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PROJECT: Sound Gen. 
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Set the leftmost mixer switch to 
down again and move the right hand 
switch up, the output from the noise 
generator will now be heard. 

The various combinations of the 
oscillators and noise source 

corresponding to the settings of the 
mixer controls are shown in Table 1 . 

That then is a run down of the 
various controls and their effects, its 
now up to you to put them together 
and hopefully make a little music. 

Ell 

Two photographs showing the PCB from above and below. Note 
the front panel lettering on page 17 is in error - the attack and 
delay designations being reversed. 

UNBEATABLE PRICES 
ALL FULL SPEC. 

741 (RCA 8DIL) 17p, .2- Red LED 8p, TIL 
2098 Red 8p, LM711 CH (T05 Voltage Com- 
parator + Data) 25p, TBA810s + Data 
65p, 2513 (Upper Case) £5, 1702 £2.95, 
TMS 3128NC (Shift Reg) 80p, 2521 (Dual 

1 28Bit Static Shift Reg) 80p, 75S108 (TTL TO 
MOS Level Converter) 35p, 74150 90p, 
74154 £1, 74H00 18p, 74H72 30p, 74H1 50 
90p, 74H183 £1, CD4001 14p, CA3046 
65p, CA3081 70p, 93422 -DC (256x4 RAM) 
£2.25 (Few only), 4027 (300ns) £2, 4027L3. 
£2.50 (Few only), 2708 1 Kx8 UVEPROM 
£6.50 Cannon D -Type, 15 way Plug 50p, SKT 
50p, Covers 60p, 37 -way Plug 80p, SKT 80p, 
Covers £1, Amphenol 57 Series 50 -way SKT 
95p, 28 -way SKT 65p, 24 -Way SKT 50p, RS 
SUBMIN Transformer 240 Input 12-0-12V 
50MA (Screened) Type 196-274 £1.35, DIL 
SWTS 4 -way 55p, 7 -way 80p. P / P 10p. All 
inquiries s.a.e. please. Cat. s.a.e. 8x6 free with 
goods_ 

Nowdistributor for Mutek Products including 
Ides Micro Systems. In stock Video Interface 
board. 16 line, 64 characters, data and control 
inputs. video output. Ideal for Micro Processor 
use. With full documentation, £81, P/P plus' 
insurance £1. Brochure available, s.a.e. 

POCKET PAGER 
Miniature crystal controlled FM RX Single 
Superhet around 30MHZ 450 KHZ IF contains 
various tone detectors. Ideal for modifications to 
27 MHZ Radio Control OR 28MHZ Amateur 
Band. Complete. without 2.5v DEAL + circuit 
of similar type. £3.95. P&P 25p. 

L. B. ELECTRONICS 
43 WESTACOTT, HAYES 

MIDDLESEX UB4 8AH 

CALCULATORS 
SCIENTIFIC 

TEXAS -r -_ D Se Slats ) £18.90 
'TEXAS = _I' - - _ =' -- ng Una for T 1 59 11 58) .... £140.00 
HP&TE'== - and Accessories avail. .. POA 
'TEXAS'' -_ - _ =-ogs. 980 steps of 100 Mem.) 

Plus Appr.e.e _' ' =s Module £176.00 
'TEXAS TI.ESS _ _ - s 480 steps of 60 Mem.) . £60.00 
'TEXAS T1-5- _ = eas 8 Mem up to 150 Keystrokes -50 

Progr steps £26.20 
'TEXAS 7145 '_.. _- aced version of T140) £19.95 
TEXAS T1-33 s- - _ - -3O but 3 Mem.I £13.95 
'TEXAS 42 ME= - - - ---_ 

_ - Stet Progr ) 

. . £42.95 
'TEXAS 11 5" - _ 

- _ - Exp 10 Mem.) 
32 Progr See___ _ 5 £26.30 

TEXAS T1 Pro_c-_- - --.=decimal; Oc5 - . . £46.50 
'TEXAS T155 7. - _ -- :- Master Module 

plus Apple_ _- - . .s Mud_k, £80.00 
ßM561s-. -_ _ =-_^Vand S de ch sqetc) £54.00 

SLIM-LIÑE CHRaINÖGRA' 
SUMMER BARGAIN OFFER 

- -= rct. on-Hrs. Min., Sec. plus 
fingertip control for Months. Date, Day, 
Stop Watch and Lap Time to 1/1000th 
sec 

ONLY £27.50 + Li PIP, Ins. 
-coy money back offer if not fully 

- - - satisfied 
COMMODORE 'PET" COMPUTER 8K'n RAM 2001-8 
(Cassette . C _ _ -. ,- :e board built into the Pet) 

_ _ - £843.00 
'HP19GiCont,n. . - - . . _-5 ohnter) £163.00 
'HP29C(as 19::-' - £110.00 
'HP27 (10 rue- - - - 

- 
- - ÿ.t + exp.) £73.00 

'HP67 (card ph- - -E £277.00 
'HP97 (card pry._ - - _ _ _ -,e 26 mem) £466.50 
AS HP range ava _- - - -y NEW 'E' Range Prices on request 
CASIO FX800C _ -_ - notch 5 alarms) £27.65 
CASIO FX3 tOC _. =-.5 Try Polar Rec . etc l £22.50 
'CASIO FX201 = e- - 127 step prog.) 

FORTRAN 3 . _ -E'. £45.00 
'CASIO PROFS: ;as as_.e nu: card prog.l £99.00 

'FREE Mens charger included 

SPECIAL OFFER 
Texas T159 with PC1008 £285.00 

Pone Includes all :terns as mfg specrlicarlon) 

GOODS FULLY GUARANTEED. PRICES EXCLUDE W. 
ADD 8%1 BUT INC. P&P CHEQUE WITH ORDER 

Company, Hospital and Gov. orders accepted by phone 
EXPORT ORDERS ACCEPTED 

Barclaycard, Access order accepted by phone 

Tel. 01-455 9855 
MOUNTAINDENE'LTD 
22 Cowper Street, London, EC2 
(Near Old St. Station) Tel. 01-455 9855 



GAIN CONTROL 
PART ONE 

THERE ARE MANY cases in signal processing where the 
control of the gain is necessary. Some common 
examples are automatic volume controls in cassette 
recorders and in the IF sections of radio receivers. Also in 
professional audio equipment there is a whole range of 
compressor, expander, limiter and noise gate devices 
which find great use in recording and broadcast studios. 
Maybe you have wondered how the volume of the music 
drops when the DJ starts to talk and then fades up again 
when he stops. This process, known as voice over or 
"ducking," uses voltage control of gain. 

Noise reduction systems such as dolby and dBX 
employ voltage controlled amplifiers. Synthesisers and 
sound processors obtain effects such as ring modula- 
tion, automatic panning frequency shifting, dynamic 
filtering, tremolo and envelope shaping also by the use 
of this technique. 

Gaining gain 

There is a wide variety of methods which can be used to 
obtain the gain control. This can be anything from 
constructing the variable gain element yourself from 
basic parts, to buying IC or module designed specifically 
to solve your particular problem. Generally the solution 
is some sort of compromise, because unfortunately the 

problem of making high performance controlled gain 
cells (multipliers), is rather difficult and therefore the IC's 
tend to be rather expensive. 

However with a bit of care a cost effective solution can 
usually be produced. 

A good example is the AGC in a transistor radio. The 
transistors in the IF section have an hie that varied widely 
with the magnitude of their collector current. Thus, by 
sticking three transistors in series it is possible to vary 
their overall gain by about 40 dB, (x100), merely by 
controlling their collector currents. The AGC stops the 
audio output of the radio from varying as the radio 
reception conditions alter. 

Electronic multipliers 
When it is required to control the level of one signal with 
that of another, an electronic multiplier is used. This 
process is analogous to arithmetic multiplication. If input 
A is positive, Fig. 1, and input B is positive then the 
product (the output), will also be positive. If A goes 
negative then the product will be negative. If both A and 
B are negative then the product will be positive thus 
preserving the arithmetic rules. 

If A and B are limited to be only one sign each then 

INPUTS 

A 

B 

22 

MULTIPLIER 

A 

+ 

OUTPUT 
(AxBxk) 

k is a constant 

+ B 

PRODUCT OF A & B 
LIES WITHIN THIS AREA 

+vcc 

INVERTING 
INPUT 

IOUT=Ic2-ICI 
OUTPUT 

CURRENT 
MIRRORS 

-Vcc 
Left: the princ'ple behind electronic multipliers. The graph 
shows the possible outputs for a variety of combinations of input 
polarities. 
Above: Internal workings of a CA3080, an Operational Tran - 
conductance Amplifier. Say that too fast and you'll need a new 
set of teeth. 
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Tim Orr continues his occasional series of circuits, 

FEATURE 

methods and explanations with a detailed look at how 
gain can be controlled by another electronic signal, be 
it squarewave, sinewave or voice signal. This leads to 
some interesting circuits - from ducks to filters! 

the multiplier is known as a one quadrant multiplier. 
That is the product can only lie in one quadrant. If A can 
be both +ve and -ve, and B only of one sign then the 
multiplier is known as a two quadrant multiplier. This is 
what is called an amplitude modulator. The audio signal 
which is bipolar is A and the control voltage is B. 

If A and B can be both +ve and -ve, the product can 
lie anywhere in the four quadrants and hence the 
multiplier is known as a four quadrant multiplier. This 
type of device is found in frequency shifters and ring 
modulators. 

CA3080 - An OTA! 

The CA3080 is a two quadrant multiplier, or to give it its 
full title, it is an Operational Transconductance 
Amplifier. It has a differential input and a single quad- 
rant current input known as 'ABC, (amplifier bias current), 
Fig. 2. The differential transistor pair is used to steer the 

AB currentcurrent between the two transistors 02. There is a 
region where the input differential voltage is linearly 
proportional to the percentage of current steered bet- 
ween the two transistors. This voltage region is fairly 
small, being about 20 mV, but using the CA3080 in this 
area then a reasonably linear 2 quadrant multiplier can 
be obtained. 

What has happened is the the 'ABC current has been 
multiplied by the input voltage. The product is the 
difference between the two collector currents. This 
difference is extracted by the use of mirrors, current 
mirrors that is. The current mirrors can be attached to 
either the +ve or the -ve supply rail. 

They have two terminals, and whatever current flows 
into one terminal, then the same flows into the other, 
which is why they are called mirrors. 

What we want to do is take the difference between 
the collector currents of Q1 and 02, IC, is reflected from 
mirror Y and then from mirror X and then appears at the 
output. IC2 is reflected from mirror Z and then appears 
at the output. The two currents -are substracted from 
each other and the output current is thus (IC2-IC1), 
which is the product of 'ABC x V,, x K, where K is a 
constant. Note that the 'ABC current is also reflected from 
a current mirror on the negative rail. 

The CA3080 is a low cost two quadrant multiplier 
and can be used to perform a wide variety of multiplica- 
tion functions. The linearity óf the device holds true for 

I ABC variations of over three decades. When using this 
device keep !ABC below 0.5 mA. 

VCA Using CA3046 Array 

V CONTROL 

47k 

T 
220n 

AUDIO 
INPUT 
± 5V -15V 

OUTPUT 

NOTE 
01-5 TRANSISTOR 
ARRAY are CA3046 
IC1, 2 are 741 
D1 is IN4148 

The CA3046 is an array of 5 transistors which are all well 
matched and relatively cheap. Qe, 4 forms the differential 
transistor pair, IC1 controls the current and IC2 extracts the 
differential output current and turns it into an output voltage. 
The audio input is inserted into the base of Qe but also 
connected to this node is the emitter of 02. Q2 and Q5 serve to 
predistort the input signal, but they distort the signal the 
opposite way to which the multiplier distorts it. This is known as 
distortion cancelling, and it allows a larger signal level to be 
applied to the multiplier for the same percentage of distortion at 
the output. The larger input signal allows a higher signal to noise 
ration to be obtained. Transistor Q1 is used to bias the bases of 
Q2, 5 to a suitable operating region. 
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MIC. 
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(1Vpp) 

RV1 

10k 
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Stereo Voice Over (Ducking) Circuit for Disco Unit 
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220n 47k 

I -w 
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///// 
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220n 22k 

---I I 
///// 
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22k 
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100n -L" 
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1u0.Z: 
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- D4 
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22k /"" 
14 
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IC1 IS NE570 +20dB 
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ALL DIODES 1N4148 
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CR¡ 
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47k 
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FEATURE : Gain Control 

The circuit operation is as follows. The microphone signal 
comes via VR 1. This pot sets the sensitivity of the circuit to the 
microphone signal. If it is too sensitive the unit will be 'ducking' 
every time the DJ breathes. IC5 is an amplifier and filter. The 
filter has been specifically tailored to fit the characteristics of 
speech, thus making the ducking unit less sensitive to spurious 
noise. IC2, 3 forms a precision full wave rectifier, the output of 
which is low pass filtered and then fed to IC4. This wave form is 
the envelope of the microphone input signal. 

IC4 is a peak, negative going, voltage detector with a gain of x 
5. When the DJ begins to speak, IC4 goes negative and in doing 
so pulls the base of G 1 negative. When the DJ stops speaking 
the base of G 1 rises back towards O V with a time constant determined by CA or CA + CB. 

This is the release time and it controls the speed with which the faded down music comes back to full volume. G 1 is an emitter follower and is job is to rob current from the gain cells in the NE570. 
This current sets the volume of the two music channels. When the base of G 1 is pulled down to the negative rail, the amount of robbed current is maximum, and when no current flows into pins 

1 and 16 of the NE570 and all of it flows into g 1, then both nusic channels are turned off. 
To set up PR 1, put a large signal into the microphone channel, set R V2 so that it is a short circuit and then adjust PR 1 so that the two music channels just close off. PR2 and PR3 should be adjusted so that pins 7 and 10 Of the NE570 are both +6 V. 

Vin 1u0 

-1u0 

//)// 

15k 

2u2 

I 
15k 

5 

7 

16 

1M 

15k 

Clever Fuzz Box 

2u2 

6k 2 18k 

14 

OG 

IC1a 

+12V 
4IGND 

220n 18k 

I 

18k 

>I 

1M 

18k 
POWERED 

+12V FROM OV&12V 

luO 

IC2 
+ 

330p --il- 
47k 

t---+2---+ 
1 2u2 

AG 

IC1b L-------- -----L 

10 

Vref 

Fuzz boxes are used by guitarists to produce harmonic distortion 
and sustain. If you want to produce only the distortion, but to 
retain the original envelope of the signal then this is the circuit for you. 

IC1 is a 2:1 compressor as described previosuly. This pro- duces a relatively high level signal which then drives IC2, which is a x 50 amplifier with diode clamping. IC2 produces the distorted (fuzz) found. This is then fed into the 1C3 gain cell, the 

output of which drives the op amp. This gain cell is driven by the rectified original signal (low pass filtered at 1k5 Hz), so that the 
distorted sound is given the envelope characteristics of the 
original sound. 

If a fuzz sustain sound is required rather than a dynamic fuzz then IC3 could be modified (by the inclusion of a clamped high 
gain amplifier driving pin 15) so that it acts as a low level expander. This will squelch the noise at the end of the fuzz 
period. 
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Track and Hold 
In this example the CA3080 is used as a current controlled 
switch. When the control voltage is high, 'ABC is maximum, (0.44 
mA) and the OTA gain is maximum. The voltage at pin 2 of IC1 
adjusts itself so that it is the same as that on pin 3, this being due 
to the 100 per cent feedback via the high input impedance 
voltage follower 1C2. When the control voltage is OV, IABC is zero 
and hence the gain of the OTA is zero. Therefore no current 
comes out of its output and so the voltage at the output of IC2 
remains frozen (Hold mode). The maximum differential input 
voltage is 5 V and this must not be exceeded. The capacitor C 

should be selected to suit the speed of the operation. 

-Vcc 

Vin 

V CONTROL 

Vout 

HOLD 

+5V(or TTL 
SIGNAL) 

- - OV CONTROL 

NOTE 
IC1 is CA3080 
IC2 is CA 31 
01 is BC212 

HOLD 

Vin 

FEATURE Gain Control 

Oa -6V 
1 -+6V 
A B C D GAIN 

1 0 0 0 0dB 

0 1 0 0 -6dB 

0 0 1 0 -12dB 

0 0 0 1 -18dB 

POWERED BY ±6V 
NOTE 

IC1 is 4016 
IC2 is741 

Vout 

Voltage Controlled [Switched) Attenuator 
The CD4016 is a quad analogue transmission gate. That is, it is a 

quad voltage controlled switch. When the control is high the 
switch is ON, having an effective resistance of about 400R. 
When the control is low the switch is off and of looks like a 

100M resistor. Thus by using 4016 switches it is possible to 
'Switch' the voltage gain of an amplifier. The resistors in this 
example are selected to give 6 dB changes in gain. 

10k 
\AA/- 

Vin 
10k 1Vpp~ 

IC1 

HP 

10k ~ 
4 k7 

// // 

Filter 
A state variable filter produces three outputs: highpass, band- 
pass, and lowpass. It is thus a very versatile filter structure, even 
more so if the resonant frequency can be varied. This frequency 
is linearly proportional to the gain of the two integrators in the 
filter. Two CA3080's, (IC2, 4) have been used to provide the 
variable gain, the resonant frequency being proportional to the 
current IABC. Using 741 op amps for IC3 a control range of 100 
to 1, (resonant frequency) can be obtained. If CA3140's are used 
instead of 741's then this range can be extended to nearly 
10,000 to 1. 

10k 
3 

220R 

IC2 

5 

///// //// 

10n 

I I - 
C3 

18k 

10k 
3 

22OR 

6---3> BP 

IC4 
5 

10n 

//I// //// 

18k 

'ABC 

CONTROLS 
FREQUENCY 

IC5 

NOTE 

IC1,3,5 are 741 

IC2,4 are CA3080 

Ir LP 

TO BE CONTINUED 
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RF POWER METER 
Take a load off your mind - and put a proper and useful load on 
your antenna - with the ETI Project Team's venture into the realms 
of the short and shorter wave. 

THIS REFLECTOMETER design, 
apart from being simple, elegant and 
easy to construct, covers three 
decades - from 100 kHz to 100 
MHz, and can be constructed for RF 

powers as low as 500 mW or up to 
500 watts. 

The problem for most designs for 
reflectometers, or "Swar" meters as 
they tend to be called colloquially 
these days, is that they generally only 
cover about one decade in frequency 
range - usually 3 to 30 MHz or, if 
further, have discontinuities and 
drastic sensitivity variations at the 
extreme ends of their frequency 
range. 

Sensitivity is a problem with the 
commercially available instruments 
also.'Those with the best sensitivity - 5W full scale usually - are made 
for the (overseas) CB market, and 
while they will work over most of the 
HF spectrum (some extending 
beyond that), sensitivity is 
insufficient if you are working with 
low power solid state RF circuitry or 
doing a deal of antenna 
experimentation. 

Performing antenna 
measurements at powers of 5W or 
more is discourteous to say the least, 
especially where sustained or many 
consecutive measurements need to 
be made. 

The reflectomter/ RF power meter 
described meets the requirements of 
most people involved in RF 
measurements requiring such an 
instrument and where a disparate 
variety of facilities are required. 

This project will be extremely 
useful to radio amateurs, servicemen 
involved in communications, in 
laboratories, etc. 

Construction 
Construction is very straightforward. 
The printed circuit design given is 
recommended, as variations in 
layout may affect performance. 

CA TE 

EMI `R 
FWD 

REF 
ED 139 Refkittnmeter 

AMIEle 

All the components are mounted 
on the copper side of the PCB, which 
is subsequently assembled onto the 
coax sockets and mounting bolts. 

Commence by winding the toroid 
current transformer secondary turns. 
Refer to the circuit diagram. Cut a 45 
mm length of RG58, stripping back 
the braid and insulation as illustrated 
in the component overlay and 
photographs. This is not all that 
critical, but maintain as much braid 
as you can to reduce problems with 
errors creeping in at the top end of 
the frequency range due to 
discontinuities here. 

Slip the toroid over the short 
length of coax and mount this 
assembly on the PCB. Position the 
toroid centrally and fix it in place with 
a small amount of pliable plastic 
cement compound. 

Mount all the other components 
next. Pay particular attention to the 
orientation of the diodes D1, D2, D3. 

The trimmer capacitor, C2, is 
shown as a mica compression type. 
Any suitable trimmer - such as the 
Philips film trimmers - can be used, 
however, the mica compression 

l 
trimmer provides a certain amount of 
'vernier' adjustment. 

The PCB and major components 
are assembled into a suitable metal 
box. 

The completed PCB is mounted in 
the following way: 

Once the coax sockets are 
mounted, and the two mounting 
bolts are in position, a coax plug 
(with cable) should be plugged into 
each of the sockets in order to locate 
the centre -conductor pins of each 
socket. 

The PCB is then placed into 
position and the input/output pads 
soldered to the coax socket pins. 
Make sure that a good fillet of solder 
secures the pin to the PCB pad. 

Two nuts on the mounting bolts, 
one under the PCB, one on top of the 
PCB, then secure the board 
mechanically as well as providing a 

ground connection. Refer to the 
pictures and components overlay. 

Connections to the meter, pot, 
and switch - located on the front 
panel, can then be made with short 
lengths of hookup wire. 
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PROJECT 

Calibration 
A suitable RF source, a dummy load 
and an RF voltmeter or a 

known -accurate RF power meter are 
required for test calibration of 
the instrument. Any of the standard 
amateur texts (ARRL, RSGB 
handbooks etc) provide excellent 
construction details of dummy loads 
to dissipate a variety of powers. The 
same texts describe suitable RF 

voltmeter probes that may be used in 
conjunction with a multimeter. 

SWR Scale 
The instrument is connected between 
the RF source and the dummy load. 
Turn the sensitivity control fully 
anticlockwise. Switch to read forward 
power. 

Key the RF source and slowly 
rotate the sensitivity control 
clockwise. The meter reading should 
increase. If it doesn't, check wiring. 
If it goes in reverse, you've got D1 

back to front! 
If all is well, advance the 

sensitivity control until the meter 
reads full scale. Switch to read 
reverse power. Adjust the trimmer 
C2 to obtain a minimum meter 
reading. It should go to zero; 
increase the sensitivity when a very 
low reading is reached to ensure that 
C2 is adjusted correctly. 

This completes the adjustment of 
the Reflectometer section. The scale 
calibration can be obtained from 
Table 1. 

The sale on the meter may be 
hand -lettered using Letraset or other 
'rub -on' lettering. The original 
lettering may be painted over and the 
new SWR scale inserted beneath the 
orignal scale. 

IN 

SKT 1 

RFC1 

RG58 PASSED THROUGH TOROID 

C2 C3 
140P T100p 

R1 - - 10k 

SW 1A 

SET 
RV1 
10k 

D4 & 05 
1N914 

R 

OUT 

SKT2 

D3 
0A95 

R7 
100k 

POWER 

SW 1B 

501,A F.S 
2k 

Fig.1. Circuit diagram of the SWR power 
meter. Note the unusual switch configura- 
tion, using a double pole three way switch. 

HOW IT WORKS 
The reflectometer employs a "current trans- 
former" having an electrostatically -shielded 
primary with a high -ratio secondary winding 
driving a low value load resistance. 

A short length of coaxial cable, passed 
through a ferrite toroid, forms the primary 
with the braid connected so as to form an 
electrostatic shield. 

The secondary of the current transformer 
consists of a winding around the circum- 
ference of the toroid, coupled to the magnetic 
component of the `leakage' field of the short 
length of coax cable. 
The secondary drives a centre -tapped resis- 
tive load (R2/R3) connected to a voltage 
sampling network (C1-C2/C3) tapped across 
the RF input such that sum and difference 
voltages will appear across the ends of the 

current transformer (T1) secondary winding. 
Diodes D1 and D2 rectify the sum and 

difference voltages from the secondary of T1, 
RF and audio (modulation) bypassing being 
provided by C4 and C5. The RF choke, RFC1, 
provides a low -resistance DC return for the 
signal rectifiers, D1 and D2. 

The power measurement facility is 
obtained by tapping off a portion of the RF 
voltage on the line via R5 and R6, and recti- 
fying this with D3. Capacitor C6 provides RF 
and audio (modulation) bypassing. 

As the load on the rectifier is so light - R7 
being 100 k and the meter being 2 k, peak 
power is measured. 

Diodes D4 and D5 provide protection for 
the meter. 

BUYLINES 

As with all RF projects, some of the 
components will not be stock items 
with the majority of suppliers. 

In case of difficulty with any of the 

items Catronics at Communications 
House, 20 Wallington Square, Wal- 
lington, Surrey should be able to help. 
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MOUNTING HOLES 

DI 
# Ti ww 

@c21 
o 

4h 

MOUNTING HOLE EARTH 

EARTH 

COAX HOLES DRILLED 
LARGER THAN REQUIRED 
SO CENTER PIN CAN BE 
POSITIONED CORRECTLY 
WITH PLUG IN SOCKET 
BEFORE SOLDERING. 

Fig. 2. Component overlay for the PCB. Note that, contrary to 
the usual practice, the components are mounted on the copper 
side of the board. 

SW R 

3:1 
2.5:1 
2:1 

1.5:1 

1.2:1 
1.1:1 

TABLE 1 

Scale reading 

0.5 full scale 

0.42 full scale 

0.34 full, scale 

0.2 full Scale 

0.1 full scale 

0.05 full scale 

Peak Power, full scale 

500 W 

200 W 

100 W 

50 W 

20 W 

10 W 

5W 
3W 

TABLE 2 

R2 value. 

6R8 
2 x 33R in parallel 

33R 

68 R 

2 x 330R in parallel 
330 R 

680 R 

1k + 100R in series 

linearity suffers 

Power 
The circuit (Fig. 1) shows a divider 
network, consisting of R5 and R6, 
tapped across the RF on the coax 
line. 

The lower divider resistance R6 is 

shown as a variable element. A 

miniature deposited carbon track 
trimpot was used in the prototype. 
The low value types seem to perform 
quite well over a wide frequency 
range and one was used here for 
convenience. It was set so that the 
full-scale reading of M1 

PARTS LIST 
Resistors all 5% 

R1 10k 
R2,R3 . . 150R 
R4 10k 
R5 1k 
R6 470R trimpot or fixed 

-see text 
R7 100k 

Potentiometer 
RV1 . . . . 10k/C pot 

Capacitors 
Cl 10p ceramic 
C2 40p trimmer 
C3 100p ceramic 
C4 - C6 . . 1 u solid dipped tantalum 

Semiconductors 
D1 - D3. . . 0A95 
D4,5 . . . . 1N914 

Miscellaneous 
RFC1 . . . . Any moulded RF choke, 

1m1-1 or more (value not 
critical). 

SW1 Two pole three way 

M1 50 µA meter T.E.W. type 
2k resistance. 

Ti . 40 turns of 35 gauge B & S 

enamelled wire, around cir- 
cumference of Neosid toroid 
type 28-511-31, 12.7 mm 
o.d., 6.35 mm i.d., 3.18 mm 
thick, F14 material (see text) 

Coax 
sockets . . S0239 or other type to suit 
Case Norwood type 34/2/D 

(100mmx75mmx50mm). 
PC board . . ETI 139 
Two 25 mm long bolts with three nuts 
and two lock washers each; nuts and bolts 
for coax sockets (if required); length of 
RG58 coax; 6 mm dia. sleeving; hookup 
wire, etc. 

corresponded to a particular peak 
power dissipated by the dummy load 
(as measured with an RF voltmeter or 
known -accurate RF power meter). 

Fixed resistors may be substituted 
for a trimpot, necessitating only a 

check of the accuracy of the full scale 
peak power reading. Values for 
particular full-scale power readings 
are given in Table 2. 

The power scale should be 
calibrated to suit the individual 
instrument. It will be non-linear, 
particularly at the bottom end. 

Performance 
The inherent impedance of the 
prototype instrument was measured 
using a TEK 5 W dummy load and a 
Hewlett-Packard vector impedance 
voltmeter. The results are illustrated 
in Fig. 4. 

The impedance discontinuities 
introduced by the prototype are well 

32 ELECTRONICS TODAY INTERNATIONAL - OCTOBER 1978 



PROJECT. 

POWER 

SW 1 

X Y EARTH 

Fig. 3. The meter, sensitivity pot and switch 
connections. Leads X and Y go to the D2 and 
D1 respectively, while the lead marked 
'POWER' goes to R7. Refer to Fig. 2. 

inside the basic accuracy capability 
of the meter movement! The real part 
of the instrument's impedance is 

within 5% of the nominal 50 ohms - most of this is probably due to 
connectors and construction 
discontinuities. 

The variation in the real part of the 
impedance is within ± one ohm 
across the frequency range of the 
instrument, and can be essentially 
ignored. 

The reactive (imaginary) 
component of the instrument's 
inherent impedance is negligible up 
to 20 MHz when it begins to become 
slightly capacitive. 

The overall impedance decreases 
rapidly above 100 MHz. 

Sensitivity and sensitivity 
bandwidth of the prototype is 

excellent. The half -power points of 
the sensitivity bandwidth of the 
reflectometer are at approximately 
350 kHz and 25 MHz. 

Full-scale deflection at 27 MHz 
requires 0.8 watts into 50 ohms. 
Mid -band sensitivity is under half a' 
watt! 

Modifications 
For higher power applications, the 
basic sensitivity of the reflectometer 
can be reduced by one of several 
methods, or a combination. 

If you are working with powers 
around 20 to 50 watts, R2 and R3 
can be reduced to 47 ohms. For 
higher powers, the number of turns 
on the toroid can be reduced, and 
R2/R3 further reduced in value. As a 

guide, reduce the secondary of T1 to 
20 turns and R2, 3 to 47 ohms. 
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50 

49 

48 

+4° 

+2° 

_4° 
1MHz 10MHz 

Fi 4. Top: real or resistive component of the 
pr totype's inherent impedance. Lower: 
Reactive component. 

Everything else remains unchanged. 
This should suit power levels of 200 
watts and higher. 

Other types of coax sockets can be 
used, such as the BNC, type N or the 
inexpensive Belling -Lee sockets. No 
modifications to the PCB are 
necessary, however, mounting 
details of the sockets and board will 
need to be altered to suit. 

The basic reflectometer 
construction is so simple and 
inexpensive that severa can be built 
and installed to pro ide remote 
SWR/RF-output mcnit ring of 
antenna installation . 

The RF portion can be mounted at 
a convenient place and the 
reflectometer output leads X and Y 

taken to remote metering facilities. 
Power output measurement circuitry 
is probably superfluqus, in these 
circumstances. 

Protection circuitry for 
transceivers and power, amplifiers 
may be simply realised ,using the 
basic reflectometer circuit and 
activating protection devices by 
comparing the output voltages of D1 

and D2. 
Swept VSWR measurement can 

be accomplished using the basic 
reflectometer circuit. The differential 
output from D1/ D 2 can be used to 
drive the vertical axis of a CRT 
display (via suitable amplification), 
the horizontal axis being driven by 
the sweep voltage of a 

voltage -controlled signal generator. 
Voila! - swept VSWR 
measurements. 

