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Electronic Circuit Design 
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Modmags Ltd , 

These three specials reprint the best 250+ pages 
of the almost 1 500 ETI pages that have explained 
how to design your own electronic circuits. Take a 
look at the contents - together the three volumes 
from a comprehensive guide to most of the circuits 
you ' re likely to need. 
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' 
ALARMS--------------

Less Alarming 
J . Master . 
The April . 1977 ET I Burglar 
Alarm works well eno..igh but I 
thought you may be interested in 
this mod ification which enables a 
low power audible alarm to sound 
40 seconds l::efore the main alarm . 
The main advantage is that the alarm 
can be set when one is retir ing to bed 
at night and if the alarm is in;,dver
tently triggered at least the m is en
ough time to turn the unit off before 
the main alarm sounds . Th is also 
applies when people come home 
with th e alarm set. no front door 
by-pa ss swi t c h is required and 
accid ental setting off of the al~rm is 
avoided . The delay t ime ca n be 
varied by al tering R 1 and ·c 1 . 

Selective Alarm Controller 

S. Butler. 

This circuit provides greater versatil ity 
than the simple "i n-series" switclies 
mode of alarm , but is still cheap and 
easy to build. 

When SW3 and 4 are closed, the 
output of the AND gate goes high . 
Th is high is fed to the second AND 
gate only when SW9 is pressed . The 
output of this gate goes high and 
providing no other switches are pressed, 
it wi ll operate the re lay : if any other 
switches are pressed, the OR gives an 
output to the inverter and cuts off the 
power to the AND gate, preventing the 
coi l being energised. 

Rain Alarm/Door Bell 

S. Lamb 

With S 1 open the circuit'functions as a 
doorbell With S 1 closed . rain fa lling 
on the sensor will turn on Q 1. 02 and 
the thyris tor will trigger activating the 
bell R4 provid es the hold ing for the 
thyristor whil e D 1 p revents any 
damage to the thyr istor from ba ck 
EMF 1n the bell coil. The sensor is 
made from 3 square inches of copper· 
clad board with a razor cut down the 
centre C 1 prevents any mains pickup 
,n the sensor leads. 

6 

ORIGINAL CIRCUIT MODIFICATION 

------~-/'l/'v'\/'-1"-+--------------1----0 •12V 

R.S. 249-429 
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NOT E 
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_______________ ALARMS 

Motorbike Alarm 
P. Mann 

When the motorcycle is tampered 
with its horn (better to have a siren 
independent of the motorcycle ·s 
battery) blares for ten seconds before 
the device is reset. Battery drain ,s 

01 
AC128 

approximately 20-30µA, so low that 
no on-off switch has been incorpo
rated. SW 1 isolates th e tremor switch 
for riding R2 prevents high current 
flowing on discha rg e of th e capacitor 
which was found to weld th e lead shot 

· to the copper tube . Design of the 
tremor swi tch I think is up to the 

+9V 

constructor and the bits and pieces he 
or she has available . Sensitivity lies 
solely on the construction of this , 
(weight of shot, gap and length of 
wire) . 

My siren consists of a NE 5 5 5 de
sign from ETI Jan · 77 and an LM 380 
power amp. 

Cork 

A 

Fisherman's 
lead shot. 
Diameter 
approx. 10mm 

Gap approx. 1.5mm 

TREMOR 
SWITCH 

Stout wire 

~"~ Copper 
tube 

Pin 

TO HORN 11 OR SIREN 

Motorbike Protector 

P. M . Jessop 

1N4001 

Many of the accessories fitted to a 
motorbike can be quite va luable and 
easily removed by a thief . On a 
motorbike, a top-box may be lockabl e 
but can easily be removed complete . 

This circuit will prot ect such 

B 

av 

accesso ries . Diod e D 1 is mounted 
inside the box or other accessory and 
two leads are run to th e res t of the 
circuit which should be mounted near 
to the horn . Gates IC 1 a and IC 1 b form 
an oscillator which ch arg es C2 
through D 1 and R 2 . The voltage on 
C2 (normally nearly Vee) is led to 
comparator IC 2. II D1 is removed 
from circuit by cutting the leads , C2 

A Cork 

B 
TREMOR SWITCH 

discha rg es through R3 and the com
parator is triggered . However , if an 
enterprising thi ef tries to bypass the 
alarm by shorting the leads , the 
voltage on C2 fall s to about ½V,, and 
again the comparator is triggered . 

SW1 which sh·ould be well con 
cealed , di sa bles the alarm which will 
otherwise sou nd th e horn if triggered . 

r-------------r--....----...------------ ---------0 V« 

p,n14 

p]t,7 

AV > 

"' 
C:1 RJ 
100" 1!,0 ll 

TO ttQRN 

- -, 
I 

- _j 

NOll:S 
LC1 4011 
IC2 J.1 1 
Q I TO SU IT 

.__ ________ __.._..._~.__..._ __ _... ________________ ..._ ___ Q GNO 
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ALARMS 

Motorcycle Burglar Alarm 

N. Hone 

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

-' _L 

01 

pr\14 

IC1 

NOTE 
ICt io7400 
01 i• 8CY71 
Rel.ay to suit 

pin7 

T 

+v• 

Speed Alarm 

D. Ian 

It is all too easy . during a long journey 
on a motorway. to allow one ·s speed 
to gradually creep beyond that point 
which the boys in blue take an un
welcome interest ; this alarm gives an 
audible nudge whenever you drift 
over a pre-set speed . 

Pulses from the distributor points 
(due to the ignition coil up to 400V 
may be developed as the po ints open) 
are passed through a current lim iting 

+ 12V 
Rl 
IK 

01 

C.B 
PO i NTS 

~~ i 
+ 

OJ 
Cl 
100µ 

ov 
RZ 

1K1 

8 

o, 
<V7 

machine . 
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 1 0 second delay (set 

01 

resistor. rectified and cl ipped at 4V7 . 
Via Q 1 and the diode pump a DC 
voltage. which is proportional to en
gine revs. is presented to RV 1; the 
sharp tr ans fer characterist ic of a 
CMOS gate . assisted by feedback . is 
used to enable the oscillator formed 
by the rema ining half of tlie 401 1. 

At the pre-set ·speed · (revs) a non
ignorable tone em i ts from 1he 
speaker. and disappears as soon as 
the speed drops by three or four mph . 

Cal ib ration of RV1 may be con
duct ed with an accurate pulse · 
generator rem embering that . for a 
four stroke engine . frequency = revs 
per m i nute t imes the number of 

R3 
<K l CZ DB 

100n IN9ll.. 

QI 
BC10B 

D7 06 IN9H, 

by R2 , C2) which gives enough tim e 
for the trembler switch to stop 
oscillating. and the keys to be 
removed . D 1 and C3 prevent the 
supply to the circwit dropping when 
horn draws a high current and pulls 
the battery voltage down . 

cy linders divided by 1 20 : for a car 
w ,th a spec1f1cat1on of 1 7 ½ M f-'H per 
1 000 re vs, in top gear. f = 1 33Hz at 
70 MPH . 124 Hz at 65 MPH (4000 
RPM and 3 71 4 RPM) . The necessary 
frequency should be fed to Q 1 and 
RV1 set so tha t the alarm Is jus t off 
Reliable switching occurs on th e pro
totypes with a change of only 5Hz 
(1 50 RPM). ie less than 3 M PH for th e 
above example . 

Direc t calibration ·on th e road ·. 
while covering discrepancies due to 
tyre size . etc . wi ll only be as good as 
the speedometer and obviously 
should be carr ied out by a passenger 
rather than the driver . 

RB 
220R 
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__________ MOTORIST /CYCLIST 
10 Gallon Digital Fuel Gauge 

B. R.H . King 

This circuit • is based on the design 
published in ETI Circuits No 2. but has 
been extended to ten gallons without 
th e need for the large number of 
diodes which w ould be required if the 
original ci rcuit w ere used . Also incor
porated is a flashing E when the tank 
is nearly empty . 

The input is the voltage across th e 
fu el-tank ·sender ' which typ ically 

• 121/ 

m 

,o 

rises from zero at full tank , to about 
5V when empty . A s th e voltage fall s. 
the hi gher-numbered 7 4 1 com es on , 
extinguishing all the lower-numbered 
.ones via th e diode network . The out
puts are fed to a d eci mal-to-BCD en
coder (two pi eces of veroboard with 
tracks at right -an g les , w ith diod es 
sandwiched between) . Each of th e 
four outputs drives a BC 1 07 to sink 
th e inputs of a 7 44 7 BCD-to- 7 seg
ment conve rter. This sys tem is more 
economical in space and compon ents 
·than a di screte d iod e. deci mal. 7 seg
ment matrix. Output ten al so prov id es 

10 

------ -- -- ------"\ 
A OC\07 1 

,dri ve to segments b and c of an oth er 
display to g ive th e figure one. Thi s 
di splay is a lso used t_o s~ow an E 
which is flashe d by a 555 turn ed on 
by output from the E 7 4 1 . A certain 
amount of 1 rial -and-e rror is required 
to get values to suit individual cars . 
di splay types etc and th e voltag e 
divider at the input provides bias to 
compensate for the non-zero output 
of the 741 ·s in their off-state . The 
circuit nee ds to be calibrated by 
filling the tank ga llon gy gallon and 
adjusting the 1 O k prese ts. Th e pro
totype works very satisfactorily. 

