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PROJECT: String Thing 

Keyboard with multiplex boards fitted. These carry the 61 contact assemblies through which the two bus bars pass. Connection to the. 
dynamics board is made by DIL plug -on ribbon cable (bottom right). 

suitable hole diameter for the self 
tapping screws. Screw the keyboard 
assembly into position and then 
check each contact wire and plunger. 
When the key is not pressed there 
should be about one twentieth of an 
inch gap between the wire and 
plunger. The wire can be bent with 
long nose pliers to obtain this 
spacing. Make sure that when each 
note is pressed the contact wire 
makes a firm contact with the +5V 
bus bar. If there are any dirty contact 
problems, then use a non residue 
cleaning spray to clean the contact 
blocks. I usually use Freon T TF1 12 
(trichlorotri fluoreothane) which, 
although I can't pronounce it, seems 
to work OK. 

Chorus-Ensemble Unit 
Natural sounds tend to be more 
interesting than those generated 
electronically. This is mainly due to 
the fact that natural sounds have a 

great many changing parameters that 
make our 'forever analysing' ears sit 
up and take notice of them. 
Electronic sound structures can be 
given added interest by processing 
them with an ensemble unit (Fig. 6). 
This is a complex phasing unit that 
produces three layers of constantly 
moving comb frequency responses. 
The notches in the comb frequency 
response cancel out any harmonics 
that occur at that same frequency, 
but because the notches are 
continually moving this cancellation 
is not static. The overall effect of this 
on the sound structure is similar to 
the effect of several acoustic 
instruments trying to play the same 
piece of music, where a complex 
process of cancellation and addition 
is continually in operation. The 
ensemble unit simulates another 
parameter in the synthesis of the 
sound giving one more accoustic clue 
to its real identity. 
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Fig. 2. The principle of the multiplexing/ 
demultiplexing system. 
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VB 

9mm 

Fig. 3. Wiring and mechanical operation of 
the keyboard contact block. 

SELF TAPPING SCREW, 
THROUGH PCB INTO 
CHASSIS - - 

Fig. 4. Position of the keyboard PCB. The 
assembly should overhang the chassis by 
0.1". 
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PROJECT: String Thing 

THREEPHASE 
OSCILLATOR 
6Hz 

r\i 

VCO 

illirCK 

THREEPHASE 
OSCILLATOR 
0.6Hz 

Fig. 5. Block diagram of the ensemble unit. 

Frequency response of lowpass filters used 
in the chorus board. 

Clock waveform of the high frequency 
oscillators useil in the chorus board, 
sweep the delay frequency = 200 kHz. 

Frequency response of the chorus unit. This pattern is constantly changing with the 
notches sweeping up and down. 

Two of the three control voltages that 
sweep the delay lines in the chorus unit. 
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PROJECT 

Ni~Cd CHARGER 
Not content with giving you the best value for money, we now come 
up with a good method of saving it! 

IF YOU OWN OR -use battery 
pówered equipment then the price of 
batteries and the monotonous 
regularity with which replacements 
are necessary must surely cause 
manical depressions as well as burn 
holes in the proverbial pocket. 

One answer is to buy Nicad cells - although you may have to arrange 
a second mortgage initially, because 
they are pretty expensive (about 
three times the cost of yer average 
cell). Their great advantage is that 
they are rechargeable and can have a 

working life of well over 500 
recharges. Just think of all that 
money you could save!!! 

Being Constant 

Nicads need to be charged with a 

more or less constant current. This 
current is derived as a function of the 
capacity of a cell and the length of 
time being charged. To clarify this 
point we can take for an example a 

cell - size AA (equivalent to U 1 1 , 

HP1 1 etc). Capacities of cells vary 
from manufacturer to manufacturer 
but an AA sized nicad has an 
approximate capacity of 0.5Ah. 
Simply speaking, if 500 mA is drawn 
from the cell it will provide power for 
one hour. If 50 mA is drawn then the 
cell will provide power for 10 hours. 
Similarly, to recharge the cell to full 
capacity (assuming 100% efficiency) 
it would take 500mA for one hour or 
250mA for two hours, etc. 

Problems Problems 
This is where the basic problem 
lies. Because of the make-up of the 
cell, if an overcharge is given eg 
250mA for 3 hours, then permanent 
damage can be caused to it. 

So, at any given charging current 
the cell must be disconnected at the 
time of full charge, or so it would 
appear. It is, however, a little known 
fact that at currents less than 
(where C is the capacity of the cell . 

then no permanent damage can fr. 

occur, no matter how long the cells 
are connected to the charger. The ETI 
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nicad charger is designed with this 
criteria in mind. It will comfortably 
charge up to six cells in series (of the 
same type) at a rate of ; amps 

The values given for R2-1 1 were 
theoretical, derived from Ohm's law. 
The charging current can be checked 
easily by connecting an ammeter 
across the Output (the current 
remains constant whatever the load) 

and take readings with each resistor 
in circuit and change if necessary. 

Building. Up To It 

Construction is simple - there are 
only 6 components in the main part 
of the circuit (not counting the 
current setting resistors R2 to R 1 1). 

Note the transistors Q2 needs a 

reasonable heatsink. 



HOW IT WORKS 
One of the most convenient methods of 

obtaining a constant current is to use a 
voltage regulator and a current limiting 
resistor, as in Fig. 1. 

RI determines the current. If a five volt 
regulator is in use then a constant 5V is 
held across it. From Ohm's law the cur- 
rent I =". . The common connection is 
essentially a negative feedback loop, 
acting to maintain a constant current 
through the resistor and into the load. 

A slight disadvantage of this sort of 
circuit is the power dissipated from the 
resistor. With 5V across it and say a 
current of 500mA through it, the power P, 

P = IV = '/2 amp x 5 volts 
= 1/2 watts. 

This means the use of a large and quite 
expensive resistor. 

The circuit used in the ETI Nicad 
Charger uses a fairly standard type vol- 
tage regulator, formed by Ql and Q2, but 
the current limiting resistor R2 (Fig. 2) 
only has the VBE of Ql across it - 0.8 volts 
for silicon transistors. If the VBE of Q1 
drops then its collector voltage increases, 
increasing the base voltage of Q2, whose 
emitter voltage therefore increases (and 
vice versa if VBE of Q1 increases). A 
negative feedback loop has been formed, 
which maintains a relatively constant 
voltage across R2, of OV6. 

The current through R2 is also the 
current through the load so Ohm's law 
gives the correct resistance for the req- 
uired current, identical to that already 
discussed, but with the advantage that 
lower power resistors can be used (due to 
the lower voltage), even at high currents. 

eg. P = IV = 500 mA x 0.6 volts 
= 0.3 watts. 

It is simply now, a matter of choosing 
the required current and calculating the 
resistance. 

TABLE 1 

Position Resistor Current Type of cell & Capacity 

1 R2 9mA 
2 R3 17mA 
3 R4 5.5mA 
4 R5 75mA 
5 R6 11mA 
6 R7 31mA 
7 R8 125mA 
8 R9 250mA 
9 R10 375mA 

10 Rll 625mA 

150 mA Hour Button cell 
280 mA Hour Button cell 
90 mA Hour PP3 
1.2 A Hour PP9 
0.18A Hour AAA 
0.5 A Hour AA 
2 A Hour C 
4 A Hour D 
6 A Hour 
10 AHour 

Table 1. Showing switch SW1 positions related to cells under charge. 

IN 

O 

D.C. 
IN 

o 

VOLTAGE 
REGULATOR 
COMMON 

OUT 

R1 

CONSTANT 
CURRENT 

o 

Fig. 1. A Standard method of providing a 
constant current, using a voltage regulator, 
resistor and feedback. 

CONSTANT 
CURRENT 

Fig 2. Improved constant current source. 

PARTS LIST 
RESISTORS 
(all 1/4W, 5% except where shown). 

R1 
R2 
R3 
R4 
R5 
R6 
R7 
R8 
R9 
R10 
R11 

CAPACITORS 

Cl 

1K 
68R 
39R 
120R 
1OR 
56R 
22R 
5R6 
2R7 1/2 watt 
1 R8 1 watt 
1R0 Y watt 

1000u 25V 

SEMICONDUCTORS 

Q1' 
Q2 
BR1 

BFY 50 
TIP 33A 
lAmp 50V 

MISCELLANEOUS 
FS 1 +Holder 
TR 1 12 V 1 Amp mains trans- 
former 
SW1 1 -Pole 10 -way Rotary 
Switch 
Suitable connections to cells 
Case to suit. 

BUYLINES. 

There should be no problems in 
obtaining any of the components 
from any stockist. 



PROJECT: Ni~Cd Charger 

E 

TR1 240V - 12V 

Fig 3. Circuit diagram for the ETI Charger. Resistor values are given in 
the text for the charger resistors. 

per hour, therefore enabling them to 
be constantly trickle charged and 
kept at full capacity day and night. If 
the cells are partially discharged on 
connection they will take up to 1 6 
hours to reach full capacity. 

PP3 and PAPS type nicads can 
also be charged but only one at a 
time, unlike the lower voltage types. 

ETI 

Fig. 4. Component overlay for 
the Ni -Cd Charger design. 

CONSTANT CURRENT 
OUTPUT 

SW1 ROTARY SWITCH 
(SHOWN IN POSITION 1) 

R2 - 1 (SEE TEXT) 

SWITCH 
COMMON 

WHAT A BIND! 
KEY: 
1: The bit of chocolate you thought you'd 

leave for later. 

2: Coffee stains (instant). 

3: A useful -sized bit of stiff paper to stop the 
window from rattling. 

4: Rough calculations for your new com- 
bined egg timer/laser cannon project. 

5: ETI makes a fair soldering iron stand. 

6: The dog insisted on carrying your copy to 
you along with your slippers. 

Half our orders for binders are 
repeats: we think that says a lot for their 
quality. At £3.20 all inc. you get a great 
deal of peace of mind too! 

ETI Binders 
145 Charing Cross Road, 

London WC2H OEE 
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A FEW CHEAP 
TRICKS! 
Want a stable low voltage? Want to fire a thyristor without using unijunctions, or even 
make a thyristor? Whatever your semiconductor problem there is probably a cheap 
way round it. 

When you look over all the circuits that are published in 

the time of one month, you. might imagine you'd need 
several rooms just to hold all the semiconductors that are 
needed. It's not really so and the cunning experimenter 
can use several dodges to get by with a very limited stock 
indeed. There are several project designers, for example, 
who manage to test out their ideas using no more than 
two transistor types, a 2N221 9 and a 2N2905. These. 
are silicon switching transistors which look exactly alike 
and .differ only in polarity - the 2219 is NPN and the 
2905 is PNP. How's it done? Read on. 

b b 

c 

e 

Fig. 1. Structure of a transistor. (a) The semiconductor sand- 
wich, (b) connection of two diodes which gives the same 
readings when connected to resistance meters, (c) symbol (NPN 
illustrated). 

Basically, a transistor is constructed like two back-to- 
back diodes (Fig. 1), the difference being that both 
diodes form part of one crystal. We can, therefore, use a 

transistor to substitute as a diode. Which bit do we use? 
The collector and base terminals form one diode, a high 
reverse voltage diode which will pass quite large cur- 
rents. Transistors of the 2N2219 variety will dissipate 
0.8W at the collector, so that their collector base diodes 
can be quite happily used in bridge rectifier circuits for 
up to 30 V supplies, keeping the emitter open circuit or 
shorted to the base. 

A Bit Of Bias 
The base -emitter diode, on the other hand, is much more 
of a small signal diode, more suited to low current, low 

34 

+v 

NO CONNECTION 

1k AUDIO 

Fig. 2. Using the base/emitter junction of a transistor as a 
detector diode. The 1M resistor keeps the junction slightly 
conducting, so increasing the sensitivity. 

voltage work. One minor drawback is that you can't 
approach the small forward voltage of a germanium 
diode, but there's no law to say you can't apply a bit of 
bias, as in Fig. 2. This makes the base emitter diode into 
a good, sensitive detector. While we're on the subject of 
detectors, why not be different and use an emitter 
follower detector, as in Fig. 3? It's a darn sight more 
linear than a straightforward diode, and has a low output 
impedance and high input impedance as well. 

The circuit is a simple one. A capacitor is connected 
across the emitter resistor of an emitter follower. The size 
of the capacitor should be such that the time constant of 
emitter resistor x capacitor is small compared to the time 
of an audio wave but large compared to the time of the 

+6v 

Q1 01 CAN BE ANY AUDIO 
TRANSISTOR, SUCH AS BC109 

Fig. 3. The emitter -follower detector. 
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CHARGE DISCHARGE 

Fig. 4. Action of the emitter -follower detector. Capacitor C is 
charged by the current through 01 during the positive part of a 
cycle, but can discharge only slowly through R. The voltage 
across C follows audio frequency changes, but not radio 
frequency changes. 

RF wave. Time constants of 1/0 to 100 uS are usually 
suitable for AM radio circuits, so that a typical circuit 
might use 1 k emitter resistance and 20n (that's 0.02u 
capacitance. The action is also straightforward (Fig. 4). 
The positive RF wave makes the transistor conduct, so 
that Cl charges up to the .positive .peak of the wave. 
Because the time constant is large compared to the time 
of one RF wave, though, the voltage at the emitter drops 
only slightly as the wave goes through the remainder of 
its cycle and the transistor cuts off until around the peak 
of the next RF wave. The AF modulation, however, 
makes the peaks of the RF signal occur at different 
voltages, tracing out the audio waveform, so that the 
audio signal appears at the emitter, with very little trace 
of RF so that nothing much in the way of filtering is 
needed. The emitter -follower detector also has lower 
distortion than the conventional diode detector. 

Transistor Zener 
We're not finished with diodes, though. The base - 
emitter diode of most planar silicon transistors (and that 
means most 'modern' silicon transistors manufactured 
in the last 15 years) will act as a zener diode. The circuit 
of Fig. 5 shows how this can be checked. The voltage 
across the base -emitter junction will stabilise at anything 
from 7 V to 18 V, depending on the construction of the 
transistor, when power is applied. You don't need to 
keep a drawer full of zen.er diodes, just make these 
2N2219's work for their living. 

This zener diode action, incidentally, can cause some 
odd effects in circuits where a negative pulse is applied 

VOLTMETER 

Fig. 5. Checking the zoner voltages of a silicon transistor. 
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Fig. 6. Conventional multivibrator circuit. 

to the base of a transistor. Multivibrator circuits, for 
example, operating on voltages greater than 7 V, suffer 
from this. Theory says that the time period of the MV is 
1 .4CR(Fig. 6), because the capacitor always charges up 
from -V to about OV whatever the value of V. The. 
reason is that when one transistor conducts its collector 
voltage shoots down by about V volts, and the capacitor 
coupling to the next base makes that base move from 
about OV to -V. Since the transistor switches on again 
at just above OV, the capacitor always charges to half 
way between -V and +V, no matter what the value of V 
is. That theory doesn't apply if the base -emitter junction 
zeners, because the voltage at the base will be clipped by 
the zener action. We find therefore, that the frequency of 
the MV increases as we increase the voltage, whatever 
the books say about it! 

Want a stable value of low voltage? Try the circuits of 
Fig. 7. The voltage between collector and emitter of a 
transistor is always low when the transistor is bottomed, 
with the base positive (NPN transistor) and a load 
resistor limiting the amount of current that can pass 
between collector and emitter. With the transistor the 
conventional way round, the voltage between collector 
and emitter can go as low as 0.2 V, but even lower 
voltages can be obtained if the transistor is inverted, 
with the emitter connected through the load resistor to 
the positive line and the collector to the negative rail. 
This, for example, can be very useful for clamping 
circuits if a small DC 'offset' is needed, but care should 
be taken to keep the currents low. Transistors are much 
more easily damaged when they are operated this way 
round. 

Paint -scraping Saves 
A few circuits specify phototransistors, which aren't 
always easy to obtain and sometimes (shop around!) 
costly. Now there isn't much you can do to make 

46V 

6k8 

+6V 

2k2 

LOW 
VOLTAGE 

6k8 

la) (b) 

LOW 
VOLTAGE 

Fig. 7. Obtaining very low stabilised voltages (a) conventional 
method, (b) using an 'inverted' transistor for lower voltage 
output. 
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+6V 

OUT 

Fig. 8. Using a common -base amplifier. Note that the input 
capacitor must be of a very large value. 

phototransistors out of modern silicon metal or plastic 
cased transistors, because light just doesn't pass 
through these materials. The old germanium transistors, 
like the 0072 series, were packaged in glass cases, 
however, and the cases then painted over. The reason 
for the paint is simple - any transistor junction will act 
as a light detector, so that a transistor in a glass case will 
be a phototransistor unless it is covered up! Scrape the 
paint off, and you have the phototransistor you need. 
Since old 0072's can often be got in lots at pennies, 
each, and the photo version, the OCP72, seems to fetch 
nearly a pound, it certainly sáves money to do some 
paint scraping! 

Ever want to drive a transistor amplifier from a really 
low -impedance source? There aren't many home-made 
ribbon microphones around, but a moving coil louds- 
peaker makes a useful microphone apart from its low 
resistance of 3R or so. Remedy here is to make.use of the 
first type of transistor amplifying circuit that was ever 
used, the common -base circuit. In a common -base 
amplifier, the base is decoupled, with no signal input.. 
The signal is fed into the emitter circuit, and taken in the 
usual way from the collector, using capacitors to keep 
the bias voltages correct. Advantages? There's voltage 
gain for a start, but the main advantage is that the input 
resistance, is very low, offering a better match to the low 
resistance of the 'microphone'. Incidentally, a transistor 
operated this way round will amplify and oscillate at 
higher frequencies than is usually possible in the normal 

' (common emitter) configuration. 

Phase Splitting 
This is an example of using a transistor to match 
impedances, like a transformer. The other impedance 

Fig. 9. The transistor phase-splitter. 

10k 

10u. + 

6k8 

IN 

1u0 

I-0 

1u0 

Fig. 10. Modified phase-splitter with equal output resistances. 

transforming circuit is, of course, the well known emitter 
follower, with a high input impedance and low output 
impedance. If you need the phase splitter action of a 
transformer, but don't have a suitable transformer, don't 
get wound up, just try the circuit of Fig. 9. If you're 
driving signals into a low impedance of course, you may 
find that the difference between the impedance level at 
the collector and at the emitter causes bother (the 
impedance at the collector is equal to the collector load 
resistor, the impedance at the emitter is only a few ohms; 
roughly 25 ohms when the steady bias current is 1 mA). 
In that case, another transistor added tò the circuit 
equalises things a bit, as shown in Fig. 10. 

You might think that the possibilities of the transistor 
were about exhausted; but we've only been using them, 
in ones so far. When we start using transistors in twos 
and threes, we can substitute a lot more devices. 

Unijunctions 
Unijunctions, for example. Who's got a set of unijunc- 
tions around? Useful little devices. In circuits like Fig. 11 
they provide an oscillator which gives a pulse output 
ideal for firing thyristors. The wiley experimenter doesn't 
worry if the unijunction drawer is empty, though. He 
connects up the circuit of Fig 1 2, which does pretty well 
all that a single -package unijunction will do, with the 
additional advantage that the firing voltage can be 
variable. 

The action is like this. Point B, where the base of Q1 is 
connected to the collector of Q2 is connected to a 
potential divider, resistors R1 and R2. For most appli- 
cations, these resistors will be equal, using (typically) 
47k to 10k values. The circuit will pass no current while 
the voltage at point A, the emitter of Q1, is less than the 
voltage at point B, because Q1 is cut off (PNP, 

Fig. 11. A unijunction oscillator. A negative pulse is obtained at 
A, a positive pulse at B, and sawtooth at C. 
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Fig. 12. A two -transistor equivalent of a uni unction. 

remember), and it holds Q2 cut off as well. When point A 
reaches a voltage around 0.5 V higher than the voltage 
at point B, though, Q1 starts to conduct, and current 
starts to flow into the base of Q2, causing Q2 also to 
conduct. With Q2 conducting, the extra voltage drop 
across R1 causes the voltage at B to drop, dragging the 
voltage of point A with it. If the./ base current of Q1, is 
likely to be exceeded (as usually happens if there is a 

capacitor connected to point A), a small series resistor 
R4 (about 100R) is a good protective system. Note, by 
the way, that when a unijunction or this replacement is 
used in a timebase circuit, the value of the charging 
resistor, R3, must not be too low, otherwise the circuit 
can 'stick', not oscillating. A value of around 47k is 
usually regarded as a safe minimum, so that if the 
frequency is controlled by a variable, a 47k should be 
connected in series. The firing point of the unijunction 
substitute can be varied to some extent by making the 
voltage at point B variable, using a preset potentiometer, 
in place of R1, R2. 

