakthrough came when Spain and ltaly started
colour TV transmissions. Because the IF is one of the most
difficult areas of a TV set to design and build. (Colour TV
demands a particularly high standard of IF design), the
Spanish and ltalian TV setmakers were saved from a
difficult design problem by the use of SAWFs and sales
of Plessey filters rocketed to around 70 000 a month.
This naturally led to a rapid reduction in prices and gave
Plessey confidence to invest further capital in setting up
a high volume SAWF production plant capable of
producing 10 million. devices per annum.

20

Fig. 1

Typical SAWF construction, the ridges at the two qnds of the
substrate act as acoustic absorbers for unwanted signais. The
central electrodes serve to guide the acoustic wave from the
input transducer to the output transducer.
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Fig. 2.

Typical response curve for a TV IF filter (Plessey), note the
almost ‘square’ response, this kind of accuracy is nearly
impossible to duplicate by conventional means.

Filtering Through

Technical refinement, and acceptance by the TV set-
makers, enabled Plessey to penetrate some of the
traditionally difficult markets. In the UK all but one of the
TV manufacturers will be in full production with SAWFs
by the end'of 1979.

Although most of the initial arguments against the use
of SAWF's were on economic grounds. The advantages
found by users when in production are very wide ranging.

Perhaps the most commonly cited advantages are the
consistently good performance, the simplicity from a
production viewpoint due to the lack of adjustments and

"the small number of components on the IF board. Other

advantages are the flexibility to change from UK standard
sets to any other standard by changing the SAW filter and
a few other components, and the improved reliability
since the SAW filter is a robust passive component.

Construction

Basically a Surface Acoustic Wave Filter consists of Two
transducers (see Fig 1) on a piezo-electric substrate. An

ELECTRONICS TODAY INTERNATIONAL — MAY 1979




electrical signal (V in) applied to the input transducer
causes an acoustic wave (proportional to V in) to be
propagated bilaterally along the surface of the substrate.
“The transducer generates a wave symmetrically across
it's surface producing an unwanted output to the left of
it's body, this is absorbed by a raised wedge to prevent
any spurious reflections crossing the ‘chip’. The wave to’
the right of the transducer is re-directed by the central
coupling grid to the output transducer where it is recon-
verted into an electrical signal (V out). The time taken for
the wave to cross the device is typically 1.6
microseconds. The input transducer generates a further
unwanted signal called a Bulk Wave this, not being a
surface component passes under the central coupler and
misses the output transducer.

Material

The substrate material commonly used for SAWF devices
is Lithium Niobate (LiNbo3) which has a very high
piezo-electric coupling factor, this results in filters with a
low insertion loss. Being relatively cheap and having a low
temperature co-efficient make it a practical choice,
although much research is being carried out at the
‘moment into alternative materials.

A
6dB A;/’ DOUBLE TUNED

OUPLI
2wy N SOELNG = v
NOISE | NOISE
- TUNER - SL 143

26dB VOLTAGE CONVERSION
GAIN

=
=

—6dB WORST CASE ViSION CARRIER GAIN
0dB WORST CASE NOISE GAIN

Fig. 3.

Block diagram showing diagram of SAWF within receiver

design, noise levels are shown. The SL1430 is a purpose-
designed SAWF pre-amplifier (Plessey) for use in TV IF filtering.

DEVELOPMENT SAMPLE DATA

SAWF + PREAMPLIFIER MODULE
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Fig. 4.

Complete Tuner/IF circuit using a Mullard SAWF, the com-
ponent count is around a quarter that of a conventional IF
'(Diagram courtesy Mullard Ltd)..
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Pre-assembled Plesséy IF/Tuner units. With the introduction of
SAWFs these modules can be made substantially smaller than
current IF and Tuner modules.

Transducers

The Transducers consist of interdigital grids or fingers of
electrodes formed from Aluminium. Each grid is around
200 Angstroms thick and 10 micro Meters wide.

Practical Gonsiderations

in practice several other features are incorporated into
SAWF design, the use of an acoustic absorber on the back
face of the substrate is used to isolate the transducers
from any mechanical interference (it also serves to mount:
‘the substrate on to the package or encapsulation). The
edges of the substrate are ‘cut’ at an angle to steer any
reflections away from the input and output transducers.
Double thickness electrodes are also used to further
reduce spurious reflections.

Bandwidth

The 'geometry’ of the transducers dictates the effective
frequency response (fo) and bandwidth of the device. By
‘tailoring the shape and sizes of the electrodes a variety of
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