":).-...;.---a'-"'-, 

m 

THIS CIRCU IT 
FOil EACH INPUT 
OF74'17 

OC 107 

__ __ _ _ _ ______ _ 1 

?SEGMENT 
COMMQ fj ANODE 
DISP LAY 

7-SECMEN T 
COMMON ANODE 
OISP LA V 

INPUT n-.._.JVV-.. , ~ +1 2V 
NOTE S -
1. A L L DIODES IN !>04 OR SIM, 

100k 2 V u • 12V, STADILISE O IF DES IRED 

Seat Belt Indicator for Vehicles 

S. Winder 

As a reminder to put the seat belt on , a 
s_mall opaqu e panel with th e inscn p
tton · ·sEAT BELT" can be fitted to the 
dashboard with a lamp behin d . which 
lights up for ten second s aft er th e 
ignition has been turned on . The new 
VMOS power FET can be used in a 
very simple circuit to achi eve th is . Th e 
current between source and d rai n is 
dependent upon the gate / source vol
tage. When the ignition key is turn ed 
th e + 12 volt supply is initially d rop
ped across R2. sin ce the vo ltage 

Electronics Digest, Summer 1980 

Rl 
10M 

R2 
il70k 

across a capacitor ca nnot cha nge in
stantaneously (C 1 is d ischa rged by 
R 1 w hen th e supp ly is removed) . As 
th e ca paci to r cha rges up th e gate 
potenti al of Q 1 drops and the lamp 
extingu ishes . Th e curre nt drawn by 

LAMP 
12V l OOrn A 

01 
VNBBAF m 

S G D 

the ci rcui t fall s to about 50 uA after a . 
minute. The gate res istor R 3 is pro
vided to protec t th e ze ner d iode w h ich 
is be tween gate and sou rce o f Q 1 . th e 
input resis tance o f Q 1 is too high to be 
aff ected by th is res istance no rm ally . 
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MOTORIST /CYCLIST _________ __ 

CDI for Positive Earth 

R. Vivian 

The COi Mk II ignition published i_n 
the May 1978 issue has been de-

Z02 

FS1 

Z01 

'Cold-start' For CD Units 

T. Lyons 

. Many cars are fitted with cold-start 
coils . which operate at full current 
only on starting . then are fed via a 
ballast resistor. Th is resistor is nor
mally discarded when CD ignition is 
fitted . and the coil is run at "full 
power ' all the time . Ifs a simple mat
ter to arrange for the cold-start circuit 
to operate a relay inside the CD ,unit 

FROM 
RECTIFIER 
CCT 

signed for negative earth cars . 
Attempting to install it in positive 
earth vehicles by reversing the sup
ply connections will lead to pro
blems caused by SCR 1 triggering as 
C3 is discharged (ie as the contact 
points close , and not as they open) . · 

:,: .... 
"' " w 

"' 0 u ;.:, 
-' -' 

8 ~ 
E NOTE 

03 is BC214L 

0 F 

RJ• 

which switches in a second capacitor 
C2 across the main one . thus in
creasing the energy of the spark when 
the engine is starting . After starting . 
C2 is no longer in circuit and the ma in 
capacitor C 1 alone supplies current to 
the coil . thus alleviating .any charg ing 
problems with attendant loss of power 
at high revs . 

RLA is any 1 2 volt relay. and C2 
can have the same value as the 
existing capacitor C1 . usually 4 70n or 
1u0. 

THYRISTOR 

NC 

EXISTING 
CAPACITOR BALLAST 

RESISTOR 
(NOT USED) 

10 

TO COLD START 
CONTACT ON 
IGNITION SWITCH 
OR STARTER 
SOLENOID 

c, 

II 

COIL 
PRIMARY 

This modification provides a solu
tion by discharging C3 through a 
transistor Q3 which conducts when 
the points open . Any general pur
pose PNP trans istor capable of 
sinking 200mA (eg BC212 , BC214L) 
will do. 

Car Warning Flasher 
System 

Sia is fitted between the ignition sup
ply and flasher unit and S1b between 
flasher warning lamp terminal and 
warning lamp so that with S 1 in the 
off position the system is normal. 
When S 1 is on, the flasher is supplied 
from an independent supply , so as to 
operate with the ignition off. and RL 1 
coil is connected to the flasher war
ning lamp terminal. 

Now when the flasher switch is put 
in the LEFT posit ion. the left hand 
lamps w ill fiash and at the same time 
RL 1 will be energised. so lighting the 
right hand lamps through RL 1 con
tacts. The existing warning lamp will 
light under normal condit ions but the 
lamp across RL 1 coil will flash with 
the emergency system in use . D 1 
provides a path for the back e.m.f. to 
protect the contacts in the flasher 
unit. 

The bulbs should be 1 2V. 2 . 2W 
types. 
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__________ MOTORIST /CYCLIST 

Hazard Warning Flasher 

D. Warren 

Hazard warning lights can be a lHe
saver in motor vehicles. But the high 

cost of commercial units prevents some 
people from fitting them. The circuit 
I have devised is both simple and 
inexpensive to install. 

A flasher unit is used to operate the 
left hand indicators. At each flash a 
current of 5mA is supplied to the base 
of 01 , switching it on . The emitter 
now goes high switching on 02 wh ich 
connects the right hand indicators. 
If more lamps are to be lit (i e. when 
a trailer is being towed) a more power
ful flasher unit is required. As 02 

carries the full current of the right hand 
indicators (3.5A to 5 :25A) it must be 
mounted on a suitably large heatsink . 
This can be achieved by fitting the 
circuit in an aluminium case 4" x 3" 
x 1 ¼" and mount ing 02 directly 
using a mica shim and rubber bushes 
to isolate it from ea rth . The flasher 
unit should be mounted on the out
side of the case for ease of rep lacement . 
The circuit shown is for negative 

earth, but is easi ly adapted for positive 
earth vehicles . 

l H AH 

•I~ I• 

•I I• 
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Headlight Delay Unit 
D. Chivers 

This circuit will operate a car's head
lights for a predetermined time to 
light up the driveway or path after 
the driver has left the car, thus en
abling him (or her) to open the front 
door without knocking over the 

milk bottles. 
SWl is pushed and 02 is turned on 

closing the relay and turning on the 
car's headlights . Cl begins to charge 
through VRl until 01 turns on, 
turning 02 off . The relay will then 
open switching off both the lights 
and the unit. 

The delay is governed by the time 
taken for the capacitor to charge, 
which is about one minute . 

11 
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Car Lamp Failure Warning 

A. Taylor 

Many lamp failure warning circuits 
indicate only when both bulbs are 
working or only when the lamps are 
on . The circuit shown solves this and 
has the added effect of not dimming 
the lamps as some failure circuits do . 

A suitable gauge enamelled copper 
wire is wound around an SPDT reed 
switch until a certain number of turns 
is found that will only open the con-· 
tacts when both lamps are working . If 
either or both of the lamps should fa il. 
the contacts rema in closed and the 
thyristor is tr iggered . illuminating the 
lamp failure indicator until the ignition 
switch is turned off or the circuit is 
reset. 

Ice Warning and Lights Reminder 
D. Chivers 
This simple device will tell a driver 
if his I ights should be on and will warn 
him if the outside temperature is 
nearing zero, by lighting a LED and 
sounding a buzzer. 

The units action is self explanatory ; 
V R 1 adjusts sensitivity for temp
erature. VR2 for light.Both thermistor. 
and LDR should be well protected . 
Most high gain NPN transistors will 
work and the experimenter ' s junk 
box will almost certainly hold some . 

Car Lights Reminder D. J. Rayner. 

Many circuits to warn motoris ts that 
they have left their headlights on after 
switching the engine off have appeared 
in the past. I feel this circu it is an 
improvement over many of these in 
that it requires no switches, and it is 
only necessary to make three connect
ions to the car's electrical system. 

If the ignition is switched off while 
the lights are pn, an audible warning 

-is sounded for about ten seconds. Tliis 
tone is produced by NAND gates IC1 /2, 
IC1 /3 and IC1 /4 . Operation of this 
oscillator is inhibited by an ·o· on the 
gating input of IC1 /2 . This in turn 
corresponds to a logic '1' present at 
the input to IC1 / 1 while the ignition 
switch is on, supplying a high logic 
leve l to IC1 /1. the oscillator is thus 
disabled. 

12 

When the ignition is swi tched ofi, the 
output of IC1/1 goes high, enabling the 
oscillator. At this stage C2. which has 
until novJ been charged up via D 1. 
begins to discharge via R4. While the 
vo ltage on C2 is high, the gating input 
of IC1 /4 allows oscillator operation, 

l!IRAI(( 
SWITCH 

TOICNITJON 
SWITCH• 12V ~'""'..... -----c;i 

------,.-v1:~v-
6RA~[ 
UC.HTS 

,,..., 
FAil 

L..-.~---
TH, SIISTO~ • U, \ 00\' 
ORSl, UL-lR 

TlU LA•, 

however as C2 discharges, this action is 
inhibited. Th is occurs after about ten 
seconds. 

LIGHT 

R4 
2k7 

Power for the circuit is provided by 
R3 and ZD1 from the vehicle's 12 V 
rai l. 