There is a limit, however, to the voltage range which 
can be used - if the voltage is too high, the circuit may 
not fire, if it's too low the circuit passes current con- 
tinuously. 

Another advantage, of course, of the circuit of Fig. 12 
is that power transistors can be used. In this way, higher 
current pulses can be obtained than we can get from 
small unijunctions. 

DIY Thyristor 
You don't have to be stuck for lack of a thyristor, either. 
The circuit of Fig. 13 simulates the action of a thyristor, 
with the anode, cathode and gate connections as 
marked. With the 'gate' at cathode voltage, Q2 is shut 
off, so that its collector voltage is high. With the collector 
voltage of Q2 high, the base voltage of Q1 is also high. 
Since Q1 is a PNP type, having the base high means 

Fig. 13. Using two transistors in place of a thyristor. 
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Fig. 14. The Darlington pair circuit - this behaves like one single 
transistor with a very high value of current gain. 

keeping Q1 shut off. Now when the 'gate' lead is made 
more positive, so that Q2 starts to draw current, the 
current through the collector of Q2 is drawn through the 
base of Q1, ensuring that Q1 conducts. This in turn 
means that the base of Q2 is connected to the positive 
supply through the collector of Q1, keeping' the pair of 
transistors switched on. 

Don't expect to replace a large thyristor with this 
circuit, because the current between 'anode' and 
'cathode' all passes through the base -emitter junctions. 
For medium -power transistors, such as the 2N2219 or 
BFY50 the absolute maximum base current is about 100 
mA, and 50 mA is a safer limit. Power transistors such as 
the BD 131 , BD 132 will stand up to 0.5 A through the 
base -emitter junction. The circuit will, incidentally, 
switch off if a negative pulse is applied to the 'gate' from 
a low impedance. In this respect, the circuit is similar to 
that of a small thyristor, most of which can also be 
switched off in the same way. 

Changing Bias 
Transistors ins bunches can also be used to solve 
awkward problems. Suppose you want to substitute a 
transistor with another type which needs much more 
bias current. One way round, of course, is to adjust all 
the bias circuits. A much easier method is to make use of 
two transistors, with one emitter driving the base of the 

OR5 

FROM 
DRIVER 

TO 
SPEAKER 

Fig. 15. A quasi -complementary output stage. The power 
transistors can both be NPN types. 
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next (Fig. 14). If the two share the same collector lead, 
this circuit is called the Darlington pair, but if the 
collector of the first transistor is returned directly to the 
power supply the circuit is simply an emitter follower 
feeding a common emitter amplifier. The difference 
between the two is that in the Darlington pair circuit, 
signal can feedback from the collector of Q2 through Q1 
to the base of Q2, so reducing the voltage gain of the 
circuit considerably. 

A two -transistor circuit can also be used to 'create' a 
PNP power transistor from an NPN one. The circuit uses 
a PNP medium power transistor (such as the 2N2905) 
coupled to the NPN power transistor, so that the com- 
bination behaves like a PNP power transistor. Like all 
two -transistor circuits, though, there is a penalty in the 
form of a change in DC levels. When two NPN's (or 2 
PNP's) are coupled in a Darlington circuit, the voltage 
between the first base and the second emitter is more 
than 1V, when the circuit is correctly biased, instead of 
the 0.55 - 0.6 V we assume for a single transistor. For 
the PNP - NPN pair, the voltage is less than that for a 
single transistor - the base voltage of the power 
transistor will be 0,7 V or so above its emitter voltage, 
but the base voltage of the PNP transistor will be 0.6 V or 
so less, so that the DC input to the base of the PNP 
transistor is very close to the DC emitter voltage of the 
NPN one. The base -emitter voltages of these two will 
never be identical because the NPN power transistor will 
always be passing a much larger current than the PNP 
transistor. 

Tapehead Drivers 
We're still not finished with the two -transistor arrange - 

OUT. 

IN 

Fig. 16. A cascade stage. The load Z can be a tuned circuit or a 
high -value resistor providing the bias resistors are chosen to suit. 

ments. Fig. 16 shows what is called a cascade circuit, 
with a common -emitter transistor Q1 driving a 
common -base stage Q2 directly coupled to it. This, 
arrangement can also be treated as if it were one single 
transistor with the high gain of a common emitter 
transistor and the very high output resistance of a 
common -base transistor. It's an ideal arrangement for 
driving tuned circuits (because the high output resist- 
ance places very little load on the circuit) or tapeheads 
(because the high output resistance can ensure that the 
current signal into the tapehead is almost constant over a 
wide frequency range). 

Circuits such as these described here make full use of 
transistors, exploiting more of their potential than the 
usual run of common emitter and emitter follower 
circuits. Make them work harder! Ell 
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TELETEXT SYSTEM 
PART TWO: in this concluding part we give full constructional details for this superb 
design from GMT Electronics. 

:;j.;::;._..... ... 

Since we published the first part of 
their design last month, GMT have 
made some improvements to the kit 
for the Teletext decoder. 

Ihre main change is a combining of 
boards three and four into one. 
Effectively board four has ceased to 
exist! This simplifies construction still 
further and has our endorsement. We 
are republishing the combined 
circuits here to make things clear. 

Construction 
Putting together theunit should be 
very straightforward. The PCBs 
should be carefully assembled, 
following the overlays shown here. 
Check IC orientation especially 
closely as that chip set is very 
expensive to blow just because you 
didn't want to spend five more 
minutes doing that boring bit of 
re -checking. 

When completed the boards 
should be interconnected following 
the wiring schedule given in this 
article. Check this carefully also. 

Setting Up 
Once the boards are assembled, 
follow the setting up procedure given 
in last month's article to complete the 
unit. It is worth remembering that to 
be sure of a good Teletext picture, 
you need a strong signal at the 
input. In areas of poor reception it is 
well worth investing in that better 
aerial wot you never got 'round to 
getting... . 

Fig. 1. Board two overlay. 

Board Two 
RESISTORS all 1/aW 5% unless specified 
R201 150k 
R202, 203, 204 47k 
R205 1M5 
R206, 21 1, 212 1R0 1/2 watt 
R207, 213 4k7 
R208 5k1 
R209 2k2 
R210 120R 
R214 6k8 
R215 2k7 
R216 10k 1 watt 
R217 1k0 

POTENTIOMETERS 
RV201 2k2 min. preset 
horizontal 
RV202-205 100k VPN 

CAPACITORS 
C201-204, 209, 
210, 215 
C205, 208 

100n polyester 
470p ceramic 

PARTS LIST 
C206, 207 22u 1 eV tantalum 
C211 220u '16V elec- 
trolytic 
C212 100u 40V elec- 
trolytic 
C213 1u0 63V electrolytic 
C214 100u 25V elec- 
trolytic 
C216 47u 63V electrolytic 

SEMICONDUCTORS 
IC201, 202 LM723CN 
IC203 TAA550 
0201, 202 TLP31 
D201-205 1N4001 
D206-209 1N4148 
ZD201 BZY88C3V6 

MISCELLANEOUS 
MOD201 
MOD202 
MOD203 
PCB 

U321 
BY01910 
BY00905 

ELECTRONICS TODAY INTERNATIONAL - AUGUST 1979 41 



ri BObId$ 

Fig. 2. Component overlay, board one. 

PARTS LIST 
Board One C104, 105, 109 6u8 INDUCTORS 
RESISTORS (1/4W 5%) C106 1n8 L100 33uH 
R100, 102, 105, 1 18 1k C107 470n L101 Clock coil 
R101, 109, 122 6k8 C108 4u7 L102 10uH 
R103, 126-129 10k C110 22n SEMICONDUCTORS 
R104 47k C111 22u IC100 TDB1033 
R106 100k C112, 144 10n IC101-105 SAA5010-5050 
R107 680R C113 560p IC106 HEF4001 
R108 1k5 C114 390p IC107 HEF4017 
R110 
R113 
R119, 130-133 
R120, 121 
R123 
R124 
R125 

1k2 
33k 
4k7 
27k 
68k 
820k 
1M 

C115 
C116 
C131, 134, 
C132, 133 
C135 
C137, 140, 
C138 
C139 

136 

141, 142 

27p 
1u0 63V 
10u 25V 
100u 
1n 
330p 
47p 

IC 108 74LS83 
IC109-1 10 74LS161 
IC111-117 2102 
IC118 74LS11 
Q100 -Q103 BC548 
Q104 BC148 
D100-103 1N4148 
D104, 105 BAW62 

CAPACITORS C143 68p MISCELLANEOUS 
C100-103, 117-130, C146 3n3 X101 - 6MHz, PCB, IC sockets, 

145 100n TC101, 102 5-65p trimmer mounting hardware 
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Fig. 3. Component overlay, board three. 

PARTS LIST 
Board Three 
RESISTORS all 1/4 W 5% 
R301,344 5k6 
R302, 303 680R 
R304, 307, 
320-324, 334 3k3 
R305 1k8 
R306, 314, 316, 

343 10k 
R308 820R 
R309, 315, 336, 
341 1k0 
R310 220R 
R311,325 68R 
R312, 318 4k7 
R313, 317 56R 
R319 47013 
R326, 331, 332 10R 
R327, 330 180R 
R328, 335, 340 100R 
R329 150R 
R333 18k 
R337 6k8 
R338, 339 2k2 
R342 47k 

POTENTIOM EIER 
RV301 470R min. preset 

horizontal 

CAPACITORS 

C301 
C302, 304, 308, 
314, 339 
C303 
C305, 341, 342 
C307, 315, 316, 
318-329 
C309, 310, 334 
C311 
C331 
C332, 337, 338, 
340, 343 
C335, 336 

2n2 ceramic 

82p ceramic 
56p ceramic 
27p ceramic 

100n polyester 
33u 16V electrolytic 
10u 25V electrolytic 
18p ceramic 

6u8 25V tantalum 
1 p8 ceramic 

Note C319-329 are decoupling com- 
ponents and are not shown on the circuit 
diagram. 

VARIABLE CAPACITOR 
CV301 22p 

BOARD INTERCONNECTION WIRING 

FROM LOCATION TO LOCATION COLOUR CABLE COMMENTS 
-BOARD -BOARD TYPE 

AE.SKT. CHASSIS El 2 COAX OUTER 
AE.SKT. CHASSIS MOD 201 2 - COAX INNER 

E2 2 -VE C1 CHASSIS BLACK 
P 2 -VE C1 CHASSIS RED 
E3 2 TR 1 CHASSIS BLACK INNER SEC TAGS 

TR1 2 TR 1 CHASSIS OUTER SEC TAGS 
TR2 2 TR i CHASSIS OUTER SEC TAGS 
E4 2 E4 1 COAX OUTER 
V 2 V 1 COAX INNER 

E5 2 E5 1 BLACK 
E9 2 E9 3 COAX OUTER 
K 2 K 3 COAX INNER 

E7 2 E7 3 COAX OUTER 
V 2 V 3 COAX INNER 

E8 3 0/P SKT CHASSIS COAX OUTER 
T 3 0/P SKT CHASSIS COAX INNER 

E1 3 El 1 COAX OUTER 
A 3 MOD 201 1 COAX INNER 

E6 1 E6 3 BLACK 
5V 2 5V 1 YELLOW UNDER BOARD 

12V 2 12V 1 PINK UNDER BOARD 
5V 1 5V 3 YELLOW BY IC105 

12V 1 12V 3 PINK BY IC105 
R 1 R 3 RED BY IC105 
G 1 G 3 GREEN BY IC105 
B 1 B 3 BLUE BY IC105 
S 1 S 3 GREY BY IC105 
C 1 C 3 BROWN BY IC105 
M 1 M 3 ORANGE BY IC105 
1 1 1 2 
1 2 LED 1 CHASSIS 
2 1 2 2 
2 1 LED 2 CHASSIS 
3 1 3 2 
3 2 LED 3 CHASSIS 
4 1 4 2 
4 2 LED 4 CHASSIS 
L 2 LED 1 to 4 CHASSIS 
0 1 0 1 WHITE 
P 1 P 1 WHITE 
Q 1 Q 1 WHITE 
T 1 T 1 WHITE 
U 1 U 1 WHITE 
N 1 N 1 WHITE 
W 1 W 1 WHITE 
X 1 X 1 WHITE 
Y 1 V 1 WHITE 
Z 1 Z 1 WHITE 
B 1 *EARPIECE CHASSIS 

L5 1 LED 5 CHASSIS 
H 1 TRANS- CHASSIS 

DUCER 
E TRANS- CHASSIS BLACK TRANS- 

DUCER DUCER CASE 
12V *EARPIECE CHASSIS 
12V LED 5 CHASSIS PINK 

SEMICONDUCTORS 307 BC548 
Q306 BSX20 

IC301 74SO4 D301-31 1 1N4148 
IC302 74S74 Z D 3 0 1 B Z Y 8 8 / 
IC303 74LS 138 BZX70C5V6 
IC304 7400 
IC305, 306, 308 7408 MISCELLANEOUS 
IC307 7486 
IC309 7474 X301 17.73447 MHz 
Q301, 304 BC558 MOD301 UM1231 Astec 
Q302, 303, 305, PCB 
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PROJECT:Teletext System 

vv, 

Becomt 
ma 
ad10 
Froat 
many 
paces 

Above: Find out when it is supposed to rain. 
All you need os Teletext! 

Fig. 4. (Left) The renumbered board three 
circuit. 

,BUYLINES. 
The designers of this project - 
GMT - have a complete kit of 
parts available. This includes all 
'metalwork, PCBs and hardware. A 
manual is also included. Cost is 
£155 plus VAT (total £178 inc 
p&p). 

As an alternative the teletext 
decoder board and control system 
is available separately at £125 for 
those who wish to wire into their 
own television. 

PCBs and chip sets are available 
separately also - but are PoA. 

See advert on page .6 for ad- 
dress. 
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FEATURE 

MICROSENSE 
PART ONE: a short series from John 
Miller Kirkpatrick designed to lead the 
reader gently into the realms of MPUs. It 
is designed to be of use to all people of 
all levels of knowledge. We begin with 
the hex system of counting 

Hexadecimal counting Systems 

THE BINARY COUNTING system uses a set of 1s and Os to indicate a particular number, in our example above 
0101 0111 represents 87. Obviously it is faster to write 87 than it into write 0101 0111 each time. It is not very 
easy to convert long binary numbers to decimal and vice versa, for example the binary number 1010 1010 1010 
1010 represents the decimal number 43690 mode up from: 

1010 
1010 0000 

1010 0000 0000 
1010 0000 0000 0000 
1010 1010 1010 1010 

is ten units of 1 10 or 24=8+2' =2 Total 10 
is ten tenths of 16 = 160 or 27=128+25=32 Total 160 
is ten units of 256 __ 2560=29+271 
is ten units of 4096 = 4096 =213+ 215 thus the total 
represents the decimal 43690. 

Another way of showing this value is to write down one character for each set of four fingers. 
This is obvious for the values from 0-1 5 which can be exporessed as a single character. The Binary decima 
codes are -- 

0000=0 Written as O. 0100=4 Written as 4. 
0001=1 Written as 1. 0101= 5 Written as 5. 
0010=2 Written as 2. 0110=6 Written as 6. 
0011=3 Written as 3. 0111=7 Written as 7. 

Thus our large binary number can now be expressed as 
1010 1010 1010 1010 or decimal 43960 or as AAAA in our new format. 
The new format is called Hexadecimal from HEX=six and DEC =10, which is a counting system based on units of 
16 rather than units of 1 or 10. 
The hexadecimal system can be easily converted from the binary system by simply breaking up the binary into 
groups of four binary digits (one hand full of four fingers) and converting each group into a single hex character. For 
example the binary 0010 0011 0101 0111 becomes hexadecimal 2357. Numbers in hex form are usually 
referred to by putting X '2357' to denote that this is Hex 2357 rather than decimal 2357. The binary 
1010 1011 1 100 1 101 becomes 'ABCD` which does not require any differentiation from decimal. 

as new 

1000= 8 Written as 8. 
1001 = 9 Written as 9. 
1010=10 Written as A. 
1011=11 Written as B. 

1 100 =12 Written' as C. 
1 101 = 13 Written as D. 
1110= 14 Written as E. 

1111= 15 Written as F. 

A Cardboard Microprocessor 

(Microprocessor jargon includes bits, bytes, registers, RAM, ports, software and hardware. To help you understand 
all of this here is your own processor made out of paper. 
Cut out the PC/MP (Paper and Cardboard MicroProcessor) or copy it and glue it onto a piece of card. Cover the card 
with something like clear 'Fablon' so that you can write on it with a felt tipped pen and then clean it off again. You 
are now ready for your first terminology lesson (PCMP is figure 1). 
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ADDRESS ALMS AS -Á15 
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Figure 1. The PC M P processor, Cut it out or 
trace it carefully. 

kE`ET 

fv'A!N iNT. LATCH 

IdISC. CONTROL UNIT 

HOLD 

OSC. 

Bits and Bytes 

A bit is a very small piece of information which can be in only one of two states, for example, assuming that there 
are not alternatives, put a 1 in box 1 over leaf if you are male a zero if you are female. 
Thus one Bit can carry a value of 1 or 0 which a microprocessor can look at in two ways - 

a) As anumeric value of 1 or O. 
b) As a True/False indicator where 1 is True and O is False. 

Obviously the microprocessor is going to need to deal with numbers other than 1 or 0 and it does this by using a 
form of Binary arithmetic called Hexadecimal. In this way large numbers can be stored 

For example write down your chest measurement in inches on a piece of paper, e.g. 39 inches. Now divide by 
two and put the remainder (1 or 0) in box 8, take the answer, and divide by two and put the remainder (1 or 0) in 
box 7, take the answer and divide by two and put the remainder (1 or 0) in box six, take the answer and divide by 
two and put the remainder (1 or0) in box 5, take the answer and divide by two and put the remainder (1 or 0) in box 
4, take the answer and divide by two and put the remainder (1 or 0) in box 3, take the answer it should be -zero 
(unless you have a chest measurement larger than 63 inches!), write the answer (0 or 1) in box 2. 

1 4 8 

You should now have filled in all of the boxes and you have thus formed a Byte of data. A Byte is a unit of data 
which usually consists of 8 bits of data, the byte above defines your sex and chest size. 

Note that Bit and Byte refer to the size of the data portion rather than its contents, thus the amount of storage 
area or memory attached to a microprocessor is counted in Bits and Bytes. 

As these areas tend to be quite large they are counted in thousands of bytes or millions of bytes (Kilobytes and 
-E 
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........news digest........ 

MONITORING SCOPEX 
Scopex have announced the 
introduction of their first 
purpose-built monitor, the 4MI. 

At £175 plus VAT, Scopex 
claim that the 4MI is probably 
less than a quarter of the price 
of its nearest competitor. 

Introduced as a result of 
market demands, the 4MI has 
been designed to meet the 
diverse requirements of the 
OEM market for an XYZ dis- 
play unit with a high degree of 
built-in versatility. 

The matched vertical and 

horizontal systems both have a 
sensitivity of 100mV/cm (inter- 
nal preset permits adjustment 
of ± 10%) over a bandwidth of 
DC 1MHz (-3dB) with an 
accuracy of ± 3% (of the preset 
sensitivity). 