Accurate SWR measurements for 

OCTOBER 1978 

100MHz 

VSWR values below 2:1 can be 
made by driving an expanded -scale 
differential voltmeter circuit that 
measures the output difference 
between D1 and D2. This technique 
is well illustrated in reference 2. 

This type of instrument is 
particularly useful when making 
VSWR performance plots of 
antennas over a narrow bandwidth 
(providing they closely match 50 
ohms in the first place). 

This reflectometer technique can 
also be used to measure power. 
However, the authors opted for the 
diode RF voltmeter method as it is 

somewhat more versatile, and is 

unaffected by the sensitivity 
bandwidth of the toroidal current 
transformer. See the two references 
for more details. 

The sensitivity bandwidth may be 
shifted up in frequency by a decade 
or more, such that it rolls off around 

1 MHz and 50 MHz, by employing a 

toroid for T1 of the same dimensions 
but made of F25 material. Eli 

References 
Whilst not the 'definitive' texts on 
this type of reflectometer, these two 
references provide good practical 
sources of information. 

1. "Frequency Independent Direc- 
tional Wattmeters"; P. G. Martin, 
Radio Communication (RSGB 
journal), July, 1972. 

2. "Test Equipment for the Radio 
Amateur"; H. C. Gibson G8CGA, 
published by the RSGB, 1974. 
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Justin A. T. Halls, of Queen Mary College, 
takes a look at Bywood's SCRUMP! 3. This 
kit is an improvement over Bywood's earlier 

LED switch kits but is still seen as a sophisticated control 
device rather than a personal computer. The kit also 
provides an excellent introduction to the worlds of MPUs. 

Srumpi 3 is the cheapest currently available micro- 
processor kit with full alphanumeric input and a VDU 
type display. It is the successor to the Scrumpi 1 and 2, 
switch and LED kits and is based on the same MPU, 
National Semiconductor's SC/ MP. The kit also provides 
facilities for cassette and teletype interfaces. 

Scumpi 3 is built on a 380 X 1 90mm printed circuit 
board, with plated through holes and a clearly com- 
ponent overlay. High quality, low profile sockets are 
provided for all the ICs and two 16 pin DIL sockets are 
provided for access to the 16 I/ O ports and the UART. 
Access to the TTY interface is via four pins at one side 
of the board, while power supply lines, reset line 
and video signal are taken to an eight way, 0.1" edge 
connector. A UHF modulator is mounted on the under- 
side of the board and provides a signal suitable for most 
625 line TV sets via a standard phono socket. Data and 
address busses are not directly available, but test points 
are provided at either end of the board. Imput is via a 21 
key keyboard, made up of good quality switches with 
transparent key caps, beneath which are fitted self- 
adhesive labels identifying the key functions. 

Three main chips are the sc/mp ii, which has 
the advantage over the SC/ MP 1 of being faster and 
requiring only a single + 5 V power supply, the 
INS8154 RAM I/O, which contains 128 bytes of 
memory and provides 16 individually addressable I/O 
ports, and the AY -5-1013 UART. Two EPROMS, pro- 
tected from accidental erasure by opaque labels over the 
quartz windows, hold the 512 byte monitor program 
and 512 bytes of user accessible I/ 0 routines, A 7 M Hz 
crystal provides a clock from which are derived the VDU 
control signals as well as a 3.5 MHz clock for the MPU 
and a 15 kHz clock for the UART. The video interface 
circuitry occupies nearly half the board and uses the 
8675bwf character generator to provide the full 64 
upper case ASCII characters in white on black or black 
on white, either of which may be selected as standard 
and which may be mixed on the screen. 

Data sheets are provided for the MPU and RAM I/ 
chips and two handbooks 'provide assembly and 

operating details. An SC/ MP pocket instruction guide is 

also provided. The user has to provide a +5 V, -12 V 
power supply plus a 7.5V supply for the UHF 
modulator. It is also necessary to drill holes in the PCB to 
take mounting pillars if the kit is to be fitted in a case, or 
take legs if the kit is to be used naked. A reset switch is 
also needed. 

Getting It All Together 
Actual construction of the kit was quite straighforward, 
although the instruction manuals tended to be 
reminiscent of some car technical manuals, with in- 
structions like 'all sockets, capacitors, resistors, diodes, 
links and keyswitches can be installed at this point', and 
the crystal and one of the ICs are never mentioned at all. 
One component that did cause some problems was the 
UHF modulator. The position of this is not marked on the 
board and the connections to it are not indicated. A 
phone call to Bywood confirmed that this does in fact fit 
beneath the board, the mounting pins having to be filed 
down to fit the holes provided. If the kit is not fitted in a 

case the presence of the modulator beneath the board 
means that legs must be fitted to enable the board to sit 
squarely on the table when in use. 

When fitting the 21 keyswitches care must be taken 
as the holes for them are not too accurate and bending 
the pins too far to make them fit could damage the 
switch. Since many of the tracks run very close together, 
care should also be taken with the soldering and it is a 

good idea to leave the kit overnight after assembly and 
then re -checking very carefully for the presence of solder 
splashes or bridges. 

To minimise the possibility of damage to delicate and 
expensive ICs and to ease trouble -shooting, the chips are 
inserted sequentially, checks being made at each stage 
to ensure that one part of the circuit works before 
proceeding to the next. Apart from TV synchronisation 
problems most of this setting up procedure was very 
simple, although some statements were a little 
misleading and a great deal of time was spent won- 
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dering why the address decoding wasn't decoding 
before we found that the NWDS line had to be earthed 
first. It is in cases like this that a circuit diagram would 
have been invaluable. The use of the INV line as a test 
probe was very clever and useful; if the line is taken to 
logic 1, the screen remains the same, but if taken to logic 
0 the screen inverts (i.e. black characters on a white 
background instead of white on black). 

Pictures Galore 
The video circuitry is basically quite simple, with a 7.02 
MHz clock driving a series of dividers and a handful of 
gates. Two MM21 12, 256X4 RMs hold the picture in a 

memory mapped display. The rest of the video circuitry 
simply consists of the character generator and a number 
of buffers. 

The UHF modulator is pre -tuned to channel 36 and 
merely needs connecting to the aerial socket of a TV set. 
It can be run from the on -board + 5 V line, but with some 
sets better resolution, especially when displaying black 
characters on a white background, is obtained by 
running the modulator from a separate supply of about 
7.5 V. A simple, Unregulated battery eliminator, set at 6 
V (actual output about 7.5 V) is sifficient. 

The Bywood errata sheet points out that some video 
monitors or converted TVs require a 4 V pk-pk video 
signal rather than the 1 .5 V pk-pk signal provided by the 
kit, and that this can be obtained by adjusting the values 
of R3 -R5. We had great difficulty in obtaining a stable 
picture and eventually had to resort to replacing the 
riesistors with 470R presets; even now picture stability 
is not as good as it might be and it is continually 
necessary to adjust the vertical and horizontal hold 
controls. It is quite possible however that these difficul- 
ties are due to the use of a cheap portable TV which may 
well not be set up correctly. No problems have been 
found with these modulators in other applications. 

Key Features 
Bywood have managed to squeeze all 64 upper case 
ASCII characters onto a 21 key keyboard. This is 
achieved by the use of three shift keys. One soon gets 
used to using the shift keys and although it would be 
more convenient for entering hexadecimal code if the 
lower case characters were 0-9 and A -F, the current 
layout has presumably been chosen to ease use as a 

general purpose teletype. 

The assembled Scrumpi 3 kit. The system's firmware is resident 
in the two EPROMs seen top left with their protective labels. 
The three presets we had to fit to get the video levels right can be 
seen bottom centre. 

Getting In And Out 
The teletype interface, supplies and receives a 20 mA 
current loop and is therefore compatible with many 
types of TTY. Control of this interface is purely by 
software, using the SC/MP 'flag 0' for output and 
'sense B' line for input, each bit being set or sensed 
individually, with a delay instruction being used to set 
the bit rate to 110 baud or whatever rate is required. 
Unfortunately, details of sending and receiving routines 
are not supplied, although these should not prove too 
onorous to write. 

Parallel I/ O is provided for by the I NS81 54 RAM l/ 
chip which also contains the 1 28 bytes of RAM supplied 
with the kit. 16 I/ O lines are available and these may be 
configured as two independant eight bit ports de- 
signated A and B, each of which may be specified as an 
input or an output port. This provides for very versatile 
interfacing with the outside world. 

For these who prefer a serial interface however, an 
AY -5-1013 UART is provided. The rate at which data is 
output or received by the UART is determined by an 
external clock, this being set to sixteen times the desired 
.baud rate. In the Scrumpi 3, the 15.625 kHz line 
frequency for the VDU is used, providing a baud rate of 
960 (not 9600 as stated in the manual). If a more 
standard baud rate is desired, the internal clock can be 
disconnected and an external clock provided via one of 
the I/O sockets; 4 800 Hz will give 300 baud suitable 
for a cassette interface, while 1 760 Hz will give a rate of 
110 baud. No details are given of how to use the UART, 
but these have been published in ETI (Dec. 1977). 

All of these various I/O lines, except the TTY 20 mA 
loops, are available from two 16 pin DIL sockets. Each 
socket is provided with +5 V and ground connections, 
as well as the UART transmit and receive lines and the 
MPU 'sense A' line, used by SC/MP for software 
interrupts. In addition socket A has the eight bits of port 
B, reset, and the UART clock, while socket B looks after 
the eight bits of port A. Unfortunately the INTR line from 
the RAM I/O chip, which is used in handshaking 
routines, is not available, but it could be connected to an 
unused pin on one of the sockets, as could the serial 
input and output lines from the SC/MP which are also 
unavilable. 

Where Its All At 
The kit comes with 128 bytes of RAM (not counting the 
256 bytes used by the VDU) of which 64 bytes are 

Close up view of Scrumpi's keyboard. By using the various shift 
functions this keypad can provide a full alpha -numeric set. 
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available to the user for writing programs. Of the 
remainder, 32 bytes are available as a user stack which 
may also be used by some of the Scrumpi sub -routines, 
eight bytes are used for storing labels and eight bytes are 

used as a monitor permanent area, the remainder being 
used as monitor stacks during various command 
routines, This RAM occupies the area of memory fron 
OF80 to OFFF (see Fig 1). The minitor PROM takes up 
512 bytes from 0000 to 01 FF, with 512 bytes of I/ 0 
sub -routines in PRO Mat 0600-07F12. Keyboard, UART, 
VDU and parallel I/O takes up all the space from OCOO 
to OF80. Since the SC/ MP only provides direct access 
to the lower twelve bits of the address bus, allowing for 
4K of addessability, this leaves 2K to be accounted for. 
On -board sockets are available for all this, divided into 
2x5 1 2 byte PROMS (5204 or 4214) andl K of RAMas 
eight 256 X 4 (21 1 2). To expand further than this the 
top four bits of the address bus have to be latched at 
NADS time, when they appear on the data bus. However 
since it is assumed that very few users will want to go 
beyond the available) Kof RAM and 1 Kof PROM without 
the aid of an assembler, access to the control lines and 
busses is not provided. For testing purposes however, 
the busses are available at test points at either end of the 
board and control lines could be taken out be means of 
wire links fron convenient points. 
Controlling Your Scumpi 
The monitor contains five basic commands. Typing 'I', 
followed by a four digit hexadecimal address and 'INT', 
results in the display of the address called and the data 
stored there. A number of alternatives now exist. Typing 
in a two digit hex number followed by 'INT' will cause 
that number to be stored at that memory location and the 
address and contents of the next byte of memory are 
displayed. Instead of entering data you can type = n, 
where n is an integar from 0-7. The lowest two cha- 
racters of the address are then stored and can be used 
later, by typing '?n', which will calculate the offset 
required for a programme counter relative jump to the 
address labelled by n. When using '=n' or '?n' the 
address is not incremented and the offset provided or 
fresh data may be entered at that location in the normal 
way. To return from the data input mode to command 
level, you can either press reset or type '>'. Typing the 
command 'L' followed by 'INT' will result in the display 
of the eight bytes of memory holding the labels. 

The command 'H', followed by a four digit hex 
address, produces a hexadecimal dump of the next 48 
bytes from the address given, arranged as six rows of 
eight bytes, each row preceded by the address of the first 
byte in that row. 

Having entered a program using 'I' command and 
having checked it using a hex dump we now want to run 
it. This is done simply by typing 'G' and the address at 
which the program starts, bearing in mind that the first 
byte of a program is always ignored. Software break- 
points may be inserted in a program by using an XPPC 3 
instruction, exchanging the program counter for the 
contents of pointer register 3, which returns control to 
the monitor and gives a current status dump. In this the 
contents of the three internawcpointer registers are 
shown, (P3 will always point to the address of the 
breakpoint), as well as the contents of the accumulator, 
extension register and status register. In addition, the 32 
bytes of user stack are also displayed. The program can 
be continued from where it left off by typing the 
command 'C' 

In addition to the monitor, eight I/O subroutines are 
provided for use by user programs. With these data may 
be entered from the keyboard or written to the VDU, or 
messages can be displayed on the VDU. Alternatively 
the value in the accumulator can be displayed as a hex 
number (rather than as an ASCII character) with or 
without a trailing space, or a hex number can be read 
from the keyboard. Finally four bytes from the user stack 
may be used to display a six digit number with its sign. 
All of these subroutines are accessed simply by ex- 
changing the program counter and pointer 3 and most of 
them are re -enterable. 

If additional PROMs are used to extend the monitor, 
they will be automatically detected by the existing 
monitor, which checks for a 00 at address 0200, and 
used directly. One additional PROM that is available 
from Bywood is a dissassembler, which will take a 
machine code program and translate it back into 
mnemonic form, producing a full assembler style listing. 

Reading It Up 
The two handbooks are well and entertainingly written, 
starting from absolute basics and working up, so that 
even someone who had never heard of a microprocessor 
before would soon be able to use the Scrumpi. Book 1 

starts with an explanation of the hexadecimal number 
system and proceeds to build a micro -(macro-?) proces- 
sor called PC/MP (Paper and Cardboard Micro Proces- 
sor) with which it explains all the happenings inside the 
MPU, by making you do all the internal operations 
yourself. In this way a deep understanding of what 
actually occurs within the MPU is imparted. 

Having explained the workings of MPUs in general 
the architecture of SC/ MP is considered, along with the 
necessary associated components such as RAMs and 
PROMs. Book 1 then goes on to describe the construc- 
tion and' use of Scrumpi 2, most of which is of little 
interest to the Scrumpi 3 owner, although the final 
section on interfacing with the outside world via UARTs 
and ports is of interest even if lacking in detail. 

Book 2 is more concerned with Scrumpi 3 and begins 
by describing the rationale behind the design of this kit. 
Construction and testing details follow, with a circuit 
diagram for the VDU and a block diagram for the rest of 
the system. Bywood consider that 'the PCB is its own 
circuit diagram' and that further documentation is 
therefore unnecessary. Having built and tested the kit, 
you are taken through a series of demonstration pro- 

Scrumpi 3's status dump displays the current value of the 
SC/MP's internal registers plus a hex dump of a section of 
memory. 

SCRUMP' 3 STATUS DUMP 

P3 P2 P1. EX ST AC 

0000_0000 0000 00 30 00 

0FC8 F4 03.0C 0B 8B C4 8B 34 

0FD0 FC 4A 74 8B 0F 84 87 F0 

0FD8 D7 OB F4 0F 59 BE FB D5. 

COMMAND ? 

1 
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grams which display the full character set, write 
messages on the screen and demonstrate all the internal 
logical and arithmetic functions that are available. Here 
again the text is clearly written and we soon got to know 
how to use the majority of the various facilities that are 
available. Finally the memory assignments are given as 
well as a description of the monitor routines, I/O 
subroutines and the optional disassembler. At the end of 
the book is a glossary of technical terms, some useful 
addresses and data on the SC/ MP II and the INS81 54. 

What there is of the handbook is excellent, well 
written and well illustrated and without too many errors. 
However, a great deal of information is lacking, such as 
any details of how to use the UART or how to configure 
and use the I/O ports. It would also have been nice if a 
few simple user programs could have been included, say 
for a cassette interface, handling the teletype link and 
maybe some mathematical routines. 
Terminal Device 
In general this kit succeeds in doing what it sets out to do 
very well indeed. It is nicely produced, fulfills its 
designers requirements and the distributor, Bywood 
Electronics, are very helpful in the event of any difficul- 
ties or problems. 

The quality of the product is let down however, on 
two counts. The main defect lies in the lack of informa- 
tion supplied with the kit and this is a very serious failing. 
A TTY. 20 mA loop interface is provided, with no 
indication of how to send data to it, or how to receive 
data from it and whith no mention of what format the 
data should be in. i.e. what should be supplied in the 
way of start, stop and parity bits. Also, no data or 
infornation is provided on the UART and even when a 
data sheet has been obtained, describing how to use the 
device, it is necessary to trace out the tracks on the PCB 
in order to identify the TBMT and DAV lines. Admittedly 
a data sheet is provided for the INS 81 54, but this is only 
of marginal use when attempting to use the device and 
such a versatile chip as this deserves far more recogni- 
tion in the manuals. 

The other failings of the kit are relatively minor, but 
seem all the more unnecessary for that very reason. 
Things like not using the serial input and output lines 
from the SC/ MP. The kit already has impressive I/O 
facilities, but why not make use of a facility that is sitting 
there waiting to be used. The unused INTR line from the 
RAM I/O chip is another case in point, since this 
negates a large proportion of the power of the I/ 0 
device, especially if you want to interface to devices such 
as A/D conve,rters which require a certain amount of 
handshaking. 

Once you have found out how to use them, the I/ O 
facilities on this kit are very good, largely thanks to the 
versatility of the RAM I/O chip, which gives such a 
varied selection of I/O modes. The keyboard is not as 
convenient as a full QWERTY keyboard, but it is perfectly 
adequate for a kit that is intended for semi -dedicated 
applications. The 8 X 32 character TV display may seem 
limited in size when compared to full VDIJ systems, but 
is quite adequate for the vast majority of applications 
and it has even been found possible to play Conway's 
Game of Life on it, although this led to some rather 
interesting edge effects at times. 

This kit is certainly a great advance over Bywood's 
previous, LED and switch kits and with a price tag of 
around £150 is certainly good value for those who are 
either hooked on SC/ MP or who are prepared to use the 
full power of the kit to make it pay its way as an 
intelligent terminal for a larger or more powerful system. 
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MICRO -COMPUTER for the HOBBYIST 

THE ONLY COMPLETE MICRO -COMPUTER 
AVAILABLE TO THE HOME CONSTRUCTOR 

FEATURES 
* Supplied in kit form for self -assembly * Full documentation supplied * Fully screened double -sided plated through hole printed circuit board * Full 48 key keyboard included * 2Kx8Ram 
* 1K x 8 monitor program in Eprom * Powerful Mostek Z80 CPU * 16 x 48 character display interface to std un -modified T.V. * T.V. display memory mapped for high speed access * On board expansion to 2K x 8 Eprom * On board expansion for additional 16 I /O lines * Memory may be expanded to full 60K (plus 4K existing on board) 

SOFTWARE FEATURES 
* 1K x 8 monitor program providing * 8 operating commands, supporting Mem examine/modify, tabulate, copy, break, single step, executive, tape. load, tape dump. * Reflective monitor addressing for flexible monitor expansion through user programs 
* Monitor sub -routines include - delay ASCII coding, binary to hex conversion, clr screen, scroll up, string print, cursor shift and many others. 

EXPANSION 

* Expansion buffer board £25.00 * Memory board, with decoders and all hardware except memory ICS .. £35.00 * 4K dynamic memory ICS £36.00 * 8K dynamic memory ICS £60.00 * 16K dynamic memory ICS £144.00 * 32K dynamic memory ICS £250.00 * I /0 board with decoders and all hardware except ICS 
will accept up to 3 PIOs, 1 CTC and 1 UART 

£35.00 
* S.a.e. for full expansion details 

OTHER HARDWARE 
* 2.2A power supply for up to 4K expansion 

- £24.50 * 8A power supply for larger than 4K expansion £45.00 * Expansion card frame 
* Programming manual 
* Hardware & software manuals (supplied in kit) 

£29.50 
£3.50 
£2.95 

Manuals 
Separately 

£2.95 

Add VAT at 8% on all items except manuals 

Complete Kits 
NOW IN STOCK 

£197.50 
+VAT 8% 

POST PAID 

After sales service available 

HE yRßS 
RA /O 

Sole Appointed 
London 

Stockists 

All mail to: Henry's Radio 404 Edgware Rd, London W2 

LONDON 82: 404 6 Edgware Road_ Tel 01-723 1008 



PROJECT 

POWER BULGE! 
Astound your ears and annoy your 
neighbours with four times your 
normal sound level, courtesy of the 
ETI Power Bulge. 

POWER AMPLIFIERS COME in 
all sorts of shapes and sizes, most 
small groups rely on 100 W types as 
they are widely available and 
relatively cheap. Even though the 
people next to the speakers think the 
sound is loud enough the performers 
usually want more power. The simple 
solution is to buy more powerful 
amplifiers - but it can be a lot 
cheaper to buy two less powerful 
ones. 

The 'Power Bulge' is designed to 
be used with two low power 
amplifiers, and produce not just 
double power but four times the 
power of the seperate amplifiers! The 
reason for the apparent power gain is 

that the voltage finally produced at 
the loud speaker decides the power - and power is proportional to the 
square of the voltage. 

IP 
Construction and Use 

The prototype was built into a 

'small Verobox. As large signals are 
involved screening in a metal box 
was not needed. The box size 
dictated the battery type, if you want 
to use a PP3 or other battery 
obviously a larger box will be 
needed. 

When completed you need two 
power amplifiers (preferably of the 
same type) to use the unit. A normal 
stereo amplifier is ideal, if it has a 

tape monitor switch. A signal is taken 
out from the preamplifier and fed 
back into the power amplifier section 
(via the tape input if fitted). The loud- 
speaker is connected across the two 
positive speaker terminals as shown. 

MONO P 

INPUT 

+Ve LEFT 

FROM 
AMPLIFIER 
OUTPUT 

+Ve RIGHT 

L 
PA 

R 

Fig 1. On the left is adiagram showing the input and output waveforms from 
the Power bulge, as can be seen the two outputs (A and B) are 180° out of 
phase with each other. Above right is how to connect the unit to any stereo 
amplifier, the lower circuit shows additional components suggested to 
stabilise the speaker load. 
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PROJECT : Power Bulge 

HOW IT WORKS 

NOTE; 
(21 IS BC1O9 

INPUT 

Cl 
1Ou 

R1 

82k 

R4 
R2 3k9 
39k 

LEFT 
OUTPUT 

1_0) RIGHT 
OUTPUT 

SW1 

Ç 
100u T 

6-18V 

OV 

PARTS LIST 

RESISTORS 

R1 82k 
R2 39k 
R3 4k7 
R4 3k9 

POTENTIOMETER 

RV1 2k2 preset 

CAPACITORS 

Cl, 2, 3 10u 16 V electroytic 
C4 100u 25 V electrolytic 

SEMICONDUCTOR 

Q1 BC109 

MISCELLANEOUS 

PCB as pattern, case (vero 75-1413E), 
battery 

8154, switch, phono sockets. 

4h4Nitmbil414.11,, 

Fig. 3 PCB patterns shown full size 

Fig. 1 Full circuit diagram 

The idea of the unit is to produce two 
waveforms 180° out of phase. This is accom- 
plished by Ql. The balance between the two 
waveforms is equalised with RV1. The three 
l0u capacitors are to AC couple the signal 
and C4 is to decouple the battery. 

BUYLINES 
No problems here, the case is -stocked 
by most component outlets; the 
battery is available from photographic 
shops if not stocked by your friendly 
neighbourhood electronics shop. 

+6-18V 

L O/P 

R 0/P 

OV 

Above is the component overlay of the complete device, below left is the PCB 
pattern shown full size (45 x 34mm). Neat layout of the prototypes can be 
seen clearly in the photograph below. 
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FEATURE 

PIRATES AND JOLLY 

NOTCHES! -, 
IT WAS ONLY a few years ago that private or 'bootleg' 
versions of Bob Dylan's Basement Tapes and Pink 
Floyd's Dark Side of the Moon, sold like the proverbial 
hotcakes, along with a host of others. 

These recordings blatantly advertised the fact that 
they were pirated, and thus of illegal origin - trans- 
gressing not only performer's rights but also copyright. 
Many people were attracted to pirate recordings for 
there seemed to be something rather exciting about 
owning a recording which the artist did not approve. 
Often, the pirate recordings contained material not 
released on genuine recordings, or were of concert 
performances which often differ markedly from studio 
performances. Quality was almost inevitably low -fi! 

Through a combination of circumstances, these 
bootleg recordings gradually disappeared from the 
market. Groups employed stewards to hunt through 
audiences looking for tape recorders, legal prosecutions 
were brought against bootleg distributors etc. Finally, 
high prices for low -fi killed the market. 

New Track 
Recently, however, the pirates have changed tack 
and are presenting recordings that are either made to 
mimic legitimate releases on well know labels or to 
appear like legitimate competition. For example, a 

recording stolen from EMI may either be packaged to 
look like an EMI recording, or packaged in a sleeve with 
an authentic -sounding company label, but not that of an 
authorised EMI trader. In neither case does the artist, 
EMI or anyone else (save the bootlegger and his outlets) 
receive any reward. 

Those recordings that mimic legitimate releases are 
usually a straight, undoctored copy of the original, with 
slightly reduced fidelity. When released on a phony 
label, often the recording is altered in the transfer to 
disguise its origin, usually by dubbing applause or extra 
instruments onto the copy. 

The problem arises here in that both these techniques 
are far harder to detect and prove as bootleg than the 
previous methods. The British Phonographic Industry 
(the UK recording industry trade association) have taken 
numerous court actions, with some success, resulting 
from pure detective work. 

Self -Destruct 
However, the final solution to professional piracy relies 
on technological aids. This can be achieved by either, 
making the physical act of illegitimate copying techni- 
cally impossible, or to make the technical detection of 
such copying unambiguous. Unfortunately, despite - 

considerable efforts, little real practical headway has yet 
been made in either of these directions. 

ELECTRONICS TODAY INTERNATIONAL - OCTOBER 1978 

If record companies had their way, each disc or 
pre-recorded tape released and sold to the public, would 
self-destruct, refuse to play or produce unacceptable 
sounds if copying was attempted. 

To date, anti -copy remains an impossible dream. 
Inventors still tackle the problem, the cash rewards for a 
workable system would be enormous. Inevitably, one 
red -herring scheme keeps being re -invented. 

Back in 1967/68, the Beatles' Electronics Company, 
Apple, leaked a story about three patent applications on 
a new anti -copy system. Any attempt at recording a disc 
pressed according to this system would result in a 
high-pitched whistle they claimed. The idea attracted a 

certain amount of attention, but, in time, the patent 
applications were allowed to die, along with the publicity 
and Apple Electronics disintegrated. 

Although details of the idea remain a secret, the 
system probably involved recording an ultrasonic carrier 
frequency on the disc. Thus, at any attempt to put the 
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FEATURE: Pirates 

disc material on tape the carrier on the disc would beat 

with the tape recorder's ultrasonic bias signal and 

impress an audible signal on the tape. 
In this way, two inaudible frequencies are combined 

to produce an audible frequency which destroys the 

recording attempt. 
A little thought shows the snags in the system. To 

produce an audible beat with the very high bias 

frequency used on tape recorders (around 70 kHz or 

higher) requires that a similar signal be recorded on the 

disc. The studio cutting machine won't cut it, the factory 

pressing machines won't press it and the would-be- 
recordist's cartridge wouldn't reproduce it. 

It is also easily filtered out at any stage of the 

production chain, either intentionally or otherwise, with 

no loss of quality, because the carrier signal is inaudible 

anyway. Different tape recorders have widely different 

bias frequencies which also defeats the system. 
The drawbacks are enough to discourage further 

reinvention of this system and doubtless account for the 

demise of the Apple patents. 
There is another daunting aspect to anti -copy sys- 

tems. It is likely that if anyone does devise a system that 

will prevent the copying of a disc or tape onto existing 

tape recording machines, the recorder manufacturers 

will soon devise a defeat button or circuit to make 

copying possible again. 

Watermarks 
Anti -copy systems appear defeated for the moment. 
However, the concept of an indelible watermark on the 

recorded sound appears somewhat less fanciful. 
As with anti -copy, watermark systems have gone 

through numerous futile reinventions. The aim is to 

record an inaudible identification signal along with the 

recorded sound. The watermark signal is inaudible to the 

listener when the disc or tape is played on conventional 

equipment, but it can be identified or decoded by special 

equipment. 
Ultrasonic (high frequency) and infrasonic (very low 

frequency) watermarks have similar limitations to the 

anti -copy schemes. For this reason, it is essential to 

adopt a sledge -hammer approach to prove the origin of 

copied material. One such attempt, by Capital Radio 

who recently broadcast some previously unpublished 

Beatles tapes, involved putting a loud station ident 

(194') over the recording every few seconds. Thus, if 

ever a bootleg recording is issued, its origin will be 

audibly stamped all over it! With the station ident so 

loudly intrusive there would likely to be little incentive 

anyway. 
Notches 
There is another approach which a number of recording 

companies are seriously considering. This is the 

Audicom system invented by Murray Crosby. 

It was originally intended for collating automatically 
the number of times a commercial was transmitted on 

radio or TV station, for accounting and statistical pur- 

poses. 
The system works like this: At a frequency around 2-3 

kHz, a tight notch filter with a very narrow bandwidth 

(around 100 Hz) bites a small chunk out of the audio 

spectrum. At the same time a binary code watermark 

signal is modulated onto an audio frequency subcarrier 

of the corresponding frequency and bandwidth so that it 

fits neatly into the window left by the notch filter. The 

amplitude of the subcarrier frequency is varied so that it 

tracks the audio level of the surrounding programme. In 

this way, the coded identification signal is always 
submerged by the programme, but it is still recognisable 
by a decoder tuned to the narrow band notch frequency 
and designed to interpret the digital information 
modulated on the subcarrier. 

Sounds like a great system for discs and tapes. 
However, several difficulties arise. If, for instance, the 
coded subcarrier is at such a low level, might it not be 

lost in noise after transmission or the copying process? 
This is one area which EMI, RIAA and others are 
investigating. Even if they get results, we are not likely to 
read, or hear about. Because, if the system is adopted, 
it would not be prudent for the record companies to 
indicate the level at which noise destroys the code. 

Sub -Noise 
One set of technical specifications indicates that when 
the programme audio level is zero, the subcarrier coded 

signal will be 55 dB below the peak level the carrier 
would be at peak audio programme level. When the 
programme audio is at peak level then the audio sub - 

carrier in the notch will be 40 dB below the programme 
level. Thus, the subcarrier is always submerged by the 
programme but would still be detectable by a decoder 
tuned to the narrow band notch frequency so that the 
digital watermark code is recognisable by the digital 
decoder. 
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TELEVISION 

TOLINKA IS A device which is 
genuinely useful to the chess -player, 
performing automatically all the 
housework of listing, analysis and 
filing of chess information. It is not 
like a TV game, nor is it one of 
those machines which plays chess 
from an internally stored programme, 
which is little more than chess -like 
solitaire. 