NO TE · 
01 - BC 107 
0 1 =- IN-1001 

IC1 • 7400 
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Digital Bike Speed 

B. Lemming 

This unit provides push-bike speed 
measurement between zero and 
100 km / hr or 100 mph! The circuit 
is based on the Slntel MOS counter 
block , which counts the pulses from 
the photo transistor Q 1 . 

Th ese pulses are provid ed by 
fi xing 1 B aluminium ' barriers· to the 
wheels.a 1 was an unmarked type in 
the prototype, in a TO 1 8 package . 
Th is mounts in an old felt-tip pen 
case opposite the lamp so that the 
barriers interrupt the beam in opera
tion . The cou nter operates whilst 
PB 1 is pressed, but latches after a 
time dete rmin ed by RV 1 or RV2 . IC 1 
and associated components . IC 1 
form s a squa re-wave oscillator with 
variable m ark -space ratio . The tim e 
for which pin 3 is taken low is deter
mined by RV 1 / RV2 - this ena bles 
the counter. 

Th e speedo accuracy is deter
mined by the accuracy of setting of 
controls RV 1 and / or RV 2. 

Car Voltage Regulator 
C. Gibbons 

Th is circu it prov ides so l id state 
control of battery charging . Th e fi eld 
win ding of the dynamo is initially 
energized via the ig nit ion li gh t as in a 
conventional system . Current fl owi ng 
down the WL lead passes through Q 1 
to the F lead then to the fi eld coi l. 
Once th e engine has sta rted . current 
from the dyna mo passes throu gh D2 
to Q 1 . The ignition light goes out 
because the WL lead rises in vo ltage 
to that of the battery. Current also 
passes through D5 to th e battery . The 
battery voltage is sensed by IC 1 . 
wh rch ,s w ired as a compara tor , once 
the vo ltage of the non inverting input, 
rises above that of the inverting input 
(Held at 4 .6 vo lts by D4) the output 
goes high . Current then flows through 
D3 and R2 to the base of 02 turning it 
on . This then pulls dow n th e base of 
01 turning it off and cutting off the 
current to the field w inding . The out
put from the d y namo th en drops 
bringing down the battery voltage. 
This .holds the battery voltage con-

Electronics Digest, Summer 198.0 
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stan t . The battery voltage is adjusted 
by RV 1 to approxi mately 13 .5 volts . 

Under co ld weather starting the 
battery vo ltage drops very low . Once 
the engine has started the internal 
resistance of the battery is also very 
low, which would draw excessive 
current from the dynamo causing 
possible damage . To limit the current 
R4 is inse rted in the main power lead 
from the dynamo, the resistance of R4 
is chosen so that at maximum current 

03 

0 5 
IH JO AIS OV 
m 

RS ICl 1S 7-1 1 
J~ 9 01 IS ~.IJ Cl0S!> 

01 1S BC.!6 1 
0 ) lS OC1 17 
0 1. J AR E l N J. 001 

(Typicall y 20 amps) 0 .6 volts is de
veloped across it, this then turns on 
03 . When 03 turns on current flows 
from the power rail through R2 to the 
base of 02 turning it on. which in 
turn, turns off Q 1 and cuts off current 
to the field winding. The output from 
the dynamo then drops. 

No changes have to be m ade to the 
existing wiring. The circuit can b e 
housed in an old regulator box . Q 1, 
02 and D5 should be mounted on a 
heat sink. 

13 
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Electronic Ignition Switch 

K. A . Last 

14 

T PB13 I 
: START PB2 1 

_j_ 

PB31 

SCR4 

NOTE 
~BF'YSO 
02,4are BC10 8 
03areBC10BC 
SCRl-4 50V, 1A TYPES 
SCR5 50V.3A 
LEDi I!, rtl 209 

RJ 
1k 
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Brake Fluid Indicator 

D. Shorthouse 

SWJ 
o---+TO 

FuSEBOX 

R15 

R13 zo, 
22k 8V2 

SCR3 

When used w ith a calculator type 
keyboard . this circuit provides a 
·combination lock· ignition switch 
which only a·ctivates if the correct 
sequence of three numbers is keyed 
in . The keyboard has 14 keys numb
ered 1 to 12. 'START' and 'FINISH ' . 
To start the car. the 'start' key is 
pressed and the start LED will light. 
The correct sequence of 3 numbers is 

This circuit indicates by means of a 
warning light and a buzzer when the 
fluid in the tank of a braking system Is 
gett ing low. 

,OM 

0 0 
ELECTRODES {4 BA BRASS 
STUDDING ON PROTOTYPE ) 

NOTE 

HORN 

SCR5 
50V,3A 

R24 
SOR 

then keyed in. If the sequence is 
wrong . the cars horn will be sounded . 
If the right sequence is entered. the 
'START' LED will extinguish and the 
ignition will be energised . The correct 
sequence will be PB 1, PB2 . PB3 . but 
these can be arranged amongst th e 
other keys in the keyboard , and given 
2ny numbers . 

Normally both electrodes are 
immersed in the brake fluid . and the 
bases of O 1 and 02 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. 01 or 02 will 
turn on which will turn on 03 and 04 
and the alarm energised . 

0 1, 2,3 are BC 107 
04 I!. BC461 
0115 1N4QQ1 
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______________ RADIO 
Noise Limiter 

Noise pulse interference 'from motor 
vehicle ignition systems (another form 
of pollution - cars just can't win) can 
render a communications or shortwave. 
receiver unuseable, completely 
blanketing reception of all signals 
except the very strong ones. . 

The lim iter shown will very 
effectively improve the signal-to-noise 
ratio so that even qu ite weak signals 
can be copied . 

It is connected between the detector 
output and the audio input (if high 
impedance) or at some _ re_lativel_Y. 
high -impedance· section between two 
audio stages - preferably the low level 
stages . 

The diodes , D 1 and D2 can be any 
diode having re latively low forward 
resistance and very high back 

Channel Splitter for 
Radio Control 
G. Bathe. 

This circuit is des igned to replace the 
elec tromechanica l reed units used as 
channel-sp li tt ers in radio controlled 
models. 

Th e circuit is based on the MC 1310P 
integra ted circuit, a chip that is prim· 
arily a ste reo decoder fo r use in ste re o 
radio tuners . When us ed as a stereo d e
coder, th e MC 1310P automatica ll y 
switches it se lf from the mono m ode 
to the stereo mode whenever its input 
conta ins th e 19 kHz subcarrier of a 
stereo mult iplex signal at a sufficie ntly 
high level (16 mV), and swi t ches bac k 
to the mono mode when th e 19 kHz 
subcarrier ceases t o be present. Pin 6 
of the integra t ed circuit drives a stereo 
indicator lamp to give a visua l indicat ion 
of whethe r the c ircuit is operating in th e 
ste reo or mono mode. 

It is thi s lamp driv er facility of the 
MC 131 OP that makes it a n idea l chip 
to use as a channel-s plitter. When used 
as a chann el-sp litt e r the ci rcuit is no t 
tuned to the 19 kHz of the stereo 
decoder but to the audio fr equency that 
the circuit is required to de tect, and the 
lamp driver output from pin 6 is used to 
drive a power transisto r controlling a 
motor or othe r device. 

The output from the detector o f a 
ra dio rece ive r is amplified by th e 
BC 108 and then fe el into a series of 
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Al 
INPUT 220k . 

R2 
1M 1? 

resis tance. Types OA202, IN457, 
IN458 or IN459 are suitable. Resistors 
of ¼ watt or 1 /8 watt rating can be 
used if miniaturization is desired . 

MC 1030P channel-splitters (connected 
in parallel) each tuned to a different 
audio fr eq uency . 

The audio frequency to which the 
channel -spl itt e r responds is determined 
by the tuning circuit R 1. V R 1 and Cl, 
and is given by the formula :-

1------- Hz 
2rr Cl(Rl +R Vl) 

Th e value of Cl is chosen to give 
th e req uired tuning range for the preset 
RVl . For example, if Cl is 10,000 pF, 
then the tuning range is approximately 
750 Hz to 1 ,000 Hz. 

The o u t put is a switched cur rent out
put between Pin 6 of the chip and the 
positive supply rail. This curren t should 
not exceed 35 mA and so a 470 ohm re-

R4 
390k 

The circuit is excellent for receivers 
having bandwidths down to 2 or 3 
kHz. Increase the value of C1 for 
receivers having narrower bandwidths. 

sistor is insert ed in the output connect · 
ion from Pin 6 as short circuit protect 
ion . If a voltage output is requ ired then 
a resistor can be connected from Pin 6 
to the positive supply and the voltage 
outpu t taken from Pin 6. 

The MC 1310P is triggered when the 
in put to Pin 2 contains its tuned fre 
quency at a leve l greater than 16 m _V • 
It can be triggered by nois e if the noise 
leve l is greater than 16 mV. Some radi_o 
control transmitt ers tend to transmit 
noise when they are not transmitting a 
tone , and if this is the case the trans
mitt er should be modified to prevent 
noise being transmi tted . This could 
be done by making the transmitter 
transmit an extra unused tone when· 
ever it is not transmitting one of the 
used audio tones. 

HI O l +tlll •,1C \l l 0f' CIU CUt 1:, 
ru rH O l lJ u , , I l Ill N I :, UOII) 
1 Hf f) >Jl NC II S 
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RADIO _____________ _ 
Simple RF Preamp 

Many shortwave receivers of the 
cheaper variety and old surplus general 
coverage receivers (i.e. RBZ, ARB etc) 
don't have a great deal of sensitivity, 
and are prone to image problems due 
to poor front-end selectivity. 