The vertical and horizontal 
shift controls use plug-in 
spindle potentiometers so that 
either front panel or internal 
preset operation may be 
selected. 

For further details of the 4MI, 
contact Scopex Sales, Pixmore 
Avenue, Letchworth, Hertford- 
shire SG6 IJJ. 

JUST ARRIVED 

Following on the heels of the 
film `Battlestar Galactica' is 
`Mattel Electronics' hand held 
`Space Alert' game. 

Your object is to intercept as 
many of the Cylon raiders as 
possible. The further away from 
your Battlestar you blast them, 
the more points you score. The 
game naturally features launch, 
impact, win and lose sound 
effects. 

What's that? You don't know 
what a Cylon raider is. You are 

Fire 
(Launch) 

Arm 
(On -Off) 

sentenced to one evening at the 
nearest cinema showing Batt- 
lestar Galactica. 

Also from Mattel and new to 
the UK is Auto Race. You have 
to successfully complete four 
laps of the circuit in the short- 
est possible time, steering 
round obstacles at four speeds 
from slow to just -a -blur. Full 
sound effects are featured. 

The games are available at 
£15.90 each from N.I.C. Models, 
27 Sidney Road, London N22 
4LT, who will shortly be adding 
a soccer game to their range. It 
is expected to sell at £21.30. 

Guidance 
Control 

Be prepared to have your illu- 
sions shattered. ETI does it 
again. (Who said `Publish and 
be damned'?) Yes, folks, it's 
true - Tom Baker is really a 
three inch tall midget. For the 
first time we show you the real 
TARDIS, packed with its elec- 
tronic marvels (a genuine 555 
Police Box flasher, time travel- 
lers for the use of). 

ELECTRONICS TODAY INTERNATIONAL - AUGUST 1 979 

POLYPHONIC KEYBOARD 

We made a few errors in this article last month. To 
start with we credited the design to Tim Orr, when in 
fact Tony Keene of Arak should have received the 
accolades. 

In addition to this we missed out the Buylines, 
which contained the details of the all-important 
designs kit from Arak Sound. Our apologies to 
them for our omission. For the missing details 
please consult the Arak ad on page 97 of this issue. 

COURSE REGISTER 
New from NCR, yes the cash 
register -people, is their 'Basic 
Electronics Course With Ex- 
periments'. The 430 page 
paperback is a self -study course 
in both electronics theory and 
practical application. 

The book is intended for use 
with an equipment kit in- 
cluding something called an op 
amp designer and, unfortun- 
ately, an oscilloscope. Unfor- 
tunately, because the sort of 
person likely to want to use this 
book is just the person who will 
not have a scope and probably 
doesn't know where to borrow 
one. 

Although a scope is 

necessary for some experi- 
ments, it is possible to cover 
most of the work without one. 
Arm yourself with the 
necessary components, a 
breadboard, a multimeter and if 
you can lay your hands on one, 
a function generator and you're 
away. 

The book is a useful intro- 
duction to basic electronics 
with sections and written tests 
covering everything from 
simple atomic structure to 
transistor amplifiers. Don't 
cheat by looking up the 
answers. 

The NCR Basic Electronics 
Course With Experiments costs 
£6.95. 
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FEATURE: Microsense 

Megabytes). With microprocessors you get an added bonus because 1K bytes of memory is not 1000 bytes as you 

would expect but 1024 bytes, an extra 24 for free! Similarly with 1M byte you get an extra 48,576 bytes free, this 

is simply because these are the nearest Hexadecimal equivalents to 1000 and 1,000,000 and the MPU prefers to 

count in Hex. 

Data and Address Buses 

A bus is a set of wires or other connectors which carries a set of data between one part of the circuit and another.. 

Each wire can carry a positive voltage to indicate a logic 1 or no voltage to indicate a logic O. 

To carry the information in our sample byte from above we would need an 8 bit bus or 8 wires, one of the main 

buses on a microprocessor carries data from one part of the circuit to another, most microprocessor use an 8 bit data 

bus. The second main microprocessor bus is needed to inform the system where to send the data or where to get it 

from, an 8 bit bus can only define 256 addresses which is not much fora microprocessor. Two bytes are used to 

carry the data for an address thus giving a maximum of 65,536 address locations note that 65,536 is 64 x1024 

and is thus usually referred to as 64K. 
A third microprocessor bus carries control signals the simplest of which is a signal to indicate whether we are 

Reading data or Writing data. This is referred to as a Read/Write control line or simply R /W (more mnemonics). 

Other controls on a microprocessor include: 

RESET 
HOLD 
OSC 

SENSE 
FLAGS 

restart programm from address location 1. 

Suspend execution as long as this function is enabled. 

Each oscillator pulse performs one machine cycle 

(NB several machine cycles make up one operation). 

Inputs to sense buttons or single bit data. 

Single bit outputs used for driving lamps, buzzer, etc. 

The PC/MP Microprocessor 

The PC/MP consists of several areas of cardboard (defined as latches). These may thought of as a form of 

'pigeon hole' storage. Any information may be written into these boxes as required in the form.of an 8 bit (or 16 bit) 

byte of data. The information can be copied into any other box (which overwrites any previous information in the 

second box). Some of the boxes allow communication of data in the box to outside the PC/MP. 

As an example of an operation of the PC/MP assume that we instruct the PC/MP to READ our sample byte into 

its Main Internal Latch. It will do this by setting the R/W line to read data and inputting the data to the INPUT DATA 

LATCH, the data will then be copied to the MAIN INTERNAL LATCH. A second type of instruction can move data 

around inside the PC/ MP, for example copy the data in the MAIN INTERNAL LATCH to the 2ND INTERNAL LATCH. 

Now enter the byte 0011 0000 into the MAIN INTERNAL LATCH via the INPUT DATA LATCH. You should now 

have you data byte in the 2ND LATCH and 0011 0000 in the MAIN LATCH. 

The PC/MP can perform three operation types on these two data bytes 

a) LOGICAL operations (AND, OR, NOT, XOR) 

b) ARITHMETIC operations (ADD, COMPLEMENT, COMPLEMENT and ADD) 

c) SHIFT operations (SHIFT LEFT or RIGHT, ROTATE LEFT or RIGHT). 

Firstly lets look at an AND operation, here if there is a 1 in one latch and a 1 in the same location in the second latch 

then there will be a 1 in that location in the result (the result ends up in the MAIN LATCH). Thus an AND operation 

means 1 AND 1 gives 1, otherwise 0, 
AND together the MAIN LATCH and the 2ND LATCH and put the result in the MAIN LATCH, the result should be 

either 0000 0000, 0010 000, 0001 0000 or 0011 0000. Of the two possible locations of a 1 the first represents 

a unit of 32 inches chest measurement and the second a unit of 16 inches chest measurement. Thus the four 

possible results tell us: 
000 0000 Your chest measurement is either less than 16 inches or greater than 63 inches. 

0010 0000 Your chest measurement is at least 32 inches and less than 48 inches. 

0001 0000 Your chest measurement is between 16 inches and 32 inches. 

0011 0000 Your chest measurement is at least 48 inches. 

Let us assume that the PC / MP is to be used to define the shelf on which to find an overall in a clothing depot. The 

shelves are set 
Top Shelf 7 

Shelf 6 
Shelf 5 

Shelf 4 
Shelf 4 
Shelf 3 
Shelf 2 
Shelf 1 

out as 
Gents overalls sizes 48 inches to 63 inches 
Gents overalls. sizes 32 inches to 47 inches 
Gents overalls sizes under 32 inches 
Overalls sizes under 32 inches 
Overalls either larger than 63 inches or under 16 inches. 

Ladies overalls sizes 48 inches to 63 inches 
Ladies overalls sizes 32 inches to 47 inches. 
Ladies overalls size under 32 inches. 
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If your results from the AND was all o's,, read the following:- (otherwise go to next paragraph). 
This is an example of the conditional jump instruction of the PC/MP: If you are still reading this paragraph then your chest size is, I am sure you will agree, somewhat unusual. In such cases ìt would seem to make very little difference whether you are male or female when ordering an overall! To help make up for this we will teach you what an OR instruction does, the others will have to wait until later. Copy the data in the MAIN LATCH into the right hand half of the DUAL LATCH and then input the byte 1000 0000 into the MAIN LATCH via the INPUT LATCH. You are now ready to OR. The OR instruction states that if there is a 1 in one latch or a 1 in the other latch then the result will have a 1 in the ensuing location. 
THUS: 1 OR 1 gives 1 otherwise 0. If you OR the MAIN LATCH and the 2ND LATCH and put the result in the MAIN LATCH then the data in the MAIN LATCH should now have a 1 in the first position. After this little detour we need to make sure that you have the same data in the same latches as those people who bypassed this paragraph. Copy the MAIN LATCH into the 2ND LATCH and the copy the right hand half of the DUAL LATCH into the MAIN LATCH. Here we are all together again in this paragraph, those of you who bypassed the instructions in the previous paragraph should read it but not actually do the operations. 

Now lets learn about SHIFTs and ROTATES. 
A SHIFT causes all of the bits in'a byte to change their location by one position, the new empty location will be filled with a 0 and the location at the other end drops off the end and is thus lost. With the ROTATE the data is shifted but in this case the new empty location becomes filled with the data bit from the other end. As an example: 

SHIFT LEFT 1011 11010 gives 01 1 1 0100 and again gives 1 1 10 1000 
ROTATE LEFT 1011 1010 gives 0111 0101 and again gives 1110 1010 
SHIFT RIGHT 2N[) LATCH seven times to move the Male/ Female bit from box 8 to box 1 and fill the rest with zero Now ROTATE RIGHT 2ND LATCH twice to put this bit at box 7. 
Now OR the MAIN LATCH with 2ND LATCH put result in MAIN LATCH and you should have Oxxx 000 where x can 
be O or 1. SHIFT RIGHT four times the MAIN LATCH and this should be 000 Oxxx. 
To get the answer take the bit value in box 3 of the MAIN LATCH, multiply it by two and add it to the value in bit 2. Multiply this result by two and then add the value in box 1, the result should be a value in the range 1-7. The result calculation is an example of binary to decimal conversion and is the opposite of the calculation used to calculate your chest size in binary. Normally the MPU would output this RESULT via the OUTPUT DATA LATCH to an address where it would find a device which would display the result to the operator, an example would be a seven segment display plus decoder. All the foregoing is repeated in tabular form with a MALE chest size of 36 inches as follows: 

BYTE OF INFORMATION 
ENTER BYTE 
TO MAIN INT LATCH 
To 2ND INT LATCH 
ENTER 
TO MAIN INT LATCH 
AND MAIN INT LATCH 
2ND INT LATCH 
0010 0000 STOP 

DATA IN MAIN LATCH 
TO RT. HALF OF DUAL LATCH 
ENTER 
TO MAIN INT LATCH 

F 

1010 01 1 1 SHOWS SEX AND CHEST SIZE 
1010 0111 TO INPUT DATA LATCH, COPY 
1010 0111 COPY 
1010 0111 STOP 
0011 0000 TO INPUT DATA LATCH, COPY 
0011 0000 STOP NOW 
0011 0111 WITH 
1010 0111 RESULT OFANDNOW IN MAIN LATCH 

CONDITIONAL JUMP INSTRUCTION 
0000 0000 COPY 
0000 0000 STOP 
1000 0000 TO INPUT DATA LATCH, COPY 
1000 0000 STOP NOW 
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FEATURE: Microsense 

OR MAIN INT LATCH 1000 0000 
2ND INT LATCH 0000 0000 
NOW IN MAIN LATCH 1000 0000 
TO 2ND ENT LATCH 1000 0000 
RT. HALF DUAL LATCH 0000 0000 
MAIN LATCH 0000 0000 
AND MAIN LATCH 0000 0000 
2ND INT LATCH 1000 0000 
NOW IN MAIN LATCH 0000 0000 

WITH 
RESULT OF OR 
COPY 
STOP COPY 
TO 
NOW 
WITH 
RESULT 
STOP 

Instructions and Program Memory 
The above example gives a generalised idea of what goes on inside a microprocessor assuming that it is given the 
correct instructions in the correct sequence. It must also input these instructions as well as inputting data, the 
instructions are input as a form of data which is recognised by the microprocessor in a very simple way. The 
microprocessor first looks on the input data bus for an instruction, this instruction will tell the microprocessor 
whether it must next get data or another instruction, thus there is a marker inherent in the instruction code which 
informs the microprocessor what to do next. 

SHIFT RT. 2ND INT LATCH 1010 0111 7 TIMES 
BECOMES 0000 0001 NOW 
ROTATE RIGHT ONCE BECOMES 1000 0000 ROTATE RIGHT AGAIN 
BECOMES 0100 0000 (ROTATED TWICE) STOP 
DATA IN MAIN LATCH 0010 0000 STOP 
DATA IN 2ND LATCH 0100 0000 STOP NEW 
OR DATA IN MAIN LATCH 0010 0000 WITH 
DATA IN 2ND LATCH 0100 0000 RESULT OF OR 
NOW IN MAIN LATCH 0110 0000 STOP NOW 
SHIFT RIGHT MAIN LATCH 0110 0000 4TIMES 
BECOMES 0000 0110 =21+22=6 Size of Male Overall required is on 

shelf No. 6. 
We must define an area of memory addresses which hold the instructions, for this we will reserve the first 256 

memory locations on address lines 0000 0000 0000 0000 to 0000 0000 1 1 1 1 1 1 1 1 (0-255 in decimal, 0000 
DOFF in Hex). The first instruction will be fetched from location 1, the next from 2, etc. 

We must also define addresses at which we have a set of switches or a keyboard for input of the parameters and 
an address at which there is a display and decoder. We can use the upper half of the address to define that address. 
An upper byte code of 000 0000 will access the program, any address with an upper byte code of 0000 0001 will 
access the keyboard and an address with an upper byte code of 0000 0010 will access the display. Note that in the 
second two cases the value in the lower address byte does not matter. 

We need to define a set of instructions for the PC/MP, such as: 

0000 0 000 
0000 0001 
0000 0010 
0000 0011 
0000 0100 
0000 0101 
0000 0110 
0000 0111 
0000 1000 

0000 1001 

0000 1010 

0000 1011 
0000 1100 
0000 1101 
0000 1110 

0000 1111 
0001 000 

00 Activate the HALT feature and this suspend operation until the HALT input is pulsed. 
01 Exchange the values in the MAIN LATCH and the 2ND LATCH 
02 SHIFT LEFT MAIN LATCH 
03 SHIFT RIGHT MAIN LATCH 
04 ROTATE LEFT MAIN LATCH 
05 ROTATE RIGHT MAIN LATCH 
06 Exchange the values in the MAIN LATCH and the DUAL LATCH RIGHT 
07 Exchange the values in the MAIN LATCH and the DUAL LATCH LEFT 
08 Exchange the values in the ADDRESS OUTPUT LATCH with that in the DUAL INTERNAL 

LATCH, note this is a 16 bit exchange. 
09 Exchange address OUTPUT LATCH and DUAL LATCH, copy MAIN LATCH to OUTPUT 

DATA LATCH and pulse R /W to indicate WRITE, re -exchange ADDRESS OUTPUT LATCH 
and DUAL LATCH (i.e. WRITE the data in MAIN LATCH to the address in DUAL LATCH). 

OA Exchange ADDRESS OUTPUT LATCH and DUAL LATCH, pulse R/W for a READ, copy the 
data in the INPUT DATA LATCH into MAIN LATCH, re -exchange ADDRESS LATCH and 
DUAL LATCH. (i.e. READ from the address in DUAL LATCH into MAIN LATCH). 

OB READ the data at the next address and copy it into MAIN LATCH 
OC AND MAIN LATCH and 2ND LATCH, put result in MAIN 
OD OR MAIN LATCH and 2ND LATCH, put result in MAIN. 
OE The data following this instruction indicates the number of instructions following ìt which can 

be ignored. 
OF As OA but only if the value in MAIN ìs all zeros. 
10 As OA but only if the value in MAIN is not all zeros. E1 

Next month: Programming the PCMP and taking down some 
addresses! 
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This month the ever present Henry Budgett drools over the finally announced Texas 
Instruments System. Between time he looks at a more down to earth training system 
called the Nano -computer. 

WELL, IT is here at last, or rather TI is! Launched at the 
Consumer Electronics Show in Chicago on Sunday June 
3rd the Texas Instruments home computer is with us. 
There are no real surprises unfortunately but the 
machine will probably provide a real challenge to both 
Apple and Compucolor. Based on the 990 series 16 bit 
microprocessor the system is built into a neat desktop 
console which measures 1 5" by 10" by 21/2". 

Configured with 16K of RAM, a sound generator 
which covers four full octaves, full 16 colour graphics 
and an extended BASIC. The machine will drive any 
black and white TV or monitor and any NTSC colour 
monitor with video input. Hopefully a PAL version will be 
available for Europe as at the moment it will cost about 
£400 for a suitable monitor. The machine uses an 
extension of the calculator Solid State Software system 
with up to five ROM chips in a module. A variety of these 
will be available for the UK launch in September 
including Pre-school learning, Video Chess, Home 
Budgeting and Video Games. Prices for the various 
packages will vary between £15 and £45. The main 
advantages of the Solid State system is the high speed of 
program loading and interchange. 

Peripherals for the system will be announced in due 
course and should include a printer, disk drive, RS232 
interface and a Speech Synthesiser. The synthesiser is 
based on the Speak and Spell chip set and has a 
vocabulary of 200 words, these can be called from user 
programs to give messages, instructions etc. The BASIC 
on the system is a 13 digit version with full floating 
point, ANSI compatible and has 24 basic statements, 14 
commands and the colour graphics. 

The cost of the machine is quoted at £645 but the 
change in VAT may mean a slight increase by the 
Autumn. For further details you should contact Roger 
Tilbury at Texas Instruments, Manton Lane, Bedford 
MK41 7PN. We will be reviewing the system as soon as 
we can lay our hands on one and I will keep you 
informed of any further developments through both ETI 
and CT. 

New Training System 

Newly arrived in our offices is a new training and 
educational system called the Nanocomputer. Definitely 
not to be confused with a popular TV show! Based on the 
Z80 the system is fully expandable from a single board 
with a hand held keypad right up to a full system and you 
can select the level at which you start. The unit is 
supplied in a case with a power supply and the keypad 
and a training manual. This takes you through the 
machine code programming of the Z80 and you can 
then go on to the experimental kits. For these one plugs 
onto the end of the board a prototyEaing kit which allows 

Above: At last! The Texas Instruments home computer system. 
Along time in the making 

you to learn about interfacing to the system, amongst 
other things. The final stage is to upgrade the board to a 
full system in a card frame with a variety of peripherals 
such as a full ASCII keyboard, printer, VDU and disks. 

A range of software is also available including various 
monitors, Editor Assemblers and an 8K BASIC. The unit 
is extremely well constructed on a double sided, plated 
through PCB and all interconnections are made with 
high quality header sockets thus eliminating the usual 
lash ups. A full review of the system will be appearing in 
the August issue of CT but for more information before 
then please contact Mr David Watson of the Midwich 
Computer Company at Hillsborough House, Churchgate 
Street, Old Harlow, Essex. The price of a basic system is 
£260, the full Experimental kit is around £430. 

Club Forum 

A varied bunch in this month's mailbag. Micro44 of 
Woking have formed an Exidy Sorcerer Users Group to 
be run by Andy Marshall. The group will be run as a 
division of the US group and will both take and con. 
tribute material to them. Membership fees are £5 a year 
to cover costs and a monthly newsletter will be pro- 
duced. Contact Andy at Micro44, 44 Arthurs Bridge 
Road, Woking GU21 4NT or ring 04862-66084. 
Another club is being formed in the Nottingham area, 
primarily for Nascom users but anyone will be welcome. 
Meetings will be monthly, no dates are yet arranged and 
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Below: The versatile Nanocomputer in its most 
basic form. The system is configured around the 
powerful 780 processor. 

it is hoped to produce a newsletter and offer program 
exchange. For those interested please contact Mr K S 
Swainson at 9 Brayton Crescent, Highbury Vale Estate, 
Bulwell, Nottingham NG6 9DZ. 