The project is based on a SC/MP 
MPU, which with some RAM, ROM 
and various support ICs performs all 
the work that goes on in this chess 
players comfort. Don't be worried by 
the mention of the term MPU - to 
use Tolinka you won't need to think - or curse - in Hex, manipulate 
machine code and be generally au 
fait with ALUs. The machine has 
been designed to be both 
straightforward to use and to build. 

Design Philosophy 
Tolinka was designed with cost and 
availability in mind. When a function 
could be performed by a few, cheap 

adily available parts instead of one 
ecial expensive chip, the former 
curse was taken. The chess set, for 

example, appears to have been made 
from Lego bricks. If a character 
generator ROM with more bits in it 
had been used in conjunction with a 
highspeed clock, a chess set which 
would have met the approval of 
Lewis Carroll could be produced 
(though I suspect that gentleman 
would like the present one). If you 
have sufficient memory, then you 
have sufficient resolution to transmit 
pictures even of Raquel Welch 
digitally, but no intelligence would 
be added by this course in spite of 
the doubled cost - faster memories, 
more power, bigger box etc. 

The piece design has been 
subjected to much consideration and 
choice became, in the end, a matter 
of taste. The intention is to represent 
a Staunton Chess Set without conflict 
of symbolism or departure from 
family likeness. It is true that 
representations are not beyond 
reproach and any suggestions will be 
welcomed. 

In each square 1 28 bits are 
available, eight horizontal and 
sixteen vertical divisions. A border 
must be left around the piece - 
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CHESS 
PART ONE 
Tolinka, the name coined by Victor Korchnoi to 
describe this machine that can display a full chess set 
on the TV screen. The pieces may be moved around at 
will, and all the moves of a game recorded on a 
cassette tape for later playback and analysis. Barry 
Savage, the designer, describes this secret weapon of 
the West. 

BUYLINES 
A complete kit of parts for this project 
will be available only from Videotime 
Products, 56 Queens Road, Basings- 
toke, Hants, RG21 1 REA for the all 
inclusive price of £109.50. 

Individual parts are also to be 

made available but Videotime will 
offer help, advice and a repair service 
only to readers who purchase the 
complete kit. Note also that software, 
piece design PCB pattern, etc, are 
subject to copyright. 

partly so that identification of the 
square's colour may be made. So a 
six by thirteen grid is left. With the 
exception of the pawns it is thought 
more uniform if the pieces stand 
upon a level base. The major pieces 
are bilaterally symmetrical (both 
halves the same, if you must), the 
centre of each of the major pieces is 
therefore a double column. 

The Facts Of Life, Or, How 
Little Computers Are Made 
Son, it is time you were told aboyt 
the birds and the bees. The creation 
of computers like the creation of new 
human beings depends upon the 
combination of hardware with 
software. Unlike humans, however, 
the labour involved cannot be said to 
be unskilled. Once Tolinka had.a 
mother system to which it was joined 
by an umbilical cord of wires through 
which was fed power and 
information. 

During this time of gestation 
Tolinka's programme was 
undeveloped and volatile. It was 
stored on cassette tape whilst the 

inventor was not working on it. The 
instructions were entered in Tolinka's 
surrogate memory from a 

hexadecimal keyboard, because little 
computers do not use ASCII or high 
level languages which do not use 
memory space in the most 
economical way. The author did not 
use assembly language either 
because continuous conversations 
with an MPU in machine code soon 
render even this mnemonic aid 
superfluous. 

The whole purpose of parenthood 
lies in teaching the offspring how to 
manage without parents: little birds 
are taught to fly alone. So Tolinka's 
mother system eventually generated 
Tolinka's software package in the 
form of a PROM and worked herself 
out of a job. The umbilical cord was 
severed, a separate power supply 
constructed, and Tolinka set up 
house alone in a small box instead of 
a 19" card frame. 

The first prototype circuit boards 
were made. And modified. And made 
again. Etc. Until a version of Tolinka 
was made which represented all of 
the most desirable features that it 
was possible to get into the available 
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news digest. 
for light 
music 
These charming little 
blobs are Motorola's new 
BF900 MOSFETs, de- 
signed for use in FM tuner 
designs. They possess a 
power gain of 20 dB at 200 
MHz and low capacitance. 
The dual gate configura- 
tion is intended for AGC 
operation where the first 
gate receives the RF while 
the second controls the 
transconductance (DC). 
Both gates are diode pro- 
tected. Dead clever these 

Hong Kong King 
Some numbers to tick off 
on your fingers. In the first 
six months of the year 
Hong Kong exported 16 
million watches (worth 
£77m). These break down 
as 61% mechanical, 29% 
LCD and only 10% LED 
and quartz analogue com- 

blobs .. 
Motorola Ltd, Semicon- 
ductor Division, York 
House, Empire Way, 
Wembley, Middx. 

bined. Surprising LED fig- 
ures eh? 

Germany developed a 
sudden lust for these non- 
tockers and their imports 
leapt up by 287%, putting 
them as the second largest 
consumers - behind the 
US and ahead of us! 

forget who 
not? 
You know we've quite 
forgotten -why we used 
this photo at all. Now let's 
see something to do with 
TV games? Anyway the 
editorial desks have been 
bereft of nice lady photos 
lately - so this one app- 
eared as an oasis amid the 
dusty filing trays. 

P.S. Binatone the people 
who make the box in front - don't ask what box or in 
front of what or we won't 

speak to you again - 
claim to now taken over 
half the TV game market - the magic 51% in fact. 

*********************************** ************* 

-4( 

-5( 
-3( 

-4( 

imiecildr 
Hobby el 

son of eti 
ron.ics The word is out. For months at ETI we've been planning a 

:; 
second magazine for the electronics enthusiast. Because of y the intense competition in this field we've kept quiet about it 

` but now all can be revealed. . ETI has been remarkably successful but we've never 
pretended that we are ideal reading for the newcomer to 
electronics-we have assumed that the reader is already 
hooked into the hobby. 

Hobby Electronics will hit the newstands in just over a 
month and is designed as a companion to ETI-indeed it is 
being prepared by the same editorial team. 

-` HE is written for the person wanting to find out about 

ir electronics-there'll be projects of course but we reckon 
11z we've got some pretty good features as well including `Into 

Electronics' a major introductory series linked to the O/A 
level Electronics course. 

In next month's ETI we'll give you a complete breakdown 
of the contents of No. 1. The cover shown here is of a 
`dry -run' issue that has already been produced in small 
quantities. 

1`, 

******* ñ ************************* ñ * 
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The chess set and the numerals were 
carefully designed to ensure easy recogni- 
tion without recourse to shapes that would 
require a high resolution character genera- 
tor. 

memory space. But even now there is 
more than one software package 
available and the machine which is in 
use by Viktor Korchnoi's team is 
different in certain essential respects 
from that which is used on the World 
Championship reports or on the BBC 
2 late news. 

Further obstetric details and 
examination of the parent system 
would form another story. 

Tolinka is a Microcomputer 
Tolinka is a box measuring 8" x 5" x 
3" with a 12 switch keyboard, a DIN 
socket to interface a cassette recorder 
and UHF output to drive a domestic 
TV set. 

The picture is in black and white. 
(Why do people keep asking if it can 
be done in colour? They never ask for 
yellow and green chessmen. Yes, it 
can be done in colour, but it isn't as 
experience with video games has 
shown that monochrome is easier on 
the eyes - this remark can be 
justified by many quotations from 
manufacturers. Monochrome sets 
also have wider bandwidth and 
better resolution.) 

What follows is a description of 
how to use Tolinka - when 
everything else has failed you might 
try reading it. 

When connection has been made 
with the TV and cassette recorder, 
the TV must be tuned to receive a 
stable picture. If there is a push 
button tuner, one of the buttons may 
be left tuned to Tolinka. The output 
signal Tolinka is producing is 
assembled from digital waveforms in 
a preset fashion and there are no 
adjustable controls. If the TV is 
overscanning and losing some of the 
picture it must be adjusted by 
someone who knows what he is 
doing. A TV which is set up correctly 
does not lose any intelligence, but 
the chessboard sits rather high in the 
frame and slightly right of centre so 
that the status information shown on 
the left of the board may be seen. 

WHITE BLACK CHECKSUM 
MOVE MOVE 

On switching on the pieces appear 
correctly set for the start of a game. 
On the left of the picture a two digit 
move number appears with an arrow 
indicating which player is to move. It 
is important to remember that 
Tolinka always considers the move 
number as having two digits. If the 
number is less than 10 it has a 
leading zero. 

Making A Move 
Tolinka works by moving the 
contents of one location in memory 
to another i.e. the contents of one 
square to another. The eight 
move -entry keys are divided 
mnemonically into two groups, 
kingside/queenside,.and labelled 
both alphabetically and numerically 
on the standard 'alpha' chess 
notation system. 

Moving A Piece 
Four keystrokes enter a move. d2d4 
is a move. b1 c3 is another. When the 
machine has received a total of four 
keystrokes it will 'flash' the move on 
screen, moving the piece back and 
forth three times. This is not yet a 
permanent move, it is the machine 
inquiring about you intentions. If you 
are satisfied that the move which is 
flashing is the move you intended, 
the MOVE key may be pressed. 
Tolinka will the make the. move final 
and update the move counter; if it 
was white's move the arrow will 
transfer to indicate black is to play 
next, if it was black's move the arrow 
will shift to white's end and the 
counter will increment. 

The same keys are used for letters 
and numbers so it is important to 
know where you are in the entry 
sequence. For this reason a 
STROKECOUNT appears during 
partial entry at the bottom left 
of the screen and denotes th 
number of entry strokes Tolinka 
has received. If a total entry has been 
received the location is blank, 
otherwise it contains 1, 2 or 3. 
The machine will not accept 
further instructions unless a proper 
entry has been made: the 

STROKECOUNT mu_ st be blank on 
pressing a function key. If the move 
which is flashed is not the one 
desired it may be overwritten by a 
correct entry of four keystrokes. The 
game does not progress until the 
MOVE key is pressed. This maintains 
integrity with the rules of chess, 
which state that a move is not 
made until one's hand has released 
the piece. If there is a partial entry 
any key may be pressed until the 
STROKECOUNT clears, then the 
correct sequence entered. 

Tolinka will allow you to move 
anything anywhere and does not care 
whether you break every rule in the 
book, except in three special 
circumstances. It is never necessary 
to make more than one move, even 
when Castling, capturing en passant 
or Queening a pawn. Tolinka 
presumes that if you move your king 
two spaces you intend to castle, and 
completes the move for you. If you 
put a white pawn on the back rank 
Tolinka presumes that you want a 
queen instead. (Tolinka might not be 
right in all cases. You might want a 
knight or a rook to avoid stalemate. 
Of all the people who will use Tolinka 
for the rest of thier chess lives, there 
are a few who might meet this 
eventuality once or even twice. To 
these unfortunate few we suggest 
you extend this apology: "Sorry, 
couldn't you think of it as a knight, 
just this once?") If a pawn is moved 
diagonally into a square where there 
is no piece to capture, Tolinka 
presumes and executes the en 
passant move. 

It is not possible to beat Tolinka by 
fast entry. It is not necessary to wait 
for the flashing to stop. There is 
never any point in holding down any 
key because Tolinka is only waiting 
for you to let go. Keystrokes should 
not overlap: one finger entry 
prevents this. Touch typists should 
stick to QWERTY keyboards - 
Tolinka, like the calculator, is a 
woodpecker's tool. 

Tolinka runs out of memory after 
black's move 62. If the game must 
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be continued then it must be set up 
as a position - after 62 moves there 
are not many pieces left. Positions 
and Chess Problems can be set up 
my moving pieces without regard to 
the rules. There is no legal sequence 
of moves to the position of many 
chess problems anyway. 

The GO TO Function 
During the entry of a game the 
position which is current is always 
shown. But any other position in the 
game may be brought to view by 
pressing the GOTO key followed by a 
two digit move number. Do not 
forget the leading zero for numbers 
less than 10. When, for example, 
GOTO, 0, 9 has been keyed in the 
position will instantly revert to the 
position at white's ninth move, which 
will flash on screen. Remember then 
the flashing is interrogation, and a 
different move may be entered, or if 
the move is satisfactory the MOVE 
key may be pressed. Thus it is 
possible to step through the game, 
making modifications as necessary, 
or go instantly to any point in it. 

Pressing GOTO followed by a 
RECALL or RECORD function key 
brings trouble. Tolinka identifies 
RECALL and RECORD with a 
hexadecimal numer greater than 10. 
It therefore cannot increment the 
decimal counter to equal it - but will 
willingly spend the rest of eternity 
trying. The only cure is to switch off. 

The block diagram of Tolinka. The hardware sections of the design will be 
described in detail next month. 

You see Tolinka starts again at the 
beginning of the game when the 
GOTO button is pressed and plays 
quickly through to reach the 
requested point. Note that the GOTO 
key doubles as zero and the MOVE 
key doubles as 9. 

Tolinka Is A Videorecorder 
There is no need to write down a 
game sequence. Tolinka records 
chess games on tape. It records them 500 
as a three second leader tone 
followed by a four second data burst 
which contains the complete 
contents of the game memory - up 
to 62 moves by each player. It 
follows that a single C60 cassette will 
hold about 500 games. That's a lot 
of chess! 

Recording time is cheap, less than 
a penny a game, so it pays to keep 
two copies of all information and use A00 
some tape space between games to 
make them easy to find. If the tape 
recorder has a counter a written 
index should be made, if there is no 
counter then a single spoken number 
between games is the best system. 
To record on the tape a description of 
opponent, event, date, etc., isn't 
much help in finding a game in a 
long tape. These comments are for 
guidance only, and you will no doubt 
find your own system for using 
Tolinka. 
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HOW IT WORKS Software 
A detailed description of the software would 
fill most of this issue of ETI. What follows is 
an outline of the various sections that go to 
make up the systems software. ' 

It is not necessary to be familiar with the 
detailed architecture of the SC/MP MPU on 
which the project is based to understand 
what follows. Briefly, however, the SC/MP is 
an eight bit MPU with a set of 46 instructions 
covering arithmetic, logical, data transfer 
and miscellaneous operations. 

The SC/MP has four on board 16 bit 
pointer registers designed PO -P3. SC/MP 
forms the address of the next program (data) 
byte it requires by adding (or subtracting) a 
displacement, which may be zero, from any 
one of these four pointers. PO is used by the 
MPU as the program counter while P1 -P3 are 
assigned by the software. A Power on Reset 
ensures that when power is first applied the 
MPU starts by examining location one in 
program memory, the instructions here set 
these pointers to indicate locations in the 
memory field which correspond to the 
chessboard and the game sequence. 

The pointer P3 is reserved for subroutines, 
while P1 is used to indicate both the 
chessboard and the keyboard, it being set to 
the boundary between them. A positive value 
added to this pointer will find the chessboard, 
a negative value the keyboard. P2 is used to 
indicate the game sequence. 

The first routine used is called CLEARALL 
which clears all locations in game RAM and 
board RAM. Clearall is not a subroutine 
because it will never be needed again. Its 
purpose is to overwrite the 'garbage' present 
in RAM when power is first applied. 

Next a subroutine is called. The subroutine 
is referred to as DEBOX. At a location in the 
program memory is a table of the chesspieces 
which have been defined according to fol- 
lowing codes: 

000 =Blank 100 = Rook 
001= Pawn 101= Queen 
010=Knight 110=King 
011 =Bishop 111=Not assigned 

These are the lower three bits: if bit four is 
high then the piece is white, if it is low then it 
is black. DEBOX takes the pieces from the 
table and places them in the 64 locations 
making up Board. Thus the pieces will be set 
up for a game. The piece codes stored in the 
Board RAM are used in conjunction with the 
piece form PROM, which stores the bit 
patterns corresponding to the various chess 
pieces, an address selector and various items 
of hardware to generate the game display. 
The operation of this section will be dis- 
cussed next month. 

DEBOX is a subroutine because it will be 
called again from another part of the pro- 
gramme. A part of this subroutine is to set the 
Move Number back to '01' and the arrow to 
indicate white has the move. 

The next subroutine to be called is EX- 
TRACT. this examines location one in game 
memory and places information about the 
current move in temporary storage. This 
information includes the `from' square, the 
'to' square, the piece being moved and the 
piece being captured if any. The purpose of 
storing this information is that it should not 
be lost in the move flash sequence to be 
described. 

The SCAN subroutine is now entered. A 

location called KEYWORD is cleared and 
SCANCOUNT is set to a predetermined 
value. Also FLASHCOUNT is set to a value 
which determines the number of flashes 
which will be made following a Move write- 
in. Three flashes are considered enough. The 
SCANCOUNT determines the duration of the 
the final byte. The serial output is placed high 
for three seconds to form the Leader Tone 
and the transmission is made. Each word 
does not contain eight bits but six, so an 
asynchronous format is made by setting the 
first bit in each word to zero and the final bit 
to one. This corresponds to a start bit and a 
interval between flashes. These operations 
are carried out regardless of whether we 
require a piece to flash or not. 

To perform a single scan sequence the 
keyboard, which is matrixed from four data 
lines and three address lines is read, all 
locations at once, and the result examined for 
non -zero value. This result is stored in the 
extension register. After a delay of about 
seven milliseconds the keyboard is read 
again and the result compared to the first - 
this is to defeat switchbounce. If the result 
after .the delay period is not the same as the 
first, or both are zero, there has been no valid 
keypress and control is passed back to the 
start of the loop. If there is still a non -zero 
value then the keyboard is examined one line 
at a time by changing the address location 
and adding four to the keyword on zero 
result, to find the row of switches which 
contains the valid key. When the row has 
been found the data is shifted out of the end 
of the register, adding one to the keyword for 
each shift, until the result is a clear register. 
At this point the keyword has a value unique 
to the individual key. Release is then awaited 
and debounced as before and return is made 
to the main programme with a keyword for 
processing. 

When first entered the `from' and `to' 
squares will have been set to zero by the 
CLEARALL routine. This will mean that 
when the flash sequence occurs the piece 
corresponding to square -zero- top left hand 
square's rook- will be made to flash back and 
forth to the same square. It will thus seem as 
if the piece is not flashing. 

The MOVE subroutine first examines the 
STATUS register and hands control back to 
the keyboard if the Strokecount does not 
equal zero. This is to prevent spurious 
moves being made. Then the serial output of 
the MPU is brought high briefly to record a 
tone on tape should the tape recorder be 
operating. The piece moved is examined for 
`Kingship' and if it is a king the `From' 
location is compared with the 'To' location 
for a castling situation. The castling routine 
is entered if necessary, the corresponding 
Rook being placed on the appropriate side of 
the King. If the piece fails the `Kingship' test 
it is tested for 'Pawnhood'. If it is a pawn it is 
tested for a diagonal move and if there is no 
captured piece in a diagonal move situation 
an EN PASSANT move is presumed and the 
piece in the square adjacent to the diagonal is 
removed. If the pawn is moved to the final 
rank a Queen is substituted. A move is made 
by accessing the board RAM and writing a 
blank in the memory location corresponding 
to the FROM square, derived from the EX- 
TRACT routine, and the corresponding piece 

code to the TO square. The arrow which 
indicates the player is then moved to the 
opposite location and if this be white's end of 
the board the Move Counter is incremented. 
Return is then made to the main programme. 

If the Keyword is GOTO the scan routine is 
called twice to fetch the Request Point. The 
DEBOX routine sets up the pieces and the 

_MOVE routine is called until the Request 
Point equals the Move Counter. Control is 
then handed back to the keyboard. 

If the Keyword is RECORD the 'subroutine 
RECORD is called. This transmits all the 
contents of Game RAM in serial form on to 
cassette tape. First a digit 9 is placed in the 
Cassette Status location on -screen and the 
final locations in Game Memory are cleared. 
These locations are used for FLASHCOUNT 
and SCANCOUNT, etc. The entire contents 
of Game memory are added together and 
complemented and the complement stored in 
stop bit. When the transmission is complete 
control is handed back to the keyboard. The 
Baud Rate is not conventional being 
approximately 460 bits per second. 

If the Keyword is RECALL then a six is 
placed in the Cassette Status position which 
forms the bitcounter. When a start bit has 
been received, and verified after half a bit 
interval, a word of six bits is clocked in at the 
serial input, right -justified and stored in the 
next Game RAM location. After a complete 
Game reception the whole contents of game 
memory is added together and tested for zero 
result. If the total equals zero a tick is placed 
in the cassette status position. Compensating 
errors would have to be received for a trans- 
mission to pass this test and still be incorrect. 
Control is retained in the Recall routine after 
a transmission and if a tone is received at the 
serial input the next move in Memory is 
made. (The Subroutine calls other sub- 
routines DEBOX and MOVE.) If a leader tone 
comes along or any key is pressed control 
reverts to the keyboard. 

If the Keyword is not a Function, then it 
is Move Information which is being 
written -in. Bit 2 of the Status register, 
which keeps account of whether a letter or 
a figure was entered last, is examined and 
the appropriate Letter or Figure routine is 
chosen. The word is processed to make its 
binary value equivalent to the requested 
rank or file on the Chessboard and stored in 
the Game Memory in the appropriate From 
or To locations which are addressed 
alternately. The actual form in which the 
word is stored bears little relationship to 
the letters/figures code, the top left square 
being 00 (base 16) and the bottom right 3F. 
Only six bits are necessary to define the 
squares of a chessboard, these 'being 26 in 
number. 

As each keystroke is entered the Status 
register is examined and a Tally, called the 
Strokecount, is entered in an offboard loca- 
tion on the bottom left of screen memory. 
The strokecount informs the user of how 
many keystrokes have been entered. A par- 
tial move entry transfers control back to the 
main routine After the "Extract' sequence so 
that spurious moves are not flashed. A total 
entry passes control to before the "Extract" 
sequence so that the intended move is 
flashed for verification. 

' The MOVE and GOTO operations will be 
inhibited until the appropriate entry 
sequence is complete. 

52 ELECTRONICS TODAY INTERNATIONAL - OCTOBER 1978 



PROJECT = TV CHESS, 

'Back' 

.NE,owF,r 

12 
roE°o, 

CALL 'SCnN' 

-72a6F2P 
POINT 

22i 

oM 

'EXTRACT' 
NF UCT 

<Mf 

EXIT WITH 
KEYWORD 

oKEaNT 

7E7 

ó20o, . 

ava 
.,F aNs 

The flow chart for Tolinka's software is shown above. 
The SCAN subroutine (reproduced in full below) is one section of Tolinka's software. 

SCAN - SUBROUTINE 

Video Interval? 06 Copy Status to Accumulator 
D420 And Immediate 20 (Check Sense B) 
9C4E Back to Keyscan if not zero 

Examine Flash Cl5D Get Flashcount from Pl + 5D 
D4OF And OF = Strip off top 4 bits 
9848 Go to keyscan if zero 
B95D Decrement Flascount 

Examine From/To 06 Copy Status to Accumulator 
D401 And 01 
9C16 Go to 'Back' if odd 

'Forth' C400 Load Immediate zero 
01 Clear Extension Register 
C2FC Load Fromloc from P2 
01 Fromloc to Extension (Zero to Acc.) 
C980 Storezero to Fromloc at P1 (Board) 

Implied Address. 
C145 Get piece from P1 'Extract' 
01 Piece to Extension 
C2FD Load Toloc from P2 
01 Toloc to Ext. Piece to Acc. 
C980 Store Piece in Toloc at P1 - Implied 

Address 
06 Copy Status to Accumulator 
DCO1 Or Immediate 01. = Adjust From/To 

flag 
07 Copy Accumulator to Status 
901 A Back to Keyscan 
C145 Get piece from P1 'Extract' 
01 Piece to Extension 
C2FC Load Toloc from P2 
01 Exchange Extension with Accumulator 
C980 Replace piece in Fromloc 
C146 Load captured piece from P1 Extract 
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01 Capture to Extension 
C2FD Load Tloc from P2 
01 Exchange Accumulator and Extension 
C980 Restore Capture in Toloc 
06 Copy Status to Accumulator 
D4FE Set last bit low 
07 Copy Accumulator to Status 
9004 Skip over Flascount Set. 

Entry Point C407 Load 7 = Flashcount 
C95D Store Flashcount 
C430 Load 30 = Scancount 
CAFF Store Scancount at P2 
C400 Load zero 
C94D Clear Keyword 
C2FF Load Scancount 
9CO3 Go to Scan if not zero 
9860 Otherwise go to 'Video Interval?' 

Scan Keyboard BAFF Decrement and load scancount 
C1FF Read Allkeys 
D4OF Strip off top 4 bits 
E40F Exclusive or OF (Any down?) 
01 Result to Extension 
8F07 Delay 7 milliseconds. (Debounce) 
C1FF Read Allkeys 
040F Strip off top 4 bits 
E40F Exclusive or OF 
50 And Extension 
98E5 Back to Scan if zero (No key down) 

Adjust piece 06 Copy Status to Accumulator 
D401 Examine From/To bit 
9CBE Make move if set (Go to 'Forth') 

Findrow C4F4 Load Rowcount 
01 Rowcounter to Extension 
C180 Read Keyboard at implied address 
D4OF Strip off top 4 bits 
E4OF Exclusive of OF 
9C12 If not zero go to Rowfound 
Cl4D Load Keyword 
02 Clear carry 
F404 Add 4 to Keyword 
C94D Restore Keyword 
01 Keyword to Extension (Rowcounter to 

Acc) 
03 Set Carry 
1F Rotate Accumulator right with link 
01 Rowcounter back to extension 
C4FF Load FF (Set all bits high) 
60 Exclusive -or Extension 
98BD If zero No Row Found. Back to Scan 
90E6 Otherwise back to Findrow 

Rowfound 1C Shift right 
9806 If zero go to Release 
01 Switchboard to Extension 
A94D Increment Keyword 
01 Switchboard back to Accumulator 
90F7 Jump to Rowfound 

Release Cl FF Real Allkeys 
D4OF Strip off top 4 bits 
E4OF Exclusive -or OF 
01 Result to Extension 
8F07 Delay 7 millisecond (Debounce 

Release) 
Cl FF Readl allkeys 
D4OF Strip off top 4 bits 
E4OF Exclusive or OF 
50 And Extension - Is any Key down? 
9CEE Go to Release if key still pressed 
C14D Fetch Keyword 
D4OF Strip off Top 4 bits 
01 Keyword to Extension 
3F Exchange Pointer Register with Pro- 

gram Counter 
Exit from Subroutine with keyword in 
Extension 

(Why is the Subroutine entered in the centre? It is because jumps relative to the Program Counter may only be -128 or +127 locations 
and it is therefore politic to keep the main decision lines central to the block). 
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PROJECT : TV CHESS 

Recording A Game 
To record a game the recorder is 
started in the recording mode, and 
then Tolinka's RECORD button is 
pressed. Some tape recorders have a 

monitor, which means one can hear 
what is being recorded, and some do 
not. During the recording time a 9 
appears in the 'Cassette Status' 
position at the top left of the screen. 
When the 9 disappears recording is 
complete and the game resets to the 
opening move. The game in 
Tolinka's memory is not destroyed by 
the recording process and it may be 
recorded as many times as is 
required. The game may also be 
modified, other versions tried, and 
these be recorded as well. 

If the move key is pressed whilst 
the tape is still recording, a tone will 
be recorded on tape which indicates 
to Tolinka that it should make a move 
when the tape is replayed in the 
RECALL mode. The tone does not 
contain any information other than to 
tell Tolinka to make the next move in 
its memory. 

Recalling A Recorded Game 
First the game to be recovered must 
be found on tape, by means of one of 
the indexing systems previously 
described. When the leader tone is 
heard the RECALL key must be 
pressed. The leader tone has two 
purposes: to overcome any noise 
problem leading into game data and 
to allow the tape recorder's internal 
Automatic Volume Control to 
stabilize. The RECALL key must be 
pressed and released during the 
three second continuous leader, to 
transfer control to the cassette 
recorder. 

A 6 will then appear in the 
'Cassette Status' position and should 
remain stationary for the rest of the 
leader, change to a running digit 
during the data transmission and be 
replaced by a tick if the game is 
received correctly. The tick denotes 
that a 'Checksum' appended at 
transmission time has been correctly 
received. A Checksum is a way of 
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checking data transmissions. Simply 
all the words in the data are added 
together and the total 
complemented. This complement is 
then transmitted as the last byte. 
When the data is added together it 
should total zero and the tick denotes 
that the contents of game memory 
has been totalled and does, in fact, 
equal zero. 

If a recall is executed when there 
is no signal connected the machine 
will check in an all zero game - this 
is a useful way of clearing game 
memory. It is also the reason that 
zero was chosen as the checksum, so 
that one could be aware that memory 
was cleared without further 
checking. 

If there is any symbol in the 
Cassette Status position it means that 
the Cassette has control, and move 
tones on tape will cause moves to be 
executed as they occur. It is also 
possible to record speech on the tape 
between the move tones, and explain 
to anyone who is willing to sit and 
watch how cleverly you demolished 
your opponent, blow by blow. 
Pressing any key such as MOVE or 
GOTO etc. causes control to revert to 
the keyboard and tones on tape will 
be ignored. The only time control 
may be passed to the Cassette 
Recorder is during the leader tone. If 
the Recorder is left playing and 
another game comes along the leader 
will pass control back to the 
keyboard. Operation of the controls is 
nearly foolproof and almost everyone 
becomes expert in ten minutes. 

Reliability Of The 
Recording system 
For absolute reliability a high quality 
studio recorder and data certified 
cassettes should be specified. In 
practice any recorder which works 
properly and a good quality audio 
tape will be quite all right. If possible 
the same recorder should be used for 
recording and replay because 
differences in motor speeds can 
introduce errors. 

When acquaintances in pubs air 
their ability to read and learn new 
words tell you about 'dropouts' 
thank them admiringly. It costs little 
to spread happiness and they might 
buy you a drink. The author has 
never had any problem with dropouts 
but this may be the influence of 
fraternity. 
Useful Example 
Here is an example of use: the 
French Defence has been decided 
upon as this season's reply to e2e4 
and a tape will be kept of all French 
Defences played. The same 
information will be recorded perhaps 
on other tapes which are 
chronological or event files. It only 
takes a few seconds to record a game 
and the process may be repeated at 
will. The French Defence tape begins 
with analysis from the precedent in 
literature: standard lines are recorded 
as an aid to learning the strategy. 
Later in the tape the actual games are 
listed followed by their 
post-mortems, in the light of 
hindsight. This is a powerful aid to 
learning ET1 

Next month the full circuit diagram, together with Hardware How It Works 
and full constructional information, will be presented. 

The front panel 
layout of the 
Chess Game, or 
Tolinka. Note 
that the GOTO 
key doubles as 
zero and the 
MOVE key as 
nine. 