This circuit considerably improves 
matters, providjhg a worthwhile 
increase in sensitivity and considerable 
improvement in front-end selectivity. 

The transistor, Q 1, can be any of 
BFY90, 2N3653, BF115, SE3001, 
TT3001, BC108 or any good RF 
amplifier tn' nsistor. 

The tuning capacitor can be any 
standard broadcast-type ( i.e. Rob Ian 
R MG-1). The RFC can be either 1 
mH or 2.5 mH (i.e. Aegis C13 or 
C4 or C2f. 

The coil, L 1, can be 20 turns on a 
suitable toroid tapped at 4 turns (try 
also tapped at 7 turns) . Alternatively it 
could be any suitable coil tapped at 
about one fifth of the total turns. 

IN~T 

Upgrading Valve Tuners 

R. N . Soar 

Older valve tuners often use an 
ECC85 type valve as the RF 
amplifier-mixer amplifier . The per
formance of these tuners can be 
permanently upgraded by using a 
solid state replacement such as a 
Fetron. A typical example is the 
TS 12AT7. a plug in replacement for 
the ECCB 1 / 1 2AT7 range of valves 
but the performance is almost the 
sa me as the ECC85 . only the heater 
connections are different and this 
does not apply to solid state . The 
advantages of replacement are that 
gain never falls off, thermal drift 
does not occur and performance is 
generally better . The only di sadvan
tage is that the Fetrons cost several 
pounds but can be obtained from 
East Cornwall Components Ltd . 

~ 1-------------11---+-,,u...:;:...:; 
c, 

1000pF 

R2 
1.5k 

FM Signal Conditioner 
R. N. Soar 
As an alternative to an extra IF stage 
in an FM tuner, a PLL IC can be used 
as a signal conditioner. The VCO of 
the PLL tracks the input signa l to 
provide a less noisy and stronger signa l 
at its output. 

+18V 

330R 

;;J;,47n 

16 15 14 

16 

13 

The circuit shown is built around 
the Signetics NE5618 PLL. The only 
th ing necessary is adjustment of the 
3/30 p trimmer which sets the VCO's 
centre frequency to 10.7 MHz. 

The circuit should be effectively 
screened to avoid interaction with the 
FM front end that provides the circuit's 
input. 

10.7 MHz IN 

11oop N/C TO 
OTHER PINS 

12 

NE5618 

10.7 MHz 

~T 

100p 

Simple AGC 

Audio derived automatic gain control 
is one of the simplest methods of 
obtaining signal compression in a 
radio receiver. It is of particular value 
with short wave receivers used in 
areas where deep fading is prevalent. 

The simple circuit shown h ere 
requires a minimum of components 
and may be used with both valve and 
transistor receivers . 

In use . the main volume contro l 
should be set for th e desired signa l 
strength whilst the radio is tuned to a 
weak station. the radio is then tuned 
to a strong station and the AGC 
potentiometer is adjusted to a com
fortable listening volume . 

Variable RF Attenuator 

This circuit can provide variable RF 
attenuation from 1 dB to 
approximate ly 40dB . 

If intended for use up to UHF. the 
components should be mounted in a 
shielded enclosu re and feedthrough 
capacitors used for C2 and C3 . Lea ds 
must be kepi sho rt. Low capacitance 
high speed diodes are recommended . 

The potentiometer can be mounted 
remotely if desired . along with R3 and 
the zener. 
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AF INPUT 

28 Tested Trans istor Pro-
ject ....... . .. . . £1.55 
Ri chard Torren s The pro1 cc1s 
can be spli t down into simple 
bulldmg block s wh ich ca n be 
recombined for ideas o l your 
own. 

Electronic Projec t s for Be
ginners .. £1 .65 
F G. Rayer. 01v1dcd 1nto "No 
Soldering Proiects, · Radio and 
Audio Frequency , Power Sup
pl ies and Miscellaneous. 

Practical Electronic Ca lculn
tions and Fonnulao . £2 .55 
F. A . Wi lson . A valuab l e 
reference for the home and 
laboratory , conta in ing all th e 
mos t frequent ly used. and 
som e of the less wel l known 
electronic fo rmu lae and ca lcu. 
lations. 

Popular Electronic Projects 
£1 .75 

R. A. Penlold . A col lection ol 
,the m os t popul ar type s ol 
circui t s and pro jec 1s u si ng 
modern . inexpen sive and free1\I 
_avai lable com ponen ts. 

CMOS Radio 
J. P. Maca ul ay 

The circui t shown is o f a simple MW 
rece iver based on the 4011 CMOS IC. 

IC1 /1 , 'seen' by th e tank circu it ensures 
that little damping occurs, and thus the 
rece iver is highl y se lec t ive. The ou t put 
of ICl/1 is an amplifi ed RF signal and 
is passed to I Cl /2 for detection. 

The unwanted RF appearing at the 
ou t pu t of th e detector is removed by 
the lowpass filte r form ed by R4 and C2. 

The fo ur gates in th is package are 
used as linea r amplifi ers by connecting 
the ir inputs together and ap plying 
negat ive feed back. 

The audio signal is then fed to an 
ampl ifie r formed by I Cl /3 and I Cl /4 . 

The circui t's curren t co nsumption is 
abo ut 10 mA when ope rated from a 9 V 
suppl y . 

L 1, 80 t urns o f 22 SWG enamell ed 
w ire close wound on a 3 /8" diameter 
ferri te rod, is the pickup coi l. Th is is 
tun ed by the 500p trimmer and the 
res ul ti ng ta n k circuit refe rred to ea rth 
at RF by Cl . 

No te that the IC used must be a 
4 011 AE and not th e 4011 B w hose 
input protect ion network will prevent 
it from operat ing in the linea r mode. The high inpu t impedance, t hat o f 

C::::::-.. 

•• •• •• 
J 

D igita l IC Equ i v a lents and 
Pin Connection s . . . £2 .85 
Adrian Michaels. Covers most 
popul ar types and gives detail s 
of packaging, families . fun c
t ion s. cou ntry o f o r1 g1 n an d 
manulac1urer . 

Radio Stations Guide £1 .75 
B. Babani and M. Jay . An inva
luable aid to everyone wi th a 
radio receiver helping them to 
obtain m ax i mum entertain
ment , va lue an d enjoymen t 
from their set. 

0 1• 1N914 
IC 1• 40 1 IAE 

"Linea r IC Equivo l cOts a"ri d
Pin Conne ctions . . . £3.10 
Adrian Michaels . Gives most 
e~se nt1al da1a for popular de-, 
VLCeS . 

Electronic sBCUirty Devices 
. £1 .75 

R. A. Penlol,1. Fu ll of construc
t ional circuits covering the most 
basic security systems to the 
U ltrasonic and Doppler Shi lt 
systems. 

How To Build Your Own 
Solid State Oscilloscope . 

£1.80 
F. G. Raye r. The book contains 
concise practica l instructions so 
tha t oven an inex per ie n c·o d 
hobbyis t can construct a fairly 
sophistica ted instrument with 
the m inim um of difficulty and 
expense .. 
50 FET (Field Effect Tran
sistor) Project . ... £1 .55 
F. G. Rayer . Contain s so me
th ing of interest tor every cl ass 
of en thusiast. Short Wave Lis
tener. Radio Ama teur , Expe ri 
menter or aud io devotee. 
50 Circuits U sing 7400 
Series ICs ....... . £1 .65 
R. N. Soar . The author has 
managed to compi le n o less 
than 50 in terest ing and useful 
circu its using th is ran ge of de
vices. covering many different 
aspe_c_ts of electronics. 

CJ + 
10u ~ OUT 

1:ss o·nt , 8 1 The·o,:y . t Or th.e1 
Electronics Hobbyist £1.55: 
G. T. Rubaroe gives th e hob· 
byist a background know ledge 
tai lored to m ee t hi s specif ic 
_n eeds. 

Be g inners Guid e to Building 
Electronic Projects . £1.55 
R. A . Pen fo ld . Covers com
ponent i d entif ication . t oo ls . 
so ldering . co n s tru c tio n a l 
me thods and exa mpl es of 
simple projects are given . 

50 Projects using IC CAJ 130 
· £1 .25 
R. A . Pen fo ld . Describes audio 
p roj ects. RF project . T es t 
Equi p m ent , Hou se hold .and 
miscellaneous circui ts . 

IC 555 Project .. . . £2 .05-
E. A . Parr . Circui ts a re given for 
the car, model rai lways, alarms 
and noise makers. A lso cove rs 
the related device s 556 . 55B 
and 559 . 

Second Book of CMOS IC 
Projects .. . .. . .. . £1.80 
R. A. Penfold . Following in th e 
success of the original CMOS 
projects book we present t he 
second vol um e c overi n g a ll 
aspects ol CMOS technology 
fro m m u lt i v i bra tor s to t rig
gering dev ices . 

Note tha t all prices include postage ;.1nd pa ck ing . Please m ake 
cheques etc . payable to Hobby Electronics Bool< Service (in 
Sterl ing only please) and send to: 

Hobb-y Electronics Book Service, P.O. Box 79 
Maidenhead, Berks. -- -
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AMPLIFIERS & PREAMPLIFIERS 
5 Watt Audio Amplifier 

A circuit for the TBABOO IC audio 
amplifier which requires a minimum 
number of external components is 
shown here . The mean output voltage 
at pin 1 2 of the device is about half of 
the positive supply potential and 
therefore a capacitor C4 must be 
employed in series with the speaker to 
prevent a steady current from flowing 
through the latter. If the value of this 
capacitor is reduced. the bass res
ponse will be reduced . 