Ware Of The Soft Kind 

A TRS 80 software exchange service is being planned 
by Chris Cain, if anyone is interested. He handles 
programs and tests them in any TRS 80 format and 
anyone interested should contact him at ENG Wing, RAF 
West Drayton, Middlesex. Please enclose an SAE. The 
final item is a request for our younger readers. If anyone 
who is into the SCMP micro and BASIC programming 
would like to help form a young persons computer club 
would they please get in touch with N. Sutcliffe Esq of 1 

Suncliffe Road, Higher Reedley, Nr Burnley, Lancashire 
BB9 5EP and enclose an SAE. Erl 
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Model 146/9 

LOW COST 
AUDIO SIGNAL 
GENERATORS 
(Sine & Square Waves) 

10Hz-100KHz 
Very low distortion (-0015%) 

£36 (or in kit form £31) 
+ Tax 8% 

Low cost version, A0113 (02% dist), £27.50 (Kit £23). Other 
instruments include: Millivoltmeter, Tachometer; Noise level 
meter, Distortion Analyser, F.M. Sig. Gen. Crystal Frequency 
Standard. KEF Speaker Units. Send S.A.E. for lists.VAT extra 15%. 
Post/Pkg. £1.50. 

TELERADIO ELECTRONICS 
325 Fore Street, Edmonton, N.9. 01-807 3719 

Closed all day Thursday 
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IMPEDANCE AND 
PHASE 

Life would be a lot easier if all components behaved like resistors. Inductors and 
capacitors make life difficult by separating voltage and current, so how do you find 
the voltage or current at any point in a circuit? Phase diagrams to the rescue. 

In electronics, one often needs to know what the voltage 
of current at some part of a circuit will be, without 
actually building it to find out. When dealing with DC, 
this is usually pretty straightforward, using Ohm's law 
and a few rules of thumb, but AC signals in a circuit are a 
different matter, often reacting in totally different ways, 
predictable only by using impedance theory and phase 
diagrams. It is this type of theory, and the calculations 
used to find voltages, etc., in circuits, that concern this 
article. 

AC Signals 
First let's remind ourselves what an AC signal actually is. 
Plotting voltage against time for a typical signal would 
give us a graph like that in Fig. 1. This particular variety 
of round wave is known as a sine wave and in order to 
fully describe it, we must outline two quantities: its rms 
value and its frequency. The former is a measure of the 
amplitude, or height of the wave, and for reasons that 
need not be gone into here, is, in the case of a sine wave, 
0.707 times the maximum value of the wave. For 
instance, if, as in Fig. 1, the wave has a maximum value 

Fig. 1. A voltager/time graph for a typical AC signal. 
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of 6 volts, the rms value of the signal is 0.707 x 6=4.24 
volts. The other measure of the wave is the frequency. 
Take the interval between, say, A and B on Fig. 1. This 
interval, from one point to the next point where the 
voltage is acting in exactly the same way (in this case, 
from a point where it is zero and decreasing to the next 
point where it is both zero and decreasing) is called the 
period of the wave and is measured in seconds. During 
one period, the wave is said to have gone through one 
full cycle. The frequency of the wave, we can now say, is 
the number of cycles per second. 

Impedance 
Impedance can be described as the opposition to elec- 
trical current given by a circuit. Of course, we know 
about ordinary resistance, but there are other varieties. 
For instance, a capacitor may have a very high opposi- 
tion to DC current, but a very low opposition to AC 
signals of a suitably high frequency. This obviously isn't 
ordinary resistance, because if it was, it would remain 
the same for AC and DC. In fact, the amount of opposi- 
tion given to a signal by a capacitor is measured by the 

Fig. 2. Current and voltage plots for a capacitor, showing a phase difference between the two. 
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ratio of voltage across it to current through it. (V/I). This 
ratio is called the 'capacitative reactance' of the com- 
ponent, and it is given the symbol Xc. Like resistance, 
reactance is measured in ohms. Capacitative reactance 
may be calculated from the value of a capacitor by using 
the formula Xc= 1 /2'rrfC, where Tr is the Greek letter Pi, 
and represents the number 3.14 ..., f is the frequency 
of the signal being applied, and C is the value of the 
capacitor in Farads. Note that, as stated earlier, the 
opposition (reactance) of the capacitor becomes very 
small at high frequencies, but to DC (where the 
frequency is effectively zero) or to very low frequency 
signals, it becomes effectively infinite. 

Inductors, too, have a variable reactance; in this case, 
the inductive reactance, XL, which may be obtained from 
the value, L, in Henries of the inductor, from the formula 
XL=2lrrfL. Note that this reactance also varies with 
frequency, but here, it becomes greater at high 
frequencies, approaching zero only when f is very low, or 
when DC is encountered. Again, XL is the ratio V/1 in the 
inductor, and thus, given either the voltage or the 
current, it is possible to calculate the other in either a 
capacitor or an inductor, if we know the frequency at 
which the circuit is operating. 

To conclude this section, we now give a rather more 
adequate definition of impedance than that which we 
began with. Impedance is the combined opposition to 
AC signals in a circuit given by the resistance and 
reactance of the circuit. If we represent it by Z, the 
resistance by R, and the reactance by X, then 
Z= R2+X2. We find that, in a combination circuit of 
several components, Z=V / I. 

Phase Differences 
In addition to information about voltages and currents in 
circuits, phase diagrams also give us information about 
phase differences in these circuits. What in the world is a 
phase difference? To answer that, we must return to the 
capacitor and inductor. Suppose that we are applying an 
AC voltage across a specimen of the former type of 
component. If we now look at the current flowing 
through it, we find that it is 'leading' the voltage by a 
quarter cycle. That is, although it goes up and down in 
the same way that the voltage does, the two quantities 
are not in time with each other. If the voltage has, say, 
gone up (as from point A to point B in Fig. 2), then the 
current did so 90', or a quarter of a cycle earlier. (The 
figure 90 is used because a full cycle is taken as being 
divided into 360 degrees, as a circle is, and one quarter 
of a cycle is, therefore, represented by 1/4X360=90. 
The reason for dividing a cycle into 360 degrees will 

Fig. 3. A series circuit with a resistor and an inductor. Do you use 
voltage or current as the reference quantity? 
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become apparent later.) If we superimpose a graph of 
current against time on top of one of voltage against 
time, we get something like Fig. 2. 

In the inductor, a similar effect occurs, but here it is 
voltage which leads current by 90", rather than vice 
versa. The 'phase difference', as it is called, is given both 
in the case of the capacitor and the inductor, the symbol - the Greek letter phi - and may also be measured in 
terms of radians, another unit of angle, rather than 
degrees. 

To help remember that voltage leads current in the 
indicator, whereas current leads voltage in the capacitor, 
the mnemonic CIVIL is used. In a capacitor, (C) current 
(I) leads voltage (V), but voltage leads current, (I) in an 
inductor (L). Taken in order, the one -letter symbols for 
the components, voltages and currents spell CIVIL. (All 
right,. I didn't think of it.) 

Phase Diagrams 
So far we have seen how voltage and current are related 
in terms of magnitude (size) and phase, in individual 
components. What happens, though, if we put two 
different components - a resistor and inductor, for 
example, in series or parallel? This is where the phase 
diagrams step in, folks. Let us suppose that these two 
components, each of known value, are connected in 
series, and that we know the current which is flowing 
through the combination, and this current's frequency. 
We wish to find the size and phase of the total voltage 
across the two components, and we might be misled into 
thinking that it would just be the sum of the two 
individual voltages across the individual components, 
but in fact, this will not be so. The current and voltage 
will be exactly 'in phase' in the resistor, but in the 
inductor, the voltage will be 90" out of phase; you can't 
just add voltages unless they are in phase with each 
other. Of course, we could find the magnitude of the 
total voltage by finding the total impedance of the circuit 
and multiplying this by the current, but we still wouldn't 
know the phase of this voltage with respect to the 
current, so a phase diagram is really our only option. 

-Which Reference 
For our diagram, we shall want some quantity, either 
voltage or current, which will be the same for both 
components. Well, as we have just seen, the voltages 
across the individual components are definitely dif- 
ferent, so that only leaves current. In fact, current serves 
as our 'reference quantity' in any series circuit, and 
voltage is used in parallel circuits. To represent the 
current, draw an arrow, pointing to the right. Now we 

Fig. 4. The voltages across the resistor and inductor can be used to find the total voltage across the two components. 
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must draw in arrows to represent the voltages across 
individual components. The lengths of these arrows will 
be made, using a suitable scale, to represent the rms 
values of the voltages, and the phase of each voltage 
with respect to the current will be indicated by the angle, 
going anti -clockwise, which the voltage's arrow makes 
with that of the current, when both have their tails at the 
same place. Thus, the voltage across the resistor, which 
can be calculated by multiplying the current by the 
resistance, will be represented by an arrow actually on 
top of that showing the current, because the voltage and 
current here are in phase, so that the angle, 4), is zero. 
The voltage across the inductor can be calculated by 
finding the reactance of the component, and multiplying 
this by the current. This arrow will be placed at an angle 
of 90" to that representing the current (i.e. it will point 
straight up), because the voltage in an inductor leads the 
current by 90". Were the component a capacitor, 4) 

would be -90", because the voltage here lags by a 
quarter cycle, which is equivalent to saying that it leads 
by -90". The arrow would, then, point down, rather 
than up, as it does now. 

If we imagine our two voltage arrows to be two sides 
of a parallelogram (in this case, a rectangle, because we 
know that one of the angles is 90"), and draw in the 
other two sides parallel to the ones we have, as in Fig. 4, 
we find that the diagonal of the rectangle, drawn in as an 
arrow starting at the same place as do all the others, has 
a length that, on whatever scale we have used to draw 
the lengths of our arrows, gives the total voltage across 
the two components. In addition to this (yes, you, 
guessed it ...), we find that the angle which this 
diagonal arrow makes with the horizontal gives the 
phase of the total voltage across the circuit, with respect 
to the current! 

In fact, if we use Pythagoras' famous theorem about 
the squares of the lengths of the sides of a right angled 
triangle (whew!), to find the length of this diagonal, we 
find that, if we call the voltage across the resistor VR, and 
that across the inductor VL, then the total voltage, V, is 
given by the formula:- 

V= VVR2+VL2 

Looking back to the section on impedance, we notice 
that this formula bears a remarkable resemblance to the 
one stated to give the combined impedance of a resist- 
ance and reactance; in fact, if we divide both sides of the 

Fig. 6. (a) A series L -C circuit, where current is the reference. (b) 
Phase diagram for the series L -C circuit. Inductor and capacitor 
voltages are 180° out of phase. (c) A parallel L -C circuit. (d) With 
voltage as reference, inductor and capacitor currents are 180° 
out of phase. 
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Fig. 5. (a) A resistor and an inductor in parallel. In this case 
voltage is used as the reference quantity. (b) The phase diagram 
for a parallel L -R circuit. 

equation by the current, I, then V becomes Z, VR 
becomes R and VL becomes XL (since Z, R and XL are all 
defined to be equal to V/ I) and the two equations. 
become one and the same (Howzatt!!!). 

The phase of the voltage can also be calculated, 
rather than measured directly from the diagram. The 
appropriate formula is:- 

4=tan-1 VL/VR. 

What about parallel circuits? The procedure this time 
is pretty much the sanie as for series circuits, but now 
the 'reference' arrow, pointing to the right, represents 
the total voltage, not the current. The individual arrows 
represent the currents through the individual com- 
ponents, rather than the voltages, and the diagonal 
arrow gives the total current, and the angle by which the 
current leads the voltage. Note that if this angle is 
multiplied by -1, it then gives the angle by which 
voltage leads the current. 

LC Circuits 
There are two more circuits, that should really be treated 
by themselves. These are the combination of capacitor 
and inductor in series or parallel, and they possess some 
rather interesting properties. If we draw a phase diagram 
for either of these two types of circuit, we find that the 
two arrows representing voltages or currents, as the case 
may be, in the individual components point in exactly 
oppsoite directions. To find the arrow that is the corn- 

bination of these, we place the arrows end to end. That 

V 

V 

L 
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is, we place the tail of one of them at the head of the 
other, keeping them pointing in the same directions. An 
arrow starting at the beginning of the first individual 
one, and ending where the second arrow does, gives the 
total voltage, or current. It can be seen from this that if 
VD=VL, then the two will exactly cancel out, and in a 
series, circuit, there will be no voltage across the two 
components, and the circuit will be effectively shorted 
across. In a parallel circuit, there will be no current 
flowing, and the total impedance of the circuit will be 
effectively infinite. Under what circumstances, then we 
may ask, will the two voltage (or current) arrows be of 
equal length, and cancel? It turns out that this is so if 
Xe=XL, and using the formulae for the reactances of the 
components, from the section on impedance, we find 
that 2'rrfL must equal 1 /2arfC. Here we notice that for 
any named combination of values for L and C, it should 
be possible to find some frequency - the so called 
resonant frequency - for which the circuits should 
react in the way described above. Manipulating the 
9quations, we come up with the formula:- 

f= 1 / 2'rr o/ LC 

Thus, in a series circuit, signals at this, and only this, 
frequency, will be able to pass through the circuit 
unimpeded, whereas in a parallel circuit, any other 
frequency will be allowed to pass. These circuits are 
called, respectively, a notch filter and a tuned circuit. 
The latter is of great use in radio receivers, where it is 
often used to short all signals at frequencies other than 
those wanted to earth, thus effectively sorting out 
wanted signals to be amplified and listened to. The 
frequency required may be selected by adjusting one or 
other of the two components, and, in fact, the capacitor 
in the tuned circuit of a radio is usually a variable type, 
and forms the tuning control. 

Two's Company .. . 

Of course, you may want to find voltages or currents in 
circuits with more than two components, but this isn't as 
difficult as you might think. Just find the individual 
arrows of the separate components, and put them all end 
to end, as in Fig. 7. The final arrow, giving the total 
voltage or current, starts at the beginning of the first and 
ends where the last of the separate arrows does. En 

Fig. 7. In circuits with more than two components, the voltage or 
current arrows for the individual components can be found, then 
the final arrow will give the total voltage or current. It's easy 
when you know how. 
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The latest kit 
innovation: 
from l Irr7 

1 

the quickest fitting 
CLIP ON 
capacitive discharge 
electronic ignition 
in KIT FORM 

Smoother running // 
Instant all-weather starting 
Continual peak performance 
Longer coil/battery/plug life 
Improved acceleration/top speeds 
Optimum fuel consumption 

Sparkrite X4 is a high performance, high quality capacitive discharge, electronic ignition system in kit form. Tried, tested, proven, reliable and complete. It can be assembled in two or three hours and fitted in, 1 %3 mïns. 
Because of the superb design of the Sparkrite Circuit it completely eliminates problems of the contact breaker. There is no misfire due to contact breaker 
bounce which is eliminated electronically by a pulse suppression circuit which prevents the unit firing if the points bounce open at high R.P.M. Contact breaker burn is eliminated by reducing the current to about 1 /50th of the norm. It will perform equally well with new, old, or even badly pitted points and is not 
dependent upon the dwell time of the contact breakers for recharging the system. Sparkrite incorporates a short circuit protected inverter which eliminates the problems of SCR lock on and, therefore, eliminates the possibility of blowing the transistors or the SCR. (Most capacitive discharge ignitions are not completely 
foolproof in this respect). The circuit incorporates a voltage regulated output for greatly improved cold starting. The circuit includes built in static timing light, 
systems function light, and security changeover switch. All kits fit vehicles with coil/distributor ignition up to 8 cylinders. 
THE KIT COMPRISES EVERYTHING NEEDED 
Die pressed epoxy coated case. Ready drilled, aluminium extruded base and heat sink, coil mounting clips, and accessories. Top quality 5 year guaranteed 
transformer and components, cables, connectors, P.C.B., nuts, bolts and silicon grease. Full instructions to assemble kit neg. or pos. earth and fully illustrated installation instructions. 

NOTE-Vehicles with current impulse tachometers (Smiths code on dial RV1I will require a tachometer pulse slave unit. Price £3.85 inc VAT, post & packing.' 

Electronics Design Associates, Dépt. E T 18 
82 Bath Street, Walsall WS1 3DE. Phone 
614791 
Name 

Address 

Phone your order with Access or Barclaycard 

'LcWiy palm ad pcldN UK Hly OUANTITY 8E0'0. 

X4 KIT £16.65 inc. VAT 

TACHO PULSE SLAVE UNI 
£3.85 inc. VAT 

Access or Barclaycard No. 

(0922) 

Send SAE if brochure only required. 

chequelPO's for 

L 
Cheque No. 



PROJECT 

A useful item of test 
gear designed with the 
audio constructor in mind. 

BENCH 
AMPLIFIER 
AN ESSENTIAL PIECE of equipment 
for any electronics workshop is an 
audio amplifier - useful for testing 
and checking other audio circuits. 
Ideally the amplifier should allow for 
a reasonably wide range of input 
signals and be adaptable for various 
outputs. The bench amplifier 
described here fulfills these criteria. 

There are four inputs: (i) a high 
gain, flat response, intended for use 
with microphone or guitar, (ii) a 
phono (disc) input with RIAA 
equalisation, (iii) a medium gain, flat 
response for ceramic cartridge or 
tuner, (iv) an attenuated, flat 
response, for tape output. 

Coupled with the master volume 
control the preamplifier section 
should cater for most audio signals. 

A pre -amplifier output is 
obtainable (see case photograph) and 

also an extension speaker outlet via 
necessary output sockets on the rear 
panel. Also provided is a low level 
power output suitable for 
headphones. 

Construction 
The prototype was constructed with 
various input connectors wired in 
parallel, 5 pin Din, 1/4 inch Jack and 
Phono. This means that an input can 
be accepted from a signal lead with 
any of those three connector plugs. 
More can be added to personal 
preference, but it was felt that the 
chosen three would cover the 
majority of input functions. 

The PCB is relatively uncluttered. 
Links I and 2 are provided to cut off 
the power supply to IC2 and IC3, the 
pre -amp and power amp stages. This 
may be useful in setting up and 
testing which can be done in three 

stages - the power supply, the 
power amplifier and finally the 
pre -amplifier. 

Note that IC2 and IC3 are inserted 
into the board in opposite directions. 

SW2 consists of four two pole 
changeover switches soldered 
directly onto the PCB, thus 
alleviating wiring -up problems. 
Different sizes are obtainable so 
make sure that you obtain the correct 
ones. 

Use screened cable for input and 
pre -amp output and also for the lead 
to the volume control, to minimise 
mains hum. 

Our finished amplifier had all 
input sockets, the selector switch, 
volume control, power indicator and 
the headphone socket on the front 
panel, with the output sockets on the 
rear. 
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Fig.: 1. Showing the variation of 
recorded signal with frequency. Fig: 2. Recorded playback signal atte- 

nuation with frequency. 
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Fig: 3. Theoretical flat response output 
after pre -amp stage with associated 
equalization network. 

67 



news di 
PCB EYE POSTS 

You can use Vero Electronics' 
miniature terminal assemblies 
to attach scope probes to PCBs, 
or use them as input/output 
stations. 

The unique spring design 
allows the terminals to be in- 
serted into plated through 
boards without damage to the 
hole plating. The terminals will 
remain in place when the board 

is reversed for flow soldering. 
Components can be fixed and 

replaced using the eye at the 
top of the terminal. The sint- 
ered glass bead has a recom- 
mended working temperature 
of 475°C and the terminals have 
a solder tinned finish. 

For further details of the 
miniature terminal assemblies, 
contact Vero Electronics Ltd, 
Industrial Estate, Chandler's 
Ford, Eastleigh, Hampshire S05 
3ZR. 

SILICON BOAT 
No, not the messing -about -on - 
the -river type. These boats, 
new to the UK and Europe, 
could help semiconductor 
manufacturers boost their 
yields of the latest complex, 
high component density silicon 
chips. 