NEWS, 

Uáta shee 
The ICM 7217 and ICM 7227 are four digit, presetable up/down 
counters with an onboard presetable register continuously 
compared to the counter. The ICM 7217 versions are intended for 
use in hardwired applications where thumbwheel switches are 
used for loading data and simple SPDT switches are used for chip 
control. The ICM 7227 versions are intended for use in processor - 
based systems where presetting and control functions are per- 
formed under processor control. 

These circuits provide multiplexed seven segment LED display 
outputs, with common anode or common cathode configurations 
available. Digit and segment drivers are provided to dirrectly drive displays of up to 250mm character height at a 25% duty cycle. The 
frequency of the onboard oscillator (and thus the multiplex 
frequency) may be 'controlled with a single capacitor, or the 
oscillator may be allowed to free run. Leading zeroes are blanked, 
and the display drivers may be disabled allowing the display to be 
used for other purposes. The data appearing at the seven segment 
and BCD outputs is latched; the content of the counter is 
transferred into the latches under external control by means of the 
Store pin. 

The ICM7217/7227 (common anode) and ICM1721A/7227A 
(common cathode) versions are decade counters, providing a 
maximum count of 9999, while the ICM 7217B, 7227B (common 
anode) and ICM7217C/7227C (common cathode) are intended for 
timing purposes, providing a maximum count of 5959. 

These circuits provide three main outputs; a carry/borrow 
output which allows for direct cascading of counters, a zero output 
which indicates when the count is zero, and an equal output which 
indicates when the count is equal 'to the value contained in the 
register. Data is multiplexed into andout of the device by means of 
a tri -state BCD I/O port, which acts as a high impedence input 
when loading, and provides a multiplexed BCD output. The 
carry/borrow, equal, and zero outputs, and the BCD port func- 
tioning as an output, will drive one standard TTL load. 

In order to permit operation in noisly environments and to 
prevent multiple triggering with slowly changing inputs, the count 
input is provided with a Schmitt trigger. 

FEATURES 
Four decade, presetable up -down counter with 
parallel zero detect. 

Setable register with contents continuously 
compared to counter. 

Directly drives multiplexed seven segment common 
anode or common cathode LED displays. 

On -board multiplex scan oscillator. 

Schmitt trigger on count input. 

TTL compatible BCD I/O port, carry/borrow, equal 
and zero outputs. 

Display blank control for low power operation; 
quiescent power dissipation less than 5mW. 

Display off control to allow use of display for other 
purposes. 

7217 numbers refer to hardwired control versions of 
the device, while 7227 numbers refer to the processor 
control versions. 
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The carry/borrow output is a positive going signal occurring 
typically 500nS after the positive going edge of the count input 
advancing the counter from 9999 to 0000 counting up and from 0000 
to 9999 counting down. This output allows direct cascading of counters. 

The equal output assumes a negative level when the contents of the counter and register are equal (i.e., for the duration of one 
period of the count input until the count is changed by a positive 
going edge on the count input). 

The zero output assumes a negative level when the content of 
the counter is 0000. 

The digit and segment drivers provide a decoded seven segment 
display system, capable of directly driving common anode LED 
displays at typical peak currents of 40mA per seg. This corresponds 
to average current of 10mA/seg with the 25% multiplex duty 
cycle. For the common cathode versions peak segment currents are 
12.5mA, corresponding to average segment currents of 3.1mA. The 
display control pin controls the display output using three level 
logic. The pin is self -biased to a voltage approximately half way 
between rails which corresponds to normal operation. When this 
pin is connected to V +, the segments are inhibited, thus disabling 
the display and reducing power. When this pin is connected to V the leading zero blanking feature is inhibited. For normal operation 
(display on with leading zero blanking) the pin may be left open. 
The display may be controlled with a 3 position SPDT switch as in 
the test circuits. 

The BCD input/output port provides a means of transferring 
data into and out of the device in BCD format. The ICI 7217 
versions self -multiplex data into the counter or register via thumbwheel switches in response to inputs at the load counter or 
load register pins, while in the ICI 7227 versions input/output 
control and timing must be provided externally. When functioning 
as outputs, the BCD I/O pins will also drive one standard TTL load. 

The onboard multiplex scan oscillator has a nominal free - running frequency of 10kHz. This may be reduced by the addition 
of a single capacitor between the Scan pin and the positive supply, 
or the oscillator may be directly overdriven to about 20kHz. 

CArry/Sorto,, 

TiTE 

rrenT 
BCD I/O B' 

BCD I/O 4' 
BCD 1/0 1 
BCD I/O re 
Count Input 

ßUF.: 

DP/Down 

Deist./ 
Counter/Load 

TTITISTF 
teen 

C0t4MON ANODE 

Cetry/Sotto 
Yew 

MIX 
BCD I/O t' 
BCD I/O I. 
BCD I/O 2' 

BCD I/O U. 
Count Input 

DP/Dom 

Select Code 1 SC1 

Select Code 2 SCz 

bete Tram:ar 

Control wore UE- 

11]IIJ 
101)3215 

Cuty/BOrrov 

Zero 

BCD I/O I'S 
BCD I/O 1'1i 

splay Cont. BCD I/O z 

BCD I/O l'A 

Count Input 

UP/Do.n 

i5ad 
B.g l.t.r/ 

Load 

CONMON CATHODE 

Digit DA Carry/Borrow 

Digit 01 Zero 

Digit D2 Pqua1 

Digit 121 BCD I/O B' 
VO BCD I/O 1'a 

aeBlay Cont. BCD I/O 2'. 
C BCD I/O 1'. 

_l é Count Input 
in V- Score 

ç uP/Dow. 

P Select Code 1 SC 

J b- Select COd. 2 SC. 

bate leaner. 
control woad a0 

D isplay Cont. 

D igit D/ 

Digit DI 

Digit 02 

Digit 01 

61 



ICM 7217/7227 SERIES INTERSIL 

The Store pin of the 7217 will allow the output latches to be updated 
only if it is held low. The device will count up if the Up/Down pin is 
high and down if low. The Reset pin will allow normal operation 
when high, resetting the device when taken low. The Load 
Counter pin has three states. When high the counter is loaded with 
BCD data, when floating normal operation is selected and when the 
pin is low the BCD port is forced to a high impedance. The Load 
Register pin also has three states. High loads the register with BCD 
data, floating allows normal operation while low disables the 
display drivers. The three state Display Control disables the 
segment drivers when high, allows normal operation when floating 
and inhibits the leading zero blanking when low. 

The 7227 pin configurations are somewhat different. The Data 
Transfer pin will allow normal operation when high, and when 
pulsed low will cause a transfer of data as directed by the select 
code set up on pins Select Code Bits 1 and 2. If these are set to 00 
there will be no data transfer, 01 will latch the output data, 10 will 
preset the counter while 11 will preset the register. The Control 
Word Stobe will allow normal operation when high and when 
pulsed low will cause the control word set up on the Store and 
Up/Down pins to be written to the control latches. The Store pin 
will update the latches if high during,CWS's active period, not 
allowing updates if low. The counter will count up if Up/Down is 
high, down if low. The display control is a three state input, 
blanking if low and allowing normal operation if left floating. 
blanking if low and allowing normal operation of left floating. 
The ICM 7217/7227 series provides in one easy to interface circuit 

(1) a high speed four decade up/down counter with carry out and 
parallel zero detext) (2) setable register and comparator; (3) output 
latches for (4) a multiplexed LED display decoder/driver system 
and (5) multiplexed (or directly addressed in the ICM7227) BCD 
outputs. These five subsystems can be used together or separately 
to provide a large number of circuit configurations. 

A few possible applications are shown below. 

TIMER 

ICM7217 
ICM7217A 
ICM7217B 
ICM7217C 
ICM7227 
1CM7227A 
ICM7227B 
ICM7227C 

0110.. 

CD VO '.- 
CO I/O 4'. - 
CDVor.- 

B CD 1/0 1'0 

DISPLAY COUNTER / 

Common Anode Decade/9999 
Common Cathode Decade/9999 
Common Anode Timer/5959 
Common Cathode Timer/5959 
Common Anode Decade/9999 
Common Cathode Decade/9999 
Common Anode Timer/5959 
Common Cathode Timer/5959 
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Ci o u ' .- 
ID] 02 DI DO /- 
1 

D1 DO 

9999 

Cery - 1 

4T -io 2 

-1 

; 
CeeM Input - 

10 R 
Up/Dem 

P tt 

k 

LC 
tu 

II 

2 

,1=II 
I 

V- 
i 

2$ 
27 
25 

2s 
24 
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C.nbel 

Fig. 1. The 7217 (common anode) version. The display and 
power connections are the same for the 7217B, 7227 and 
72276. 
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OY 
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UNIT COUNTER WITH BCD OUTPUT 
The simplest application of the ICM 217 is as a four digit unit 

counter. All that is required is an ICM7217, a power supply and a 
four digit display. Add a momentary switch for reset and an 
SPDT centre -off switch to blank the display or view leading 
zeroes. One more SPDT gives up/down. 

V- 5V 

LCD DISPLAY 

V*1 36V- 
35 OSC 
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3404 

3303 

1 /I 11'l' ri t 37-40 
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V OV 

LCD DISPLAY INTERFACE 
The low -power operation of the ICM7217 makes an LCD 

interface desirable. The Siliconix DF411 four digit BCD to LCD 
display driver easily interfaces to the ICM7217A with one 
CD4000-series package to provide a total system power con- 
sumption of less than 5mW. The common -cathode devices 
should be used since in these versions the digit drivers are 
CMOS, while in the common -anode devices the digit drivers are 
NPN devices and will not provide full logic swing. 

..1...00051 
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Fig. 2. The 7227A (common cathode) version. The display and 
power connections are the same for the 7227C, 7217A and 
7217C. 
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INTERSIL 
ICM 7217/7227 SERIES 

REEL SWITCH 
CLOSED ONCE/REV 

V- o 

STOP 

V+ 

11111 

LOGIC TO GENERATE 
RECORDER CONTROL 

SIGNALS 

ZEIf6 

EOUAL 

.0047 µF 

IV 

THUMOWHEELSWITCHES 

i4 
DIGITS 8818 

PRECISION FREQUENCY COUNTER/TACHOMETER 
This circuit is a simple implementation of .a four digit 

frequency counter, using an ICM7207A to provide the one 
second gating window and the store and reset signals. In this 
configuration, the display reads hertz directly. With Pin 11 of the 
ICM7207A connected to V+, the gating time will be 0.1 second 
which will give tens of hertz in the least significant digit. For 

shorter gating times an ICM7207 may be used (with a 6.5536 
MHZ crystal), giving a 0.01 second gating with Pin 11 con- 
nected to V+ and a 0.1 second gating with Pin 11 open. 

To implement a four digit tachometer, the ICM7207A with a 

one second gating should be used. In order to get the display to 
read directly in RPM, the rotational frequency of the object to be 

measured must be multiplied by 60 (or 600 using a 0.1 second 
gating for faster update). This can be done electronically using a 

phase -locked loop or mechanically by using a disc rotating with 
the object with the appropriate number of holes drilled around its 
edge to interrupt the light from an LED to a photo-dector. 

COMMON -CATHODE 
LED DISPLAY 

V+ --s V -o--. 
FORWARD 

V- REWIND N 2.L_J 
V+ 

N.O_L SET PT. 

V o 
RESET 
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211%15 
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ECD 
I/O 

COUNT IN 

NIP/DOWN 
LOAD REG 
LOAD CTR 
SCAN 
AMY 
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öi 
á3 
U5 

f-- V+ 

TAPE RECORDER POSITION INDICATOR/CONTROLLER 
This circuit shows an application which uses the up down 
counting feature of the 1CM7217 to keep track of tape position 
on a tape recorder. This circuit is representative of the many 
applications of up/down counting in monitoring dimensional 
position. 

BLANK 0- V+ 
NORM 0-V 
INHINT 

/7 SEGMENTS 

DIGITS 

In the tape recorder application, the preset register, equal and 

zero outputs can be used to control the recorder. To make the 
recorder stop at a particular point on the tape, the register can be 

set with the stop point and the equal output used to stop the 
recorder (either on fast forward, play or rewind). 

tek WIRE WRAPPING CENTRE 
HOBBY WRAP 
Model BW 630 

Battery 
Wire - 
Wrapping 
Tool 
Complete 
with Bit 
and Sleeve 

WIRE -WRAPPING TOOL 
F or -025" (0,63mm) sq. 
post "MODIFIED" wrap, 
POSitive 
overwrapP ng device. 

A For AWG 30 BW -630 

B For AWG 26-28 BW -2628 

C Bit for AWG 30 BT -30 

D Ort kor AWG 
36-28 BT2628 

A£26.75 B£31.95C£2.82 D£744 

DIP/IC EXTRACTOR 
TOOL £1.19 
The EX -1 Extractor is 
ideally suited for hobby 
enthusiast or lab engineer. 
Featuring one piece Spring 
steel construction. It will 
extract all LSI, MSI and 
551 devices of from 8 to 
24 pins. 
Extractor Tool EX -1. 

DIP/IC INSERTION 
TOOL WITH PIN 
STRAIGHTENER 

£2.79 

INS -14161 

3 IN 1 WIRE DISPENSER 
New wire dispenser cuts 
and strips three different 
Colours of wire. Quick and 
easy to use pocket size. 
Wire Size: 30 AWG. 
50 ft. Red, Blue, White 
Kynar insulated. 

£4.07 

taa ,titititititititi 
I al 21 

a 7__ .1- 1- 
114042!._--- IgÉ 

1, :I :f 

FROM 80p 
TERMINAL AND 
DISTRIBUTION STRIPS 
Bread boarding building 
blocks with universal 
matrices of solderless 
plug-in tiepoints. 

Facilitate quick. 
solderless Circuit build-up 
and Check-out on 
universal .1" x .1" matrix. 

Are offered in ten 
configurations. 
Accept all components 
with leads up to .032" 
diameter. 
Require no special patch 
cords. 
Includes integral non - 

shorting Instant mounting 
backing. 

See us at 

BREAD BOARD i78 

21st -25th Nov LÓ don 

Seymour Hall, 

Stand Nos. A5-A6 

WIRE -WRAPPING KIT 
Contains: Hobby Wrap 
Tool WSU-30 M, Wire 
Dispenser WD -30-B, (2) 
14 DIP's, (2) 16 DIP's, 
Hobby Board H -PCB -1, 
DIP/IC Insertion Tool 
INS -1416 and DIP/IC 
Extractor Tool E X.1. 

Wire -Wrapping 
Kit 

£19.22 

WK -4B 
(Blue) 

t 
HOBBY WRAP TOOL 
Wire wrapping, stripping, 
unwrapping tool for 
AWG 30 on .025 (0,63mm1 
Square Post. 

A £4.74 B £5.07 

Regular 
Wrap A WSU-30 

Modified 
Wrap WSU-30 J 

Solve probe attachment 
problems. x 

Simplify protojype and 
production testing, field 
service work, and quality 
control. 

OK PLIERS AND 
CUTTERS 
UNIVERSAL CUTTER 
Cuts everything. Leather, 
wire, plastic, tin-plate, 
cardboard. Stainless steel 
blades. 
Just one of the range of 
high quality pliers, cutters, 
tweezers and screwdrivers. 

IC TEST CLIPS £2.97 
FOR DUAL -IN -LINE 
PACKAGES 

Provide full access to 
Integrated circuit DIP 
leads. 
Remove Dip's damage 
free. 
Available In sizes to 
accommodate all DIP'S; 
TC -14 fits 14 -pin DIP's 
etc. 

FROM 29p 

DIP SOCKET 
Dual -in -line package, 3 
level wire -wrapping, 
phosphor bronze contact, 
tin inlay finish pins .025 
(0,63mm) sq., .100 
(2,54mm) centre spacing. 

14 Pin Dip 
Socket 14 Dip 

16 Pin Dip 
Socket 16 Dip 

RIBBON CABLE ASSEMBLY 
With 14 Pin Dip Plu. -2" Long 

With la Pin Dip Plug -4" Long 

With 14 Pin Dip Plug 8" Lon' 
With 16 Pin Dip Plu. -2" Lon 

11116 Pi D: f9 -..L 
With 16 Pin Di. Plu- -8" Lon 

1:3113 

COMM 
0E 16-2 
0E164 
DE 16 

£2.92 

OK Machine &TooIU.K. DISTRIBUTORS 
Limited 

48a The Avenue Southampton SO12SY 

Telephone Southampton(0703)38966 7 Telex 477222 Cablegram OKMAC 

WANTED*** 
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MANY TIMES WHILE you're working 
in the garden the phone may ring 
and by the time it is heard, if it is at 
all, it is often too late to reach the 
phone. While the GPO will install a 

remote bell for you it has to be rented 
and for people who are hard of 
hearing' it may not be loud enough. 

This bell extender will allow you to 
add, without touching the phone, an 
external bell, buzzer or speaker 
anywhere it is desired. When using a 
horn loaded speaker the sound level 
is high enough to be heard over high 
ambient noise making it ideal for the 
industrial environment. 

Adjustment 

There are two controls to be set, 
these being sensitivity and volume. 
The volume can be set first by 
rotating RV1 until the tone starts 
then adjusting RV2 to give the 
desired volume. To adjust the 
sensitivity first tape the sensor coil to 
the underside of the phone and then 
adjust RV1 until the sound stops. 
Note however that it should be 
rotated slowly as C3 gives a delay on 
switch off. Check that picking up and 
replacing the phone does not operate 

ELECTRONICS TODAY INTERNATIONAL - 

PROJECT 

Extend Buzby's in- 
fluence with our 

TELEPHONE 
BELL 

EXTENDER 
the alarm then get someone to ring 
you to check that the phone tone 
does. It may be necessary to 
experiment with the position of the 
pickup coil to get the best results. 

Construction 

While any construction method 
could be used we recommend that 
the PCB board be used and the 
overlay in Fig. 2 be followed. The 
pickup coil was made out of 0.1 25 
mm enamelled wire, although the 
gauge is not important, with about 
200 turns wound around a former 
about 50 mm diameter. The former 
can then be removed, the wires 
terminated in some thin plastic 
insulated wires (twin "bell" wire is 
ideal) and then the complete coil. 
wrapped with plastic insulation tape. 

We built our unit into a small 
plastic box using an external speaker. 
The unit can be mounted anywhere 
suitable, taking care however with 
the 240 V wiring. The speaker used 
will depend on the volume required 
with a larger speaker producing more 
sound. If a horn speaker is used a 

very high sound level can be 
produced. 

OCTOBER 1978 

If it is required only to operate a 
buzzer the second IC can be altered 
to be an on -off device by deleting C5, 
R5, R6, D2 and RV2 and fitting a 
link in place of C5. 

BUYLINES 
All the components 
used in this pro- 
gramme are freely 
available from com- 
ponent stores and 
mail order firms. 

As the text points 
out the pick up coil is 
by no means critical, 
and most enamelled 
wire will do, the 
number of turns being 
adjusted to achieve a 
satisfactory perfor- 
mance. 
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Fig. 1. Full circuit diagram of the tele bell extender. 
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Fig. 2. (above) overlay for the extender's 
PCB 

Fig. 3 (left) full size foil pattern for the 
telephone bell extender printed circuit 
board. 
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Airamco 
MICRO 

Distributors 
All products 

COMPUTER 
for 

brand 

Ltd. 
PRODUCTS 

JADE COMPUTER PRODUCTS 
new with full industrial specification 

S100 COMPUTER CARDS KIT ASSEMBLED 
BARE 

BOARD 
Jade 8080A CPU BOARD £75.00 £122.50 £22.50 
Jade Z80 CPU BOARD 2MHz 

£99.95 £138.75 £26.25 
Jade Z80 CPU BOARD 4MHz 

£112.50 £149.95 £26.25 
Jade Serial/Parallel I/O BOARD 

£93.70 £134.29 £22.50 
Jade 2708/2716 EPROM 
BOARD £44.95 £82.46 £22.50 
(16x2708 or 2716) WITH 8 
2708s £97.46 £134.96 £22.50 
Jade REAL TIME CLOCK BOARD 

£93.71 £134.96 £22.50 
Problem Solvers 16K STATIC 
RAM 450nS -- £270.00 -- 

16K STATIC RAM 250nS £296.00 
Jade 8K static RAM BOARD -- 
450nS £94.50 £112.50 
Jade 8K static RAM BOARD £19.95 
350nS £104.95 £119.96 
Jade 8K static RAM BOARD £19.95 
250nS £127.50 £142.50 
S.D. Sales "EXPANDORAM" £19.95 
Dynamic Memory 375nS access 
time 8K £113.25 -- 
Memory 375nS access time 16K -- 

£194.25 -- 
Memory 375nS access time 32K -- 

£318.75 -- 
Memory 375nS access time 64K -- ......... £746.25 -- 
VERSAFLOPPY. DISK CONTROL- -- 
LER (up to 4 drives 51,4 or 8 ) 

£11.75 £165.00 -- 
SHUGART 8 Drive -- £385.00 -- 
PERTEC 5% Drive -- £225.00 -- 

All prices in bold are constantly falling at AIRAMCQ. ' 
Phone for last minute up to date prices 

Components 
2708 1024x8 EPROM £6.99 4116 16Kx1 DRAM £14.99 
2716 2048x8 EPROM £29.90 8 for £108.00 

(Intel) 6821 P PIA £5.90 
2516 2048 x 8 EPROM AY 51013 UART ... £4.50 £29.90 AY51014 UART(5V) . £6.50 (equivalent of above) T.I. AY53600 ENCODER . £9.99 1702 256x8 EPROM £4.85 8080A CPU £8.99 2104 4096x1 DRAM £3.50 21L02-1 450nS £1.20 

8 for £26.00 8 for £7.92 2107B-4 4096x1 DRAM 
. 21L02 250nS £1.40 £3.50 8 for £9.60 

8 for £26.00 2112-1 256x4 (450) . £2.25 
Note New Low Prices 16K 4044 4Kx1 (450) ... £7.45 

Memory 4045 1 Kx4 (450) ... £8.25 

All Prices EXCLUDE VAT @ For components please add 
8%. 40p P&P, then add VAT @ 8%. 
Trade discounts on Quantity 

AIF AMCO LTD': Please add £1 .00 P&P for 30iWITCHES LINN S100 items then add VAT @ ARDROSSAN 8%. AYRSHIRE 
24 -hr. Ansaphone order service KA22 8BR 
with ACCESS or BARCLAY- TEL. 0294 65530 
CARD. 
MAIL ORDER ONLY 

roe Semiconductor prices are m1 always changing and the trend . is generally downwards. So 
ring for latest up-to-date details. 

...news 
drool here 

Now before we go any 
further this lot costs about 
£2,000, and is definitely pie 
in the skÿ for most of us - 
but its lovely all the same. 
For once we're gonna let 
someone describe their 
own product - take it 
away HP. 

Called the Hewlett- 
Packard Model 1742A Del- 
ta Time Oscilloscope, the 
instrument is also avail- 
able with an optional 3-1/2 
digit autoranging digital 
multimeter which displays 
time in seconds, 
milliseconds, or 
microseconds. This DMM 
option (034 or 035) can be 
ordered installed initially, 
or added later in the field 
because the delta time 
capability is built-in the 
basic oscilloscope. The 
DMM can also be used to 

measure ac and dc voltage 
and current as well as res- 
istance. 

In the delta time mode, 
the oscilloscope measures 
time between two events 
on either channel A or B, 
or between an event on 
one channel and an event 
on the other. Measure- 
ments of high-speed 
digital timing, transition 
times, propagation delay, 
and clock phasing are 
rapid and with greater 
accuracy than with 
traditional differential de- 
lay time base 
oscilloscopes. 

Stable internal trig- 
gering to 100 MHz requires 
1 cm vertical deflection 
(only 0.3 cm to 25 MHz). 

Excuse us while our 
workbench gently weeps. 

close encounters calls 
There are probably only a 
handful of ETI readers 
who aren't `Star Wars' 
fans and most of the staff 
here have seen it more 
than once. At the begin- 
ning of August one of our 
people was in North 
America and saw the first 
follow-up, `Battlestar 
Galactica', made by John 
Dykstra, the principle 
effects man on 'Star Wars'. 

Battlestar Galactica 
itself is the equivalent of a 
battleship and the only 
survivor of twelve such 
giant fighting ships from a 
sneak attack launched by 
the Cylons. The mission of 
Galactica is to gather 
together the human survi- 
vors of the Galaxy and to 
find the lost planet Earth 
which was colonised in the 
long distant past by other 
humans. 

Like 'Star Wars', the 

film is full of .parables, in 
this case the Old Testa- 
ment escape of Moses 
from Egypt is only thinly 
disguised. Throughout the 
film you can't help 
noticing the Star Wars 
parallels, even down to the 
noise made by the laser 
guns. 

Galactica is a film you'll 
have to see if you get the 
chance - it lacks the 
novelty of 'Star Wars', 
there's no R2D2, Darth 
Vader or light sabres but 
the effects are excellent 
none the less. 

Universal, who handle 
the film, have not yet de- 
cided if the film will be 
distributed here. It is a 
major, and very expensive 
(at $14,000,000), pilot for a 
TV series. If it is shown it 
will not be before next 
spring. 
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PROJECT :,Bell Extender 

HOW IT WORKS 
Inside the telephone there is a solenoid which 
operates a striker which hits a pair of bells to 
give the ring tone. When it operates there is a 
high magnetic field generated and we detect 
this field to give the indication that the bell is 
ringing. To do this we use a coil wire under 
the telephone and use an IC to detect the 
presence of a signal. IC1 has its offset voltage 
adjusted by RV1 such that a slight positive 
voltage is needed to make the output go high. 
It is used in the open loop mode as a compa- 
rator only. The capacitor Cl is used to 
remove the unwanted higher frequency 
signals. 

The oscillator used to operate the speaker 
is simply a 555 timer with a TIP3055 to buffer 
the output. The frequency is determined by 
C5 and the volume by RV2. Changing the 
volume does change the frequency slightly. 
Oscillation can however only occur if the 
voltage at pin 4 is greater than 0.6V. If the 
output of IC1 is low, R3 ensures that pin 4 is 
less than this voltage. However when the bell 
rings the output of IC1 oscillates high and 
low in time with the ring tone of the bell. This 
lifts pin 4 high, allowing IC2 to oscillate and 
C3 holds pin 4 for a short time to prevent the 
oscillator turning on and off at the ring tone 
frequency. 

The power supply is a simple full wave 
rectifier with no regulation with ICI being 
decoupled further by R4 and C4. Batteries 
could be used but the drain is reasonably 
high. 

PARTS LIST. 
RESISTORS all /2W 5% 
R1 100k 
R2 4k7 
R3 2k7 
R4 47R 
R5 27k 
R6 100R 

POTENTIOMETERS 
RV1 100k trim 
RV2 5k trim 

CAPACITORS 
Cl, C4 100n polyester 
C2 10p ceramic 
C3 10u 16V electrolytic 
C5 47n polyester 
C7 1000u 16V electrolytic 

SEMICONDUCTORS 
IC1 CA3130 
IC2 NE555 
Q1 TIP 3055 
D1 -D5 1N4001 

MISCELLANEOUS 
PCB as pattern 
Transformer 240V - 1 2V 6V et 
Mains switch, 3 core flex 
Box, speaker, pickup coil 

SPECIAL OFFER TO E.T.I. READERS 

ALARM CHRONOGRAPH WITH DUAL TIME ZONE FACILITY 
In a superb stainless steel case with mineral glass face. 
THIS MUST BE THE ONE YOU HAVE BEEN WAITING 
FOR! 
If you could write the specification for your own ideal 
watch you would probably want everything this one has. 
As for styling, without a close inspection nobody is going 
to be able to tell the difference between this watch and 
that world famous James Bond classic selling for £145. 
However, this one goes one better and has 1/100 
second timing of net, lap and 1st and 2nd place times, 
with dual time facility. 
Constant LCD display of hours and minutes plus 

optional seconds or date display plus day of the week 
and am/pm indication. 

Perpetual calendar; day, date, month and year. 24. hour alarm with on /off indication. 1 /100 second chronograph measuring net, lap and 
first & second place times. 

Dual time zone facility. Night light. 
Fully adjustable stainless steel bracelet. 
Stainless steel case. Mineral glass face. 

This watch should not be confused with cheaper models 
with chrome plated cases and plastic lens. Manufac- 
tured by National Electronics, it runs a close second to 
Casio, Citizen and Seiko for quality and reliability, with 
undeniable value for money. It is fully guaranteed for 12 
months, with first-class service back-up. 

The first very limited quota will be available in 
mid -September with another small consignment in 
October, so order now to avoid disappointment. We will 
quote you a delivery date by return of post. 

\1 ' 
ag ` .,,, .e`! \ I ̀a' ,,,` ,?,, , ? `, 4 ,, _ __ r. £39.95. 

NATIONAL low cost watches (or 
similar) 
PH-ALARM WATCH. Similar to above but without 
stopwatch and dual time. Chrome plated case. Plastic 
lens. 

£29.95 

PH -CHRONOGRAPH Ï' 
Hrs, mins, secs. Month, date, da 
1/100 sec. Net. 
lap, 1st & 2nd 
place. Light. £18.50 

PH -ANALOGUE 
Step, motor, 
sweep secs. 
Day, Date £24.95 

ST -24 CARD TIME 
Stopwatch from 1 / 10 
second to 10 hour, then 
seconds to 24 hours. Or 24 
hr. clock. Net, lap, 1st & 
2nd place. Two alarm / 
timers. Calculator. Full 
memory. 
K% ''/ex3%x2%ins. 

£24.95) £19.95 
CQ-81 CALCULATING 
ALARM CLOCK PLUS 2 
ALARM/TIMERS 
Two AA batteries last for 10.000 hrs (1 
year) LCD 6 digit clock, large angled 
display. 24 alarm, also two 24 hr 
Alarm /Timers with countdown (one 
self -clearing, one repeats). Full 
memory. constants %, y 1% x 2% x 
5- 

RRP £22.95 

£17.95 

U®®13 
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THE INCREDIBLE 
FX-8000 
43 Scientific funct. 1/100th 
sec Stopwatch. Five Alarm/ 
Timers, sequentional (self - 

clearing) or repeat. 2 level paren- 
thesis. Memory. Deg, Rad, Gra, 
Standard deviations. Fractions. 
Sexagesimal. Rect/Polar convert. 
LCD. 1300 hr batteries. % x 2% x 
5%-2.7oz 

RRP £35.95 

£29.95 
SAVE £££s WITH THE MONITEL 
Telephone call charge ,calculator and clock. UK model £28.95. International £38.50 
Send 25p for our illustrated catalogue Prices include VAT 
and P&P. Send your cheque, PO or phone your credit card 
no to - 

TEMPUS 

CASIO QUALITY AND VALUE 
SPORTS WATCHES 

F-100 
Left. 9.45 mm 

(£29.95) 

£24.95 
52QS-14B 
Right 8 mm 
(£44.95) 

£34.95 
Up to 25 functions. Net. lap and first and second 
place times to 1/100th second. F-100. Resin case and 
strap. 
52QS-14B. S/S encased version and bracelet. 
Water resistant to 2 atmospheres (66ft). le FROM CASIO 
Experience has convinced us that for quality, reliability, 
and value for money, CASIO are unbeatable. CASIO 
have now increased their superb range. 
310G-2013. Round. Stopwatch. (£31.95) £26.95. 
6 digits. Hrs, mins, secs or date, day am/pm. Perpetual 
calendar. Selectable 12 or 24 hour display. 