The bootstrap connection to pin 4 
of the device is obtained from the 
junction of C4 and the loudspeaker. 

+24V 

+ 
Cl C2 
100nH100u 

25V 

INPUT SIGNAL 

CJ 
100u 
6V 

Al 
56A 

Alternative Circuit 

In this circuit , the capacitor cg pro
vides a bootstrap between the output 
of the device and pin 4. This enables a 
performance similar to that of the 
circuit above to be obtained when one 
side of the loudspeaker is earthed . 

If the supply voltage is low (up to 
14V). a 1 50R resistor should be con
nected between pin 4 and the positive 
supply line . A capacitor CB may be 
connected between pin 7 and ground 
to prevent hum from the power supply 
line being present at an appreciable 
amplitude at the output of the device . 
The value of CB may be 1 Ou to 1 OOu. 
25V. 

The distortion rises rapidly with 
power output at high power levels. 
When a 24V supply is employed with 
a 16R load, the distortion introduced 
by the circuit shown here at 1 kHz is 

18 

The high frequency response of the 
circuit is affected by the value of C5. 
When the value of this capacitor is 
270p, the response is level to ± 3dB 
from about 40Hz to 20kHz. If. how
ever. C5 is increased to 4 70p. the 
upper 3dB point is about 1 Ok Hz. 

Feedback is taken from the outpu\ 
via a 7k0 internal resistor to a point 
which is connected to pin 6 . The 
feedback voltage is developed across 
R 1; if the value of this resistor is 
increased , the gain will fall owing to 
the increased amount of feedback . 
However. the value of R 1 also affects 
the frequency response . 

The input is shown as being fed 

+- 24V 

CJ 
100u 
6V 

Al 
56A 

about 0 .5 per cent at output levels up 
to 3W. At 4W it rises to about 2-4 per 
cent and at 5W to 1 0 per cent. 

directly to the volume control RV 1. If, 
however. the input does not have a 
mean potential equal to the earth 
potential. a capacitor of about 220n 
should be placed in series with the 
input. The input impedance of the 
TBABOO is typically 5MO (minimum 
value 1 MO for any TBABOO) ; how
ever. a resistor not exceeding about 
1 OOk must always be present bet
ween pin Band the negative line . 

C 1 should be soldered close to pin 
1. It provides good decoupling of the 
power supply lines at high frequen
cies . whilst C2 provides good low 
frequency decoupling. Capacitor C7 
and resistor R2 help to prevent in
stability. 

A method of connecting a heatsink 
is shown below. The tabs and the 
external heatsink are soldered 
together into a common hole and are 
eanhed . The maximum output with
out a heatsink is limited to about 
2.3W. 

150R \~V---J 
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________ AMPLIFIERS & PREAMPLIFIERS 

Moving Coil Cartridge Preamp. 
J. Macauley 

Although moving coil cartridges un• 
doubtedly give better repr_oduction 
from disc they usually require an ex• 
pensive step up transformer to en• . 
able them to be used with conven
tional RIAA equalisation. 

The reason for this is that most 
cartridges of this type have outputs of 
60-1 50uV and like to ·see· an input 
impedance between 60-330R . 

The circuit shown was developed 
to cater for a particular cartridge of 
this type although by modifying the 
value of one component, R 1, it is 
possible to cater for the complete 
range of inputs detailed above . 

Input signals are coupled to the 
base of O 1 via the isolating capacitor 
C 1. R 1 damps the input impedance to 
the correct value to match the parti• 
cular cartridge in use . R2 and R3 bias 
O 1 which is employed in the common 

One Chip Preamplifier 

J . P. Macaulay 

R2 
4 701,, 

~ c, R1 

'"' "' c, 

'"' 
R5 

CJ 15k 
10a 

+ 
:t,'00" 

The circu it shown utilises the four 
Norton op amps contained within an 
LM3900 to produce a high quality 
stere_o preamp, catering for magnetic 
!:anndges. 

_ IC 1 is used in the inve rting mode . 
Signals from the cartridge are fed via 
the blocking capacitor and R 1 to the 
inverting input. R 1 defines the input 
impedance and provid es the right 
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Cl + 
100ur 

C2 

emitter mode . Heavy local AC and DC 
feedback is introduced by R 5 and this 
defines the gain of the stage at 20dB . 
To minimise noise a BC 109C is used 
here operated with a low collector 
current , 50uA. The output stage of 
this amplifier is the darlington pair 02 

R7 RV1 RB 

'" 100k "' R9 l in 
m 

~:10 
'"' 

R10 
5k6 

C7 

'"' r,+ 
L C9 

R9 +9V 
470A 

NOTE : 
01IS BC109C 
0 2,3 ARE BC159 
"SEE TEXT ov 

"" 100k 

and 03, output signals b'eing ·1aken . 
from across R7, RB . 

R 1 should be determined by ex
periment but can be ·initially found by 
using a 4 70R preset in the R 1 poss1-

tion and adjusting this for optimum 
sound quality by ear. 

RU •9 - JOV 
100k 

e n ·1 Rn AVJ -+-----0 
1M5 10k OIP ,., 

RV2 , ... "" 
"" 

damping for the cartridge . 
R5 and R6 define the m idband 

gain of the stage whilst the network 
R3 , R4 , C2 and C3 provide the req 
uired RIAA equalisation . From here 
the equalised signal is fed to a 
standard Baxendall tone control net
work built around IC2. This requires 
littl e comment although it should be 
noted that individual volume controls 

are employed for each channel. This 
not only reduces crosstalk between 
channels but also works out cheaper 
in that only two single gang poten
tiometers are used . 

Perform.ance is good with overall 
distortion below 0 . 1 % and a S , N 
ratio of -67db unweighted , ref 500 
mVout. 
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AMPLIFIERS & PREAMPLIFIERS ______ __ 
Heartbeat Preamplifier 
P. J . Tyrrell 
This simple circuit, when connected 
to an audio amplifier, allows one to 
listen to heartbeats. The low freq
uency gain is set by R 1 and R3, in 

conjunction with RV1 and R4. RV1 
permits the gain to be varied over the 
range 60-80 dB. 

C1 and C2 introduce some low 
frequency cut, reducing 50Hz pickup 
whilst C4 and C5 help prevent insta· 
bility caused by the high gain of the 
circuit. 

The output should be connected to 
the magnetic cartridge input of the 
audio amplifier, with th e bass turned 
up high. 

LM381 Applications 

BRACKETS INDICATE PINS 
FOR BOTH HALVES O!" THE IC 

Fig 1. 

(Vcc-2V) 

330k TYPICAL 

82k TYPICAL 

The LM381 dual op-amp has app
eared several times in its usual guise 
as a low noise stereo audio pream
plifier device . Indeed , it requires the 
barest minimum of external com
ponents, since the function of the 
feedback resistors and capacitors is 
simply to determine the audio 
frequency response and gain . 

Because it is a dual op-amp , the 
LM 381 can be used for most op-amp 
purposes where the many features 
can be used . The maximum voltage 
gain is 320 ,000 times and the output. 
voltage swing can be as great as the 
supply voltage less 2V. (Maximum 
supply voltage is 30V) . 

So the LM381 can be easily 
empoyed for instrumentation 
amplification. and the configuration 
for a basic DC amplifier is shown in 
Fig. 1. 

Figs . 2 and 3 are for a telephone 
pickup and speech amplifier . The 
pickup coil is placed near the earpiece 
while the speaker in Fig . 3 is placed 
adjacent to the mouthpiece . No elec
trical connections are made to the 
telephone . 

20 

- OV 

c, 
101,n 

Fig 2 . 

PICK UP 
COIL 
TOKO 
43mH 

II 

Fig 3. 

+ 

100n 

10u 

h°On 
-rk 

c, 
l 50r 

>-------t-~+: 1------o 

ou1rur 

+12V 

+12V 

SPEAKER PLACED 
ADJACENT TO 
TELEPHONE 
MOUTHPIECE 

av 
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________ AMPLIFIERS & PREAMPLIFIERS 
Telephone Amplifier 

J . P. Macaulay 

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

The signals are picked up by the 
coil L 1, a 5 mH RF choke taped to the 
side of the set. Q 1 operates in th e 
common base mode with the output 
signal appearing across the collector 
resistor. R4 . The output stage con
sists of two complementary transis
tors fed from the output of IC1 and 
included in its feedback loop . 
· The gain provided by the IC is 
made variable by the inclusion of R6 
and th is should be adjusted for a 
comfortabl e output level. D1 . D2 in 
conjunction with R7 provides the 
small but necessary bias required by 
the output pair . 

Th e interstage capacitor provides a 
1 3db point in the bass end at 300Hz. 

Novel loudspeaker 
Coupling Circuit 

P. M ills 

In most amplifier designs the speaker 
is fed by a h igh value ca pacitor to 
provide DC blocking , but this may 

INPUT 
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RI 
9k1 

RS 
100k 

R4 ,., 

01 

+ BC149 

Cl 
100, 

cs CJ 
J,J 10, 

RJ L1 
47k Sm H 

C5 defines the upper frequency limit 
of the circuit at 3 kHz. the best band
width for maximum intelligibility . 

result in a heavy switch-on surge, as 
the capacitor charges up. 