Production of the latest 
generation of semiconductors 
demands critical handling 
during diffusion and oxidation 
processes. The new silicon 
boats, already in use in 
America, have several advan- 
tages over the conventional 
quartz boats. These include 
purity of the metal, four times 
that of quartz, and the lifetime 
of silicon, at least ten times that 
of quartz. 

In addition, silicon boats will 
not devitrify, creating particles 
which can fuse into oxides 
causing yield losses. They can 
also be cleaned in HF solutions 
without degradation and mini- 
mum slot enlargement. As they 
have the same thermal coef- 
ficient of expansion as the slices 
they carry, warpage problems 
are eliminated. Rigidity is 
maintained up to 1400°C. 

For further information con- 
tact Micro -Image Technology 
(Engineering) Ltd, Greenhill 
Industrial Estate, Riddings, De- 
rby DE55 4DA. 

Cross Road, 
n WC2HOEE. 

7/002 
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Fig. 4. An operational amplifier with 
equalization circuitry in its feedback 
loop. 

IC1 IS 7815 
BR1 IS lA BRIDGE RECTIFIER 
LEDI IS TIL220 

IN 

C + 
+ 100n 1u0 

Cl 
2200u 

/7777 

Fig. 5. Circuit diagram of the power supply. 

Fig. 6. Main circuit diagram of the Bench Amplifier. 

r - -. 

I/P 

SW2a 

+ R3 
15k C6 

C5 3n3 
22u 

R9 
100k C11 

330p 

C8 
100n 

C12 
100n 

OUT 15V 

o 

R16 
680R 

LEDI 

ti 
GND 
o 

HOW IT WORKS' 
The preamplifier section is formed around 
the LM 381 dual operational amplifier. 
One channel is used as a magnetic phono 
pre -amp with equalisation to RIAA cha- 
racteristics. For the uninitiated amongst 
us, RIAA (Record Industry Association of 
America) equalisation is necessary in the 
playback stage of recordings made on 
record, to counteract the effect added to 
the signal in the recording stage. Figure 1 

shows the kind of effect. It is a graph of 
recorded signal vs frequency. 

On playback, it is now necessary to 
have an amplifying stage which has a 
diminishing response with higher 
frequency as in Fig. 2. The overall effect is 
to produce an output as shown in Fig. 3 
where the signal amplitude does not vary 
(apart from the inaudible extremities) 
with frequency - a flat response. The 
underlying theory for such a complicated 
system is that of high frequency noise. 
When the recorded signal has its higher 
frequency sounds amplified its noise is 
not, whereas at the playback stage, all 
frequencies at the top end of the scale are 
diminished, noise included. The final out- 
put, therefore, has theoretically less noise 
i.e. the signal/noise ratio has been in- 
creased. 

The usual way to reproduce the graph 
in Fig. 2 is to use an amplifier with 
frequency dependent components in its 
feedback loop so that it amplifies bass 
frequencies more than treble. (See Fig. 4). 

The other half of the chip is used as a 
high gain amplifier with an essentially flat 
response. This input suits microphones or 
electric guitars. 

The medium gain input from a ceramic 
cartridge or a tuner is fed straight 
through to the power amp, the line input 
being attenuated by R11, 12 before being 
taken to the power output stage. 

Switch SW2 a, b provide necessary 
switching between the I/P and 0/P of the 
preamplifier stage. 

The power amplifier consists of a 
standard LM 380 IC power amp with the 
usual supply decoupling capacitor C14 
and network R14, C16, to eliminate pos- 
sible oscillations. 

R15 drops the 0/P power to a suitable 
level for headphones. 

Vcc 

C14 
100n 

14 7 C15 
8 +I 470u 

R14 
PREAMP 2R7 
0/P 

IC2 IS LM381 
IC3 IS LM380 
SW2 IS SHOWN IN HIGH GAIN, FLAT RESPONSE 
INPUT POSITION 

H'PHONE 
O/P 

SPKR 
8 OHMS. 
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LBUYLINES 
There is nothing in the circuit 
which should present any difficulty 
in obtaining, except the correct size 
switches for SW2 a, b. We advise 

that you take your circuit board 
with you when you buy the switch, 
and then you will be certain of 
getting the right ones. 

Figc 7. Component overlay. 

INPUT 

LEDI 

SW2 
INPUT 
SEL ECTOR 

PRE -AMP 0/P 

L SPKR 
FUJI HPHONES 
(VOLUME, 
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PARTS LIST 
RESISTORS ALL 1/aW 5% 
R1, 7 47k 
R2, 8 220R 
R3, 15k 
R4 2k2 
R5, 6, 9 100k 
R10 10k 
R11 6k8 
R12 3k9 
R13 680k 
R14 2R7 
R15 100R 
R16 680R 

POTENTIOMETERS 
RV1 2M Log 

CAPACITORS 
C2, 4, 8, 9, 

12, 14, 16 
C3, 13 
C5, 10 
C6 
C7 
C11 
C15 

100n polyester 
lu 16V electrolytic 
22u 16V tantalum 
3n3 polyester 
1n polyester 
330p polystyrene 
470u 16V 

SEMICONDUCTORS 
IC1 7815 
IC2 
IC3 
BR1 
LED 1 

LM 381 
LM 380 
1 A bridge rectifier 
TIL 220 

MISCELLANEOUS 

T1 18V 1A -nains trans- 
former 

FS1 and holder 250 mA 
I /P and O /P sockets 
8 ohm speaker 
SW2 4 off 2 pole changeover 

push switches and moun- 
ting bracket case to suit 

A.0 IN FROM 
T1 SECONDARY (18V) 

TO 
MAINS 
EARTH 
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FEATURE 

ODD ODES 
A diode, the electronic one way street, is a versatile component. This tiny piece of crystal engineering can rectify AC signals, limit voltage, emit light or tune your radio. 1án Sinclair explains 
IF YOU COMPARE a resistor to a crowded road and a capacitor to a multistory car park, then a diode is the nearest thing electronically to a one-way street. A diode 
has two terminals (the di -part of the name simply means 
two) and the current flows only when one of them, the anode, is more positive than the other, the cathode. This direction of current flow, anode to cathode, is called the forward direction and doesn't obey Ohm's Law. That means that we can't calculate how much current will flow simply by measuring the forward voltage and 
.knowing a single figure of resistance of the diode, R. 'There are two features of the way in which a diode conducts which makes it quite different from a resistor. 
One is that current doesn't start to flow whenever the 
anode is positive to the cathode, only when the voltage is greater than about 0.5 V (for silicon diodes) or 0.15 V (for germanium diodes). The other feature is that, once the diode is conducting, its resistance drops as the current increase. The drop in resistance is so great that the voltage across a forward conducting diode is almost 
constant, around 0.55 V, even if the current changes considerably. For silicon diodes, a very useful rule of thumb is that the voltage changes by only 60 mV for a tenfold change of current. This means, for example, that 
if the voltage across a diode is 0.55 V when 1 mA is flowing, then increasing the diode current to 10 mA will 
raise the voltage by only 60 mV to 0.61 V. If the diode 
obeyed Ohm's Law, then a tenfold increase in current would cause a tenfold increase in voltage. In our example, a resistor which had a voltage of 0.55 V across 
it with 1 mA flowing (a 550R resistor) would have 5.5 V across it when 10 mA flowed. Diodes just don't behave that way. 

Characteristics 
If we can't use Ohm's Law then, what do we do? The answer is that we have to use characteristics, graphs which show how much current flows at each value of voltage. A full set of characteristics for a diode is quite an impressive sheaf of documents, but the two that are of most interest to us are the forward characteristic and the reverse characteristic. The forward characteristic shows how much current will flow at each value of forward voltage and at what voltage current can be expected to start flowing. The reverse characteristic shows how 

ANODE 

CATHODE 

DIRECTION 
OF 
CURRENT 

Fig. 1. Symbol for a diode. The arrowhead on the symbol shows the conventional direction of current (+ to -) through the diode. 
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50 25 

Fig. 2. Measuring the forward voltage for a conducting diode. This is always around OV5 for a silicon diode. OV2 for a germanium diode. 

much reverse or leakage current will flow when the diode is reverse biased (cathode positive, anode 
negative) to various voltages. This reverse characteristic 
usually has a turnover (Fig. 3) and in the normal use of a 
diode we try to avoid applying a reverse voltage large 
enough to reach this turnover point. Why? Well, unless 
there's enough resistance in the circuit to make sure that 
the current which can flow in the reverse direction is very 
small, enough power will be dissipated to overheat the 
diode and destroy it. The power converted to heat (in millìwatts) is given by volts X milliamps. If the diode can just safely pass 20 mA in the forward direction, when the 
forward volt is, say, OV6 then the power it can handle 

REVERSE 
loo 

VOLTS 

FORWARD CURRENT 
MIL LIAMPS 

10 

5 

50 

100 

REVERSE CURRENT 
MICROAMPS 

FORWARD CURRENT 
MIL LIAMPS 

150 

100 

REVERSE 
VOLTS I h I FORWARD / 1V 2V VOLTS 

TURNOVER 

VOL 
FORWATSRD 

5 

10 

REVERSE CURRENT 
NANOAMPS 

Fig. 3. Forward and reverse characteristics plotted on one graph. (a) Germanium diode, (b) Silicon diode. Notice that the scales for reverse voltage and current are not the same as the scales for forward voltage and current. This has to be done so as to get the two different characteristics on the same graph. 
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'is 0.6X20=12 mW. In the reverse direction, if the 
turnover is at -20 V, then the power which has to be 
dissipated at 20 mA is 20X20=400 mW - and it 
won't like it! 

Why Diodes Do It 
That's what a diode does, but why does it do it? The 
answer to that question is not so easy, because it needs 
some understanding of how materials are formed from 
atoms and molecules. Let's try to get by with a simple 
explanation on the understanding that there's a lot more 
to it. First of all, the materials that are used for making 
diodes or transistors are solid crystals. Crystals of a given 
material always have the same angles between faces, 
and the reason is that they are formed by the atoms of 
the material always carrying the themselves in the same 
pattern. This regular arrangement causes regular shape 
of crystals, and also makes it possible for a crystal to 
conduct electricity. For any material to conduct elec- 
tricity, it must be well supplied with particles smaller 
than atoms which have an electric charge, positive or 
negative, and these particles must be able to move freely 
through the material. 

The regular arrangement for atoms in crystals pro- 
vides plenty of paths between the atoms for the easy. 
movement of these charged particles, so that crystals 
only need a supply of particles to become conductors. 
The materials we call metals are crystals which can 
release about one charged particle from each atom, so 
they conduct electricity pretty well, though not equally 
well. Insulators, on the other hand, simply don't have. 
many charged particles lying around and many of them 
aren't crystals either, making it doubly difficult for them 
to conduct. In between these two extremes are the 
curious materials called semiconductors, which form 
crystals but are not well supplied with the charged 
particles that are needed to make them into conductors. 

These are two ways in which we can supply these 
particles. One way is to heatthe materials. This causes a 
few atoms to shed one of their electrons (negatively 
charged particles), leaving behind a gap in the arrange- 
ment of particles in the crystal which we call a hole. The 
hole behaves like a positively charged particle and can 
slip from one atom to another. Raising the temperature 
of a semiconductor, therefore, makes it conduct, but the 
electrons will slip back into place again when the 
material cools so the change is not permanent. 

Dope Charge 
A permanent change can be caused by doping. Doping 
is adding a small amount of impurity to a semiconductor 
material. We don't use any old impurity, but materials 
whose atoms will fit nicely into the arrangement of, 
atoms in the crystal. Some of these materials which fit 
perfectly into place have one electron more than is 
needed in the crystal. That electron is released from each 
impure atom, allowing the crystal to conduct electricity 
by movement of these electrons. 'A crystal doped in this 
way is called N -type. We can also dope with a material 
which has fewer electrons than its neighbours in the 
crystal, creating a hole and making the crystal conduct 
by hole movement. A crystal doped in this way is called 
P -type. When a semiconductor is made into a conductor 
by doping, the change is permanent because there are 
always electrons or holes which don't fit and can't just 
snap together again (recombine). 

This business of doping is quite something, because 

+ +++!- - - - ---- + +++.--- 
+ + + + - - - - 
+ + + + - - - - 

JUNCTION 

a 

+ 

b 

++ ++ -+ 
+ +-+ 

_+ + + +- __ + 

yf- 

+I 

C 

Fig. 4. When a junction is formed (a)the electrons and holes 
separate slightly at the junction. Reverse bias (b) makes the 
separation much greater so that the material can't conduct - 
there aren't any carriers. Forward bias (c) allows electrons and 
holes to cross the junction, making the material a conductor. 

it allows us to do a bit of engineering on materials, 
creating crystals which can be fair conductors or good 
conductors, according to how much doping we use; or 
which are N -type or P -type according to what type of 
doping we use. 

Attractive Likes 
Now we've set the scene for learning why a diode works, 
and there's only one main point left. Charged particles, 
whatever their size, obey the laws of electrostatics. Of 
these laws, the important one for understanding the 
action of a diode is that two particles with the same sign 
of charge (two positives or two negatives) will repel each 
other, but particles with opposite signs (a positive and a 
negative) will attract each other. It's a simple enough 
law, but combined with what we now know about 
doping it's enough to explain what goes on inside a 
diode. 

A diode is a single crystal with P -type doping at one 
end, or on one face, and N -type doping at the other end 
or face. Obviously, there's got to be a surface in the 
middle or thereabouts where these two types of doped 
material meet, and this surface is called the junction. The 
important thing about a junction is that it's somewhere 
inside a crystal with no break in the arrangement of the 
atoms. You can't make a junction by pressing a lump of 
P -type material up against a lump of N -type material - 
there's no chance that the rows of atoms would ever line 
up the way they do inside a crystal. 

This arrangement is now a diode - a crystal with 
P -type material On one side of the junction and N -type 
material on the other. Remember what these terms 
mean - N -type material conducts because it has elec- 
trons free to move through the crystal. Because the 
crystal is in one piece, there's no reason why electrons or 
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Fig. 5. Using diodes (a) for rectification (b) for radio signal 
detection. Both applications depend on the one-way flow of 
current through the diode. 

holes should not move from one end of the crystal to the 
other, so the crystal can be made part of an electrical 
circuit. 

Up The Junction 
When the junction is formed, though, the free electrons 
of the N -type material at one side will be placed very 
close to the free holes in the P -type material on the other 
side and inevitably there's a bit of shuffling which ends 
up with some combination of electrons and holes. This 
leaves the junction without carriers and also causes the 
carriers to be pulled back a bit from the junction. The 
carriers are pulled back because the electrons removed 
from the N -type material leave a positive charge behind - originally there must be a positive charge for every 
electron - and the holes that are removed from the 
P -type material leave electrons (negatively charged) 
behind. 

The affect of the remaining charges is to attract 
electrons and holes (carriers) away from the junction 
(Fig. 4a). The imbalance of charge also shows up as a 
voltage and this is what causes the OV5 of so we need 
before we can make a silicon junction conduct in the 
forward direction. The bit of crystal around the junction 
that has no free carriers is called the depletion layer and 
we'll look at it again when we discuss varicap diodes. 

ELECTRONICS TODAY INTERNATIONAL - AUGUST 1979 

Minority Groups 
The action of the diode in a circuit now becomes a bit 
easier to understand. When the diode is reverse biased, 
the polarity of the power supply (Fig. 4b) acts to attract 
carriers away from the junction, making the depletion 
layer wider. The electrons of the N -type material and 
holes of the P -type material simply don't cross the 
junction because they are pulled in the opposite direc- 
tion. The only carriers that can cross are what are called 
minority carriers, holes which appear in the N -type 
material and electrons which appear in the P -type 
material. These minority carriers come from splitting bits 
off atoms in the crystal, using energy from the action of 
temperature or light. The higher the temperature of the 
diode the faster these minority carriers are formed. If we 
make the reverse voltage across the depletion layer high 
enough, the effect will be to accelerate these minority 
carriers to high speeds, so that they bang into atoms, 
knock more carriers off, and so cause the whole junction 
to become conducting. When that happens, the junction 
has 'broken down', the diode conducts and it can be 
daKnaged. 

When the bias is in the forward direction (Fig. 4c) the' 
carriers are attracted towards and across the junction. 
First of all, though, the voltage caused by the depletion 
process has to be overcome. Once the forward voltage 
has reached this amount, current starts to flow. Only a 
few of all the possible carriers cross the junction when 
the voltage is low, but raising the voltage even by a very 
small amount is enough to cause a great increase in the 
number of carriers crossing over the junction, so that the 
resistance of the junction becomes much less as the 
voltage and current are increased. 

Shedding Light 
This picture of what is happening inside a diode explains 
pretty well the action of signal or rectifier diodes which 
are used in the circuits such as those shown in Fig. 5. 
What about some of the other diodes that we use, like 
photodiodes, varicaps, LED's, and Zeners? Let's start 
with photodiodes. The main difference between a 
photodiode and an ordinary signal diode is that we 
deliberately put a photodiode into a transparent case so 
that light can reach the junction. Photodiodes are used in 
circuits where they are reverse -biased, with a fairly wide 
depletion layer. Now in darkness, the amount of current 
that can flow is only that caused by minority carriers - 
the few holes and electrons that are split off by the heat 
of the surroundings. Light, however, is a wave which, 
like all waves, carries energy. The energy of light falling 
on the depleted layer around the junction can cause lots 
more electrons and holes to be split off. 

They're still minority carriers, but there's a lot more of 
them now, and so a layer current flows despite the 

SIGNAL 
TO 
AMPLIFIER. 

Fig. 6. Using a photo -diode as a light detector. The diode is 
reverse -biased, but will conduct slightly when light separates 
electrons from holes. 
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Fig. 7. The LED. When forward current flows, a glow of light is 
visible. Beware of reverse voltages - anything more than about 
3V reverse will destroy the junction. 

Fig. 8. The Zener diode used as a simple stabiliser. A load 
connected across the diode can draw current by reducing the 
current through the diode. Providing the diode current doesn't 
drop below about 2 mA, the voltage across the diode will remain 
constant. 

reverse bias. Typically, the reverse current can change 
from around 0.1 uA in darkness to 100 uA in the light of 
a desk lamp. If the diode is forward biased, the change 
caused by light is hardly noticeable. 

Togetherness 
The LED has an action which is just the reverse of that of 
the photodiode. Instead of light falling on the junction 
and causing electrons and holes to split off, as happens 
in the photodiode, the LED depends on electrons and 
holes coming together again and giving out light. You 
can imagine these two processes more clearly when you 
think of separating two strong magnets. The force which 
holds them together means that you have difficulty 
separating them - you have to do some work to 
separate them. You can get that work back again when 
the magnets attract each other back; you could even 

Li 

make the magnetic force do something useful, like 
picking up a weight. 

LED Light 
LED's are made from semiconductors (such as Gallium 
phosphide) which are not heavily doped and don't 
conduct very well. Something like 2 V is needed across 
the junction of a typical LED to get current flowing and 
the movement of holes and electrons causes collisions 
which separate off more holes and electrons. On their 
way across the junction in opposite directions, holes and 
electrons collide - and release the energy it took to split 
them apart in the first place. The amount of energy is the 
same as that of a light wave and since the material is 
transparent a light wave is what we get. The colour of the 
light wave is decided by how much energy is released. 
Low energy gives red light, or the invisible infra -red. 
Higher energy gives yellow, green, blue light (in order of 
increasing energy), until we reach the invisible ultra- 
voilet radiation. The amount of energy is fixed by the 
material that is used as a semiconductor, though, and 
we can't alter it noticably by changing the voltage or 
current. 