51QR-19B Round (£35.95) £29.95 
54QS-16B Square (£44.95) £34.95 
54QS-156 Luxury version £49.95) £39.95 
45 CS -22B Chronograph. Net, lap and 1st & 2nd place 
times. 12 or 24 hour display. Dual time. 

(£64.95) £49.95 
All CASIO watches have a calendar display, night 
illumination, mineral glass and stainless steel cases, 
water resistant to 100 feet (except sports watches - 66 
feet). 
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AQ -1000. CALCULATING ALARM 
CLOCK PLUS 3 -WAY STOPWATCH 

Hours, minutes, seconds, am/pm, 24 -hour 
Alarm with sign. Stopwatch: Net times, Lap 
times, 1st & 2nd Place times from 1 / 10sec. 
to 10 hrs. with ST & LAP signs. Calculátor: 

4 key memory, %, t,, 1 year batteries, 
Y 20 seconds/month. '/a x 23/% x 4% 

(RRP £26.95) £21.95 

FREE! SPECIAL OFFER 
THIS MONTH 

At least two spare batteries worth up to £1.30 with every 
CASIO product advertised, on request with order. 

WATCH BATTERIES 65p each D.I.Y. KIT 35p (with 
battery order). 

Dept. ETI, 19/21 Fitzroy Street, 
Cambridge. Tel. 0223 312866 
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GARRARD MRM 101 
MUSIC RECOVERY MODULE 
GORDON KING examines the new Garrard Music Recovery Module for 
ETI.- This machine is designed to remove the transient noise created by 
damaged grooves on an LP. How effective is it and how does it work? 
Read on 

THIS INTERESTING BRITISH innovation is a small, 
self-contained, mains -powered unit designed for con- 
necting between the left and right outputs of a magnetic 
pickup and the left and right auxiliary or tuner inputs of a 
hi-fi amplifier. The unit processes the signals passing 
through it so that the disconcerting clicks produced by 
badly scratched records are virtually eliminated. In other 
words, the unit can be regarded as a record 'scratch 
remover ' 

Basic principle of operation is fairly straightforward. 
The clicks are processed to form large amplitude pulses 
which are then applied to an electro -optical fader which, 
at the precise moment of the clicks, severely attenuates 
both audio channels, thereby exchanging the clicks for 
very short periods of 'silence.' Record clicks have a fast 
rise -time and the effective slewing-rate is determined by 
the primary parameters of the cartridge, which are the 
effective tip mass, compliance and, to some extent, the 
mechanical resistance or damping of the cartridge. 

Provided that the attenuation is large enough, that it 
switches on and switches off swiftly enough just to 
straddle the periods of the clicks and that it is accurately 
synchronised to the occurrence of the clicks in the audio 
channels, then the effect is singularly dramatic - the 
loss of information during the time of the attenuation 
appears to be of little subjective moment. 

The effect is akin to tape dropouts, but it appears to 
be less affected by the accompanying S/N ratio impair- 
ment of these. Experimental work has suggested that 
provided the period of program loss or attenuation does 
not exceed about 10 ms, then the result is not unduly 
obtrusive subjectively. The attenuation period of the 
MRM-101 is a trifle above 2 mS hence the 'gaps' come 
and go unnoticed. 

Built to A Standard 
The unit is built into a shallow enclosure and the front 
forms a brushed aluminium fascia carrying three con- 
trols and three light emitting diodes (LEDs). One control 
is for power on/off, another for suppressor on/off and 
the third provides a continuous threshold adjustment for 
the suppressor action. In use, this is set for the best 
subjective improvement in reproduction. 

If the control is too far advanced music peaks as well 
as scratch clicks may be processed; if insufficiently 
advanced only very large amplitude scratch clicks will be 
processed. It is easy to determine the most desirable 
setting because one of the LEDs flashes each time a 

scratch is detected. Thus, when playing a record of given 
mutilation the control is slowly turned up until the 
suppressor activity LED flashes on all the significant 
scratches yet remains unaffected by high -frequency 

music peaks. Another LED merely glows when the mains 
is switched on, while the third LED signifies that the. 
suppressor mode switch is on. 

The rear is equipped with 'phono' type and DIN input 
and output sockets, making it is a simple matter to 
connect the unit to virtually any contemporary hi-fi 
amplifier. There is sufficient output to drive a power 
amplifier direct, but to control the volume this would 
need its own volume control. Not all power amplifiers are 
equipped with a volume control, so it is a pity that 
Garrard did not see fit to include an output gain control. 
When driving from the unit direct to our power amplifier 
high quality reproduction was achieved. 

Operations 
Operation of the unit can be appreciated from the 
diagram in Fig. 1. This is partly schematic and. partly in 
simplified block format. With the suppressor off, the 
signal is directed from the output of the front-end, which , 

is a partly equalised preamplifier composed of Q1 -Q4 to 
the output buffer amplifier (RC4136DB), which provides 
the remainder of the RIAA equalisation. 

Equalisation of the front-end is provided by the usual 
frequency -selective feedback arrangement which gives 
the 'bass boost' requirements of 3180 and 318 µ S. The 
75 µ S. de -emphasis equalisation is provided by the 51k 
resistor and 1n5 capacitor in the feedback path of the 
output buffer. The circuit as a whole is also engineered 
to cater for the more recent IEC-98/4 specification 
corresponding to a 20 Hz additional turnover, equivalent 
to a time -constant of 7950 µ S. 

A Gain Gained 
Front-end gain is about 34dB at middle frequencies, and 
an extra 1 .6 dB is provided by the output buffer. The 
circuit has some desirable aspects, including the dif- 
ferential input stage Q1, 2 and the 'Darlington' Q3, 4 
stage which provides a high input impedance and low 
output impedance from 04 emitter. Operating in the 
'suppressor off' mode extremely good quality pickup 
signals are obtained. 

The split equalisation, where the de -emphasis is 
provided at the output, helps to provide a high S/N 
ratio, and the circuit overall demonstrates an input 
overload threshold of about 37 dB at 1 kHz ref. 2 mV 
input. 

Accuracy of the overall RIAA equalisation is revealed 
by the pen chart response in Fig. 2. This is maintained 
within 0.25 dB between the left and right channels over 
the entire spectrum. With the suppressor on the accu- 
racy is almost the same, but our sample did exhibit a very 
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Fig. 1 (Above) The block diagram of the Garrard click eliminator 
MRM 101. The pickup amplification and equalisation stages 
were found to give a very high quality signal output. Note the 
use of quad op -amp 4136. 

Fig. 2 (Right) RIAA equalisation curve for the unit. Channel 
balance was an excellent 0.25dB! 

mild error round 15 kHz which was subsequently proved 
to be caused by a poor tolerance component. The 
tolerance in this area is being tightened by the 
manufacturer. 

To the onset of peak clipping the amplifier is capable 
of providing an output of 9 V RMS at middle and low 
frequencies, with adequate reserve up to 20 kHz, 
resulting in an output slewing rate of round 0.15V/ 
µsec., which will accommodate all disc material played 
on top-flight pickups. With the suppressor active the 
output is reduced by approximately 10 dB, but this is 
still more than adequate, even when driving direct to a 
power amplifier. The measured S/N ratio was 75 dB 
(CCIR/ARM weighting) ref. 7 mV RMS input. 
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Lines of Frequency 
The spectrogram in Fig. 3. gives an excellent impression 
of the spectra purity with a 200 Hz signal of 2V RMS 
output /eve/. Ripple components are below our mea- 
suring floor of -90 dB, and the only harmonic of 
significance is the 2nd at -79 dB, corresponding to 
0.0112%!! With the suppressor active the distortion is 
greater, as shown by the spectrogram in Fig. 4, again at 
2V RMS output. The 2nd harmonic again predominates, 
but this time it is -50 dB (0.3%). The 3rd harmonic is 
down at -59 dB (0.112%), while all subsequent har- 
monics are at levels of insignificance. 

The relatively high value of 2nd harmonic distortion is 
not disconcerting. Indeed, recent tests have suggested 
that a controlled amount of even -order non-linearitycan, 
in fact, enhance rather than detract from the reproduc- 
tion. 

There seems to be a tendency for it to 'disguise' the 
heavy odd -order distortion carried by some program 
signal sources, including gramaphone records, and that 
this can lead to improved auditioning of some highly 
specified transistor amplifiers - owing to the resulting 
'valve type sound,' no doubt! 

Circuitous Examination 
Looking now at the circuit in Fig. 1 with the suppressor 
active, it will be seen that the signal from the front-end is 
directed two ways. One way is to delay line (TDA1022) 
and the other way is to the detector/comparator 
(2xRC4136DB and NE555V). 

The detector recognises the whole waveform of a 
scratch and isolates it from the peaks of the recorded 
music. Two monostables (one in the NE555V and the 
other the bipolar transistor Q5) are switched by the 
scratches to generate pulses of about 3 mS. duration 
and 10 V amplitude (shown on the diagram). These 
pulses are then caused to operate LEDs 1 and 2, which 
are optically -coupled to two pairs of light dependent 
resistors (LDRs). One pair relates to the right channel and 
the other pair to the left channel. 

Just one channel is shown in the diagram. 
The LDRs associated with the other channel are 

drawn in broken line, as also are the inputs and output of 
the other channel. 

Each pair of LDR forms an attenuator (called a fader) 
and is arranged to control the level of the audio signal 
eminating from the delay line prior to the signal arriving 
at the first buffer (RC41 36DB). This part of the circuit is 
deliberately simplified for the sake of description, but in 
practice the degree of attenuation amounts to some 50 
dB in the audio signal channels each time a pulse occurs. 

Now, since it takes a little time for the pulses fully to 
develop, the signals in the audio channels proper need 
to be delayed slightly so that the scratch pulse on the 
music signal arrives at the fader at exactly the same time 
as the pulse created by the detector and associated 
circuits. 

Hold it a Minute 
The delay is provided by a 256 -stage TDA1022, which 
is two -phase -clocked by a pair of ICs HEF4011 and 
HEF40B. The clock is running at 85 kHz, and the overlap 
of the two associated waveforms (shown in the diagram) 
ensures the required delay time. The net result is that 
each time a scratch click occurs the audio channels are 
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Fig. 3 Spectrogram of the 200Hz drive signal, suppressor 
switched out. 

faded by about 50 dB for a period a shade over 2 mS. 
This straddles the time of the 'real' scratch click, 

thereby eliminating it. 
LED3 is the suppressor activity indicator on the fascia 

which, being in series with a fader LED, flashes in 
sympathy with the suppressor action. 

The detector circuit includes auto and manual 
threshold control, while a filter in the amplifier IC, 
RC4136DB, following the delay line eliminates the 
spikes and spurious signals produced by the delay line 
action. It should be noted that although the maximum 
clipping output is les in the suppressor mode than in the 
direct mode, the gain of the amplifier sections remains 
the same in both modes. 

It is thus possible to achieve A/B comparisons 
without level change by switching between the two 
modes. 

House Training 
The sample unit has been operating very successfully for 
several months under typical domestic conditions in our 
test hi-fi system. It certainly removes the very discon- 
certing staccoto clicks caused by badly scratched 
records. 

It does not, however, remove the general background 
noise from worn or dirty records. 

Such noises occur in almost continuous manner, so 
advancing the threshold control to achieve a response to 
these noises would lead to the elimination of a substan- 
tial proportion of the music. 

Operated as the designers intended, the unit con- 
stitutes a valuable item of record playing hardware 
which, at the probable selling price of £80 or so, would 
soon pay for itself, records costing what they do today. 
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In spite of the rise in distortion with the suppressor 
active, the reproduction is very satisfying provided the 
threshold control is not over -advanced. 

In the suppressor off mode, the unit can be regarded 
as a top-flight RIAA-equalised preamplifier of potentially 
high audio output which could, if required, be connected 
direct to a power amplifier, thereby bypassing the 
circuits and tone controls of conventional preamplifiers, 
which are regarded by some enthusiasts as an impair- 
ment to 'musicality.' 

A Cabled Reason? 
Although acoustical feedback (below the howl -round 
threshold) is currently being blamed for one aspect of 
adverse auditioning of some record decks, we have 
recently isolated other, probably more important, causes 
of auditioning differences. 

We have discovered that signal from the power 
amplifier section can get back to the high gain pickup 
input via a common impedance or by magnetic induction 
(from the loud -speaker cables, for example) or electros- 
tatic coupling somewhere. 

The degree of response to the delayed spurious 
signals of this nature can be as great as, if not greater 
than, the spurious and delayed signals attributable 
to mild acoustical feedback! 

Perhaps this is one reason why the 'special' louds- 
peaker and source cables are receiving acclaim, because 
the improved shielding of these cables is reducing the 
amount of signal back -coupling. 

Anyway, during experiments with the MRM 101 we 
found that by using this unit for disc signal amplification 
the degree of back -coupling was substantially reduced 
with respect to certain integrated power amplifiers. Food 
for thought, at least Ell 

GREEN WELD 443 MII1bt^ook Road Southampton; 
SO1 OHX Tel: (0703) 772501 

All prices quoted include VAT. Add 25p UK/BFPO Postage. Most orders despatched on day of receipt. SAE with enquiries please. MINIMUM ORDER VALUE £1. Official orders accepted from schools, etc. (Minimum invoice charge £5). Export/Wholesale enquiries welcome. Wholesale list now available for bona -fide traders. Surplus components always wanted. 
DIODE SCOOP!!! 

We have been fortunate to obtain a large 
quantity of untested, mostly unmarked glass 
silicon diodes. Testing a sample batch 
revealed about 70% useable devices - 
signal diodes. high voltage rets and zeners 
may all be included. These are being offered 
at the incredibly low price of £1.25/ 1.000 - or a bag of 2,500 for £2.25. Bag of 
10.000 £8. Box of 25,000 £17.50. Box of 100.000 £60. 

SPECIAL SUMMER OFFERS 
Audio IC's 

76003N £1.40 76013N 
76023N £1.00 76033N 
LM380 80p TBA810S 

Linear ICs etc. 
741(BDIL) 18p BD131 
555 25p BD132 
1N4148 2p 2N3819 

TTL PANEL 
52 logic ICs including 32 x 74161 (4 bit 
binary counter) + 16 tant bead caps. R's, 
C's, etc. Over £30 worth of TTL alone!! 
ONLY £3.00. 

DISC CERAMIC PACK 
Amazing variety of values and voltiges from 
a few pF to 2.2uF! 3V to 3kV! 200 £1, 500 
£2.25, 1,000 £4.00. 

PC ETCHING KIT MK III 
Now contains 200 sq. ins. copper clad 
board. 1lb. Ferric Chloride, DALO etch -resist 
pen, abrasive cleaner, two miniature drill 
bits, etching dish and instructions. £4.25. 

EDGE CONNECTORS 
Special purchase of these 0.1 pitch 
double -sided gold-plated connectors en- 
ables us to offer them at less than one-third 
of their original list price! 
18 way 41p; 21 way 47p; 32 way 72p; 40 
way 90p. 

VERO PLASTIC BOXES 
We keep a very large range of VERO pro- 
ducts - inc. their recently introduced G 
range of cases, and Series II boxes. SAE for 
their catalogue. 

TMS4030 RAM 
4096 bit dynamic RAM with 300ns access 
time: 470ns cycle time; single low capacit- 
ance high level clock i/p; Fully TTL compat- 
ible; Low power dissipation. Supplied with 
data £2.75. 

MISCELLANEOUS IC's 
Supplied with data if requested. MC3302 
quad comp. 120p; 710 diff comp. (T099) 
40p; ZN1034E precision timer £2.25; 
LM 711 Dual diff comp 65p; LM 1303 dual 
stereo pre -amp 75p; MC1469R voltage reg 
£1.50; UPC1025H audio £3.50; 575C2 
audio £2.88; TDA2640 audio £2.92; 
TBA810S audio 70p; SN75110 dual line 
driver 70p; MC8500 CRCC gen POA. 

EXPERIMENTERS 
CALCULATOR 

Based on the C500 chip. this pack of parts 
enables the more experienced constructor to 
make an 8 digit 4 function calculator. The 
comprehensive data supplied includes full- 
size layout of PCB required, types of suitable 
display and keyboard that can be used etc. 
Components included in the pack are C500 
calculator chip, driver IC, all components for 
inverter/clock circuits, R's C's etc. All for 
only £3.50. 

RELAYS 
W847 Low profile PC mntg 10 x 33 x 20mm 
6V coil. SPCO 3A contacts 93p. 
W832 Sub. min type. 10 x 19 e 10mm 12V 
coil DPCO 2A contacts £1.15. 
W701 6V SPCO 1A contacts 20 x 30 x 
25mm. Only 56p. 
W81 7 11 pin plug in relay: rated 24V ac. 
but works well on 6V DC. Contacts 3 pole 
c/o rated 10A. 95p. 
W819 12V 1250R DPCO to contacts. Size 
29 x 22 x 18mm min. plug-in type 72p. 
W839 50V ac (24V DC) coil. 11 pin plug-in 
type. 3 pole c/o 1 OA contacts. Only 85p. 
W846 Open construction mains relay. 3 sets 
10A ci o contacts. £1.20. 
Send SAE for our relay list - 84 types listed 
and illustrated. 
LOW COST PLASTIC BOXES 

Made in high impact ABS. The lids are 
retained by 4 screws into brass inserts. In- 
terior of box has PCB guide slots (except 
V219). 
V210 80x62x4Omm black 58p 
V213 100x75x4Omm black 72p 
V216 120x100x45mm black 86p 
V219 120x100x45mm white 86p 

£1.00 
£140 
90p 

24p 
28p 
18p 

STEREO AMPLIFIER 
CHASSIS £5.50 

Complete and ready built. Controls Bass, 
treble, volume/on-off, balance. 8 transistor 
circuit gives 2 watts per channel output. Just 
needs transformer and speakers for low cost 
stereo amp. Suitable metal cabinet (W374) 
£2.00 - or buy the amp, case and trans- 
former for £10,00 and get DIN speaker 
sockets and knobs free!! 

AMPLIFIER KIT £1.75 
Mono gen. purpose amp with tone and 
vol. /on -off controls. Utilizes sim. circuitry to 
above amp. Output 2W into 8 ohms. Input 
matched for crystal cartridge. 4 transistor 
circuit. Simple to build on PCB provided. 
Can be either battery or mains operated. (For 
mains powered version add £2.20 for suit- 
able transformer). Blue vinyl covered 
aluminium case to suit (W372) £1.30. 

1977/8 
CATALOGUE 

48 BIG pages packed with over 4.000 
items, many of them illustrated. Discount 
vouchers worth 50p. PRICE 30p + 15p 
post. (Overseas send 60p surface or £1 
airmail.) Also included is our current Bargain 
List. Send SAE for bargain list alone. 

SIRENS 
Use in cars, houses, anywhere that a 
powerful noise will frighten off would-be in- 
truders. Uses 4 HP7 baits. Overall size 
100x72x6Omm. Only £1.70. 

BUY A COMPLETE 
RANGE OF 

COMPONENTS AND 
THESE PACKS WILL 

HELP YOU 
* SAVE ON TIME -No delays in 

waiting for parts to come or shops to 
open! 

* SAVE ON MONEY - Bulk buying 
means lowest prices - just compare 
with others! 

* HAVE THE RIGHT PART - No 
guesswork , or substitution 
necessary! 

ALL PACKS CONTAIN FULL SPEC. BRAND 
NEW, MARKED DEVICES - SENT BY 
RETURN OF POST. VAT INCLUSIVE 
PRICES. 

K001 50V ceramic plate capacitors, 5%. 10 
of each value 22pF to 1000pF. Total 210, 
£3.35 
K002 Extended range. 22pF to 0.1p F. 330 
values £4.90 
K003 Polyester capacitors, 10 each of these 
values 0.01. 0.015. 0.022, 0.033, 0.047, 
0.068. 0.1. 0.1 5, 0.22, .0.33, O.44 F. 
110 altogether for £4.75 
1(004 Mylar capacitors, min 100V type. 10 
each all values from 1000pF to 10,000pF. 
Total 1 30 for £3.75 
K009. Extended mylar pack. Contains all 
values from 1000pF to 0.4711F. Total 290 
capacitors to £11.25 
K005 Polystyrene capacitors, 10 each value 
from 10pF to 10,000pF, E12 Series 5% 
160V. Total 370 for £12.30 
K006 Tantalum bead capacitors. 10 each of 
the following 0.1, 0.15. 0.22, D.33, 0.47, 
0.68, 1. 2.2. 3.3. 4.7, 6.8, all 35V; 10/25. 15/16 22/16 33/10 47/6 
100/3. Total 170 tents for £14.20 
K007 Electrolytic capacitors 25V working, 
small physical size. 10 each of these popular 
values 1, 2.2, 4.7, 10, 22, 47. 100µF. 
Total 70 for £3.50 
K008 Extended range, as above, also 
including 220, 470 and 1000µ F. Total 100 
for £5.90 
K021 Miniature carbon film 5% resistors. 
CR25 or similar. 10 of each value from 1OR 

.t£o6.00 1M. E12 series. Total 610 resistors 

K022 Extended range. total 850 resistors 
from 1R to 10M £8.30 
K041 Zener diodes, 400mW 5% BZY88. 
etc. 10 of each value from 27V to 36V, E24 
series. Total 280 for £15.30 
K042 As above but 5 of each value £8.70 

73 



It was touch and go with 
ETI's project team this 
month during the design of 
this project 

PROXIMITY SWITCH 
ALTHOUGH THIS PROJECT may 
look a bit complicated for a 'mere' 
switch, it has some unique features, 
both in design and function, as will 
be clear from the following: 

1. It is a true proximity switch. You 
do not have to actually touch 
anything to operate it. 
2. There are no light beams, sound 
waves etc. While radio frequencies 
are used, switching action results 
solely from the capacitance of 
'approaching bodies.' 
3. The sensor may be some distance 
away from the device, and also may 
extend several feet in length. 
4. The sensor - and, if you want to 
mystify your friends, the switch itself - can be completely concealed from 
view. 
5. The switch latches ON or OFF 
each time it is operated. No special 
re -set provision is needed. 
6. Since a relay is used for the actual 
switching, the 240V circuit and the 
'electronics' are isolated from each 
other. 

Making Magic 
In our application, the 'Magic 
Switch' was installed so that when 
one walked through a doorway a 
light in the further room 
automatically went on. Also, the 
sensor extended close to the floor, so 

that even the family dog was able to 
"light the way'. 
(Admittedly, this at first struck terror 
and bewilderment into the mind of 
the canine, but, as usual, he soon 
came to accept the miracle as just one 
more example of human 
omnipotence!) Other applications 
could well include burglar alarms 
etc., all of which is to say nothing of 
its main function, which is to impress 
your friends. 

Construction 
Use of the PCB of Fig. 4 is 
recommended, though three 
prototypes were built using different 
layouts, and all worked well. Note 
that this PCB has space for the power 
transformer and relay, but is left 
blank as far as the foil pattern for 
those units is concerned. This 
enables you to use whatever 
components you happen to have, or 
which may be available to you. You 
can either fill in your own foil pattern, 
or hard -wire the units into the circuit. 
Beyond this, no special comments 
are necessary, except to mention that 
it is preferable to use IC sockets. 
Since 240V AC will be present 
on -board, the unit should be housed 
in a suitable cabinet such as a 7-3/4" 
x 4-3/8" plastic utility box. An AC 
outlet receptacle could be mounted 
to the box, plus a main switch if 
desired. 

Adjustment 

The success of the project depends 
on the oscillator being just, but only 
just, within its tolerance limits, and 
the operating point is set by RV1 
(coarse) and RV2. This adjustment is 
critical, but as a rule RV1 can be 
preset on the bench and RV2 
adjusted at the time of installation. 
The exact operating point, and hence 
sensitivity, depends on the length of 
sensor used. 

In a very few cases, RV1 needs to 
be more than 2k2. The easiest thing 
is to pad the control with a oto0 series 
resistor. This can easily be mounted on 
board and the existing track 
connecting RV1 to RV2 broken, the 
additional resistor being 'tapped in' 
in its place. 

When you have completed wiring 
the switch, and have carefully 
checked your work, plug it in and clip 
a length of wire 200-300mm to the 
sensor input at point A. Set RV2 to 
mid -rotation, and adjust RV1 until 
you hear the relay clicking. This is an 
approximate adjustment, but at some 
nearby setting you will find that the 
relay clicks every time you approach 
the sensor wire with your hand. If 
you clip the sensor wire to point B 
you will find the circuit somewhat 
less sensitive; since sensitivity 
increases with sensor length, this is 
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Fig. 1. Main circuit diagram of the proximity 
switch. 

useful where long sensors are to be 
used. 

You can trace the sequence of 
events using an ordinary voltmeter. 
Point Y, the rectified oscillator signal, 
should read about 3 V, and drop to 0 
V every time the sensor is 
approached, The reference voltage 
can also be measured at point Z. If 
you have a 'scope, you can display the 
waveform at point X, and see it 
'collapse' when the switch is 
operated. Further tracing can be 
done at point L (comparator output), 
M (shaper) and N(flipflop), which 
makes it easy to pinpoint problems 
should they arise. 

Installation 
This will depend on the purpose for 
which your 'Magic Switch' is 
intended, but the following hints and 
observations will apply. 
1. Aluminium foil strip (30mm wide) 
makes a good sensor. It can be 3m or 
even longer, and is easy to conceal 
behind vinyl decorator tape, 
wallpaper, tile etc. If the switch is to 
be some distance away from the 
sensor, a length of wire can be used 
to connect it, but this will add to 
the effective length. 

2. The longer the sensor is the more 
sensitive the switch will be, and you 
will find the provision of two inputs 
helpful. While it is true that you do 
not have to actually touch the switch 
to operate it, long sensors and 
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IC2 is a 3900 

R10 
1M 

POWER RAILS NOT SHOWN 
PIN 7 IS V - 
PIN 14 IS V+ 

HOW IT WORKS 
ICI is a standard LM741 Op Amp configured 
as an oscillator operating at a supersonic 
frequency. The circuit is adjusted so that it is 
'on the edge', and the capacitance effect of a 
body approaching its sensor causes it to 
"drop out." The rectified signal is fed to 
section 1 of IC2 (an LM3900 quad `current 
differencing' amplifier) where it is compared 
with a reference voltage obtained from the 
R7 -D7 -D8 network. When the oscillator 
drops out, the signal voltage falls below the 
reference level, causing the comparator to 
produce a pulse at its output. This is `squared 
up' by section 2 of IC2 to positively trigger a 
flipflop, composed of sections 3 and 4, and the 
output of this is used to operate a relay via 
driver Q2. 

Because the relay draws enough current to 
cause a change in supply volts every time it is 
ON, and this would de -stabilise the oscillator, 
a simple voltage regulator of the series pass 
transistor type is used. This works like an 
emitter follower, in which the circuit as a 
whole is the load. The emitter of Q2 tracks 
the base, which is clamped by a zener diode 
to 15 V. In addition we reap the advantage of 
`capacity multiplication,' since C11 smooths 
any ripple etc. present in the base supply. 
Though C11 is small, the filtering effect is 
impressed on the output, and in practice the 
value of the capacitor is multiplied by the 
gain on the transistor. 

C12 C1l 
1 I I 

AC OUT AC IN 
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NOTE: 
IC1 IS LM741 
1C2 IS LM3900 
Q1 IS 2N3019 
02 IS TIP31A 
D1-9 ARE 1N4002 
ZD1 IS 15V ZENER hW 

PARTS LIST 

SISTORS 
741A/ 5% unless stated 

='.2 
=3 4 

==0 

L=PACITORS 
2,3,11,12 

:=.5 

_3 9,10 

:.4 
7:5 

680R 
4k7 
1k0 
39k 
1MO 
1M2 
1MB 
75k 
3k3 
68RYw 
470R 
5k6 

100n polyester 
680p polystyrene 
4u7 16 V electrolytic 
100p polystyrene 
1 000u 16 Velectrolytic 
68n polyester 
47u 16 V electrolytic 

w_te C11 and C12 should be rated at 400 V 

MICONDUCTORS 
Cl 741 
T-2 3900 

2N3019 
TIP31A 

9 1N4002 
15V400mW 

'=aNSFORMER 
240 V/12 V 300mA 

V SCELLANEOUS 
as pattern, Relay (10-30mA, 15 V or 

moi, case to suit, sensor, etc. 

roe 2. Overlay for the proximity switch ea (left). 

PROJECT: Proximity Switch 

V 

01 

R18 
68R 

RL1/A 

M=O 
100n 

a 

AC IN 
Fig. 3. (Below) Circuit diagram 
of the switch's power supply. 

BUYLINES 
All of the parts used in this project should be available 
from most of the advertisers in this issue. Make sure the 100n capacitors C11 and C12 are adequately rated at 400V. 

The case should be earthed if it is metal as 240V is 
present on board. Our prototype, however, was built into 
a plastic box. 

extreme sensitivity can raise 
problems. If, for instance, the switch 
is made sensitive out to lm from the 
sensor, merely walking around will 
probably cause it to switch on and off 
erratically. This is due to local 
capacitance -field effects and not to 
any shortcoming in the switch itself, 
and therefore makes it desirable to 
operate with more limited sensitivity. 

3. If operation is erratic, it will 
usually help to connect circuit (-) to a 
true ground (waterpipe etc.) In most 
cases, however, this is not necessary. 

4. The switch can be directly 
connected to any metal object (e.g., 
filing cabinet) you might wish to 
protect. Likewise, it can be used to 
operate any external circuit, such as 

an alarm. As a protection device, the 
'Magic Switch' will baffle any 
intruder, if not psych him out 
completely. 

Interference 

The 'Magic Switch' is relatively 
immune to interference such as 
mains surges, field disturbances etc. 
About the only time trouble may 
possibly arise is when the switch is 
run off the same 240V circuit as is 
used to power some inductive load, 
e.g., a refrigerator. The reason is that 
every time the inductive device is 
switched on, a large transient voltage 
is developed on the AC line (chiefly 
across the 1 ohm resistance of the 
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PROJECT': Proximity Switch_ 

main fuse). If your room lights dim 
every time the 'fridge goes into 
action, you will appreciate the 
magnitude of this type of surge. 
Experience has shown that the 
'Magic Switch' can cope with most 
things - SCR dimmers, tape 
recorders, vacuum cleaners, to name 
but three which we have operated off 
the same 240V line - but in a few 
cases special precautions are 
necessary. Mains surge suppressors 
may be fitted, but generally it is 
simplest just to run the 'Magic 
Switch' off a different AC circuit. 

ETI 

Fig. 4. Full size foil pattern for the switch's 
PCB. 

ETI 
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DarAM 
SEE THE 

RANGE OF BOOKS IN THE NEW 
DORAM HOBBIES 
CATALOGUE. 