An alternative approach, which is 
worthy of experiment , is shown in the, 
diagram here . The ground side of the 
speaker is connected to the junction of 
two equal high value capacitors 
(1 OOOu is typical) across the supply. 

The amplifier output voltage will be· 
at V + / 2 , and so will the voltage 

JC1 IS LM 330 

2 

8 

LS1 
8R 

TO PINS 3, 4, 
7, 10, 1'1, 12. 

+1av 

02 
BC142 

01 

1N914 

02 + 
OJ 
BC14J 

R7 LS1 
10k Sohm 

Quiescent current consumption is less 
than 5 mA so the circuit can be easily 
run from a pair of PP3 'sin series . 

across C 1 {if C 1 and C2 are equal) ; so 
as the supply voltage builds up, the 
DC voltage across the speaker will 
remain zero, eliminating the switch
on surge . C 1 and C2 will also provide 
supply smoothing. The circuit is 
shown with the LM 380, but could be 
applied to any amplifier circuit , pro
viding that the DC voltage at the 
output is half the supply voltage . 
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SIGNAL GENERATORS _________ _ 

Simple Wide Range VCO 
A. J . Richardson 

Any section of IC 1 can be used but all 
unused inputs must be taken to 
ground . 

This circuit takes advantage of the 
fact that CMOS gates readily oscillate 
in the circuit configuration shown . 
The control voltage, which ideally is in 
the range 1V5 to 3V5. is applied to 
the power supply connection of IC 1. 
IC2 is used to square up and buffer 
the output of IC 1 and can be operated 
from any suitable voltage rail. 

With the values shown a frequ ency 
range ot approximately ~U Hz to 
20 kHz is obtained with almost equal 
mark to space ratio , but if this is 
unimportant the lower end can be 
extended down to appro ximately 
1 Hz . Other frequency ranges can be 
obtained with suitabl e values of R 1 
and C1 . 

Cheap VCO 
A. J. Richardson 

This circuit provides a cheap solution to 
a non precision voltage controll ed 
oscillator. C1 charges towards the volt
age set on V R 1 until inverter 1 output 
goes low whereupon the output of 
inverter 3 goes low and discharges C1 
via D and R4. Inverters 2 and 3 form a 
Schmitt trigger circuit with positi ve 
feedback supplied by R3. Inverter 4 
forms a linear amplifier with its gain 

•15V 

ov 
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VR1 ,oo, 

R1 
560k 

Cl 
10n 

01 
1N4148 

CONTROL 
VOLTAGE 

Cl 
100n 

Rl 
68k 

!Cl 
4001 

set by the ratio of RS to R6 which 
squares up the signal appearing on 
inverter 1 output. The signal is further 
squared up by the Schmitt trigger action 
of inverters 5 and 6 to provide a square 
wave of approximately 50% duty cycle 
at the output of inverter 6. With the 
values shown a frequency range of at 
least 100 Hz to 15 kHz is guaranteed 
w ith V R 1 but other ranges can be 
covered with suitable values of R 1 and 
C1. The circuit works well at lower 
supply voltages but the frequency 
range covered for a given set of com-

R6 
Vt PULSE JMg 

14 

R2 
100k 

3 

2 

C2 
10u 

V+ 

ov 

ponents may be slightly less. If a square 
wave is not required a negative pulse of 
approximately 200 nS is available at 
the output of inverter 3 thus enabling 
two VCOs to be built with one chip. 

9 

CD4049 

ov 

OUTPUT 
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___________ SIGNAL GENERATORS 

Battery Operated VCO 

R. Zaman . 

By using the L M 3900N quad-op
amp. a simple portable battery 
operated VCO can be made very 
cheaply . A 1 forms an integrator, the 
ramp rate depending on the voltage Vi 
and capacitor C. This ramp is fed to a 
Schmidt trigg er which switches at 
about 5V8 . making A 1 ramp down. 
generat ing a triangular wave of about 
OV85 . . 

The Schmidt trigger feeds a tran
sistor switch and an emitter fo llower . 

The triangular wave is then fed to 
A3 which 3cts as an inve rting amp
lifier. and th e output is fed to A4 
which is an ex pon ential integrato r se t 
·at a pseudo-ground of 4 VS Th e bi as 
and ga in pots must be adjusted to 
give the best si ne w aveform . 

Vi can be any posit ive voltage from 
+0.5 + 15 .0 V. giving a frequency 

VLF Sine Generator 

G. Loveday 

Generating very low frequency sine 
waves (i .e. less than 0 . 1 Hz) presents 
severa l probl ems. Timing capacitors 
usua lly have to be large value elec
tro!ytics , any ampl ifie r used must be 
D.C. coupled, and the ampl ifi er" s in
put impedance must be very high . 
On e sta nd ard m eth od is to f i rst 
ge n erate low fr equency squ are 
waves , and then to shape these into 
an approx imation of a sine wave by 
th e use of severa l non linear devices. 
such as diodes . The circ uit shown in 
Fig . 1 is a relatively simple approach 
based on th e famil ia r Wien bridge .An 
n-channel FET and a PNP transistor 
are arranged in a DC coupled circuit 
and th e voltage gain is determined by 
the negative feedback R3 and R4 . 
The gain need only be about th ree. 
thus if the bias required by the FET is 
3 V the output level will be 
approximately half th e su pply vol
tage . 

Electronics Digest, Summar 1 980 

v, 

ov 

0 1.2 Af t[ BC \ 08 
0 1- 11 /\ U[ Sl r. N/I L 

DIODES 

range of about 1 : 1 00 . Capa citor C 
ca n be any value from 1 On to 4 7 n 

C l 
1u5 

AS 
!OM 

Since R 1 can be a high value res
is tor the va lue of the capacitor is only 
1 u5 for si ne wave outputs of 0.01 Hz . 
This capacitor is avai lable in poly
carbonate . The amplitude of the out
put can be adjusted by RV 1 to give 

and the outputs have a low d istortion 
up to about 20 kHz . 

+20V 

AMP LITUDE I 

C2 
1u5 

low harmonic d istort ion and to be 
about 1 OV peak to peak . As expected . 
with this Wien bridge circuit . 
frequency stability is good wi th 
changes in both supply voltage and 
temperature . 
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SIGNAL GENERATORS----------

Wide Range Astable 
P. D. Maddinson 

In a conventional astable . the 
bipolar transistors take a significant 
amount of base current. which 
limits the use of high value timing 
resistors . .Sy replacing bipolar 
transistors with FETs , which con
sume a much smaller ·gate ' current . 
we can use much highe r values of 
timing resistor and hence get a 
much w ider range. 

N-channel FETs were chosen. s◊ 
that a positive Vee rail could be 
used. and with a 5V supply the 
circuit was able to drive TTL without 
trouble . 

MPF111 

24 

RA~•;, OUT 

NOTE : 
IC1 7G15 
IC2 7G15 

With the component va lues given 
one time constant was approx . 5 ..: S. 
and the other was variable from 
5;.,S to approx . 2mS; a range of 
400 :1 . 

MPF111 ov 

Function Generator 

J . S. Paterson 

IC1 is an integrator which. along with 
IC2, etc. forms a voltage controlled 
ramp oscillator , the frequency of 
which is set by RV 1. SW 1 and diodes 
01. 2 control the direction of the 
ramp . The output of IC2 is taken to 
IC3. which is a comparator providing 
a square output at pin 6 RV 2 pro
vides control of symmetry . Lastly . this 
square wave is fed to an integrator, 
which gives a triangular waveform . If 
the control vo ltage is applied via the 
circuit in Fig . 2 the frequency will vary 
logarithmically with voltage - useful 
for synthesizers . 

Wi th RV 1 slider grounded . a ramp 
can be fed into the ci rcuit at point A. 
so the oscillator wi ll sweep through its 
range - useful for testing filters . etc . 

Triangle Generator 
R. I. Harrison 

6V2 

RV1 
1k 

2k2 

RV2 
SODA 

124R 

The circuit consists of a comparator 
IC2 driv i ng an integrator con
structed from IC1 , C1 and R1 . Th e 
output of the two circuits is control
led by the JFET switches Q 1 and 2. 
The peak and trough of the genera
tor is controlled by RV1 and RV2 
respectively . The frequency is set by 
C1 and R1. 
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----------SIGNAL GENERATORS 
Gated 123 Oscillators 

M. Jam es. 

The action of two distinct types of 
gated oscillator is shown in Fig 1. Type 
A stops immediately the inhibit signal 
goes low. and starts immediat ely it goes 
high. (Hence frac tional output pul ses 
may be produced). 

Type 8 fini shes its current pulse 
before stoppin g w hen the inhibit 
signal goes low and like A starts imm ed
iate ly it goes high . 

A is used wh en an oscillator has to be 
synchroni zed using pulses shorter than 
the output pulse and 8 is used w hen a 
number o f who le pulses are required 
(the inl1ibit signal is obta ined from the 
output of a counter). 