Avalanche 
Zener diodes make use of the reverse breakdown which 
has already been described. Oddly enough, two effects 
cause this reverse breakdown, Zener effect and 
avalanche effect. The avalanche effect is the one we've 
described, in which minority carriers are accelerated so 
much by the reverse bias that they collide with atoms 
and split electrons and holes apart. This creates more 
carriers, which are in turn accelerated, splitting off yet 
more until the whole juntion becomes conducting. The 
avalanche effect occurs mainly in lightly doped material, 
at reverse voltages of 6 V or more. The other effect, 
Zener effect (named after Clarence Zener who discov- 
ered it) takes place in heavily doped materials, mainly 
when the reverse voltage is less than 6 V. Because of the 
large number of electrons and holes which are present, 
the depletion layer is very thin and it's comparatively 
easy for a carrier to shoot straight across. Diodes which 
made use of either or both of these effects are called 

R.F. 
CHOKE 
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CZ 

OSCILLATOR 
C012 

D1 

CT LR1 
TUNING VOLTAGE 

A.F.C. VOLTAGE 

Fig. 9. The varicap diode, D1, is in series with Cl and C2, and is 
part of the tuning capacitance for L1. Since the diode capaci - 
ance is varied by the control voltage from R1, tuning can be 
carried out by altering this DC voltage. 
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Zener diodes, and we use them to stabilise voltage. The 
breakdown, particularly when it is caused by avalanche 
effect, takes place at a precise value of voltage, so that a 
Zener diode wired in the circuit of Fig. 8 will have an 
almost constant voltage across it, even if the current 
through it varies considerably. 

Incidentally, avalanche effect has a positive temper- 
ature coefficient, which means that the voltage across 
the junction increases as the temperature is increased. 
Zener effect, by contrast, has a negative temperature 
coefficient, meaning that the voltage across the junction 
decreases as the temperature is increased. At voltages 
around 5V6, both effects take place, which means that 
the voltage is hardly affected by temperature. For this 
reason, 5V6 zener diodes are often specified rather than 
any other voltage. 

Varicaps 
Finally, among the diodes that are particularly useful, 
varicap diodes make use of the width of the depletion 
layer. The depletion layer, remember, is the part of the 
crystal around the junction which has had its carriers 
removed. The greater the reverse bias applied to the 
diode, the greater the attraction of carriers away from the 
junction and so the greater the width of the depletion 
layer. 

Now a depletion layer is a chunk of insulating material 
which is sandwiched between two bits of conductor - 
the P and N materials. This is just the arrangement we 
know as a capacitor - an insulator between two con- 

ductors - so that the reverse -biased diode has a 
capacitance. It's a variable capacitance, though, be- 
cause the width of the insulator - the depletion layer =: 
can be varied by changing the bias voltage. Like any: 
other variable capacitor, the capacitance value is great- 
est when the insulating layer is very thin, and the 
capacitance value is least when the insulating layer is 
thick. Now the diode has a thick depletion layer when 
the reverse voltage is large, so that its capacitance is low; 
but when the reverse bias is small, the depletion layer is 
thin and the capacitance is large. 

Varicap diodes solve an awkward problem - how to 
tune radio circuits without having any moving parts. A 
varicap diode in the oscillator circuit (Fig. 9) arranged in 
series with a fixed capacitor so that it is only part of the 
tuning capacitance, has no DC connection to the 
oscillating circuit and can have its capacitance varied by 
a voltage supplied from a potentiometer. The poten- 
tiometer doesn't have to be anywhere near the tuned 
circuits, so long as the connecting wires are well 
decoupled and the tuned circuits can be sealed inside a 
can, undisturbed by any movements. 

That's dealt with the most common diodes, though 
there are dozens of types we haven't mentioned, ranging 
from the diodes which generate microwave signals to 
the breakdown diodes we use in thyristor firing circuits. 
Once you've grasped the basic principles, though, there 
aren't many surprises left, and you are better able to 
understand how to make efficient use of these indis- 
pensible components. Ell 
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clack. Deeded with III data. 
Eó.50 sait 

Ord« sadism ember 708 

FACTORY REJECT CALCULA- 
TORS 

Prediction 1a reject LEO calculator 
with lets el et:tulle grin Weld. 
kale. :tip, display. keylsad etc). 
Mal ter breaklsg ter spares ksre 
sell be reparable aid we Whale e 

reprint et a article ee rpeirleg 
saralatars( 

£250 each 

Order cabegue ember 114. 

25 GERMANIUM DIODES 
Whet e Srpala - r just 2p .ach. 
There 113470 diodes are Wate. 
Mau geneses. AWNS with e PIS of 

35V et BO NO Ne breed Ms. 
25 diodes Ir wily 50p 

Oden esteem war 401. 

9 DIGIT GAS DISCHARGE DIS- 
PLAY 

A safer Wight 9 digit display with 
025" high digits Regains lea dc 

edo rsl, be Uú is easily lttered 
N ma!ea pared greeds. Studied 
eiN data shut W edge curer 
socket. 15ie eL 

Ode cedlegse ember 310. 

4 DIGIT L.E.D. DISPLAY 
A 4 del .a-rOiplsed LED display 
with cutre colea. Ideal Ir digital 
deck Imo ether) prejacú. Digits are 
0.6" hill sed M display is adate 
sedle.. 

E3,95 teck 
(wek deb) 

Order c.lal.ga raker 264. 

SWITCHING DIODES 
Tu 114151. high spud Shiites 
milady gale. Obits ta 11411. 
with . RV el 750. 

Les el esas ter *cull 
10 &du ter 35p 

Order c.lalyr narr 403. 

POLARISING ALTER MATERIAL 
. 

A lightly Seed 0.006" thick plastic 
planet t like made by Pelead. Nay 

dz. u1 Iar I y. Na lee masts 
in e 19" by 250 Net. 

tila zp per spare Wei 
AK@ ebonies; remind) 

Order tedleps ember rol. 

e DIGIT LC.D. 
Mug liquid crystal displays are 
end scattering type L£A's eel 
ON White Npts ce a clear luck- 
ere.N NO baight is 633 with nee 
head Wheal pies. 

Only E295 with data 
Order celalyee calar 302. 

21S2L-1 STATIC RAM's 
The. 2102 state reefs re .Ora al 
ee men/duly era taw price. 
Etter.s ialuda single 5r supply. 
NIIy static protected. high speed. tO 

W el auntthls and ten besides. 
Supplied will date. 

Oaly 913p 

Order catalogue le .ember 102. 

A ull refund guarantee on ell /tams. 
Post end Pecking please add 25p (Overseas orders add 60p) 

Loa mora goodies in our catalogue. Sand a medium sisad SAE for your free copy.. 

* * 4- 4- T T T 

LIGHTING & AMPLIFIER 
MODULES FROM L&B 

JUST LOOK AT THESE PRICES! 
Superior high quality lighting control modules. 
No additional power supply, just ready to go! 

- LB31000SL - 
Sound -light, 3 channel x 1000W. Zero mains 
voltage switching, high sensitivity, high input 
impedance, excellent separation. 

Massive audio power at 
your fingertips! For use 
in many applications. - LB25 - 

25W. RMS 40 
10Hz-50KHz 

T.H.D. 0.1% 90dB S/N 

£6.70 
PREAMPLIFIERS 

LBPA1. Stereo disc/ 
tape 
LBPA2. 4 channel gen. 
purpose mixer. 
LBPA3. Stereo disco 
with mic. 

Preamp prices to be 
announced 

£15.70 
- 1641000LS - 

Light sequencer, 4 chan. x 1000W. Suedo- 
random, zero switching. £12.70 
Two -speed controls, excellent for stage lighting. 

- LB31000LD - 
Light dimmer, 3 chan. x 1000W. Stage lighting 
from full off to full on. 

COMPONENTS 
RES/CAPS 

SEMICONDUCTORS 
TRANSFORMERS 

Send for list 

£11.20 - LB250 - 
250W R.M.S. 40 

10Hz-20KHz 
T.H.D. 0.3% 110dB 

S/N 
£25.70 - LB100 - 

100w R.M.S. 40 
10Hz-25KHz 

T.H.D. 0.4% 80dB S / N 

£13.40 

POWER SUPPLIES 
LB25PS ... £8.70 
LB100PS . £10.40 
LB250PS . £18.00 

All above prices include VAT. Please add 50p p/packing. Quantity/trade 
discounts, up to 33% available! SAE for further info.: 

45 WORTLEY ROAD, W. CROYDON L&B ELECTRONICS SURREY CRO 3EB. TEL: 01-689 4138 

ELECTRONICS TODAY INTERNATIONAL - AUGUST 1979 
PLEASE SEE V.A.T. ADVERTISEMENT ON PAGE 15 BEFORE ORDERING GOODS FROM ADVERTISERS! 
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SAILING CLUB RACING CLOCK Submitted by Mr K. P. Wood of Wakefield. 

The business end of the completed race clock. The state of all 
clock facilities is repeated on the front panel. 

ANY YACHT RACE, whether for the America's Cup, or 
for the most minor sailing club's weekend dinghy racing, 
should be started with a definite sequence of signals. At 
ten minutes before the start, a flag is raised and a sound 
signal is given., At five minutes, another flap is raised and 
a further sound signal given, and at the start both flags 
are lowered and a third sound signal given. 

Accurate Handicap 
As a few seconds error at_ the start can make a very 
substantial difference to a boat's finishing position, far 
out of proportion to the actual timing error, it is essential 
that an accurate clock be used to time the signals. In 
addition, if the racing is on a handicap basis, each boat's 
finishing time must be taken accurately, for processing 
to establish a corrected time which sets each boat's final 
position in the results. 

Until recently, the time was taken in minutes and 
seconds on an ordinary clock or watch, and the corrected 
time obtained by looking up tables with reference to 
each class of boat's handicap number. 
. With the advent of the inexpensive electronic calcu- 
lator, the tables were dispensed with, and the boat's 
elapsed time converted to seconds, divided by it's 
handicap number and multiplied by 100 to obtain the 
corrected time. 

One Pair of Hands 
A race officer, working alone at the finish of the race, 
cannot watch both the finishing line and the clock to 
read the time whilst also giving a sound signal to let the 
boat's crew know that they have finished. I designed this 
clock, or more properly, seconds counter to simplify 
matters. Because it is crystal controlled, it is at least as 
accurate as any stopwatch which a helmsman may be 
using, and it counts in seconds to remove one operation 
from the corrected time calculations. The time can be 
latched by the race officer without watching the clock, 
and this can then be read later, up to the next boat 
finishing. 

ELECTRONICS TODAY INTERNATIONAL - AUGUST 1979 

Top view of the completed unit. The crystal oscillator can be 
seen, bottom right, and the switch bank, top right. 

A preset button sets the clock to count down from 
900 seconds, and the race officer gives his signals as the 
count passes through 600, 300 and zero. When the 
countdown reaches zero, the clock changes over and 
starts to count up. There is also a clear switch to set the 
count to zero, and a display blanking switch to conserve 
battery charge if this is critical. 

.Repeated Facilities 
The large four digit display gives a straightforward count 
of over two hours, which is usually enough for a race, 
and an LED indicator on the front of the clock shows if 
this has been exceeded. The state of all the clock 
facilities is repeated on the front of the clock. The battery 
is maintained with a mains charger, and the clock can be 
used on either battery or mains. The count is unaffected 
by the changeover. 

The timer was used in the condition described for one 
full season with complete success, and then the 
automatic start signal facility was added. Logic was 
added to the clock on an additional board which carries 
out the signalling for the race officer at the correct 
intervals. The CMOS logic operates relays through 
transistor drivers and a four pin socket on the body of the 
clock. The relays control two lights and a horn which are 
visible and audible from anywhere on the sailing water 
and operate in the same sequence as the more traditio- 
nal flags and guns. The state of the start signals is 
repeated on the clock face with LEDs. At this time the 
low battery indicator was added. 

Because the clock was designed and built in two 
separate stages, there is probably some duplication in 
the logic, and if it were to be made up complete from a 
standing start the logic would probably be simpler, 
particularly in the zero sensing area. As I find NAND and 
NOR gates easier to get, there are a lot of inverters, but 
as these are all made up from spare gates, and there 
have to be a lot of spares because of the variety of gates, 
I do not think that the use of AND and OR gates would 
reduce the chip count significantly. 
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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. 

HY5 

HY30 

HY50 

,HY120 

.HY200 

HY400 

Preamplifier. Input, Magnetic pickup 3mV, ceramic 30mV. Output Mains 500mV 
RMS, Distortion 0.1% at 1KHz Price: £6.27L' 

Amplifier Kit. 15 Watts into 80, extremely easy to construct. Output 15W RMS, 
Distortion 0.1% at 15W Freq. 10Hz-1 6KHz. Supply ±. 18V 

Price £6.27 
Hi-Fi Amplifier Module. 25 Watts 80. Input Sensitivity 500mV. Output 25W RMS. 

Distortion 0.04% at 25W. Freq. 10Hz-45KHz. Supply ± 25V 
Price: £8.18 

Amplifier Module - 60 Watts 80. Input sens. 500mV. Output 60W RMS. 
Distortion 0.04%. Freq. 10Hz-45KHz. Power Supply ± 35V 

Price: £18.98* 
Hi-Fi/Disco Amplifier Module - 120 Watts 80. Input sens. 500mV 120W RMS. 

Freq. 10HZ-45KHz. Power Supply ± 45V. Size 114 x 100 x 85mm 
Price: £27.99* 

(Big Daddy) Amplifier Module - 240 Watts 40. Ideal for High Power Disco or P.A. 
Output 240 Watts RMS 40 114 x 100 x 85mm. Distortion 0.1% 

r - - Price: £38.60* 
'POWER SUPPLIES 

!) 
PSU36 - Drives 2 x HY3Os £8.44 

I PSU50 - Drives 2 x HY5Os £8.18 
g PSU70 - Drives 2 x H 120s ... £14.58* 
.PSU90 one HY200 £15.10* 
PSU 180 2 x HY200 or one HY400 . £25.42* 

JACK PLUGS SOCKETS 

Screened Plastic 

c 
name body 

2.5mm 

I 

13p 

I 

10p 
3.5mm 15p lop 
MONO 259 14p 
STEREO 32p .17p 

open 
metal 
0 
Sp 

139 
15p 

moulded 
with 
break 

contacts 

249 

in line 
couplers 

lip 
12p 
17p 
22p 

DIN LUGS SOCKETS le Line 

2 PIN Loudspeaker 
3, 4, 5 Audio 

10p 7p 
T9P.. 2 

COAXIAL (TV) 149 149 149 

PHONO 
asserted colours 
Metal screened 

10 
15p 

Sp tingle 
Sp double 

15p 4 -wer 
12p 
20p 

4mm 
2mm 
i mm 

11p 
10p 

6p 

12p 
lop 

6p 

WANDER 3 rnm 
DC Type 15p 
AC 2 -pin American 15p 

go 
20p' 
15p 

SWITCHES* 
TOGGLE: 24, 250V. 
SPST 28p. 
DPST 349 

'DPDT 38p. 
4 pole on/off 54p( 
SUB -MIN TOGGLE 
SP changeover 59p 
SPST on/off 54p 
SPST based 86p 
DPDT6 tags 70p 
DPDT centre off 79p 
DPDT Biased 115p 

DM900 
31/2 DIGIT LCD 
Multimeter with 
Capacitance 
Meter 
(ETI Aug. 78) 
Complete Kit 
£54.50*only 
(P&P 80P) 

_erCRYSTALS* 

1.00KHz 385 
455KHz 385 
1MHz 323 
1.0008M 395 
3.2768M . 323 
4.032M1-13 323 
4433619M, 136 
5.0MHz 355 
8.08333M 275 
10.0MHz 323 
10.7MHz 323 
18.432M 323 
20.0MHz 323 
27.648M 323 
48.0MHz 323 

SLIDE 250V: 
1A DPDT 145 
14 DPDT c/over 16p 
1/2A OPDT 13p 
4 pole 2 -way 24p 
PUSH SUTTON 
SpringIwded 
SPST on/off 60p 
SPDT c/over 65pß 
DPDT6 Tag 85p 
MINIATURE 
Non Looking 
Push to Make 15p 
Push Break 25p 

ROTARY: Make your own multiwey Switch. r 
Adjusted@ Stop Shafting Assembly. Accom- 
modate up to 6 Wafers 76p. 
Mains Switch DPST to fit 34p 
Break Before Make Wafers. 1 -pole/ 12 way. 
2p/6 way. 3p/4 way. 4p/3 way. 6p/2 way 

47p. 
Spacer and Screen 5p 
ROTARY: (Adjustable Stop) 
1 pole/2 to 12 way, 2p/2 to 6 way, 3 
pole/2 to wey,4 pole/2 to way 41p 
ROTARY: mains 250V AC. 4 Amp dip 

TRANSFORMERS* (Moi s Prim. 220-240V) 
6-0-6V; 9-0-9V; 12-0-12V 100mA 95p 

.8VA: 6V -.5A 6V -.5A; 9V .44 9V -.4A; 12V -.3A 
12V -.3A; 15V -.25A 15V-. 5A 1185p 
12V: 4.5V -1.3A 4.5V -1.3A; 6V -1.2A 6V -1.2A; 
12V-.54 12V -.5A; 15V -.4A 15V: -.4A; 20V -.3A 
20V -.3A 220p (20p p&p) 
24VA: 6V -1.5A 6V -1.5A; 9V -1.3A 9V-1 .3A; 
12V -1A 12V -1A; 15V -.8A 15V -.8A; 20V -.6A 

.20V-.64 290p (45p p&p) 
50VA: 6V-44 6V -4A; 9V -2.5A 9V -2.5A; 12V -2A 
12V -2A; 15V-1.54 15V -1.5A; 20V -1.2A 20V - 
1.2A; 25V -1A 25V-1 A; 30V -.8A 30V -.8A, 

( 
) 

100VA: 12V -4A 12V -4A; 15V -3415 3A; 
20V -2.5A 20V-2.54; 30V-1.54 30V -1.5A; 
40V -1.25A. 40V -1.25A; 50V -1A 50V -1A 850p 
(60p p&p). (N.B. p&p charge to be added above 
our normal postal charge.) 

ETI Projects: 
Parts available 
for: Click 
Eliminator 
Ambush, Gui- 
tar Effect Unit. 
Send SAE plus 
5p for list. 

ULTRASONIC 
TRANS- 
DUCERS 
450p* per pair 

VOLTAGE REGULATORS 
tÄ T03 + ve 
SV 7805 145p 7905 220p 

12V 7812 145p 7912 220p 
15V 7815 145p - 
18V _027818 145 - lA T20 Plastic Casing 

5V 7805 80p 7905 90p 
12V 7812 80p 7912 90p 
15V 7815 80p 7915 90p 
18V 7818 85p 7918 90p 
24V 7824 85p 7924 90p 
100mA 1092 Plastic Casing 

5V 78L05 30 79L05 
6V 78L62 30p 
8V 78L82 30p 

12V 78L12 30p 79L12 
15V 78L15 30p 79L15 

LM300H 170p LM327 
LM305H 140p LM723 
LM309K 135p MVR5 
LM317K 350p MVR12 
LM3 3K 8259 TAA550 
LM3 5N 240p TBA625B 
LM326N 240p TDA1412 

85p 

55p 
65p 

270p 
38p 

l e0 
l80p 

95p 
150p 

BOXES* 
WITH LID' 
3x2x1" 118 
21/4x51/4x11/2"88 
4x4x1,7;'r 88 
4x214x11/2" 60 
4x5'/.x1 h" 88 
4x21/2x2" 64 
5x4x2" 92 
6x4x2" 88 
7x5x21/2" 129 
8x6x3" 168 
10x7x3" 199 
10x41/4x3" 182 
12x5x3" 190 
12x8x3" 260 

COMPUTER 
HARDWARE 
2102-2 170 
21078 490 
2111 195 
2112-2N 225 
2114 695 
2513 850 
2516 £9.50 
2708 775 
27L08 1095 
2716 1850 
4027 350 
4047 750 
4116 1025 
74L30 45 
74L75 140 
745188 165 
745262 895 
74S287 325 
745470 325 
745475 825 
81LS95 125 
81LS96 125 
81LS97 125 

PANEL 
-METERS* . 