Doram Electronics Ltd 
PO Box TR8, Leeds LS12 2UF 

Please send my FREE Hobbies Catalogue. 

I enclose 25p contribution top. & p. (AVAILABLE LATE SEPT) 

Name 

Address 

DflMm Doram Electronics Ltd 

PO Box TR8, Leeds LS12 2UF 

Overseas customers (except for N. Ireland) -60p 1 
including despatch by Air (or all -up post). 

ET 1 

ALMARC & VECTOR GRAPHIC 
"Nobody Does It Better" 
INTRODUCING THE VECTOR 1 COMPUTER 

S-100 BUS 

HIGH QUALITY 

LOW PRICE 

Whatever your application Vector Graphic and Almarc 
have the answer. Mainframes, Memory, I/O Boards, 
Disk Systems, Processors, and the unmatched High 
Resolution Graphics board. Send for our catalogue 
today. 

OTHER PRODUCTS: 
Solid State Music, including 8k Static Ram Board, 
£98.95. 

ALSO: 
Cromenco, North Star, Dynabyte, and, our best product, 
"Service". 

Write for details to: 

ALMARC DATA SYSTEMS LTD. 
29 CHESTERFIELD DRIVE 

BURTON JOYCE, NOTTINGHAM 
TEL. 0602 248565 
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NEWS 

Go north young man they said and Gary Evans did this month to see Liverpool's 
new Personal Computing store. 

TAKING LIFE, LIMB and day return ticket in hand, I 

headed North this month. The carrot that induced this 
seemingly irrational behaviour was the fact that a new 
computer store was to open in Liverpool, which for those 
of you whose sense of direction is as bad as mine, is 
north of London. 

Microdigital is Liverpool's first Computing Store and, 
as far as I know only the second shop in the country to 
sell a broad range of low cost computing equipment (the 
other being the Byte Shop). The range of items 
Microdigital will sell you is indeed large, everything from 
that dreadful MPU door -chime, through video games 
and chess machines to PETs and APPLEs taking in the 
MK14 and NASCOMI on the way. The reason for this 
wide range, which includes items that many of us would 
not associate with personal computing, back to the 
door -chime, is quite straightforward. The aim is to hook 
people with these items that can be considered impulse 
purchases in the hope that when installed in the family 
'home they will promote the idea that the computer does 
have a place in the home. 

The site of the shop, like the items stocked, has also 
been chosen with care. The site is not what would be 
considered prime by the likes of Dixons, being situated 
in the business area of the city. The idea behind siting 
Microdigital here was again to do with hooking potential 
customers, but here the potential victims are the City 
Gents of Liverpool. A shop in the "jean jungle" that now 

Gary Evans, to photography what Cyril Smith is to the world of 
ballet, took this photo of Liverpool's new computing store on its 
opening day. 

forms the heart of Liverpool would not have exposed the 
shops name to this market. The site in Brunswick Street 
will mean that many of the aforesaid business men will 
not be able to avoid the name of Microdigital and it is the 
hope of the company that some of them may even walk 
through the door. Don't get the idea that the shop is too 
far from the centre of the city, it's just a few moments 
walk away so those interested in the novelty value of the 
shop will still make the trip as well as the already 
converted Computer Hobbyist. 

The staff at Microdigital will offer advice and as one of 
them comes from a background as an accountant, it 
should mean that the advice given will be formed with an 
appreciation of the businessman's needs. The shop will 
also sell a wide variety of literature and software to 
enable the best use to be made of the different hardware. 
packages available. 

The firm's range of systems is detailed in their catalo- 
gue and an SAE to them should secure a copy of same. 
Better still, why not call in and pick one up in person, 
you'll probably find chatting to the staff very helpful. 
M icrodigital 
25 Brunswick Street 
Liverpool 2 

Disk -O -Spec 

Floppy disk drives will probably be one of the items that 
will fall in price considerably over the next year, they. 
have to. The cost of producing a drive will fall as the 
volumes demanded by the world markets increase, after 
all if you want a handmade cassette deck expect to pay 
the earth for it, buy 100,000 and the price comes down 
to a reasonable figure. As we see the price come down 
we'll also see more people offering hardware/software 
packages to enable you to hook the drive up to your 
particular breed of machine. At the present floppies for 
even the most popular of machines are hard to find, but 
I've heard of a couple of people who might be able to 
help. 

James Clarke and Co Ltd are interested in developing 
a 512K or 1.2M drive which they see as having some 
additional memory and, of course, an operating system. 
They are interested in hearing from anyone who might 
be interested in such a product. 

The other company, Ocean Electronics, have a single 
card controller for the Shugart SA400, suitable for 
interfacing this drive to the PET (the company can also 
offer controllers for 6800 and 8080 based systems). 

The card is expected to sell for £1 20, and with the 
SA400 at around £225, this seems like an attractive 
package. 

The companies can 
shown below. 
James Clarke and Co 
7 All Saints Passage 
Cambridge 
CB2 3LS 

be reached at the addresses 

and Ocean Electronics 
3 Pavillion Parade 
Brighton 
BN2 1 RA 
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digest.. 
watch reaction 
Once more into the breach ... and all that stuff. Why 
is it that buying anything these days turns into a 
battle between salesman and (intended) victim? Are 
there nought but sharks lurking on the far side of the 
counters? Are all the good men honest and true 
working for ETI? (ouch). 

Forgive the outpourings of despair gentle reader 
but there really are times when we do wonder. With 
apologies to all the excellent retail outlets in the trade 
that we and you know and love, for we feel it may 
serve to recount this little tale of what happened 
when one of our staff was perusing digital watches in 
a nameless emporium in Tottenham Court Road. 
Sales Person: 

ETI Dupe: 

Sales Person: 

ETI Dupe: 
Sales Person: 

ETI Dupe: 

Sales Person: 

ETI Dupe: 

Sales Person: 

ETI Dupe: 

(Closing in with a glint; Can I help 
you sir? 
It is O.K. the ks I'm just looking at 
your men's watches - do you have 
any in stainless steel? 
(Rubs hands peculatively) You can 
see all we hale down there - those 
Seiko are verri' nice machines(?) - 

How much? 
£90.50 - plus VAT of course. Worth 
every penny though. Rolls-Royce of 
watches these - fantastic. 
Yes very nice - but why are they so 
much more expensive than those 
others? 
Oh there's no comparison. These 
work on a totally different principle 
to ANY other digital watch, and this 
method is much more expensive to 
make. Quartz you know. 
(Displaying his full range of knowl- 
edge on the subject) But they all use 
quartz crystals in the oscillators, and 
most use the same frequency even 
don't they? 
(Gives smug look and shakes head 
sagely) No, no, no, no - you've been 
reading some of these Sunday supp- 
lements. Absolute rubbish those. 
Seiko don't even use an oscillator at 
all - none of these frequencies at all. 
Not a moving part in the entire 
watch. 
(Beginning to lose contact with 
reality) But if it doesn't use an 
oscillator what does it count to keep 
time? 

Sales Person: (Totally confident): Days sir. Very 
reliable these. Accurate to five secs a 
month. LCD display, backlight, the 
whole bit. 

ETI Dupe: (Mystified) LCD? What's that stand 
for? 

Sales Person: (Efficiently and knowledgable) Lit 
Continuously sir. No need to push a 
button to find the time out here.. . 

At that point we'll drawn an editorial veil over the 
proceedings. Believe us or not as you wish - but 
perhaps shops should show the discourse to their 
staff, and fire anyone who can find nought wrong. 
P.S. We're working on a project for a watch that 
counts days, rather than messy 32k oscillator signals. 
Ours times the intervals between ice ages by periods 
of the moon, and divides by 11,500,000,000,000. 

Texas at home 
A users club now exists for 
those fortunate to own TI 
machines. Called the '59 
Club' it resides at 27 
Montem Lane, Slough, 
Berks under the watchful 
eye of one Tim London. A 

program library is in there 
somewhere too, and a 
newsletter is envisaged. So 
if you're into Texas keyst- 
rokes you know where to 
go now. 

WHAT'S 
MISSING ? 

An ETI T-Shirt of courser 

Our little lady is perfectly 
intact thank you 1/1.'e took her 
T-Shirt away lust to show you 
how lost youd be without 
one 

(At least that's what we 
told her anyway ) 

After all they are pouted hack 
& front on high quality cotton - 
black logo on red background - 
and cost a mere £2 00 all inc 

Orders to 
ETISHIRTS 
25.27 OXFORD ST 
LONDON \A/1 1 RF 

Please specify size - S. M. or L 

and allow 14 clays for delivery 

THIS MONTH'S SPECIAL OFFER 
"Motorola Audio Amplifier 1 watt I.C." 

1 watt plus into 8-16 4, 9-16V. 10-400 MV sensitivity. Short circuit proof, no heatsink 
required. Only 90p with Data and circuits. 
Sentinel Smoke and Gas Detector. This 
beatjtifully made unit uses quality com- 
pon is on fibreglass board, encased in 
hea duty, domed diecast box, 31 diam. 
x 1'/ " high. LED. indicator, TGS105 plug 
in se sor, 24v, or 12v by altering 3 resistors, 
will rive relay or lamp. Ideal for caravans, 
boat l, kitchens, etc., etc. £6.45 with circuit 
and data. 
Mini ture Vemitron' FM4 10.7MHz cer- 
amic filters 50p each, 3 for £1 
Crys I earpieces with lead 

40p each, 3 for £1 
M etic earpieces with lead and plug 

25p each 5 for £1 
Ultr sonic transducers transmitter and 
recei er, 14mm diam 40 kcs. 

£4.25 per pair 
4 al minium boxes 128 x 44 x 38mm, ideal 
for si nal injectors, etc. £1.00 
100 miniature reed switches, ideal for 
burg ar alarms, model railways, etc £3.30 
6.6- oie 12 volt raid relays on board 
£2. 5 
Hig quality computer panels smothered in 
to rade components. 

51 s. £4.75 
1 lbs. £8.95 

New U.H.F. transistor TV tuners. Rotary 
type with slow motion drive, aerial socket 
and leads £2.50 
Aluminium TV coax plus .... -10 for £1 

Miniature edgewise panel mounting 
level meters 200va F.S.D. . . 90p 
300 mixed resistors 1/2 &'/a watt . £1 .50 
300 modern mixed caps most types £3.30 
1 0 mixed electrolytics £2.20 

00 mixed printed circuit components 
£1.50 

00 mixed printed circuit resistors £1.00 
100 high -wattage resistors, W.W., etc. 

£2.20 
0 assorted VO R.5 and thermistors £1.20 
5 assorted presets, skeleton. etc. £1.20 

25 assorted pots and presets £1.50 
470 N F 25v radial, modern type 10 for £1 
150 mixed 1- and 2 -watt resistors £1.50 
100k varicap pots, can be banked side by 
side, very compact 10 for £1 
Mains Neons, long leads . 15 for £1 
100 mixed modern miniature ceramic and 
plate caps £1 .20 

Don't let your environment dehydrate you BUY OUR "HONEYWELL 
'HUMIDITY CONTROLLER". Membrane 
actuated, adjustable by '/a" shaft. Ideal for 
greenhouses, offices, centrally heated 
homes, etc. 3.75A contacts at 250V. Build 
Humidifiers or dehydration alarms with this 
novel gadget at a fraction of original cost. £1 
each, 3 for £2.50. 

Semiconductor Bargains 
New Super Bargain Diode Pack. Includes 
zener, power, bridge, varicap, silicon, ger- 
anium, marked, unmarked, etc., etc. Excel- 
lent value. 300 for £2.95. 
New Improved Transistor Packs: 100 
New and marked transistors including BC , 

148, BC 154, BF 274, BC 212L, BF 200 
and lots of others, only £4.95. 
200 transistors as above and including 
2N3055, AC128, BD131, BFY50, only. 
£9.95. 
ITT 25kV ctv eht tripiers for Decca "Brad- 
ford: chassis brand-new £2.50. 5 for £10 
8D131 3 for £1.00 
SN76115N (equivalent MC 1310) 50p 
TBA 120A 50p 
10 assorted convergence pots £1 .00 
12 Qui], low profile 14 pin I.c. sockets. 

£1.00 
BF200 6-E1 BF274 12-E1 
BC 212E 10 £1 BC 148 12-E1 
BC 154 12 - E1 Varicap diodes Z0 for El 

(B.B. typed 

Deluxe Fibre Glass Printed 
Circuit Etching Kits 

Includes 150 sq. ins. copper clad f /g board, 
1lb. ferric chloride, 1 dab etch resist pen, 
abrasive cleaner, 2 mini drill bits, etch tray 
and instructions Only £5.30 
150 sq. ihs. fibre glass board ... £2.00 
Dab pen 90p 
1 lb. ferric chloride to mil spec ... £1.25 
5lbs. ferric chloride to mil spec. . £5.00 
Instruction sheet 20p 
30p P&P ON ALL ABOVE ITEMS. SEND 
CHEQUE OR POSTAL ORDER WITH 

ORDER TO SENTINEL SUPPLY DEPT., 
ETI, 149A BROOKMILL ROAD 

DEPTFORD, LONDON, SE8 

Callers by appointment only 
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NEWS : Microfile 

See The Show, Join The Club 

A couple of quick items now. First the Personal Com- 
puter World Show will be held at the West Centre Hotel 
between September 21 and 23. The last day will be 
devoted to home systems but the whole three days 
should be worthwhile. Next the North London polytech- 
nic Department of Electronic and Communications 
Engineering are to form a computer club. The inaugural 
meeting will be on Wednesday the 5th of October, I 

hope to be there in room 47 of the old building (their 
refetence not mine) in the Holloway road just opposite 
Holloway Road tube for the event. With three PETs and 
four SWTPC systems available for playing with the'club 
will hopefully prove a fruitful activity for all concerned. 

An update on the MK14 review of last month. I have 
received the new monitor PROM for this machine and as 
well as making the entry of data far easier, the RPOM 
contains an offset calculation routine as well as the 
software to drive the cassette interface for the M K14. A 
single step mode of operation is also possible with a 

small amount of additional hardware. 
An update to the TRS-80 review as well. Phil Cornes, 

one of the panel who reviewed the machine has discov- 
ered a few memory saving tricks that can be used with 
the computer. 

1. Whenever the last character of a PRINT statement are 
the final inverted commas of a printed message, those 
inverted commas may be omitted so that, for example - 

10 PR.; "GALLONS USED" 
could be abbreviated to - 

10 PR.; "GALLONS USED 
2. The abbreviation IN for the INPUT statement can be 
abbreviated still further to I so that - 

45 I.X,Y,Z 
becomes an acceptable INPUT statement. 

3. This abbreviation is the most interesting of the three, 
and deals with the setting and resetting of flags within 
programs. 
For example, suppose the following appears in one of 
your programs. 

20 F=0 
200 IF A=B THEN F=1 

This could staggeringly be reduced to the following 
single statement: 

200 F=A=B 
In this example the second = is being used as a 

comparison operator and not as an arithmetic operator. 
Put into English, this statement would therefore read - 

Let the value of F depend on the result of comparing 
the equality of A and B. 

If A does equal B so that the result is a logical 
"TRUE" then set F to 1 or if A does not equal B (logical 
"FLASE") set F to 0. 
The same type of statement can be made to work with 
any of the comparison operators, 
><,<,>,=, <=,> =; so that - 

200 F=C>B 
would set F to 1 if C were greater than B otherwise it 
would set F to O. ET 

INTRODUCING TWO WORLD FAMOUS MICROPROCESSOR BASED GAMES UNITS 

`TOLINKA' CHESS REPORTER 
-FULL KIT OF PARTS 

The original unit used in conjunction with the World 
Chess Championship at Manilla, August '78, by both 
Chess Champion Vicktor Korchnio and BBC TV news. 

Records every game step, auto en passent, queening 
and castling. Entire games may be recorded on most 
domestic cassette recorders. Based on 8060 Mk II 

Scamp. Full kit including all components - No extras 
required - £109.50* 

`ATARI' VIDEO COMPUTER 
-READY BUILT 
CARTRIDGE SYSTEM 

Designed and built by Atari (patt of Warner Bros) in the USA 
this unit is the most advanced games centre available. 

Just loo at a few of the many games available in full glorious 
multi -colour and rich sounds. 

The Video Computer (based on Signetics 2550) comes complete with 
the 27 Game Combat Cartridge, multifunction joysticks mains adaptor 
and aerial switching unit. Fully guaranteed for 12 months £169.95* 
Total of 9 Cartridges available - 192 games plus many more on the 
way, priced from £14.95* 

Full colour brochure available on request. 

* Prices include VAT, packing & delivery charges and money back guarantee. Send cheque & PO to: 

VIDEOTIME PRODUCTS 
56 Queens Road, Basingstoke, Hants RG21 1 REE 
Tel: (0256) 56417. Telex 858747 
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NEWS 

audiophile. . . .. . 

This month Ron Harris lends an ear (and an eye) to a new turntable aid that you can 
see through immediately; what could be the ultimate in DIY pre -amps and takes note of 
news about an amplifier in a class of its own. 

FIRST - the brickbats. My prize for most inappropriate 
act of the month goes to Discount Audio in Tottenham 
Court Road for having the atheistic gall to use an SME 
Series Ill as a display stand for a £5 transistor radio. May 
your fuses continually blow. . . . 

It was also amusing to note a Pioneer SA9500 
offered for sale nearby, in the window of a large 
establishment of some repute. Nothing wrong with that 
you might say - except that is upside down. No doubt a 
new-fangled output stage is in use here - the electrons 
are propelled across the junction by gravity - only 
someone somewhere put the chips in the wrong way 
round. 

Enough To Make You Blush! 
For some time now Crimson Electrik have enjoyed a 
good reputation based upon the excellence of their 
power amp modules. And quite right too. The amps are 
well designed and if assembled carefully offer very good 
sound reproduction. 

The appearance of a pre -amp from the same stable 
thus aroused the editorial interest and a sample pro- 
cured. The photo shows the board sat sitting alongside 
its PSU, and as is evident the PCB is built to a very high 
standard. The specs are faultless and well detailed, and 
also too long to give here. Versions are available for both 
moving coil and moving magnet cartridge types. 

To say they come with instructions is probably 
misleading. Application notes in the best sense of the 
word are provided, and good detail on usage (and abuse) 
are given to enable the customer to adapt the modules to 
his own requirements. 

All that's left to tell you is how they sounded - and 
that I'm afraid I cannot do properly until next month, 
simply because, as always, the modules arrived very late 
in the month and there was simply no time to conduct 
the tests demanded by a product of this pedigree. Initial 
impressions, however, are very very favourable. Sorry 
folks but I'm saying no more till next time. Same time, 
same page - November! 

Raise Your Glasses 
One of the latest 'tuning' aids to appear on the hi-fi 
market are various types of turntable mat, which claim to 
improve the sound quality by offering more nearly ideal 
conditions for information retrieval from the LP. One of 
these that has risen to my eye from a small British firm, 
GA Audio, is composed of glass. 
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The collection of items which make up one Crimson Electrik 
pre -amp. The large board on the right is the actual stereo 
pre -amp, the smaller one is the PSU stabiliser. To construct a 
seperately powered pre -amp you need all three, but normally the 
pre -amp would be added to a Crimson power amp to produce an 
integrated unit. 

With the success of the Planar 3 vaguely in mind, 
experiments with this refugee from a window frame 
were to prove interesting. It didn't take much to interest 
some other folks with inclination in this direction, and so 
a variety of turntables were available at various times to 
carry the mat. 

Glass does have quite a few advantages for this sort of 
work if you think about it. It is extremely rigid, of good 
even mass distribution and of course easily kept clean. 
The felt mats which appear around so many spindles 
these days gather dust easier than booze attracts ETI 
staff and are infernally difficult to clean (as are ETI staff!) 

By changing turntable mats around the overall sound 
from a system can be markedly altered - more so in my 
experience than with these 'super -cables' much vaunted 
of late as a cheap upgrade. 

Turning Tables 
The first machine we tried the 'Sound disc' glass mat on 
was a Technics SL 1 20 -a unit not much in favour with 
the musical mites of this world. However if the machine 
is properly sited on a wall mounted shelf, then its only 
real disadvantage is overcome that of being more 
sensitive to outside vibration than is perhaps needed. 
Used like this the SL 120 turns in a good all round 
performance and one that is not improved by use of a felt 
mat instead of the thick rubber platter provided. 
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However, the Soundisc did offer an improvement. 
The image was clearly improved and better defined. Best 
without the thin felt circle supplied by GA Audio, who 
would save themselves some money - and improve the 
product - by losing that completely and improving the 
instruction sheet instead. Spelling bass with an 'e' is just 
not musical lads, you can do better than that. 

On a variety of other turntables, including the 
dreaded Linn, we found the Soundisc to offer variable 
results. On the Linn it seemed to make things worse, 
while it improved a Transciptor Reference out of all 
recognition, to the extent that with the Soundisc 
mounted atop its little black blobs, the Reference came 
out sounding better than any other deck we, tried 
(including you -know -what!) 

- A Painful Gain 
Overall then the Soundisc is a good investment, unless 
you own a Linn or a Rega 3 where no gams can be 
expected. By supporting the LP properly the glass does 
appear to bring more information forth from the grooves, 
and to bring it forth more precisely. At its price of 
£10.30 I feel it's worth a try if you're unhappy with your 
present record playing system for reasons of clarity - 
but make sure it isn't the cartridge at fault first eh? 
Address: GA Audio, 82 Bromsgrove Road, Redditch, 
Worcs. B97 4RN. 

NEWS:Audiophile 

H-bomb 
From the States comes news of the first class H amplifier 
(Did I hear groans of no" from that weary music 
lover in the back row?) Like class G of Hitachi parentry H 

operates on the PSU. 
This time, however, what is described as 'vari - 

proportional analogue logic circuitry' (??) is employed to 
sense the line voltage needed by looking at the output 
power required at that time. A second power supply is 

also present, and is used to help beef up transients. If I 

were Hitachi I'd be looking pretty closely at this little lot. 
Soundcraftsmen are guilty of class H, and the model 
number is MA 5002. 

- Is it now eyes down for I? 

The Write Way To Do It 
To all you nice people out there who have written in with 
questions for the Audiophile service - thank you and I 

hope I've answered you! Replies have been taking up to 
four weeks because there were so many of you. I've 
cleared the backlog now and replies should normally be 

return of post unless I get kidnapped, shot by bandits 
attacked by Felicity Kendal etc. (If the latter occurs allow 
10 yrs for reply). 

The service is still operating (just) so for newcomers: it 

is intended to be an enquiry service for matters relating 
to hi-fi. Please include full details of the system you're 
running and be as specific as possible. Address your 
envelopes to 'Audiophile,' ETI, 25-27 Oxford Street, 
LondonWlR 1RF. Ell 

' ELECTRONIC COMPONENT CENTRE 
58-60 eaaa.nwael in R, BERKS 
SL4 1 HS TRA 

VE ROAD E AN EX OROT WELCOME) 
HOTLINE FOR TELEPHONE CREDIT CARD ORDERS - 

ELECTRONICS LTD. WINDSOR 54525 

SEMICONDUCTOR DISTRIBUTORS ETI READERS OFFER: OVER £10 DISCOUNT 5% OFF. (THIS MONTH) 
QUANTITY DISCOUNT FOR 100 OF ONE TYPE 10% OFF 1 UP PRICE 

Cheque or cash orders over £5 Post Free. Other orders add 20p Post & Pecking. Credit Card orders £5 min. by post or phone. + Post & Packing 20p. UK add 8% to prices 

marked'. Add 121/2 % VAT to all other prices. Free price list .end S.A.E. 
All devices to makers specification.. Please quote ETI ad as price. may change. E.&O.E. 1978. Callen welcome Tussle Set (Lunch 1-2). 

6"x4" Oil Board £2.25" DISCO TRIAC 10A 400v TRANSISTORS 7400N SERIES TTL 

PP3 or PP9 Clips. Pair 15p° ALL FULL SPEC BRANDED 

Din Plugs. All 19p 7400 8p* 44p" 
Din Sockets. All 10p 7401 9p" 
Disco Strobe Tube £5" 7402 10p" 
DEVELOPMENT PAR- 7403 100" 

MICRO POWER SUP- CELS. All E5 each 7404 17p" 
PORT SET 1: 250050 volt Ceramic C1ß7 BF 7405 9p" 

All full spec Grade 1 displays Capacitors 5%. 10 each. %20 28p" 
01704 CC or D1707 CA 0.3" From 22p1 to O.lul £5 ÁF162 p MJ2955 28p"" 

£1.25" SET 2: Tantalums lui to 12p" 
F110500 CC/161 C 0.6" 200u1 20v to 35 volt. Total E2955 12p" 

£1.25" 50 capacitors £5 top" 
MAN6AType/161A0.6" SET 3: Electrolytic 25 volt 22p" 

£1.25' 10 each (80) 1/2/5/10/ BC109C ORP12 22p" 
01147 CA or DL 750 CC 41/100/220/1000 £5 BC147 P41Á 28p" 

£1.69* SET 4: 'h watt Resistors 5% BC148 28p" 
Clock IC ÁY51224 £3" C.F. 10 each 10 ohm to 10 BC149 28p* 
Display PCB 6 Digit 0.6" E1" meg ohm. Total 500. Bulk BC157 10p" 
LEDS. Bright full spec. packed in 1 bag E5 BC158 p 71543 26p" 
0.2" or 0.125" Red tap" SET 5: loners 400mw 5 BC159 26p" 
711209 Red & Clip 12p" each. 20 values 3 volt to BC167 26p"' 

0.2" Die Red & Clip 12p° 33 volt (Total 100) £5 BC168 p 2N2926Y 10 10p* 

Yellow or Green LEDs BCI69 2X3053 16 20p" 
0.2" or 0.125" Dia. A1120p" BC177 2X3055 45 14p" 

12 volt Fluorescent Light 8C178 79p"° 

£5" BC179 2X3102 9 87p"` 

Jackson Tuner 370p1 £1 BC182 p 69p"' 

Trimmer 0-8 or 5 to 40pí BC183 88p 
25p 82p" 

El" 
15p" 

15p" 
15p" 

15p" 
15p" 

29p" 
26p"" 
25p" 
29p" 

* 
12p 

° 
18p 

Coil Former & Slug 0.3" Dia 

25p 
Relay Mini 3 Pole 12 volt 

Coil E1" 
BS Type Bleeper 9 to 12v 

£1.500 
Dalo PCB Pen 2 nibs 70p" 
TUB Ferric CHI /skg. El" 
Decor Board Cleaner Pad 

50p" 
6x4" Nylon/Copper Board 

60p"' 

Vero Stocked All 10% oft 

i.s. 3'/<"x5"x0.1" Board 

56p" 

SET 6: -100 Presets E5 
SET 7: Heatsinks. 10 off. 
Each 7018. T05. TV4 

11099) and small TO 3 

£5" 

PASSIVE GEAR 
Resistors V, watt SG CF 2p 
Presets Type PR Vert 10p 
Type 45 Pots Log & Lin 25p 
CAPACITORS 
Ceramic 50v 5°S, Hi Stab 22p1 

to 0.l of & .22/47 5p 
Tantalum Caps 12p 

ELECTROLYTICS 25 volt 
1 / 10/47/ 100ut. All 10p 

150 volt 20p) 220 or 470uí 
30p 

1000uí 25 volt 35p 
KNOBS. 1" dia & trim 15p 
HEAT SINKS. 105 & 18 

9p* 

TV4 25p". 103 small 25p" 

El" 

88100 Dian 25p" 
C1060 4A 400v SCR 55p" 
TAG 1/400 tamp 55p*. 1/ 

600 65p" 
Switches Mini SPST 55p" 
Mini DM 69p". Centre off 

89P " 
Slide Switch 25p" 
Push 'On' 35p 
FULL SPEC PAKS ALL El 
Pak A: 12 x Red LEDS £1" 
Pak B: 6 x 741C 8 pin 

El" 
Pak C: 4x2 N13055. TO 3 

ET* 

Pak D: 12 x BC109 £1" 
Pak E: 13 x BC182 E1 

Pak F: 13 x 283704 £1 

Pak G: 7 x BEY Fl El" 
Pak H: 7 x 283819 efet 

E1 

New Pak I: 10 x Metal 
Trim. Knob 'n" dia (syn- 

thesiser etc.) £1" 
Pak J: 6 x 2X3053 £10 
Pak K:50xIN414,6 El 

Pak 1: 50 x 33uí 10 volt 
electrolytic El 

Pak M: 4 x Pairs Plastic 
Power tamp 60 volt. 

NPN/PNP B0131/2 Type 

E1 

Pak N: 50 x 0481/91 £1 

Pak P: 20 x Plastic t09 
E1 

Pak Q: 50 x 220uí 6.3v 
Volt Electrolytic El 

Pak R: 14 x BC107 £1 

Pak S: 14 x BC108 £1 

Pak T: Top selling 
10 x NPN Plastic Power 60 

volt 2 amp GOBI Type 

El 

Look al our Pak T. Ten Plastic 
Power Et 
Or Pak C: 4 x 283055 £1" 
Matching 20p*. Ins Kit 10p" 

ACt27 l7p" SFY51] 16p° 
AC176 10p" BFY51 16p* 
A 20p" X29 28p" 
40161 40p" BS 18p" 

40 " £1 

AF239 42p" MJE340 44p* 
BC I0 M 7 Bp" J E1° 
BC108 Bp* MJE3055 80p° 
BC109 9p " MPUI3 1 35p 

15p" 55 p 
° 

TI 60p" 
12p TIP42A 65p" 
12p TIP2955 60p* 

15p TIP3055 50p" 

15 35p 
15p 282646 39p" 

10p 2N2905 22p* 

il p 
12p P 

" p 

I6p " 2N3614 El* 

18p" p 

10 2283704 9p 
lop2113706 9p 

BC184 lop 2N3819E 18p 
BC212 12p 2N3820 38p 
BC213 12p 283904 15p 
BC214 12p 2N3906 15p 
BCY7I 20p* 284347 50p* 
00131 37p* 2115457 32p 
B0132 37p"' 285177 44p" 
B0695 69p" TIL31 £2" 
60696 69p* T1163 £1" 

DIODES & BRIDGE 
lA 55v Bridge 22p" 
184148 or 18914 4p" 
0481 or 0491 5p 
OA200 & 202 1 Op 

1114001 1450v 5p* 
1114004 7p". IN4007 1 5p* 

7406 
7407 
7408 
7409 
7410 
7411 

7412 
7413 
7416 
7417 
7420 
7423 
7425 
7426 
7430 
7432 
7440 
7441 

7442 
7445 
7446 
7447 
7448 
7450 
7451 

1453 
7454 
7460 
7470 
1472 
7473 
7474 

1475 
7476 35p" 
7480 39p"' 
7481 E1" 
7482 El" 
7483 Et" 
7485 £1" 
7486 35p" 
1490 36p" 
7491 75p" 
7492 35p* 
7493 35p" 
1494 75p" 
1495 75p" 
7496 85p" 
74100 £1.15" 
74107 29p" 
74121 27p" 
74123 59p" 
74141 95p" 
74143 £3.14" 
74145 85p" 
74147 £1.69" 
74152 E2" 
74154 E2" 
74155 80p" 
74156 80p" 
74157 £1". 
74164 Cl" 
74174 £1" 
74176 E1" 
74190 £2" 
74192 £2" 
74193 £2" 
74194 £2" 
74196 £1.30" 
74197 E1" 
74198 £2" 

ger 

CM -13S TOP VALUE 718 

4000 15p" 4066 58p" 
4001 15p" 4067 £4" 
4002 17p" 4069 22p" 
4006 E1" 4070 32p" 
4007 1Bp" 4071 21p" 
4008 92p" 4072 21p" 
4009 58p" 4073 21p" 
4010 58p" 4075 23p" 
4011 15p" 4076 £1.29" 
4012 18p" 4077 40p" 
4013 55p" 4016 21p" 
4015 93p" 4081 22p" 
4016 52p" 4082 21p" 
4017 99p" 4089 £1.50" 
4018 99p" 4093 85p" 
4020 EI" 4507 55p" 
4021 LI" 4508 £3" 
4022 90p" 4510 £1.35" 
4023 20p* 4511 £1.68" 
4024 76p" 4512 98p* 
4025 19p" 4514 £2.65" 
4021 55p" 4516 £1.28" 
4028 90p" 4518 £1.05" 
4029 £1" 4520 £1.10" 
4030 58p* 4521 £2.68" 
4032 El" 4522 £2" 
4034 E2" 4528 99p" 
4035 £1.20" 4534 £7.88" 
4038 £1.08" 4536 £3.60" 
4040 £1.05" 4541 £1.50" 
4041 86p" 4543 £1.75" 
4042 81p" 4553 £4.49" 
4043 96p" 4556 78p" 
4044 95p" 4558 £1.17" 
4046 £ 1.30" 4566 £1.59" 
4047 99p" 4569 £3.59" 
4049 52p" 4583 £1.10" 
4060 £1.15" 4585 £2.05" 
4063 £1.10" 

DIL SOCKETS 8 pin 12p" 28 Pin 

Low 24 Pin 50p 40 Pin 

Profile 14 or 16 Pin 15p 

E1 

£1.50 

TOP TWOSOME! 
555 8 Pin Timer 27p" 
74IC Full spec DIL 8. 