It can be quite difficult to achieve a 
type A oscill ator that starts up without 
jitter using TTL. The circuit of Fig 2 
shows how an SN741 23 may be used t o 
construc t bo th types. A type A oscill 
ator is ob tained ii th e dotted connect · 
ions arc left out. Th e times t 1 and 12 
are se t by the usual timi ng components 
see Fig 3 th e diode is needed i f 
Cex 1 > 1 000p (across PA - MA and 
PB - MB re spectively) . The times may 
be ca lculated using:-

t = 0 .32R T Cexr (1 + 0.7/RT) 
ii th e di ode is not required and 

t = 0 .28RT Ce xt (1 + 0.7 / RT) 
o th erwise . 

RT is in ki lo-oh ms. Cexr is in pico· 
farads, t is in nanoseconds an d the max 
va lue o f RT is 20k . 

FM TTL Crystal 
Oscillator 

This TTL crystal oscillator is use ful for 
ch ecking FM receivers or to drive 
multipliers-amplifiers for an FM trans
mitter. It will accept crystals between 1 

and 18 MHz. Output level is quite high 
and rich in harmonics. Audio can be 
provided at a low level from an audio 
oscillator or a microphone amplifier. 
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TYPE A 

TYP E 0 

INHIU1T 

Fig. 2 . Right - connect
ion to a 74123 to obtain 
both typo of gated 
oscillator. 

Fig . J . Bel ow -
arrangement of the 
timing com
ponents . 

vcc 

ri_"' 
-re, .. ·1"· 
61' M 

220,,F VAAICAP 

Fig . 1 . Left -
operation of th e 
two type s of 
oscillator with res
pect to the inhibit 
signal . 

.- - - - - - - - - - - - - - - - - - - - - - - - - - - - -, 

'.) 

9V 
(BIAS) 

' 

rooooooo1 
AUDIO 

I 
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SIGNAL GENERATORS _________ _ 

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 
un ijunction will start to oscillate . the 
frequency of oscillation depend ing on 
which output of the ICs is grounded . 

If the 1 B presets arc tuned to form 
a chromatic scale and the ,nputs in
terfaced to your MPU data bus - hey 
presto you have a simple MPU con
trolled organ 1 

Gentle Clock Alarm 

I Hill-Smith 

RING 1 RING! BUZZI This is DLT 
CLANG I PIP PIP PIPI 

26 

DATA 
INPUTS 

A 

B 

C 

D 

A 

B 

C 

D 

+sv 

5 

There are gentler ways to ,-.a e o 
This ci rcuit provides an alarm · h1ch 
bui lds up from being inaudible to loud 
over about one m inute As a resu lt yoci 
are always woken by the m,n Imum 
volume required to wake you: a ar 
more comfortable experience than the 

NOTE CODE IBmARY1 

"• HGFE OCBA 

0000 0001 
0000 0010 
0000 0011 
0000 0100 
0000 0101 
0000 0110 
0000 0111 

0000 1000 
0000 1001 

10 0001 0000 
11 0010 0000 
11 0;) 11 0000 
13 01 00 0000 

" 01 0 1 °"'"' " 01\0 ()()0,) 

16 011 rooo 
1· 1(\.'1 " IS 1001 o: ~, 

N TE, 
tC ,2 •~E i4141 

usual trauma The three mult1v1bra 
tors 1n cascade orov,d e a s,gnal I,ke 
the sound of a warbler teleph one As 
C slowly charges through R .1 la rg er 
fraction of the sig nal Is amp li fi ed by 
the op amp produc ing a louder ou t
out 

m 

LSI 
HIGH 
11,~FEO.C. NC[ 

OV 
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SVl 

C2 
640u 

-+ 
,------I 

NOTE : 
IC1 IS 7400 
IC21S7'90 
ICJ IS 7442 
IC:41540O7 
0\&02 ARE BC108 

,eon 

80 ohm 

02 

ov 

Musical Tone Generator 

P. Reynolds 

This circuit provides a means of 
generating a series of up to ten 
musical notes. 

The 7400 oscillator produces 
pulses at about 1 second intervals. 
These pulses, after being buffered are 
fed to a decade counter which pro
duces a BCD output . The output is fed 
to the 7442 which produces a de
cimal output . Each output is taken to a 
preset forming a potential divider . The 

VCO senses the voitage at point a 
and changes the frequency of the 
output tone . Careful adjustment of the 
presets can give a reasonable range of 
notes. The length of each note as we ll 
as the time between notes can be 
varied by changing the timing com
ponents in the 7400 oscillator. 

~ ~ G~~ 
s~ e 

:-(f~\0 

i"--: 
i 
II 

1 ' ,,,, ,. 
,P ~ I ... 
:y_ t?, ~ 7 • ~~~ 
~~c- •~ ...-.- , ··,· cc .c_,..~ '-==-, ~ -· F ., ·,::;s· · ~ 

Whether you 're a seasoned project . builder of many 
summers or you 've just unwrapped your first soldering 
iron, there's something in ETI for you. From month to 
month you can find constructional details of proje_cts 
ranging from simple electronic games to the lates_t thing 
in music synthesisers and hi-fi amplifiers. Just ptc_k_ the 
one that suits your needs, your pocket and your abtltty. 

Electronics Digest, Summer 1980 

There 's more to ETI than project~gh. Ke'ep up to 
date with what 's going on in the world of electronics 
with the regular features - Dave Raven of Metac 
Electronics brings news from the electronics industry in 
"Raven On .. . ... ·, while Ray Marston ·s 'Designer 's 
Notebook' gives you the inside story on the problems of 
project design and development and Ron Harris keeps 
you abreast of the latest developments on the hi-fi front . 
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SIGNAL GENERATORS---------

7400 Siren 
The siren consists of two oscillators 
which generate the tones. A third osc
illator is used to switch the others on 
and off alternately. giving the two 
tone effect 

By changing the capacitor values 
different tones can be produced. 

'"'" 

PLASTIC 
SLEEVING 

1N2175 / PHOfOOIODES 
(T EXAS} 

. \ 

~ 

ou, 

ou , 

SUPPOR T 
BR ,\CKETS 

♦ 

PHOTODIODES 
1N2175 

FIBRE OPTIC 
PLASTIC 
MONOF-ILAMENT 

! TORCH BULB 
& REFLECTOR 

~ 
vT I 

TO BATTERY 

.----1>---... ---p---------cl +12V 
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CONNECTING DIODES 
TO AMPLIFIER 

TO AMP 
P.U. 1/P 

OV 

PIN 7'1 DV 
rlN ,c ·, •SV 

Fibre Optic Bass Guitar 
J . Smith . 

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

Audio frequencies may be doubled by 
this circuit which relies on the non
linear characteristic of a transistor to 
provide half-wave rectification. R 1 is a 
feedback control and is adjusted to 
obtain a pure output waveform . 

Simple Compressor 

This simple compressor is very effec_. 
tive when tape recording from the 
speaker terminals of a receiver. 

Input can vary anywhere from 
200mV to six volts and the output will 
remain very close to five millivolts. 
Attack time is approximately three 
milliseconds and release t i me is 
approximately one hundred 
milliseconds. The diodes should be 
high back resistance types; 1 N 914s 
should be suitable. 

4 Channel Synthesizer 

T. Huffinley 

LEFT 
IN 

RIGHT 
IN 
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+12V 

470k 
IN o--+-----./\/V\~-------,---oou, 

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 

IN91 4 

= 

-180° our 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 . 
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SIGNAL PROCESSORS _________ _ 
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 D 1 , and resistor R 2 form a 
potential divider, fed from the con
stant current source . As the tempera 
ture rises the forward voltage of D 1 
falls tend ing to turn Q 1 off . The out· 
put voltage from Q 1 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 ' (between O<C and 
60<C) giving a frequency of 4 70Hz at 
0 C. 

30 

Precision AC to DC Converter 

T. K. Tay 

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

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

IC2. the bipolar transistor and C3 

LEVEL SHIFTING NEn ','ORK 

c, \Ou 

<>-1..;_+......--------1::,... 
.. ,2v 

y,, 

---------<.-----------...----..----+9v 
NOTE 
011!.IN914 
01 IS ZTXJ00 
02,, ZTX500 
ICl,. ◄ 007 

,c, 
39011.: 

R5 
100k 

o, 

-------<>-------.... ---+-----+----0V 

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

Thus after every½ cycle of Vin . the 
DC level of the first hold is be ing 
transferred to the second hold circuit 
by the sample pulse before the first 

.,, 

•12V 

RS • H:0 

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

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

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

IC5 

t~OTES :-
ICS IS c•.,os QUAD BILATERAL SWITCHES 
[ALL u r~USE O Plt~S SHOULD BE CONNECTED 
TO OV I 

IC6 IS CMOS DUAL PWt~OSTABLE 
MUL TIVIBRATOA 

14 13 12 11 

1 2 

C3 10nT 
.._ __ .., 

4066 AE 

"" ,a.I 
•6V • 6V 
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__________ ....,_SIGNAL PROCESSORS 
Precision Rectifying with the 
LM3900 

A. Winsor 

The LM3900 is different from most 
op-amps in that it is current differen
cing and operates from a single sup
ply rail. which mean that the inputs 
bias at one base-emitter voltage above 
ground. Hence standard techniques 
are not applicable as the diode would 
always be forward-biased. Two feed
back paths are therefore provided:
R3 for DC stability. and R4 for the AC 
signal after C2 and R5 have filtered 
out the DC bias. When R2 =. 2 x R3 
point A will be at Vee / 2. allowing the 
diode to be reversed at will. For large 
positive input returned to ground, 
input impedance equals R1 . and vol
tage gain equals - R4 / R 1 since R4 is 

BCD to Analogue Converter 
C.R. Poole 

BCD INPUT 
74141 
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1N o---io---•v•vv----, 
c, 
100n 

R2 
4M7 

RJ 
2M2 

NOTE: 

... 
100k 

l-~--1.-t---+i~,l--o OUT 

01 

RS 
560k 

CJ 
,Ou 

IC1 IS 1/• LM3900 
01 IS ANY GENERAL PURPOSE 
DIODE 

made very much smaller than R3 C1 
and C3 are DC blocking capacitors 
and determine the low frequency roll
off. Component values quoted are 
those used on the prototype and may 
be altered to ·suit individual require-

szvsa 
10V 

POSITIVE 
SUPPLY 

OUTPUT 

ments. 
This circuit has obvious potential. 

es'pecially in portable equipment 
where the 4 amps. in one package 
and single supply rail yield a more 
compact. more convenient unit. 