60x46x 
35mm 
0-50pA 
0-100pA 
0-500pA 
0-1mA 
0-5mA 
0-1 omA 
0-50mA 
0-100mA 
0-500mA 
0-1A 
0-2A 

.0-25V 
0-50V AC . 

10-300V AC 

475p wch 

4'/.x3'/.x11/2" 
0-50pA 
0-10opA 
0-500pÁ 
595p re 

AY -5-2376 
CP1610 
MC14411 
MC14412 
MK4118 
TMS2532 
TM S4035 
TM S4039 
TM 54042 

,TMS4045 
TM S 9900 

930 
958 

1050 
2099 
4800 
240 
240 
240 
760 

3500 
TMS9980 1985 
Z80 2.5MHz 1050 
Z80CT 640 
Z8oP10 725 

393 
395 
396 
398 
399 
445 
447 
490 
668 
669 
670 

230 
218 
215 
276 
230 
150 
144 
180 
182 
182 
248 

CMOS* 
4000 -15 
4001 15 
4002 18 
4006 +3 
4007 18 
4008 
4009 38 
4010 38 
4011 18'4040 
4012 18 

4041 4013 42 
4014 80 4042 
4015 82" 4043 
4016 44 4044 
4017, pnm 4045 

4018 
4019 
4020 
4021 
4022 
4023 
4024 
4025 
4026 
4027 
4028 
4029 
4030 
4031 
4032 
4033 
4934 
4035 
4036 
4037 
4038 
4039 

87 
48 
W 
91 
as 
20, 
68 
19 

180 
45 
81 
99 
Sa 

205 
100 
145 

' 1161 
111 
325 
100 
108 
320 
105 

8o 
75 
94 
95 

145 

4046 
4047 
4048 
4049 
4050 
4051 
4052 
4053 
4054 
4055 
4057 
4059 
4060 
4063 
4066 
4067 
4068 
4069 
4070 
4071 
4072 
4073 
4075 
4076 
4077 
4078 
4081 
4082 

128 
87 
68 
46 
48 
72 
72 
72 

110 
128 

1950 
480 
116 
110 

68 
380 

22 
20 
32 
21 
21 
21 
23 
85 
40 
21 
20 
21 

4085 
4086 
4089 
4093 
4094 
4096 
4097 
4098 
4099 
4160 
4161 
4162 
4163 
4174 
4175 
4194 
4408 
4409 
4410 
4412F 
4412V 
4415F 
4415V 
4419 
4422 
4433 
4435 
4440 

74 
73 

150 
85 

190 
105 
372 
110 
145 
109 
109 
109 
109 
110 

99 
108 
720 
720 
720 

1350 
1050 

795 
795 
280 
545 
995 
825 

1275 

4450 
;4451 
;4452 
4490F 
4490V 
4501 
4502 
4503 
4506 
4507 
4508 
4510 
4511 
4512 
4513 
4514 
4515 
4516 
4517 
4518 
4519 
4520 
4521 
4522 
4527 
4528 
4529 
4530 

295 
295 

896 
525 

19 
120 

69 
51 
55 

298 
is 

150 
98 

206 
265 
299 
120 'Wide Bandwidth Modulator 
382e. for Computers £4.70 
102 Thompson-CSF VDU Board. 

55 SFKEX 68346-6-6 £89.00. 
108 
228 
149 
152' 

99 
145; 

85 

VDU Hardware 
74LS163 
71301 
AY -3-1013 
AY -3-101 5 

SF.F96364E 
SFS80102 
SN75450 
SN75451 
SN75452 
SN 75454 
TMS6011 
UHF Modulator 

£1.02 
£8.20 
£4.50 
£5.60 

£10.95 
£2.05 
£1.20 

70p 
70p 

£2.25 
£3.50 
£2.50 

Full Ascii KEYBOARD. Low 
Cost. Ready -built, tested &' 
guaranteed. Full technical de- 
tails supplied. Only £49.75. 

. . . . . . . . . news 

HAM CRACKLING 
If you're into amateur radio and 
constantly being blamed for 
every snap, crackle and pop of 
interference on neighbours' 
television sets, then the Radio 
Society of Great Britain have 
just done you a favour. They 
have published a 'Television 
Interference Manual,' so that 
you can tackle the problem 
without blood pressure (yours 
or your neighbours) rising. 

Spurious -radiation and 
strong -signal interference are 
covered, as are problems in 
transmitter design which may 
cause interference. If you've 
spent a small fortune on your 
Hi-Fi and CW or SSB inter- 
ference is making your life a 
misery, the chapter on audio 
breakthrough might interest 
your local radio ham. A useful 
data and reference section 
covers filter design. 

The RSGB's Television Inter- 
ference Manual by B. Priestley 
(80 pages) costs £1.35. 

RC CHANGES 
If you're thinking of building 
the radio control transmitter 
featured in our May issue, these 
component value changes will 
interest you. 

R15,17 150k 
C2,5,14 47n 

FALL-OUT BLEEPER 
After the next world war, the 
High Street will probably be 
slightly more radioactive than 
it is now. Pocket radiation 
meters might be the 'in' fashion. 

With that in mind, no doubt, 
Andrex Radiation Products AS 
of Copenhagen have intro- 
duced a new version of their 
successful personal radiation 
monitor. 

The new model is lighter and 
smaller than its predecessors, 
without any loss in perfor- 
mance. 

The monitor remains on con- 
tinuously, Producing an inter- 
mittent reference bleep to con- 
firm operation and battery 
condition. The more radiation 
there is about, the faster the 
little box bleeps. Sensitivity is 
from 1mR/h. Power is from a 
readily available 1.5 V battery 
lasting 3-6 months. 

Weighing in at 80g, one of the 
lightest of these units on the 
market, it can be slipped into a 
pocket or clipped on to a belt. 
The monitor is aimed at per- 
sonnel working in and around 
X-ray or isotope equipment or 
with on -site radiographic in- 
spection gear. 

The Andrex monitor will 
continue working even after 
exposure to extremely high and 
dangerous levels of radiation. 

You can find out more about 
the Andrex pocket radiation 
monitor from its British sup- 
pliers, Andrex NDT Products 
(UK) Ltd, 12 Trafalgar Way, 
Bar Hill, Cambridge CB3 BSQ. 
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,RV2, 3 

HORN 300 SECS 600 SECS 

240 VOLTS 

BATTERY. 

LED 7,8+9 

¢ 

tOp IC29 (c) 
4011 

1'/: IC27 (b) 
4002 

1011 

2 

1 

1/3 IC33 (cl 
4025 

9 

28 

SW8 
VDD I 

16 15 14 

VDD 

9 

IC34 
TRANSISTOR 

ARRAY 

--rg1M- 1 

R51 
360R 

VSS 

-1_J 

IC31 (c) 
40/1 

2 

218 31 
VOS 

240 VOLTS 

Q 

CL 'h IC30 (a) 
4013 R 

O D S 

3 2Ú5I6(4 

1/3 IC28 162 ,1,9% 
4023 

I_ 
1 

3 

14 r t 
C14 
100n 

Q 
7 h IC30 (b) 

4013 
CL D Q S R 

11 u1216 , 

4 100n 
VSS 

7 CL3 
Y. IC32 (a) 

RS D 0 0 
6 5 2 1 u 

10n 

1 7 3 6 

I555C35 

2 

RV1 
500k 

VDD 

1C9 1{ I VSS0n 

I. C29 
(a) 4011 

1 2 

I 

4 

5 

Y. IC291b) 
4011 

6 

G IC31 
4011 la) 

5 6 

3 

/.IC31 
4011 03) 

1 2 

1/3 IC2 
4023 )c) 

10 

12 

13 

10 

12 

11 

1/3 IC33 la) 
4025 W025 

6 

13 

1/3 IC33 Ila) 

/ IC27(a) 
1/31C28la) 4002 

4023 1 

2 

3 4 

3 4 

'/xIC24(b) 
4002 3 

10 

9 12 

VSS 

4070 
'/< IC26 (a) 

VSS 

% IC261b) 
4070 10 

VDD 

Y. IC26 (c) 
4070 11 

% IC241a) 
4002 

VSS 

/.070IC25 

4 

Ia) 
4 ;t 017CO25 

IC25 (b) 

6 5 

VDD 

10 

VDD 

Y. IC25 (o) 
4070 11 

VDD 

G IC26 (a) 
4070 

312 

4 
'/.070 IC251d) 

1312 

VSS 

17 I 8(1 9 1101111121-3114 

20 PIN PLUG 

5116 7 18 9 20 

IN5401 
LM317K OR HEAT SINK 

D2 R16 
OR22 

BATTERY 

6 VOLT 1.IAN 
SEALED LEAD ACID 
BATTERY 
POWER SUPPLY 

R19 
360R 

LED10 

01 
BC184L 

Figure 2. The logic board (left) 
and PSU and indicator (above). 

RESISTORS 1/8W 10% 
R1-6 
R7-15, 19, 51 
R16 
R17 
R18 
R20, 21 18k 
R22 100k 
R23-50 82R 

1M 
369R 
OR22 2.5W W/W 
240R 
2k2 

POTENTIONMETERS 

RV1 500k miniature cer- 
met trimmer 
2k2 miniature cer- 
met trimmer 

CAPACITORS 
C1-6, 10, 12-14 100n polyester 
07, 9 10n polyester 

PARTS LIST 
C8 4u7 electrolytic 
C11 100u electrolytic 

SEMICONDUCTOR 
,IC1, 2 4017 
IC3-6 4510 
IC7-10 4511 
IC1 1-14,34 RS307-109 transis- 

tor array 
IC 15, 16, 24, 27 4002 
IC17 4012 
IC18, 29, 31 4011 
IC 19, 21, 30, 32 4013 
IC20 40106 
IC22 4050 
IC23 4078 
IC25, 26 4070 

IC28 
IC35 
0.1 
Q2 
D1 
D2, 3 
ZD1 
LED 1-10 
Diode Bridge 
Regulator 
Displays 

4023 
555 
BC184L 
BRY39 
0A202 
1N5401 
BZY884V3 
0.2in.red 
200V 2A 
LM31 7K 
1 in. common amode 
red 

MISCELLANEOUS 

SW 1-8 SPST momentary n.o. 
12V, 20VA transformer, 3 off 6V 410ohm coil, 
250V 5A contact relays, 6V 1.1 Ah sealed lead 
acid battery, stripboard, plugs, sockets, etc, 
case to suit. 
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f PROJECT 

AUDIO DISPLAY 
Kinaethetic kicks with scintillating new display which puts your music on show to the 
world. A superb ETI Project Team design. 

SO MANY electronic projects rise 
phoenix -like from the smoke of the 
soldering iron and when shown to 
family and friends are greeted with 
looks of blank amazement and the 
inevitable question, 'I'm sure it's 
very clever, but what does it do?' 

It is easy to understand how many 
projects can be confusing and 
uninteresting to a non -technical 
person. This attractive project is 
simple in operation and yet 
sophisticated in the effect it produces 
and will be enjoyed by anyone with 
an eye and an ear to spare. 

Small Is Beautiful 
The SCINTALITE LED audio display 
translates the dynamic flow of sound 
into a visual analogue. The circuit 
follows conventional lines with the 
input signal being amplified and 
filtered to extract the upper and lower 
frequencies. The outputs from the 
filters are then rectified and the peak 

and mean DC levels detected and 
made available at the 'mood' switch. 
Operation of this control allows the 
relatively fast peaks of the music or 
the more slowly changing levels of 
the overall sound to control the 
display. 

A novel feature of the display is 
the ability to produce a moving dot or 
bar of light. The upper frequencies 
are displayed using both techniques 
and the circuit switches between 
them as the input level rises and falls. 
The lower bass range is always 
displayed in bar form. 

As can be seen in our photos the 
display is based on a pentagon and is 
about six inches in diameter. The 
upper frequencies drive five spiral 
arms of ten LEDs each and the bass 
frequencies are displayed on ten 
shorter straight radiating arms. There 
is also a circle of ten LEDs whose 
brilliance is controlled by the overall 
input signal. 
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Tripping The Light Fantastic 
Scintalite can accept input signals 
from a wide variety of sources. Its 
sensitivity is variable from about five 
millivolts to five volts. Although 
designed primarily as an audio 
display, any input voltage within 
specified limits may be used to 
control the unit by replacing the 
input capacitor with a wire link. In 
this way, Scintilate could for example 
form the display device for a 
bio -feedback system. In such an 
application it should be noted that, 
except for very quickly changing 
signals, only the bass section will 
give a display and, as half -wave 
rectifiers are used, a negative going 
input signal is required owing to 
signal inversion in the first amplifier. 

Construction and Use 
The unit is assembled on one PCB 
with a separate power supply. The 
PCB holds all the signal conditioning 
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Fig. 1. Bass and treble signals are shown in the graphs, top and above respectively. At 
point 1, with a lot of bass and very little treble, pattern 1 of LEDs light (shown left), and 
so on. Thus the pattern of LEDs changes, with the changing mixture of bass and treble 
frequencies. 

circuits, the LED driver chip and 
associated multiplexing circuitry and 
the display itself. Owing to circuit 
complexity, especially of the display, 
a double sided PCB has been 
designed. Use of our PCB will greatly 
simplify construction. 

As the LEDs are wired in series, it 
is necessary to pre -select them or you 
may find that some will light very 
dimly or not at all. Use of a matrix 
board such as S -DEC or Proto board 
makes this job very easy and it 
should present few problems. In any 
case, the eye is very tolerant of 
individual differences in LED 
brilliance when they are assembled 
into a cohesive display. 

The selected LEDs should be 
mounted on the board first. Note that 
some will be soldered on the top 
surface of the board. Then solder all 
the links in place and mount the IC 
holders, resistors and capacitors. 
Flying leads should be taken from the 
driver chip to the LED display. Check 
the connections carefully against the 

circuit diagram and overlay. Next, 
insert the display anode driver 
transistors, 01, 2, 3, 4, as shown in 
the overlay. Finally insert IC's 2, 5 
and the driver chip IC1. ICs 2 and 5 

are CMOS chips and the usual - 

handling precautions should be 
observed. Power can now be applied 
to the circuit and a voltage 6f up to 
five volts applied to the switch sides 
of resistors R12 and R25 located 
near the mood switches. The display 
should now illuminate. 

If all is well, disconnect the power 
supply and insert the remaining 
components. Then re -connect the 
supply and apply an audio signal to 
the input and adjust RV1 until the 
display operates over its whole area. 

That completes construction. A 
feature of our display which 
has a very novel appearance is the 
use of flock paper fixed over the PCB 
and tinted perspex to cover the 
completed unit which, used in the 
right setting, assures complete 
kinaesthesia. Eli 
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RNRISI..IS 
RESISTORS afl'/4W 5% 

R1, 5, 15 1m 
R2, 3, 16 47k 
R4 1k 
R6, 13, 19, 20 15k 
R7 33k 
R8p 10, 21, 23 100k 
R9, 22 100r 
R11, 24 220k 
R12, 17, 18, 25 10k 
R14 10m 
R26 2k2 
R27 680r 
R28 1k 

POTENTIOMETER 
RV1 1,M submin preset 

CAPACITORS 
Cl 10n polyester 
C2 10u electrolyic 
C3, 4 3n3 polystyrene 
C5, 6, 10, 1 1, 12 10u tantalum 
C7 1u tantalum 
C8 100n polyester 
C9 47n ployester 

SEMICONDUCTORS 

IC1 LM3914 
IC2 4016B 
IC3 LM324 
IC4 741 
IC5 CA3140 
IC6 413093B 

Q1, 3 BC214L 
0.2, 4, BFX 88 

D 1, 2, 3, 4, 5, 6, 7 1N4148 

LEDs 0.125" 

MISCELLANEOUS 

PCB 
SW1, 2 SPDT 

PRO CT Audio Display 

1.f::;mw 
ALL INTER_CONNECTIONS 

. ARE SOLDERED UNDER SIDE OF THE 

Pn 0 
} 

} o ..:.......a. 

F . .. 

Y I - 0 pQ Q 
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ÓQ 
p0 0000Q 00 o 0 0 0 ©Q P,n,51:. 0 00 O 0 U 

/f,J< 
(,._ Q 
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To Pn 151C7 

_ Q \ QVQ.i./lJ .}' © 
Pn 14IC, '`0O 0 9.0, Pin161C1 

po 0''r,.TT;Q 00 ( ' Q 
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Q 
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°a` ryn :` O 

SIGNAL 
INPUT 

OV 

+VO 
I TO COMMON ANODE 

SPIRAL ARMS 
MOUNTED UNDERSIDE 
OF PCB 

f D4 eSW3 ov 

+Ve 

R12 MOUNTED ON 
R25 UNDERSIDE OF 

PCB 

--x 
SW1 

TO COMMON ANODE 
$TRAIßlf'1'ADDS 

Ve 

Above: Component overlay for the Scintellate Audio Display unit. Note that this PCB is in fact a double sided board, but that for clarity we have only shown one side of the foil pattern. 

PSU is shown here. This can be any +12V supply rated at 250mA or over. Design of this is not critical, but ripple should be 
low. 

BUYLINES 

The LM3914 bargraph display 
driver should be available from 
Marshall's Watford or Maplin. All 
'the other components should be 
readily available from the usual 
suppliers. 

240V AC 
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Extension Trigger Device for 
Synthesizers 

J. Trinder 

The following device is intended to 
provide a trigger pulse for a syn- 
thesizer when using an external input 
source, e.g. a guitar. 

The output from the guitar must 
first be amplified by a small power 
amplifier in order to bring the signal to 
a sufficient level to operate the device. 

The AC input to the device is con- 
verted to DC by the bridge rectifier. 
When the DC level reaches a sufficient 
level the input of the AND gate is 
taken high. As the other input is 
already high its output becomes high. 

When this happens the transistor is 
turned on, thus taking the output 
voltage to nearly zero. When the DC 
level at Pin 2 falls below the required 
level its output goes low thus turning 

NOTES:- 
D1 -41N4148 OR SIMILAR 
LED 1 TIL209 OR SIMILAR 

Rx TO SUIT LED USED 
INPUT FROM SMALL POWER AMPS 
(TO BRING SIGNAL FROM GUITAR 

ETC TO SUFFICIENT LEVEL TO 
OPERATE CIRCUIT) 

the transistor off. 
The output from the 

approx 3V5 (off) and approx OV (on). 
The LED is on when the unit is trig- 
gered. 

The synthesizer intended for use 
with the circuit has an extension trig- 
ger input which requires less than 
-3V on, thus the common and output 

Readers' Circuits 

connections of the external trigger 
device have to be reversed so that the 
external trigger input usually sees 
-3V5 (off) instead of +3V5. 

The circuit can be easily modified 
to suit individual needs. An example 
of its use is to trigger a filter sweep 
when the input of, e.g. a guitar, 
reaches a certain level. 

22k 

ICta 

RV1 
100k 

IC1b 

50n 

- 
10n ZD1 

V..s 

//// 
ZD1:- Vz = Vdd - Vss 

Solid State Tacho Circuit 

IC1c 

IL 
IC2 

Cl 
9 4017 

CE 

00 

Cl 01 

02 

03. 

IC3 
4516 

OUT 

IC4 
4042 

device is 

Cid 

B 

IC5 

C 4028 

D 

ALL LEDS 

I tI 1 

I I 
2 

3 

I 
4 

101 5 

C 

D 

(cheap) gadgets. 
IC1a/b form an oscillator 

P. Stephenson which drives decade counter IC2. 
During eight tenths of each cycle of 
this section, binary counter IC3 is The circuit is designed to give a non- counted up. On count "8", the coun- critical display for those who like ting stops and IC4 latches the out - 

B 
IC6 

C 4028 

6 
7 

I I 
II 

470n 

puts. On count "9" IC3 is reset. 
The number now on IC4 output is 

decoded by IC 5/6 to light up one of 
16 LEDs corresponding to rpm. 

Calibration is by adjusting RV1 
whilst inputing a known frequency. 
(e.g. mains frequency 50 Hz). 