Branded Op Amp 19p" 

NEW LINEARS Data lop 
TLI70 Hall effect 69p" 
71071 Lo noise 741 75p" 
11081 FET 8p. 741 69p" 
11083 FET 747 £1.49" 
11080 FET 748/308 £1.15" 

IC SUPERMARKET 
301 Op Amp 30p" 
555 Timer (NE555( 27p" 
556 Dual 555 70p" 
710 Comparator 40p" 
723 Regulator 45p" 
741C 8 Pin OIL OPA 19p" 
741C 1099 or OIL 14 39p" 
748C Op Amp 33p" 
3900 Quad Op Amp 55p" 
7805 1 Amp 5 volt 95p" 
1805 103(309K) £1" 
1808 or 7812 £1.25" 
7815 15 volt plastic 69p" 
7900 Negative Series 

£2.50" 
8038 Sig Generator ,E3.55" 
76013 & 76023 £1.35 
CA3130 & CA3140 94p" 
LM380 1 watt Amp 85p 
LM381 Dual Preamp E1.55 
LM387 Dual Preamp El 
LM3900 Quad OPA 55p" 
MC1310 Decoder £1 

MC1460. 1461 & 1469 £3" 
MCMOS 14433. A/D £5" 
NE536 FET OPA £4" 
NE555 Timer 27p" 
NE556 Dual 555 70p" 
T8Á810 7w AF El 
ZN414 Radia 65p 
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AUDIO AND 

TEST EQUIPMENT 
CENTRE 

MICROCOMPUTERS 
LEVEL I AND II 
TRSSOIN STOCK 

ALL PRICES 
INCLUDE VAT 

Only regular stocks listed - other makes and models available. 
Telephone your order with Access and Barclaycards 

DM235 

LONDON'S TEST GEAR CENTRE 
OPEN 6 DAYS A WEEK 9 am -6 pm 

SCOPES - IN STOCK 
3" 5MHz single beam - 

4810. 5MHz single beam (4 ) 

MS15. 15MHz Batt/mains, portable 
MS215. Dual trace version of above 
456 Scope o 6MHz single beam 
4D10A. Scope x 10MHz Dual beam 
4D25. Scope s 25MHz Dual Beam 
PROBES x 1 x 10 12.95. x 10 9.95 x 1 7.95. For 456/ 4010A/ 4D25 

LED AND LCD DIGITAL 
MULTIMETERS 

DM235 Sinclair portable 31/2 digit LED 52.90 
POM35 Sinclair Pocket 31/2 digit LED 29.95 

(30Kv Probes 15.95. Mains adaptors 3.75. DM235 carrycase 8.95) 
LM3A 3 Digit Miniature with large LED displays 79.50 
LM3.5A 31/2 Digit Recharge Batts and charger 17 ranges 92.50 
LM40A 4 Digit 136.00 
LM300 3 -digit 1 Miniature battery operated 17 ranges . 79.50 
LM3503'á-digit 

1 
with LCD displays 1PA/mV resolution . 93.50 

92.50 
107.00 
260.00 
290.00 
149.00 
229.00 
338.00 

TE2OD 

EXCLUSIVE 
New SmHz mains 

portable scope 
now in stock o 

E92.50 

'LM3.5A 

MULTI -METERS - GENERAL PURPOSE & ELECTRONIC 
Multi -Range Instruments featuring AC/ DC volts. DC current. Resistance Ranges all with mirror scales 

except T1/171-2 /T12/ TM 3A (TM3 AC volts only), some with AC current etc. 
7Ml1 incredible 120 Range Electronic Multi -meter 
TM3B 
TM6B 
360TR 100k/volt 
PROE 20k/volt 
7081 50k /volt 
TmK50030k/volt 22 Range Multi -meter (plus Continuity Buzzer) ... 
680R 20k/volt 52 Range Pocket Multi -meter 
7200 20k/volt 22 Range Double Multi -meter 
Micro80 20k/volt 26 Range Pocket Multi -meter 
171-2 201, /volt 16 Range Popular Multi -meter 
LT22 20k/volt 
712 5k/volt 
LT101 1k/volt 

'130.00 
AC Micro voltmeter 3MHz >4 Megohm '117.50 
Broadbandvoltmeter 300KHz-400M Hz 178.00 
23 Range (plus transistor checker). Large scale 35.50 
26 Range. Large scale 32.00 
36 Range Multi meter 23.50 

21.00 
34.50 
17.95 
17.90 
11.95 

19 Range Pocket Multi -meter with carry case 14.50 
13 Range Pocket Multi -meter 8.95 
12 Range Pocket Multi -meter L.7.280 

EM2000 FET IC VOM 20 Ranges 10 Meg Input 55.00 
K200 FET VOM 38 Ranges 77.00 
G7101, 20K/Volt 23 Ranges/Transistor Checker/Continuity Checker 17.95 

AVO Bs and a large range of replacement tests leads in stock 

GENERAL EQUIPMENT 
SWR50 SWR/ Power Meter 19.50 
LP30 30MHz Low Pass Filter 4.95 
CX3A 150watt 3 -way AE Switch 7.50 
DC25kV 100 Meg HV Probe 11.95 
9 Value CAP Subs Box 2.95 
DRS10 36 Valur Resis. Box 3 90 
FX2000 Xtal Marker 11.95 
LC1 Univ Logic Checker 26.00 
CT1 Continuity Checker 21.00 
MOD63 Signal Injector 7.50 
77169 In Circuit TR Checker .. 49.95 
LB1 Transistor/Diode Checker 21.50 
3101 Clamp Meter 0/1 K ohm. 0/150/300/ 
600 AC Volts 0/ 300 Amp 32.95 
C3042 SWR & FS Meter 9.95 
MS319 2x100 Watt Audio Watt Meter 17.50 
-500V Megohmeter 500 Megohms 48.00 
'1000V Megohmeter 1000 Megohms 55.00 
'21/2 Amp Variable Transformer 19.95 
'5 Amp Venable Transformer 33.00 
'10 Amp Variable Transformer 46.00 
Decade Resin. Boxes: 
1-11. 110 ohm in steps of 1 ohm 29.70 
10-111, 110 ohm in steps of 10 ohms - 29.70 
1-1,111, 110 ohm in steps of 1 ohm . 38.00 

MICROPHONES, SPEAKERS 
AND COMPONENTS 

LARGE RANGE IN STOCK 

GENERATORS 
TG152 Series RC Oscillators 
Sine/Square output. 3Hz-300KHz 

701520 69.95 
76152 Dan (with meter) 89.95 

76200 Series RC Oscillators 
Sine/Square output. 1 Hz -1 MHz 

702000 93.85 
TG200 Om (with meter) ..... 112.50 
TG200 Dmp (Meter & Fine control) 117.50 
7G66A Digital Sine Wave Decade control 

0.2Hz-1 22MHz 249.50 
TE22D (audio) 4 bands. Sine 20-200KHz. 

Square 20-1 50KHz 65.00 
TE20D (RF) 6 bands. 120KHz-500KHz 57.00 

LOGIC PROBES AND MONITORS 
LT2000 Economy Probe 11.95 
LM1 Monitor 31.00 

33.48 
19.44 

LP1 Probe 10MHz 
LP2 1 5MHz 

PIEZO HORN 
TWEETERS 

Up to 100 watts each. No x -over 
regd. Only 4.95 each (P/P 20p) 

(6- 

TMK500 
CALL IN AND SEE FOR YOURSELF 

FM7 7 Digit 60MHz Re h. Ben. 
Freq. counter 140.00 
SC5 512MHz Prescaler lo above 

72.50 
MAXI00 100 MHz 8 di it halt 
operated counter 83.75 

AUDIO ELECTRONICS 
301 EDGWARE RD., LONDON W2 IBN 
01-724-3564. OPEN 9-6, MON -SAT. 

ALSÒ AT 248 TOTTENHAM COURT ROAD, W.1 

TM3 

FRif 
CATALOGUE 

SENDZSTAMPED 

ADDRESSED ENVELOPE 
IMIN 

9', x 6'= 

FOR YOUR COPY NOW 

electronics 
tomorrow..... 
,bÿ John Miller -Kirkpatrick 

SOME months ago I mentioned a form of multi -voltage 
logic which was being developed by an American 
company. Recently I was discussing microprocessors 
with somebody, and they "invented" multi -voltage logic 
on the spot, after I told them that it had been done before 
they went on to discuss the ideas they had and with a 
few ideas of my own we came up with a logic system for 
the 1990s. 

One problem with multi -voltage logic is that it is alien 
to the TRUE or FALSE logic used with binary or boolean 
logic. It seems that a logic system expressed in ten 
different voltage levels would be represented by 10 
levels of possibility ranging from FALSE at zero volts to 
TRUE at 10 voltage units passing through REASON- 
ABLY TRUE at say 7 voltage units and SNOWFLAKE - 
IN -HELL at perhaps 1 voltage unit. Problems arise when 
you try to carry out logical operations such as AN Ding 7 
units with 1 unit - is the result (7 + 1)/2, 7 / 1 , 1 / 7 or 
what "?" arithmetic is simple, it is even in decimal, for 
example 7 ADD 1 is undoubtedly 8 and 1 minus 
(Complement and ADD) 7 is 3 isn't it? 

If you want to play with multi -value logic try using 
some CMOS devices run off about a 10v supply, CMOS 
switches from Ov to the supply voltage (near enough) 
and thus a CMOS output on this supply will switch from 
Ov to 10v. If the outputs in question are outputs from a 
74C42 1 of 10 decoder then the outputs can be 
connected to a series of 9 resistors (all say 1K) arranged 
as a potential divider so that a common point will have a 
voltage of between Ov and 9v in 1v increments when the 
74C42 inputs are driven from a BCD input. You now 
have a boolean to decan (?) logic converter, there are 
several methods of going the other way. One of the 
simplest methods is probably to use a set of transistors 
which will switch on at 10 different voltages (0-9) and 
then encode this with binary logic gates to give a 1 of ten 
and this BCD result. 

Of course, you could simply use a variable Flower 
supply or two coupled to voltmeters, but somehow this 
seems to be cheating. Anyway, when you have your 
generator and readout device you can start to work out 
some of the rules involved in ten level logic - your ideas 
are probably just as valid as anyone else's. Perhaps you 
would like to send in any circuits or ideas to us at ETI so 
that we can publish them and start a whole new revolu- 
tion in electronics. 
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Battery Logic 
The logic generators described above could be run from 
a 9V battery and as they are simply CMOS, resistors and 
meters the current consumption would be very low. If 
you simply use some 9V batteries, switched poten- 
tiometers and meters as in the second example above 
you would not require any binary logic gates at all. 
Consider what is happening in this case (taking into 
account that I just passed "0" level physics and failed 
chemstry). The voltage in the battery is generated 
because of one of several types of chemical reaction, 
some alterations to this voltage may then be caused by 
logical or arithmetic operations and the result is used to 
activate a mechanical lever on an analogue voltmeter. 

Would it be possible to use chemical reactions as 
logic elements and thus cut out some or all of the 
electrical interface. My knowledge of chemistry be- 
comes obvious when I try to recollect the number of 
ways a chemical can be classified, one way is acid and 
alkali which I seem to remember are opposites. Surely a 
mixture of a percentage acidity could be mixed with 
another of a different acidity under certain conditions to 
create some form of logical combination which would be 
accurately repeatable? In which case the resultant could 
be used in another reaction to give a voltage output 
and/or a mechanical reaction? 

If you consider the reactions of two complex 
chemicals such as hydrocarbons, nucleic acids, DNA 
and other things that I know little about, then the 
complexity of the logic operations which could be 
handled seems very varied. Having mentioned DNA 
perhaps I should point out that I see such chemical 
reactions taking place and being measured on a very 
small scale, nearly molecular rather than with 100m1 
beakers. 

The microprocessor of the future may require feeding 
with sugar rather than any form of electricity, tempera- 
ture and humidity may become more important factors 
than they are at present and it could get very upset if you 
spill hot tea on it. The output devices would of course be 
such things as a chemical print head working on pre - 
sensitised paper or tape (or screen), the input devices 
would measure chemical reactions on treated plates 
which would react to external chemicals such as the 
human skin. Increasing the memory capacity could be as 
simple as buying 1lb (500g) of fillet steak or even 
digging up a few carrots from the garden. 

Although this may seem like mid -summer madness it 
could be a feasible alternative at some future date, after 
all, if you can operate on things like sugar, fillet steak 
and carrots (not necessarily together) then why not a 
microprocessor. Now there is a project for the NEB to 
invest £50million in! 

Data Catalogues 
When I first became interested in electronics as a hobby 
one of my main reference books was Henry's catalogue 
which was full of useful and seemingly useless items. 
The main attraction of the catalogue was the fact that 
there were many small but understandable circuit 
diagrams showing various applications of some of the 
more complex components. I based my very first digital 
clock circuit on the circuit by Dave Hunt in one of their 
catalogues and learnt a lot about digital electronics from 
what was effectively a sales catalogue. 
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Recently several manufacturers have donated their 
latest data books/catalogues to the JMK library (writing 
Electronics Tomorrow has hidden advantages). These 
data books are available (at a price) to anyone who 
cares to contact the manufacturers or their agents and 
together form a very comprehensive library of LSI 
components in and around micros, TV games, calcula- 
tors and telecommunications. I can recommend all of the 
following books which are the ones I use now and are the 
latest in a series which I have used for several years now. 
I realise that several manufacturers other than those 
mentioned have similar books but these seem to cover a 
wide range and anyway I get these for free! 

GIM produce a very comprehensive range of MPU, 
memory, clock, calculator, TV series, communications 
and industrial chips. The 1 978 catalogue contains data 
on all of the TV games and interface circuits from the 
simple bat and ball to the complete home entertainment 
system. To take an example try looking up the data on 
the AY -3-1013 UART, the data, descriptions and appli- 
cations for this IC goes on for about 15 pages and just 
when you think you have finished and just about 
exhausted UARTs you turn the page to find that GI also 
make a 1014, 1015, 1016, etc, with multitudinous 
options and alternatives on the basic design. The GI 
1 978 Data Catalogue costs £3.00 from General Instru- 
ment Microelectronics Ltd, 1-4 Warwick Street, London 
W1 R 5WB. Tel. 01-439 1891. 

Arming Intel .. 
After a lost of arm twisting Intel were finally persu- 
aded to part with their 1 977 Data Catalogue which has a 
price of 2.50 dollars printed on it. This includes data on 
RAMs (including 2114). PROMs (including 2716), CCD 
memory, four MPU chips and associated components, 
Microcomputer systems and development systems. This 
book is a must for MPU addicts as Intel uses the 
"Microbus" approach on MPU add-on ICs which makes 
them usable on most MPU chips not just those made by 
Intel. After speaking to a young lady at Intel I am now 
informed that the 1978 catalogue is now available at 
£4.00 and that they can handle a few hundred orders 
easily but if everybody wants one ... Intel are át: Ìñté} Corporation UK Ltd, Broadfield House, 4 between 
Towns Road, Cowley, Oxford OX4 3NB. Tel (0865) 
771431. 

Naturally National 
National Semiconductors would probably claim that 
their 1977 data books are so far ahead that their 
contents will remain current during 1978. Natsemi have 
a range of data books to cover their vast range of 
products including specialist books for linear, trans- 
ducers and data acquisition. My library includes the 
1976 Linear and 1 976 TTL books and the 1 977 issues 
of MOS/ LSI (clocks, counters, watches, cales, CB, 
COPS, displays, etc); Memory (you riame it) and CMOS. 
The Natsemi CMOS book includes a 4000 series, the 
74C TTL compatible series, some applications of these 
and also data and applications on many unique devices 
in the CMOS/ LSI category. These latter include 
telephone diallers, TV clock/ channel units, DVMs, A/ D 
converters, display and keyboard controllers and 7 seg 
to BCD converters amongst many other clever and 
low-cost circuits which have the additional advantages, 
of CMOS. Ell 
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Protection For Power Amplifiers 

A. Hiley 

In many amplifiers, the only protec- 
tion against overload is a single fuse. 
Experience has shown that output 
transistors can blow faster than fuses. 
The simple circuit shown below will 
protect the amplifier in the event of a 

fault or gross overload. 
Normally, the current through R1 

biases both the transistors fully on. 
The P.D. across the LED is less than 
2V, and it will not light up. In the 
event of a fault or overload, the cur- 
rent consumption of the amplifier will 
increase. The forward bias on the 
transistors will decrease, and they will 
tend to turn off. This will cause the 
potentisl across R to decrease, which 
will increase the bias on the transis- 
tors, turning them on again. The 
overall effect is that current limiting 
takes place. Under these conditions, 
the LED will light up, indicating a fault 
condition. If the fault or overload 
persists, the main fuse in the amplifier 
will probably blow. The actual protec- 
tion circuitry needs no resetting. 

Under fault conditions, the dissa- 
pation in Q2 will be very high, and so 
it must be bolted onto the chassis or 
the heatsink. 

+ SUPPLY TO AMPLIFIER 

OV TO AMPLIFIER 

R2 
(SEE TABLE) 

SUPPLY VOLTAGE R1 

10V to 22V 1k, W 

22V to40V 1.8k,1W 
40V to 70V 2.7k, 2W 

AMPLIFIER POWER(RMS Watts) R2 

15W,8R or 4W+4W,8R or 4W,4R 0.5R 
60W,8R or 15W +15W,8R or15W,4R 0.2R 

30W +30W,8R or 30W,4R 0.15R 

NOTE 

01 is BD131(up tc 45 V supply) 
or BD139(upto90V supply) 

0 2 is 2N 3055 
D1 is 1N914 
LED 1 is a RED LED 

D1 

T 

C3 

4 uT 

//J// 

Ipin 14 

Motorcycle Burglar Alarm 

N. Hone 

Currently available motorcycle alarms 
are either very expensive or ineffec- 
tive. This circuit provides protection 
against theft, or tampering with the 
machine. 

IC1 C R3 

Ipin 13 

NOTE 

IC1 is 7400 
01 is BCY71 
Relay to suit 

TREMBLER 
SWITCH 

IC1a 

IC1c 

IC1d 

+ve 

R2 
10M 

R1 
4k7 

Cl 
2u2 

R4 

Q1 

+ve 

TO 
HORN 

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, 25-27 Oxford St., London W 1 R 1 RF. 

The alarm, a cross coupled latch is 
activated by a trembler switch (whose 
construction is shown), which will 
sound the alarm for 5 seconds before 
resetting. As the device is very sen- 
sitive, there is a 10 second delay (set 
by R2, C2) which gives enough time 
for the trembler switch to stop 
oscillating, and the keys to be 
removed. D1 and C3 prevent the 
supply to the circuit dropping when 
horn draws a high current and pulls 
the battery voltage down. 

50mm 

BIG BLOB 
OF SOLDER 

32 GAUGE (FINE) 
STEEL PIANO WIRE 

U 
VEROBOARD 

TO CIRCUIT 
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Audio Millivoltmeter 

J. P. Macaulay 

The circuit shown is of a very simple 
but effective and accurate millivolt - 
meter. The non inverting input is 
biased at half supply by the voltage 
divider R1/ R2, decoupled by C2. The 
input impedance is defined by R3, 
whilst Cl isolates unwanted DC. 

Due to normal op -amp action the 
inverting input follows any voltage 
present at the non inverting input. 
Because of this the current flowing 
through the meter, and the resistor 
selected by S1 is VRMs / R. C3 pre- 
vents any DC flowing and hence 
makes offset nulling unnecessary. 

With the component values shown 
the circuit has a flat response from 
8Hz-50kHz (-3db) on the 10mV 
range. The upper limit remains the 
same on the less sensitive ranges but 
the lower frequency limit goes under 

1 Hz. 
D5 and D6 provide protection for 

the meter under reverse bias and 
overload conditions respectively. The 
circuit will work from supply rails 
between 12 and 30V, and in the 
quiescent state consumes only 2mA. 

C1 

10u 

NOTE 

R1 

100k 

3 

D1- 6 are 0A91 
ICI is 741 

R2 
1M 

IC 

7 

4 

o +12-30V 

D1 

D2 

C2 

R3 
100k 

100u 

S1 

2 3 

D3 

D4 

R4 R5 R6 
10R 100R 1k 

C3 
2000u 

T25V 

D5 

1m 
M1 

D6 A 
FSD 

RANGES 

51FSD (ACV) 
Zin 

1 10mV 1Mf1 

2 100mV 1MR 
3 1V 1Mf1 

4 10V 1M fl 

R7 
10k 

BCD Tone Generator 

P. Bailey 

When one of the binary codes in the 
table is set up on the data inputs, a 
corresponding preset connected to 
IC1 and 2 will be grounded, and the 
unijunction will start to oscillate. The 
frequency of oscillation depending on 
which output of the ICs is grounded. 

If the 18 presets are tuned to form 
a chromatic scale and the inputs in- 
terfaced to your MPU data bus - hey 
presto you have a simple MPU con- 
trolled organ! 

DATA 
INPUTS 

B 

C 

1+5V 

6 

7 

A 

B 

C 

D 

IC1 

16 

15 

13 

14 

11 

10 

1 

2 

3 

6 

7 

4 

IC2 

16 

15 

8 

9 

13 

14 

11 

10 

1 

2 

PRESETS 22k 

10k 

NOTE 
No. 

1 

2 

3 

4 

56 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

CODE 
HGFE 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1001 

(BINARY) 
DCBA 
0001 
0010 
0011 
0100 
0101 
0110 

0111 
1000 

1001 

0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 

TIS43 

ITUNEI 

100n 
100R 

IVOLI 

T 
-5V 

OV 

b2 
b1 

35R 

NOTE; 
161,2 ARE 74141 
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Temperature Control 

S. H. Alsop 

This circuit provides full phase pro- 
portion control of a heater, infrared 
lamp etc, uses no expensive trans- 
formers for its own power, and is 
extremely sensitive. 

The LM3911 sensor is connected 
to the sensor via a 3 core cable, and 
enclosed in a rubber sleeve to enable 
it to be used as a probe. The output of 
the LM391 1 varies by 10mV/ C and 
the minute change is amplified by the 
741. Any increase in temperature will 
increase the output of the 741 which 
will lower the base current through 
Q1 and so reducing the constant 
charge current to C2. This variation of 
charge current with temperature will 
alter the time taken for the UJT to fire, 
changing the phase angle of the 
power to the load. 

LOAD r 

LM3911 
CONNECTIONS 

1 

2 
0 

3 

I 
4 

AL_ 
CUT 
OFF 

NOTE; 
01 IS BC479 
Q2 IS TIS43 
IC1 IS LM3911 
IC2 IS 741 
TI IS 1:1 PULSE TRANSFORMER 
SCR1 - TRIAC TO SUIT LOAD 

N 

NOTE 
01,02 are BC109C 
LEDI is TIL209 
D1 is 1N914 

INPUT 
D1 

Peak Level Indicator 
T. Norris 
The diagram shows a simple monst- 
able multivibrator with a LED which is 
normally lit, but will be briefly ex - 

+9V 
R12 
510R 

tinguished if the input exceeds a pre- 
set (by RV1) level. A possible applica- 
tion is to monitor the output voltage 
across a loudspeaker, when the LED 
will flicker with large signals. 

The 5k lin pot is set to the tem- 
perature required and is linear over its 
entire range. The upper and lower 

(2"-5 343«DIA) FERRITE ROD &GAUGE TO SUIT LOAD 
E.G. 12 s.w.g. FOR 13A. 

47n 
1000v 

R1-3 10k 3W 

R3 

ZD1 
22V 1 
1.3W 

IC1 

ZD2 - 6.2V 
400 
mW 
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2 

3 

390R 
iyW 

R4 
39k 

1k0 

SET 
TEMP 

R5 
39k 

SET 
MIN 
TEMP 

RV1 
100k 

R7 
100k 

min 

RV2 
5k lin 

max 

RV3 
100k 

SET 
MAX 
TEMP 

IC2 

limits of this control can be changed 
by adjusting the 100k presets. 
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Ni -Cad Charger Mod. 

B. V. Barton 

This modification was made to the ETI 
519 Ni -cad charger to protect the 
cells in case a power cut occured 
while the cells were charging. Nor- 
mally the cells on charge would 
rapidly discharge through the char- 
ging circuitry, causing possible 
damage. 

The modification involved the ad- 
dition of a low voltage thyristor in 
series with the battery.lf power fails, 
the battery cannot discharge. When 
power is reapplied, the battery will not 
continue to charge until SW3 is 
closed momentarily. 

TA UTO-SHUT OFF 
'WITH L.E.D. CHARGE I 

I INDICATOR 

r LED1 
SCR1 f9 

R2 -r- 
BATTER,/ 

L 

01 

D2 

NOTE; 
LED1 IS TIL209 
SCR1 ANY LOW VOLTAGE THYRISTOR 
R2 SELECTED TO GIVE ONLY ONE 
CHARGE RATE OF 45mA INSTEAD OF 
SIX POSITION RANGE SWITCH GIVEN 
IN ORIGINAL DESIGN 

4 Channel Synthesizer 

T. Huffinley 

RV1 
10k 

LEFT 
IN O 

RIGHT 
IN 

IC1a 

IC 1b 

This circuit will synthesize two rear 
channels for 'quadraphonic' sound 
when fed with a stereo signal. The 
rear output for the Left channel, is a 

combination of the left channel input 

IC3b 

IC2á 

180' out of phase, added to a pro- 
portion of the right hand channel (also 
out of phase). The right hand rear 
output is obtained in a similar way. 

NOTE 
IC1,2 QUAD OP -AMP 
IC3 DUAL OP -AMP 
All resistors 100k 

IC2b 

IC2c 

IC2 

LEFT 
OUT 

-s/VV`- 

RIGHT 
OUT 
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Temperature to Frequency 
Convertor 

P. Reynolds 

This circuit uses the fact that when fed 
from a constant current source, the 
forward voltage of a silicon diode 
varies with temperature, in a reason- 
ably linear way. 

Diode D1, and resistor R2 form a 
potential divider, fed from the con- 
stant current source. As the tempera- 
ture rises the forward voltage of D1 
falls tending to turn Q1 off. The out- 
put voltage from Q1 will thus rise, and 
this is used as the control voltage for 
the CMOS VCO. With the values 
shown, the device gave an increase of 
just under 3HzC-1 (between 0 C and 
60" C) giving a frequency of 470Hz at 
0 C. 

i 

14 11 

5 

13 

10 IC1 

390k 6 

2M2 

NOTE 

D1 is 1N914 
Q1 is ZTX300 
Q2 is ZTX 500 
IC1 is 4007 

12 --e-oFout 

2n5 

R5 
100k 

02 

R2 
4k7 

D1 

+9V 

OV 

562k 

Logic Noise Detector 

G. Robinson 

Ever since the advent of binary logic, 
spurious noise spikes and pulses have 
been the curse of the designers of 
even elementary systems. This circuit 
will help detect 'noisy' logic levels. 
With SW1 in position I, any logic zero 
spikes occuring on a steady logic 'I' 
will set the R -S latch and the LED will 
be illuminated. With SW1 in position 
2, an extra inverter is brought in, and 
the circuit will be triggered by any 
logic 'l' spikes. 

o ---9V 
ON-OFF 

NOTE 
01 is T1S43 
SCR1 is 400V PIV 

+5V SUPPLY 
FROM 
LOGIC 
SYSTEM 
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Lighting Effects 

D. Stewart 

This circuit can be used to produce 
some interesting lighting effects. A 
unijunction relaxation oscillator is 
used to trigger the thyristor. The 
frequency of the oscillator is control- 
led by RV1. The load (a light bulb) 
will not be triggered at the same 
frequency as the unijunction oscilla- 
tor, and some interesting effects can 

OV result. Care should be taken with this 
circuit as it is not isolated from the 
mains. 

SW2 

470R 

1,.jo r 
LED1 

-®w 
4k7 

PROBE 

OV FROM 
LOGIC SYSTEM 

NOTE 
SW1 is 2 POLE CHANGEOVER 
SW2 is PUSH BUTTON 
ICI is 7402 
LED1 is TIL209 
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2.5mm 12p 
3.5mm 15p 
MONO 23p 
STEREO 31p 

DIN 

tee SW:. 

Introducing DM900 - The 
DIGITAL MULTIMETER with 
"Hidden Capacity" - It meas- 
ures Capacitance too! 

(as published in E.T.I. August 1 978) 
Away with analogue meters for with some of these 
you may often as not use a crystal ball to make 
circuit measurements instead gaze into our crystal - not a ball but the 31/2 0.5 LIQUID CRYSTAL 
DISPLAY - on our amazingly accurate DMM incorporating: 

5 AC & DC Voltage ranges; 6 resistance ranges 
5 AC & DC Current ranges; 4 Capacitance ranges 

The prototype accuracy is better than 1% 
This is a unique design using the latest MOS ICs and due to the minimal current drain, is 
powered by only one PP3 battery. There is also a battery check facility. 