Tech -Tips is an ideas forum and is not aimed at the beginner. We regret we cannot answer queries on these items. 
ETI 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 be typed. Circuits must not be subject to copyright. Items for consideration should be sent to ETI TECH -TIPS, Electronics Today International, 145.Charing Cross Road, London WC2H OEE. 97 



Mille -power Inverter 

J. S. B. Dick 

Readers' Circuits 

Many home-grown projects require a 
high voltage, low current source. The 
simplest and safest means of pro- 
viding this is by an inverter. The 
circuit described here is versatile, 
efficient and easily capable of pro- 
viding power for portable Geiger 
counters, dosim.eter.chargers, high 
resistance meters, etc. 

The 555 timer IC is used in its 
multivibrator mode, the frequency 
being adjusted to optimise the trans- 
former characteristics. When the out- 
put of the IC is high, current flows 
through the limiting resistor, the 
primary coil to charge C3. When the 
output goes low, the current is 
reversed. With a suitable choice of 
frequency and C3 a good symmetric 
output is obtained. 

Precision AC to DC Converter 

T. K. Tay 

The circuit is a precision AC to DC 
converter (amplitude). The important 
feature is that the system operates 
happily with amplitude and frequency 
lof Vin varying (e.g. speech signal). 

IC1 in its inverting mode squares 
the incoming signal and leading -edge 
trigger mono 1 which produces a 
"sample pulse" to the switch. The 
sample pulse is in turn fed to mono 2 
which triggers on the trailing -edge of 
the sample pulse and produces a 
pulse to clear or discharge C3. 

IC2, the bipolar transistor and C3 

LEVEL SHIFTING NETWORK 

Cl 10u 

12V 
Vin 

/Iy,/ R1 68k 

+6V 

741 

R2 
470n 

O 
+6V 

+ R3 
C2 100u 470n 

tc1 

form the rectifier and first hold circuit. 
C4 acts as the second hold circuit. 

Thus after every 1/2 cycle of Vin, the 
DC level of the first hold is being 
transferred to the second hold circuit 
by the sample pulse before the first 

+12V 

IC6 

R7 
2k2 

C6 = 
10n 

hold is clear again. 
A level shifting network is used to 

shift the reference level to +6V. 
With the components used in the 

circuit, the system works very well 
from 25 Hz to 20 kHz. 

MC 14528 

C5 10n 

R6 4k7 

+12V 

. R4 10k 

Q1 
2N3704 

o 

ALL ICs POWERED FROM 0 +12V 

741 

% IC2 

R5=1k0 

02 
2N3819 

C3 10n = 

+6V 

741 

OV ' 

+12V 

14 13 

IC3 

NOTES:- 
IC5 IS CMOS QUAD BILATERAL SWITCHES 
[ALL UNUSED PINS SHOULD BE CONNECTED 

TO OV] 
IC6 IS CMOS DUAL MONOSTABLE 
MU LTIVIB R ATOR 

IC5 
12 11 10 9 8 

4066 AE 

3 4 5 6 7 

741 = O 
IC4 

OV + VO 

C4 10n 

O 
+6V +6V 
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o 

02-5 
2 AMP 
16V 
SILICON 
BRIDGE 

Cl 
50u 
25V 

RV1 
>10k 

Train Controller with Inertia 
and Brake 

M. Bright 

Readers' Circuits 

+Ve 

r. 

R1 
S1.a 1k0 

-Ve 

D2-5 full wave rectifies the AC and Cl 
smooths the output. RV1 acts as a 
regulator controlling train speed. 

RV2 R2 
D1 lk0 5k6 

IN4001 

5000uT 
C2 

Ql 
ZTx107 

LEDI 
TIL 
209 

Switch S1 switches in the inertia 
simulator (comprising D1, RV1, R2 
and C2). S2 switches in the brake, the 
action of which is altered by RV3. 
RV2 controls the amount of inértia, so 
that the train can take as long as ten 
seconds before even moving. Q1,2 
act as a Darlington pair, supplying 
current to the output. Q3 monitors the 

R3 
1R0 

-M/\,/\-4, 
R4 
1R0 

Q3 
ZTX107 

S3 

OUTPUT 

o 

output and provides short-circuit pro- 
tection. When a short occurs, D2 
lights up and the current into Q1 is 
reduced. Hence, the output is 
reduced. Two 1W resistors are used 
for R3,4 rather than a wirewound 
1/2W resistor, which would cost more. 
S3 simply reverses the polarity and 
hence the train. 

7.8V 

8760 
POWER 
SUPPLY 

O0V 

8 

555 

14 

3 

2,6 

100k 
15 

Auto Select for AY 3-8760 Stunt 
Cycle 

S. D. Lang 

Constructors of the Stunt Cycle TV 
game may wish to economise on 
switches and panel space by trying 
this circuit for game selection. Or- 
iginally, game selection was by 
grounding the relevant game select . 

pins. This requires four push 
switches; extravagant on switches 

10 

1u0 

4011 
PIN 14 

SELECT 

4011 
PIN 7 

\ MOTORCROSS 
Y' 

lk0 

SUPERSTUNT 
Sa 8 

1k0 

10 DRAG RACE 
& 10 

1k0 

11 STUNT 
& 11 

// lk0 

and panel space. In this circuit, three 
of those switches are made redundant 
in a novel game selection method. 
The only switch required is a push 
switch now entitled 'game select'. 
Upon depression of this switch, all 
four games are displayed upon the 
screen, one a time. When the 
playfield of the required game is dis- 
played, the game select switch is 
released and play continues. 

The circuit works from the power 
supply of the AY 3-8760. Circuit 
operation is straightforward, as fol- 
lows: The 555 and associated com- 

AY.3 8760 

ponents form a pulse generator of 
period approx. 1 second. This pulse is 
applied to the input of the 401 7 de- 
cade counter. Every pulse received 
advances the high output by one, so 
the high pin is 3,2,4,7 in that order. 
When pin 10 becomes high, the reset 
circuitry is operated. If the select 
switch is open, the output of all the 
NAND gates is high, so the game is 
played. When the select switch is 
closed, the selection circuitry may 
now operate, and the outputs of the 
NAND gates go low in turn, selecting 
the appropriate game. 
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47M 47M 

2.097152 

lOp 

Readers' Circuits 

16 4045AK 

2 

1k0 

3 4 

7473 

IC 

7400 

10k 

1004 

A Pocket Digital Frequency 
Meter 

IS. J. Barlow 

The circuit uses only five ICs and 13 
passive components. It is designed to 
fit into the casing of a pocket calcula- 
tor and makes use of the calculator's 
seven segment display. 

It has a single range measuring up 
to 10 MHz. The display is updated 
with anew reading everytwoseconds. 
The preceding frequency count is held 
in the display during this period, thus 
avoiding a flashing display during the 
sampling interval. 

The 7805 provides the 5V supply 
for the logic. The 4045 and the crystal 
form an oscillator and 21 stage binary 
counter producing 1 /32 second 
pulses at 1 sec intervals as shown in 
waveforms 1 and 2. The 7473 flip- 
flop produces the one second gating 

7400 

IC3b 

4045 PIN 7 

4045 PIN 8 

ICM-7208 PIN 13 
(INHIBIT) 

ICM-7208 PIN 14 
(RESET) 

ICM07208 PIN 11 

(STROBE) 

Z01 

5V1 

9 

IC4 
13 ICM 7208 

14 2 4 

'47400 

1 CYCLE 12 SECS/ 

17400 (14/ 

7 SEGMENT 
7 DIGIT 
(COMMON CATHODE) 

tOn 

16 

19 y 
100k 

20 - 
100k 

SEC 

14 SEC 

1/32 SEC 

17400 (7) 

-i 

5 3 
2 7805 

ON/OFF 

pulse (waveform 3). Waveforms 2 
and 3 are NANDed into pin 14 of the, 
ICM 7208s counter chip to produce 
the RESET signal. Waveform 3 is also 
inverted before driving a differentiator 

2 

3 

4 

with a 5V1 zener diode providing a 
clamp and discharge path. The dif- 
ferentiated waveform (5) gates the, 
new frequency reading into the dis- 
play. 

Seat Belt Indicator for Vehicles 

S. Winder 

Asa reminder to put the seat belt on, a 
small opaque panel with the inscrip- 
tion "SEAT BELT' can be fitted to the 
dashboard with a lamp behind, which 
lights up for ten seconds after the 
ignition has been turned on. The new 
VMOS power FET can be used in a 
very simple circuit to achieve this. The 
current between source and drain is 
dependent upon the gate/source vol- 
tage. When the ignition key is turned 
the +12 volt supply is initially drop- 
ped across R2, since the voltage 

R1 
10M 

R2 
470k 

IGN SW 0-- +12V 
SUPPLY 

LAMP 
12V 100mA 

D 

D1 
VN88AF 

S 

across a capacitor cannot change in- 
stantaneously (C1 is discharged by 
R1 when the supply is removed). As 
the capacitor charges up the gate 
potential of Q1 drops and the lamp 
extinguishes. The current drawn by 

VN88 

S G D 

the circuit falls to about 50 uA after a 
minute. The gate resistor R3 is pro- 
vided to protect the zener diode which 
is between gate and source of Q1, the 
input resistance of Q1 is too high to be 
affected by this resistance normally. 
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news 

digest....... 
BABANI DUO 
Two new books from the Ber- 
nard Babani stable dropped 
through our letter box recently. 
The 'Beginners Guide to Digital 
Techniques' by G. T. Rubaroe 
covers everything from an in- 
troduction to the binary 
number system to applications 
such as digital computers and 
voltmeters. 

As digital techniques spread 
into the hobby market, ver- 
satile and inexpensive digital 

SCOPE CUTS 
Telequipment have announced 
price reductions for two of their 
oscilloscopes. (Don't they have 
inflation in Harpenden?) 

The S61, a single beam 5 MHz 
general purpose instrument, is 
down to £156. 

The D32, a battery/mains 
dual trace portable scope with a 
bandwidth of 10 MHz, is now 
selling at £406. 

Both scopes are from Tek- 
tronix UK Ltd, Beaverton 
House, PO Box 69, Harpenden, 
Herts. 

ICs are becoming available to 
the home constructor. 

This compact paperback's 62 
pages pack in chapters on 
number systems, codes, com- 
binational and sequential logic, 
analogue to digital and digital 
to analogue conversion and 
finally applications. 

Next from Bernard Babani 
we have the 'Second Book of 
CMOS IC Projects' by R. A. 
Penfold. 

The publication of this 
second book of CMOS projects 
was prompted by the success of 
'50 CMOS IC Projects' by R. A. 
Penfold, published in 1977. 

The second book provides a 
selection of useful, mostly 
simple, circuits, with the mini- 
mum of overlap between the 
two books. 

In 122 pages, four chapters 
deal with CMOS basics, mul- 
tivibrator projects, amplifier, 
trigger and gate projects and 
special devices. 

The Beginners Guide to 
Digital Techniques is available 
for 95p and the Second Book of 
CMOS IC Projects for £1.50, 
both from Bernard Babani 
(publishing) Ltd. 

HOT SPOTS 
These tiny, self-adhesive tabs 
from Carel Components could 
save your bacon (or your ex- 
pensive ICs). 

Only Vain square, the Lever - 
more 'Temp -checker' tempera- 
ture indicators change from 
silver to black within 1% of the 
rated temperature. Ratings 
range from 40°C to 260°C in 41 
increments. 

These hot spot indicators 
come, appropriately, in a book 
match pack. Six packs or more 
are supplied in an outer wallet. 

For information on Temp - 
checker tabs, please contact 
Carel Components Ltd, 40-44 
The Broadway, Wimbledon, 
London SW19. 

VAT 
INCREASE 

As from June 18th 
the VAT rate is in- 
creased for all pro- 
ducts to 1 5%. 

Due to printing sche- 
dules most of the ad- 
vertisements in this 
issue will carry prices 
based on the old rate 
of VAT. 

Readers should take 
this into account 
when ordering from 
advertisers and it is 
advisable, if in doubt, 
to contact suppliers 
beforehand. 
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ETI STRING THING 
TRANSCENDENT DPX 

This, the latest design from the Tim Orr stable, is a versatile digital polyphonic 
multi -voice keyboard instrument. Designed to have a minimum of wiring, it does not 
suffer from the signal breakthrough caused by the wiring jungles which some other 
instruments demand. 
The machine features a touch sensitive (dynamic) keyboard action, and the keyboard 
can be `split'. It is also polyphonic (chording) and has several voices. Included in the 
design is a CCD choraliser to give the machine a "several at once" facility. 

The machine was designed to be a 
versatile keyboard instrument with a 
choice of several voices and 
characteristic waveform envelopes 
with a split keyboard and a dynamic 
option. Most string machines, organs 
or electric pianos usually involve a 
large amount of cables which can 
cause significant signal breakthrough 
and lots of wiring problems. With 
this in mind the machine was 
designed to have a bare minimum of 
wires, and even so, most of the 
resultant wiring is accomplished with 
manufactured 14 way ribbon cable 
connectors. 

Layout 
Ease of access is also very important 
and so the physical layout was given 
special attention. Merely by 
removing the lid and the base all the 
electronics become accessible.. A 
multiplexed system was used, as this 
kept the wiring to a bare minimum 
and also enabled a relatively 
sophisticated dynamic and 
attack/sustain network to be 
employed. The note and envelope 
generation is contained on two 

BUYLINES 
Powertran Electronics are supplying a complete kit of parts for this project at 
L365+15% VAT. Delivery by Securicor is £2.50 extra. Everything is 
included in the kit, down to the last nut and bolt. They even give yap a plug. 

printed circuit boards using a 
conventional top octave generator 
and divider network. The envelope 
generators are programmable so that 
they will produce either a 
characteristic string /brass pr a piano 
contour. Five audio outputs, one per 
octave are produced from these 
boards which are then routed to the 
tone control and voicing section. The 
filtered sound is then processed by 
the ensemble section which turns the 
relatively dull electronic signals into 
interesting 'natural sounding' signals 
by a process of complex 
phasing. 

Multiplexed Keyboard 
Multiplexing is a method of 
conveying several signals down one 
transmission line. The signals are 
time division multiplexed, that is 
each channel of information is 
sequentially transmitted down the line. 
The sequence is repeated rapidly so 
that, at the receiving end, the signal 
can be unscrambled (demultiplexed), 
and reconstituted so as to resemble 
the originally transmitted set of 
signals. 

The keyboard has 61 notes and so 
a six bit binary code, which has a 
possible 64 decoded states, is used 
to address the multiplexer. In this 
way it is possible to interrogate each 
key on the keyboard, (this is done 
every millisecond) and to determine 
whether the key is released, pressed 
or in the process of being depressed. 
This generates a lot of information 
which tells us which keys are being 
pressed and by doing some timing, 
how hard they have been pressed. 
This information can then be used to 
control the volume of each note in 
proportion to the key velocity. The 
harder you play the note the louder it 
sounds. The advantage of using a 
multiplexing system is that all the 
information passes down one wire, 
so the wiring is relatively simple 
being one wire plus an address bus 
rather than 61 wires. It also enables 
the one piece of. electronics to do all 
the dynamic computation for_all the 
notes. Also, as only one dynamic 
circuit is involved, the note to note 
difference in dynamic performance 
should be greatly reduced and it is 
practical to use a relatively complex 
dynamic law. 
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PROJECT 

Playing Computers 
As thé key -pressed information is in a 

binary code it should be possible to 
interface the machine to a 

microprocessor system, such that a 
musical sequence can be memorised 
on say the lower two octaves and 
then replayed whilst you plan an 
accompaniment on the top three 
octaves. 

The multiplexed signal, once it has 
passed through whatever processes 
have been selected, is then 
demultiplexed on the master note 
generating board. If, say, you press 
middle C on the keyboard, a voltage 
appears at the demultiplexer output 
that controls the middle C note, thus 
causing the note to be generated. 

Keyboard Multiplexer 
The job of the keyboard multiplexer 
is to look at every note on the 
keyboard once every millisecond and 
to convey this information to the 
dynamic and demultiplexing system. 
When a key is released it is 
connected t6 -5V, when it is pressed 
it is connected to +5V and when it is 
in the process of being depressed, 
(neither up or down), it is connected 
to OV. Thus by examining the 
information from each key it is 
possible to determine what is 
happening on the keyboard; which 
notes are being played and those that 

are not. Also, by timing the duration 
of the OV period for each key, it is 
possible to determine the key 
velocity, (how hard the key was 
played, and to produce a signal 
whose volume is controlled by this. _ 

Loud notes have a timing of about 4 
mS, whereas soft notes take 30 to 
100 mS. The soft end of the range is 
very indeterminate and needs to be 
compressed. 

Circuit Operation 
A 6 bit code, generated by the 
dynamic network is used to address 
the keyboard multiplexer. This 6 bit 
code has a possible 26 (64) decoded 
outputs which is, therefore, sufficient 
to fully address the 61 notes of the . 

keyboard. The.scan time for the 
keyboard is approximately 1 mS and 
so the time taken interrogating each 
note will be one sixty fourth of this, 
approximately 16 uS per note. The 
multiplexer is made up out of 8 x 8 
way multiplexers, the address inputs 
of which are driven by the three least 
significant bits of the 6 bit code. The 
three most significant bits are used to 
drive a BCD to decimal decoder, the 
lowest 8 outputs of which are used to 
sequentially enable the multiplexers. 
Thus the 6 bit code sequentially 
interrogates each of the 61 notes and 
sends the keyboard information 
(MPI) down to the dynamic network. 
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Adjusting bias voltage on the delay lines 
(chorus board). In each case the top trace is 
the input signal. The lower trace indicates 
(a) bias too negative (b) bias too positive (c) 
correct bias, symmetrical clipping. 
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Power supply, voicing control panel and chorus board 

Mechanical Construction 
Assemble the two keyboard printed 
circuit boards with the exception of 
the key contacts. 

Stick these two printed circuit 
boards onto the keyboard spacer and 
hold in position with some nuts and 
bolts whilst the glue dries. There 
should be a 0.1" gap separating the 
two boards. Next thread the -bus bar 
lengths through the holes in the 
contact blocks. Make sure that these 

bars are clean (give them a rub with a 
tissue), and try not to handle them as 
this will make them slightly greasy. 
Use gloves or tissues to hold them. 
Make certain that the gold plated 
wire of the contact block is in 
between the bus bars. Apply some 
glue to the bases of the contact 
blocks and position them onto the 
PCB,. making sure that the bent ends 
of the wire pass through the holes 
provided. Line up the blocks and 

5 OCTAVE KEYBOARD 
(61 NOTES) 

KEYBOARD 
MULTIPLEXER 

MULTIPLEXER 
OUTPUT 

DYNAMICS 0-4" ON/OFF 

DYNAMICS 
CIRCUIT + 

ADDRESS 
GENERATOR 

DYNAMIC 
BUFFER 

6 BIT 
ADDRESS 

ON/OFF 
STRONG/WEAK 

t 

then place a weight on them whilst 
the glue dries. Next solder in the 
board to board links, solder the bent 
ends of the contact blocks, solder 
together bus bar sections and wire 
them to +5 and -5V as shown in 
Fig. 4. Position the entire keyboard 
assembly onto the keyboard chassis 
such that it overhangs the punched 
holes by 0.2" (Fig. 5). Mark.the 
fixing holes through the PCB with a 
pencil and drill them out with a 

MODE CONTROL 

ENSEMBLE 
DEVICE 

SWELL PEDAL 
INPUT 

OUTPUT 
VOLUME 

MANUAL, 
TUNING 

VIBRATO 
CIRCUIT 

TOP OCTAVE 
GENERATOR 

KEYBOARD 
D EM U LT IPL EXER 

ENVELOPE 
GENERATORS + CHOPPERS 

VOICING SELECTION 
SPLIT KEYBOARD SELECTION 
TONE CONTROL 

ENVELOPE° 
SHAPE 

5 OCTAVE 
SIGNALS 

DIVIDER 
NETWORKS 

OUTPUT 

Fig. 1. General view of the digital poly- 
phonic multivoice synthesiser system. 
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