The DM900 is an attractive hand-held, light weight device, built into a high impact case with carrying handle and has been ingeniously designed to simplify assembly. 
Never before have all these features been offered to the electronics enthusiast in a single unit. 

Special introductory offer £54.50* (p&p insured add 80p) 
Calibration service charge for working Units £5.75. Readybuilt Units available by special 

order at £78.50* (p&p add 80p) 
(Optional extras, Probes £1.50*; Carrying Case £1.50*) 

(Demonstration on at our Shop) 

JACK PLUGS SOCKETS 

Screened PI slic 
rome body 

Sp 
Op 
5p 
Bp 

open eral 
Sp 
Sp 

13p 
15p 

moulded 
with 
break 

contacts 
20p 
24p 

n lin 
ouplers 

11p 
12p 
18p 
22p 

PLUGS SOCKETS In Line 

2 PIN Loudspeaker 
3, 4. 5 Audio 

11p 
13p 

7p 
Sp 

18p 
20p 

CO -AXIAL (TV) 14p 14p 14p 

SWITCHES* - 

TOGGLE 24, 250V. 
SPST 28p 
DPST 34p 
DPDT 38p 
4 pole on/off 54p 
SUB -MIN TOGGLE 
SP changeover 59p 
SPST on/off 54p 
SPST biased 85p 
SPOT 6 tags 70p 
DPDT centre off 79p 
DPDT Biased 115p 

SLIDE 250V. 
IA DPDT 14p 
14 DPDT c/over 15p 
1/24 DPDT 13p 
4 pole 2 -way 24p 
PUSH BUTTON 
spring loaded 
SPST on/off 60p 

65p 
85p 

SPDT c/over 
DPDT 6 Tag 
MINIATURE 
Non Locking 
Push to Make 15p 
Push Break 25p 

PHONO 
assorted colours 
Metal screened 

9p 
12p 

5p single 
Sp double 
10p 3 -way 

15p 

BANANA 4mm 
2mm 
1mm 

11p 
10p 
7p 

12p 
10p 

7p 

WANDER 3 mm 
DC Type 
AC 2 -pin American 

8p 
15p 
15p 

8p 
20p 

'15p 

ROTARY: Make you own multiway Switch. 
Adjustable Stop Shaf ng Assembly. Accom- 
modate up to 6 Wale s 69p 
Mains Switch SPOT t fit 34p 
Break Before Make Wafers. 1 pole/ 12 way. 
2p/6way. 3p/4way 4p/3way,6p/2way 

47p 
Spacer and Screen 5p 
ROTARY: (Adjustable Stop) 
1 pole/2 to 12 way, 2p/2 to 6 way, 3 
pole/2 to 4 way, 4 pole/2 to 3 way 41p 
ROTARY: Mains 250V AC. 4 Amp 45o 

VOLTAGE* 
REGULATORS 
TO3 Can Type p 
1A *ve 5V. 12V, 
15V. 18V 145 
MVR5 or 12 180 
14 -ve 5V, 12V 

220 
Plastic 010921 
+ve 0.1A 5V. 6v. 
8V,12V,15V 30 

+ve 14 (30220) 
5V, 12V, 15V, 
18V, 24V 85 

-ve 0.54 5V, 6V, 
8V.12V.15V 95 

-ve 14 5V, 12V 
125 

-ve 0.14 (T092) 
5V,12V,15V 60 
LM309K 135 
LM320-1 2 
LM320-15 
LM323K 
LM304H 
LM31 7H 
LM317K 
LM325N 
LM326N 
LM 723 

165 
165 
625 
240 
100 
350 
240 
240 

45 

TRANSFORMERS* (Mai s Prim. 2 0-240V) 
6-0-6V 100mA 90p 15-0 15V 14 275p+ 
9-0-9V 75mA 95p 18-0 18V 14 295p+ 
12-0-12V tOOmA 98p 30-0-30V 14 315p+ 
0-12 0-12V 1 50mA 20-0-20 2A 340p+ 

140p 6-0-6V 1.54 345p+ 
0-6 0-6V 280mA 1sop 0-18 0-18V 1.5A 
0-150-15V0.3Á 379p+ 

260p+ 9-09V 2A 315p+ 0-4.5 0-4.5V 0.64 12-0 1 2V 2A 320p+ 260p+ 30-25-20-0-20- 12-012V0.5Á 280p+ 25.302A 497p+ 0-12 0-12 0.54 280p+ 0-6 0-6V 6VA 240p 15-0 15V 0.54 260p+ 0-12 0-12A 6VA 240p 24-0 24V 0.5A 260p+ 
O -150-15V 6VA 240p 9-0 9V 14 275p+ 0-20 0-20V 6VA 240p 12-0-12V 14 275p+ LT44 42p 

0-120-12V 14 295p+ LT700 Mia. 0/P PH. 30-24-20-15-12-01A 12K. Sec. 3.20 42p Multi tappings 360p+ MOT Min. O/P Pri. 30-24-20-15-12-0 1.2K, Sec. 80 38p 2A multi tap 445p+ 
(Please add 48p p&p charge to all prices marked 

+, above our normal postal charge). 

ALUM. 
BOXES* 
WITH LID' 

3x2x1 45 
21/4)61/40 1/2" 

68 
4x4x11/2" 68 
4x21/4x11/2" 60 
4x5'/axt'/e" 78 
4xrvx2" 64 
5x4x2" 82 
6x4x2" 88 
7x5x21/2" 114 
8x6x3" 148 
10x7x3" 172 
10x41/4x3" 142 
72x5x3" 165 
12x8x3" 210 

EARPHONES 
Magnetic 
2.5mm 18p 
3.5mm 18p 
Crystal 33p 
ULTRASONIC 
TRANS- 
DUCERS 
£3.95* per pair 

KNOBS*to fit '/a shaft 
K1 Black Pointer type 9p 
K1a White Pointer type 11p 
K2 Slim Silvered Aluminium 12p 
K3 Satin Black Ribbed 22mm diam. 12p 
K4 Black Serrated Metal top with 
line Indicator 35mm diam. 22p 
K4a As K4 but 25mm diam.- 2Op 
K5 Black Fluted, metal top & skin, 
calibrated 0.9, 37mm diam. 28p 
K6 As K5 but with pointer on skirt 28p 
K7 Black Knurled. tapered, metal tod & 
skin Caliberated 0-9 30mm 26p' 
K7a As above but pointer on skirt 26p 
K8 Black or Silvered for Slider Pot 10p 
K1 Aluminised plastic with line 
indi ator, 22mm diam. 16p 
K19 Solid Aluminium Amplifier Knob 
Etc line indicator, skirted 22mm 30p 

SPEAKERS 

80 0.3W p 
2" 21/4" 65 
2.6 3" 58 
40 O 2.5" 65 
64025" 65 
8 0 5W 
7"x4" 190 
80 3W 
6" x 4" 160 

PANEL 
METERS* 
FSD 
6ox46x 
35mm 
0-50pA 
0-100p A 
0-500p A 
0-1mA 
0-5mA 
0-10mA 
0-50mA 
0-100mA 
0-500mA 
0-1A 
0-24 
0-25V 
0-50V AC 
0-300V AC 

475p each 

41/4 x31/4x11/2 
0-50p A 
0-100p A 
0-500p A 
595p each 

HEAT 
SINKS* 

T092 Sp 
T05 9p 
T018 Sp 
T0220 

22p 
T03 22p 
TO66 22p 

COMPLEX 
SOUND 
GENERATOR 

ETI Oct. 1978 
Parts now 
available . Send 
SAE for List 

74LS7t 
cont. 
26 48 
27 28 
28 48 
30 22 
32 27 
33 39 
37 39 
38 39 
40 28 
42 98 
47 
48 
49 
51 
54 
55 
63 
73 
74 
75 
76 
78 
83 115 
85 118 

90 
120 
120 

24 
28 
30 

150 
46 
41 
48 
40 
40 

86 
90 
91 
92 
93 
95 
96 
107 
109 
112 
113 
114 
122 
123 
124 
125 
126_ 
132 
136 
138 
139 
145 
147 
148 
151 
153 
155 
156 

43 
60 

104 
89 
89 

116 
116 

44 
55 
55 
50 
50 
70 
70 

180 
60 
so 
95 
55 
85 
85 

108 
170 
173 
96 
76 
96 
96 

157 
158 
160 
161 
162 
163 
164 
165 
166 
170 
173 
174 
175 
181 
183 
190 
191 
162- 
193 
194 
195 
196 
197 
221 
240 

241 
242 
243 

76 
96 

128 
98 

138 
118 
114 

75 
226 
288 
105 
106 
110 
398 
298 
140 
140 
130 
130 
166 
136 
100 
140 

96 
236 
232 
232 
232 

259 
261 
266 
273 
275 
279 
283 
290 
293 
295 
296 
324 
325 
326 
327 
347 
348 
352 
353 
365 
366 
367 
368 
373 
375 
377 
378 
379 

160 
450 

52 
244 
250 
66 

192 
128 

-128 
185 
168 
240 
290 
294 
286 
148 
186 
228 
228 

65 
65 
65 
66 

180 
160 
212 
184 
215 

245 
247 
248 
249 
251 
253 
257 
258 
384 
386 
390 
393 
395 
396 
398 
399 
445 

447 
490 
668 
669 
670 

270 
190 
190 
190 
134 
142 
110 
146 

86 
86 

230 
230 
218 
215 
276 
230 
150 

144 
180 
182 
182 
248 
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VDU Chip and 
MODULE for TV 
Convert your TV into a VDU by 
using the new Thompson-CSF 
TV -CRT controller chip 
SF.F96364. 16 line by 64 
characters text refreshment, 
Cursor management, Cursor 
management on screen, Line 
erasing. Compatible with any 
computing system. 

SF.F96364E E11.75* 
AV -3-1015 £5.60* 
AY-5-1013UART £4.50* 
71301 ROM £8.200 
SFS80102 RAM £2.05* 
74LS163 RAM E1.180 
UHF Modulator £2.50* 
Complete Module El 36.50* 
(Send 30p stamps for full 
technical data) 

KEYBOARDS* 
Full Ascii Coded 56 Key 

news iest.. 
feeling 
sporty? 
Somewhere amid the 
teeming multitudes of 
watches that don't go tick 
in the night, this button 
ridden wristband from 
Casio appealed to us. 
Apart from the usual 
watch type functions the 
F100 is a 1/100S stop- 
watch with lap time 
facility. Depending on 
whether you go for the 
black case or the posh 
stainless one, it will cost 
you between £25 and £50. 

rca has disc trouble 
Oh for a standard that is a 
standard standard. Wit- 
ness this latest piece of 
lunacy: 

Sometime next year 
video discs will impact on 
our lives. Japanese firms 
are meeting to try and 
agree a standard format in 
an effort to avoid shades of 
four channel lunacy being 
seen again. So far so good. 
Unbelievably good in fact. 

However just to be 
b .... y awkward both 
RCA and Philips have 
their own totally incom- 
patible systems all set to 
burst forth like over -ripe 
spots. It can be confidently 
expected that both will 

hang onto their own like 
grim death - if they take 
part in the talks at all - 
and thus create another 
battle which at best only 
one can win, and both will 
probably get clobbered in. 

Informal talks are 
reported to have already 
begun in Japan and great 
interest being shown in 
combining both video and 
digital audio retrieval in 
one product. Good luck to 
those who would standar- 
dise and thus software 
nicely, and a plague of 
tolerance failures be upon 
those who would con- 
found and confuse. 

stand before the bench 

Although designed as a 
component handling sys- 
tem, it seems to us this 
little array would make a 
handy addition to the 
home constructors work- 
bench. A wide array of 
bins are available and all 

come in four colours to 
satisfy the houseproud or 
colour blind. Designated 
the 40-12-H it is produced 
by Link-Hampson Ltd of 5 
Bone Lane, Newbury, 
Berkshire. Look ye thence 
for further details. 
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Exclusive OR and NOR gates 

D. S. Smith 

B 

IC1-QUAD 2 INPUT NAND GATE 

ICia 

TRUTH TABLE 

A B C 

0 o 0 

0 

o 

0 

IC1b 

IC1c 

When constructing logic circuits 
which need either an exclusive OR or 
exclusive NOR gate, and one is not 
available, the following arrangement 

IC1d 

B 

TRUTH TABLE 

of NAND or NOR gates can produce 
the required results. The circuits can 
be constructed using standard TTL or 
CMOS gates. 

C2- QUAD 2 INPUT NOR GATE 

A B C 

o 0 

0 0 

0 0 

1 

1IC1 
pin 14 

4 
5 

IC1a 

470 R 

2 
ICib p= 

-..1n0J 
.-V\AA- 

47oR 
13 _ 

12 IC1c 

1k 

1k 

IVpPB1 

I 

C C 

IC1 
pin 7 

01 

-2 
IC2 

--E-- 3 11 

9 

10 
8 

IC2 
pin 14 

9 

o IC1d 

IC3a 

390R 
V v V 

8 11 

IC3b 
10 

IC3c 9 

IC3d 

39/0R 
V v V 

820R 

390R 

3 3 2 

R- 

+6V 

4 4 

NOTE 

LEDI -7 are TIL209 or equivalent 
IC1 is 7400 
IC2 is 7493 
IC3 is 7402 
01 gen. purp. PNP lc max > 50mA 
PB1 is normally closed 

Electronic Dice 

G. Vance 

This dice circuit is interesting, as the 

I 
IC2 
pin 7 

O O 
O O O 
0 

LED ARRANGEMENT 

six LEDs are arranged to produce a 
display the same as the dots on a dice. 
When FBI is depressed, the display is 
blanked and the oscillator (IC7a, b, c) 
clocks IC2 at about 1 M Hz. IC2 counts 

LEDI -7 

OV 

from zero and resets on seven. When 
FBI is released, the display is enabled 
and a novel decoding system produce 
the correct output on the LEDs. 
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Test Unit for Sequential Logic 

D. Rayner 

Any one testing a sequential logic 
circuit requires input pulses free of 
contact bounce. This unit does this, 
providing two switched, jitter -free 
outputs and a 'slow' variable speed 
clock. The complements of these 
signals are also provided. 

The components shown give the 
clock a frequency range of 1-200Hz. 
The clock's buffered output will drive 
up to two TTL inputs. 

The 100R resistors on all outputs 
provide some measure of accidental 
short circuit protection. 

Speaker Power Indicator 

J. Macauley 

This circuit will indicate the peak level 
of an input signal applied to a 
speaker. It is primarily intended as a 
fail safe device when connected to an 
amplifier of higher power rating than 
the speaker. 

The circuit is unique in that no 
separate DC power supply is required 
since the circuitry operates from the 
input voltage to the speaker. 

R5 isolates the amplifier's output 
stage from possible fault conditions in 
the circuit. D1 to D4 full wave rectify 
the input signal and the resulting DC 
is used to supply the op amp. 

The 741 is used as a comparator a 
reference voltage being obtained from 
across ZD3 and fed into the inverting 
input of the op -amp. The non inver- 
ting input samples the rectified input 
signal. When a peak is fed into the 
circuit the IC's output goes high.and 
the led flashes. ZD 1 prevents the LED 
turning on when the, output of ICI is 
low due to the output being unable to 
go less than 1 .5V above earth under 
these circumstances. ZD2 defines the 
upper limit of the op amp's supply 
voltage in the presence of large tran- 
sients whilst R2 is the current limit 
resistor. It should be obvious that the 
level at which the led lights is depen- 
dent upon the value of R3. The 
accompanying table shows the value 
required for this component for dif- 

4 k7 

5V 

2k7 2k7 

S.P.D.T.S 

NOTE 

IC1 is CD4049 CMOS 
IC2is SN7404 TTL 
IC3,4 are SN7400 TTL 

330R LEDI 

100R 

100R 

r 5V 

CK 

CK 

100R 
IC3c 0/P1 

100R 
IC3d 0%p1 

330R >LED2 5V 

iCac 0/P2 
100R 

100R 
IC4b 0/P2 

330R LED3 
IC2e 5V 

Z D1 

33V R2 
1k 

NOTE 
D1-D4 are 1N914 
IC1 is 741 
LEDI is 0.2"LED 

WATT/ 8f1 5 10 15 20 25 30 35 
R3 kfl 5.6k 9.1k 12k 15k 16k 18k 22k 

ferent input powers across an 8 ohm 
load. If different load values are to be 
used for the speaker the value of R3 
can be determined from the equation, 

v; 

R3=141/ PR - 3.3 kQ 

P =Pout 
R=load ini 
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CDI for Positive Earth 

R. Vivian 

01 

02 

1 
ZD1 

The CDI Mk II ignition published in 
the May issue has been designed for 

R1 

R2 

C2 

R B 

G B 

NOTE 
03 is BC214L 

R8 
1ß0R 

03 

C3 

11 

C4 

negative earth cars. Attemptinü to 
install it in positive earth vehicles by 
reversing the supply connections will 
lead to problems caused by SCR1 
triggering as C3 is discharged (ie as 
the contact points close, and not as 
they open). 

NEON 

CC1b 
T T R5 

RV1 

I 
SCR1 

R7 

R6 

This modification provides a solu- 
tion by discharging (C3) through a 
transistor (Q3) which conducts when 
the points open. Any general pur- 
pose PNP transistor capable of 
sinking 200mA (eg BC212, BC214L) 
will do. 

Brake Fluid Indicator 

D. Shorthouse 

This circuit indicates by means of a 
warning light and a buzzer when the 
fluid in the tank of a braking system is 
getting low. 

Normally both electrodes are 
immersed in the brake fluid, and the 
bases of Q1 and Q2 are at ground 
potential (the fluid makes a connec- 
tion between the electrodes and the 
brake cylinder which is connected to 
the car chassis). If the fluid level 
should fall, and either of the elec- 
trodes becomes dry, Q1 or Q2 will 
turn on which will turn on Q3 and Q4 
and the alarm energised. 

0 CD 
ELECTRODES (4 BA BRASS 
STUDDING ON PROTOTYPE) 

NOTE 
01,2,3 are BC107 
04 is BC461 
D1 is 1N4001 

+12v 

VE 
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PROJECT 

COMPLEX SOUND 
GENERATOR 
Not quite a synthesizer, but more than your average stylus organ - that's the ETI 
project team's musical offering this month 

WHILE WE WOULD not claim that 
our Minisynth is the latest in 
polyphonic synthesizers (It'd never 
stand up in court) we want to 
emphasise that this is definitely not 
another in the never ending stream of 
Rolf Harris multivibrators. 

Complex Chip, Easy Sound 
The project is based on a new 
sound generator IC from Texas 
Instruments. This device has an on 
board VCO, low frequency oscillator, 
noise scource, envelope generator 
and a number of mixing circuits. 

The final instrument can be used 
to provide a number of sounds, some 
musical, some not. You can use it to 
entertain, or, in case of those of us 
whose talents lie in fields other than 
music, annoy friends and foe alike. 

Construction 
Construction of the project is 
relatively straight -forward. Carefully 
follow the component overlay, as 
usual, noting the orientation of all 
electrolytic and tantalum capacitors. 
It makes sense to use IC sockets for 
the three ICs. 

Before starting construction of the 
electronic components it might be an 
idea to tin the keyboard area in order 
that a more reliable contact is made. 

Tinning can be carried out by 
coating the 'keys' with blobs of 
solder, heating the whole area up 
(large soldering iron required - we 
hope you won't use this for the rest 
of the construction) and quickly 
wiping away excess solder with a wet 
cloth. 

The probe can be fashioned from 
an old biro, which has had its innards 
replaced by a wire that is connected 
to the original pall point. 

The choice case for the project is 
much up to personal taste. We put 
our instrument in a case we made 
ourselves from thin plywood painted 
black. 

Playing With 
The only way to become familiar 

with the Minisynth is to sit down with 
the instrument and play with it. This 
is a painful experience for all 
concerned and while it won't make 
you blind could well make you deaf if 

the voume is up too far. Some of the 
sounds produced at this stage are, to 
say the least, gruesome and for the 
sake of all concerned this learning 
period should take place in private. 
You can expose your talents when 
the mechanics of playing the 
machine have been mastered. 

A good starting point for the 
controls is to set the DURATION, 
ATTACK and DECAY controls to 
minimum, the SLF OSCILLATOR's 
course control to the highest 
frequency range with the fine control 
set at minimum. Set the VCO and 
NOISE controls to their mid points 
and all the MIXER switches down 
(towards you) - this will select the 
output from the main VCO. The 
ENVELOPE/CONTINUOUS control 
should be down and the 
OSCILLATOR / KEYBOARD control 
away from you. 

Switching the instrument on 
should produce a note, the frequency 
of which can be altered by the VCO 
control. At this stage the note will be 
.unaffected by the keyboard. 

By moving the 
OSCILLATOR/KEYBOARD control to 
the down position the Minisynth can 
be played via the keyboard, the VCO 
control as a tune facility. 

With the ENVELOPE/CONTINUOUS 
control in irs present position the 
note selected by the keyboard will be 
maintained until the probe is 
removed from the keyboard. Moving 
the switch to the up position will 
mean that the notes selected will be 
modified by the output of an 
envelope generator. The envelope 
generator is set up by the 
DURATION, ATTACK and DELAY 
controls. The control functions are 
self-explanatory, the only point to 
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R2 10k 

R3 6k8 

R4 4k7 
05 467 

O 

O 

p0 
Q 

O 

R6 k3 
R7 3k3 

+9V 

QV 

SPEAKER 

R1 
56k 

PROBE 

R20 
220k 

5V MIXER 

SW2 SW4 SW5 SW6 NOTE: 

CONT SINS 
IC1 IS CA3140 
IC2 IS SN76477 

KBD' 39k 
OSLO KBDJ 

SW26 
O 

IC3 IS LM380 
81 IS 184001 
LED1 IS TIL209 

CO 

343 

SK1 

C3 
pp 

1 
c1 

RS 2k2 

10 

0n 1 R9 1k8 

4 

16 

SLF 
5151 COARSE 

21 

R101k5 
R11 ik5 

R12 1k2 
1313 162 

R14 1k0 
R15 1k0 

016 470R 
R17 470R 

R18 
47013 

R19 
6k8 

RV1 
250k 
SLF 
FINE 

C2 mn 
t0on 

022 
10k 

R23 
Ok 

- ^ 
RV2 C5 100k 4+7 DURATION 

Ii 

L 

24 

23 

IC2 

22 25 26 

12 

27 15 

6 -II 
C9 140 

11 

027 12k 

RVO 

C8 100n 
iM0 

17 --11VCO 
R28 12k 

5 LV- 
RVV 7 
100k 
NOISE 

R29 47k 
/7777 

R24 
10k 

RV3 
100k 
DECAY 
4 - 

R26 
10k +., 

25 ^^n 
12k 

C7 
447 

RVO 
100k 
ATTACK 

C11 
1000u + 

c10 - 
100n - - t 

I 

RV5 
47k 

i9V 

12 
n0 

IC3 

`.1011,17 

13 

14 

SLN7 

I ) 8 C13 
470u 
+ + T 

C14 19V 

L51 10004 

84hms 

Fig. 1 (above) circuit diagram of the Com- 
plex Sound Generator. Fig. 2 (below) com- 
ponent overlay 

RV7 
NOISE 

RV5 
VOLUME 

KEYBOARD 

The SN76477 IC that forms the basis of th 
project is a bipolar/ 12L device that provides 
VCO, low frequency oscillator, noise source an 
filter, an envelope generator plus various oth 
mixing and control logic all in a 28 pin DIII 
package. The block daigram shows the interni 
arrangement of the various blocks within the 1/ 
and the pins to which external control networiej 
are connected. For full data on the devio 
consult the data sheet published in February 
ETI . 

Although the SN76477 does most of 
work, we require two additional ICs, IC3 
provide adequate audio output and ICI , whi 
forms part of the keyboard circuit - the sec 
we shall now look at in detail. 

VCO and Keyboard 
A voltage applied to pin 16 of IC2 will, if 
external VCO select (pin22) is Low, determ, 
the frequency of oscillation of the IC's on c 

VCO. The Higher the external control volta 
the lower the frequency produced. The range 
the VCO is internally set at a ratio of 1 0:1 , w 
the minimum frequency of operation is del 
mined by C8 and by the series combination 
RV7 and RV6(tune). The duty cycle of 
oscillator is set at 50% by leaving pin 19 op 

The external control voltage is derived fr 
the potential divider chain formed by 
resistors R1 -R19, the particular value be 
tapped off by the stylus. 

IC1 provides an indication that the stylus 
touched the keyboard. The inverting input ( 

2) of IC1 is held at a voltage that is determ 
by the ratio of R1 to the sum of R2 -R19. W 

LINK 

J 

R29 Ln 
N 
CC 

Y"^ 

RV4 
DECAY 



PROJECT: Sound Gen. 

HOW IT WORKS 
the stylus is not in contact with the keyboard 
R20 ensures that the non -inverting input (pin 3) 

ad is above this fixed voltage, the output of ICI is 
e thus high. 
14 As the stylus touches the keyboard, the 
a voltage at pin 3 will be pulled down to a level 
IC below that on pin 2 by the relatively low 
ks impedance voltage determined by the lower leg 
e. of the resistor chain. This will cause the output 
sof IC1 to go low. The output of IC1 is taken to 

SW2a which selects either this signal or O V as 
-athe output to pin 9 of IC2. 
-7 Pin 9 is the system enable input. IC2 is 

inhibited when this pin is held high, taking it 
:rtlow enables the various sections of the IC. The 

transition of this pin from high to low (IC1 "s 
action as the keyboard is touched) also initiates 
the one shot logic (enabled by SW2b) that can 
provide sounds of short duration - this is 

'described in detail below. 

p SLF Oscillator 
e The on chip VCO, as well as being controlled 
of from the external voltage derived from the 
s potential divider chain, can be modulated by an 

r.. on chip Super Low Frequency oscillator. The, 
of VCO is controlled by this oscillator when the 
s VCO select (pin 22) is high. 

The SLF can be operated in the range 0.1-30 
rq Hz, the particular frequency being set by the 
is capacitors C1 -C4 (selected by SW 1) and by the 
is combined resistance of R22 and RV1 (oscillator 

fine). 
as As well as providing a sawtooth output for 
,, control of the VCO, the SLF oscillator provides 
-d an output that is taken to the mixer section of 

IC2 described below. 

Noise Generator and Filter 
The on chip noise oscillator's input is taken, via 
R21, to ground. This sets up the conditions for 
correct operation of this section the output of 
which is fed to a noise filter. This modifies the 
noise generator's output by reducing the high 
frequency content of the signal. The specific 
3dB point is set by C9 and by the value of R28 
and RV7 (filter) in series. 

Mixer 
Outputs from the noise filter, VCO and SLF 
oscillator are fed to a mixer circuit. This com- 
bines the three signals in a manner determined 
by the logic levels on pins 25, 26 and 27 of the 
IC2 (mixer select). The particular output or 
combination of outputs corresponding to the 
eight possible states of these pins is shown in 
table 1. The output of the mixer is fed to the 
envelope generator and modulator. 

It should be noted that as opposed to TTL 
ICs, unconnected inputs of the SN76477 
assume a low state. 

One Shot Logic 
The one shot logic is used to provide sounds of 
a short duration. The circuit is'triggered by a 
negative going edge on the system enable 
input, the duration of the "one shot" being 
determined by C5 and R23 plus RV2 (dura- 
tion). 

ADL 
The attack/decay logic determines the enve- 

lope of the IC's output controlling as it does the 
envelope generator. 

The ADL mode is selected by logic level 
signals on pins 1 and 28. In our circuit pin 28 is 
left unconnected while pin 1 is taken to SW2b. 
This selects the output of the one shot when 
held high and of the VCO when taken low. 

Envelope Generator and Modulator 
The attack/decay characteristics of the output 
are determined by C8 in conjunction with R25 
and RV4 (attack) and R24 and RV3 (decay). 

Output Amplifier 
The output of the envelope generator is taken 
internally to an on chip amplifier the gain of 
which is set by the ratio of R26:R29. The 
output of the amplifier appears at pin 13 and is 
taken via C7 and the volume control RV7 to IC3 
an íM380. This IC acts as a power output 
stage. C11 ensures that the LM380 is stable 
under all operating conditions, while C12 
provides DC isolation between IC3 's output and 
the loudspeaker LS I. 

Power Supply 
The 9 V input is used to power IC3 directly and 
is then taken via D1 (to drop 0.6 V) to pin 14 of 
IC2. This is the input to an internal voltage 
regulator that powers the IC and also provides a 

stable 5 V at pin 15 for use elsewhere in the 
circuit. C10, Cl1 and C14 provide supply 
decoupling while LED1, together with current 
limiting resistor R30, provide an indication that 
power is applied to the circuit. 

RESISTORS (all 1/4W 5%) 

R1 
R2,22,23 
24,26 
R3,19 
R4,5 
R6,7 
R8 
R9 
R10,11 
R12,13 
R14,15 
R16,17, 
18,30 
R20 
R21 
R25,27, 
28 
R29 

56k 

10k 
6k8 
4k7 
3k3 
2k2 
1k8 
1k5 
1k2 
1k0 

470R 
220k 
39k 

12k 
47k 

POTENTIOMETERS 
RV1 250k linear 
RV2,3, 
4,7 100k linear 
RV5 47k log 
RV6 1 MO linear 

PARTS LIST 
CAPACITORS 
Cl 1 On polyester 
C2,8,10 100n polyester 
C3 l uO 35 V tantalum 
C4 10u 35 V tantalum 
C5,7 4u7 10 V electrolytic 
C6 3u3 35 V tantalum 
C9,12 1n0 polystyrene 
Cl 1 1 000u 16 V electrolytic 
C13,14 470 16 V electrolytic 

SEMICONDUCTORS 
ICI CA3140 
IC2 
IC3 
D1 
LEDI 

SWITCHES 
Sw1 
SW2 
SW3-7 

SN76477 
LM 380 
1N4001 

TI L209 

single pole, four way rotary 
DPDT 
SPST 

MISELLANEOUS 
PCB as pattern, case to suit, probe, 8 ohm 
loudspeaker, battery eliminator. 

note is that because the Minisynth 
does not have a sample and hold 
facility in the keyboard section, the 
note required must be maintained 
throughout the period of the 
envelope. 

The mixer controls select the 

outputs from the various noise 
sources and oscillators on the 
instrument. At present it is the output 
of the main VCO that we are hearing. 
By setting the 
ENVELOPE/CONTINUOUS control 
back to its former position and 
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BUYLINES 

All the components except 
IC2 should be widely avail- 
able while IC2 will be 
stocked by Watford, Tech- 
nomatic and other Texas 
suppliers. Watford are also 
to supply a complete kit for 
the project. 

We do not have enough 
space to reproduce the foil 
pattern but it will be avail- 
able on ETIPRINTS or can 
be obtained by sending an 
SAE to our offices. Please 
mark your envelope Com- 
plex Sound Foil Patterns. 

moving the leftmost mixer control up 
the output from the SLF 
OSCILLATOR can be heard. This 
oscillator is controlled by the fine and 
course controls at the top right hand 
corner of the instrument. 
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