This circuit will convert four-bit BCD 
into a variable voltage from 0-9V in 
1 volt steps. Only two !Cs are used , 
both are readily available. 

The SN74141 is a "Nixie' driver, and 
has ten open-collector outputs. These 
are used to earth a selected point in 
the divider chain, determined by the 
BCD code at the input, and so produce 
a corresponding voltage at the output. 

The accuracy of the circuit depends 
on the tolerance of the resistors and 
also the accuracy of the reference 
voltage. However, presets can be 
used in the divider chain, with correct 
calibration. The 741 is used as a 
buffer. 
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SIGNAL PROCESSORS _________ _ 
Low Cost Transducer Amplifier 
T. Barnett 

Capacitative tranducers are often used 
to measure displacement or pressure. 
The versatility of the low-cost 555 
integrated circuit timer can be utilis~ 
ed with these types of transducer to 
provide a frequency modulated output. 
This output, fed into a frequency -to 
voltage converter. will give an analogue 
output voltage proportional to the 
capacitance of the tranducer. 

The 555 module is connected with 
the tranducer Ct substituted for the 
external timing capacitor. Precise 
setting ot the duty cycle is obtained 
with resistors R and Rb and with pins 
2 and 6 connecfed together, the device 
will trigger itself and thus free -run as a 
multivibrator. As the output will 
source or sink current up to 200 mA 
or drive TTL circuitry, it can be fed 
directly into most types of frequency 
to-voltage converter. 

Dynamic Sensitivity 
W . Str id e 
A dynamic funct ion (touch sensit iv ity) 
greatly ,ncreases the fle xibi l ity of ex
pression available to th e pla ye r of a 
mus ic synthe si zer . Thi s ci r c u i t 
achieves the dynam ic function by 
measuring th e chang e over tim e of 
the keyboard switches . and hence the 
veloc ity of the key depressed . 

The circuit is basicall y composed of 
thre e parts : firstly an RC tim e 
constant network(R 1 C 1) controll ed by 
the keyboard sw i tch es . a buff e r 
amplifier and monostable (Q 1 IC3) 
and a sample / hold circuit (IC1, C2, 
IC2). 
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SWI 
BOTTOM OF 

KEYBOARD 

RI 
2K2 

It 

CA l•:. c ,11v 1 
TliM, :;Duc • I 

o " 'Tr 
Normally C 1 is kept char:~ed up to 

+ 7 vo lts through the 'cha in ' JI closed 
keyboard switches . When a key ,s 
depressed . the 'chain · is broken and 
C 1 discharges through R 1. As the key 
1s furth er depressed . contact is made 
with the trigger busbar, Q 1 is turned 
on . and th e monostable tri gge red 
Th e monosta bl e gi ve s out a 
m illisecond pulse . which cau ses the 
analogue switch (IC1) to close 
allowing C2 to charge up to the vol-

I •• I 1...,l I ~d ' 
• · "'t'l l !. 11 1' 
tll'i • l l 

tage on C 1 at that time . Alter this. the 
voltage is stored on C2 . the output 
being buffered by IC2. Since the input 
impedance of IC2 is - 1.5X10 12 

ohms the delay time of C2 is very 
long. An output is available from the 
emitter of Q 1 to trigger envelope 
shapers etc . To make sure the res
ponse is the same all over the key
board, the distance between the gold 
wires on all the contact assemblies 
should be made the same . 

--1~-----------------1 >------+7V 

R3 
33OR 

R2 
15K 

+1SV 

TRIGGER OUTPUT. 

Cl. R6 IC3 CS 
tOn 39K ½_ CD4001 

R7 
1M 

IC3 
~ CDl.001 

------ DYNAMIC FUNCTION OUTPUT. 

-1SV 
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__________ ,SIGNAL PROCESSORS 

Digital Pulse Compressor 

N C Hall 

Whilst constructing a digital 
frequency meter the author found it 
necessary to be able to accurately trim 
the width of a gate pulse . Th e circuit 
shown uses only two ICs and .:an 
reduc e the width of a pulse appl ied at 
,ts input by up to a few milliseconds . 
The table shows th e reduction 
achieved by using different values of 
C l 

Sample And Hold For 
Music Synthesizers 
L. Robinson 

Sample and hold is a useful effect for 
use with music synthesizers and consists 
of 'sampling' an input vo ltage function 
such as a waveform for a very short time 
and then 'holding' it at this selected 
voltage level for th e du ration of the 
clock period. This voltage is then used 
to contro l the frequency of a vo ltage 
controlled oscillator. filter etc. 

It is therefore possib le to produce 
random or repeating sound patterns by 
varying the input waveform and Ire· 
quency, pink noise can be used as a 
sample source to create authentic 
random voltages. 

The circuit shown is much simpler 
than previously designed sample and 
hold circuits, this is possible by the 
use of CMOS technology. The clock 
oscillator is a standard CMOS square 
wave oscillator as found in RCA 
application notes, and this is used to 
provide a variable frequency rate from 
0.2 Hz to 45 Hz. The output then goes 
to the synthesizer envelope shaper 
which should be of the ADSR type for 
maximum effect. The clock output 
also goes into a monostable which 
produces an output pulse of approx· 
imately 20 mS which opens the 4016 
analogue gate for this period . The 
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IC1J IC1h 

•9V 

5011 

voltage input is therefore sampled and 
the value of the amplitude at this point 
of the waveform is remembered by the 
high input impedance (1012 Ohms) 
CA3140 voltage follower. This output is 
then used to control the VCO etc. The 
oscillator and monostable can be 
constructed from either a CMOS 4001 
or 4069, ensuring that unused pins are 
connected to the high or low power 
supply l ine via a 1 k resistor. The input 
waveform to the analogue switch can 
have an amplitude of ± 7 V maximum. 

IC2 J 

IC2li 

PULSE WIDTH 
REDUCTION 

J mS 
!imS 
OmS 
'l 5n,S 
9 'lmS 

!Cld 

Cl 
8u0 
4u0 
1u0 
470n 
100n 

SA~1PLE 
OUTPUT 
FllOM HOLD 

0 /P 

If a F ET was used as the gate, it wou ld 
only respond to negative voltages, so 
the more expensive analogue switch is 
used for this reason . The total cost of 
the circuit, including the± 7 V ,ail , is 
less than [3. 
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FILTERS ____________ _ 

34 

SIGNAL 
IN 
l+SVI 

Voltage Controlled Filter 

T . W. Stride 

, le 

A 

The voltage controlled state variable 
filter has become almost standard in 
sound synthesizers . especially since 
the advent of the CA3080 transcon
ductance amplifier . _However. the 

Vin 

Fig. 3 

A 

R4 
7k5 

Fig.1 

RV1 
100k 

C2 
5n6 

+15V 

SIGNAL 
OUT 

0 

-15V 

A 

le CA3080 is a reasonably noisy de ice 
and this can be annoy ing when large lin 

passbands and / or high Q values are 
being used in the filter . Thi s circ ui t is 
for a low noise . high performa nce 
transconductance multiplier . wh ,ch 
though not cheap. will offer a tru ly 
Hi-Fi performance. 

R 1 and R 2 attenuate the i n put 
signal to kee p distortion low . and Q 1 . 
02 with R3 . R4 form the transcon
ductance multiplier . Th e diffe ren tia l 
output current is integrated by means 
of IC 1. C 1 and C2 . a differential inte
grator. RV 1 is provided 10 cancel out 
the offset of Q 1. 02 . it is best adjusted 
by sweeping the filter and adjusting 
for minimum DC output shift. 

1/5 CA3046 

RS 
470k 

-15V 

BC184 

LM114 

Fig . 2 

-15V 

As can be seen from Fig. 1 . the gain 
of the integ rator is controlled by a 
constant current le . This current can 
be provi ded in two ways , ei ther from a 
current mirror (Fig. 2) which th en 
makes the circuit an almost exact 
rep lacement for the CA3080. or for 
orig inal equ ipment designs . from a 
current source . If it is desired to use 
this ci rcu it as a replace m ent for a 
CA3080 in . for example . t·h e 
Transcendent 2000 synthesizer. th e 
following modif ica tions are 
necessary . The integrating capacitor 
on the output of the 3080 must be 
replaced with a 1 0 k resistor and th e 
input attenuator on the above circuit 
is discarded . The control current that 
would flow into pin 5 of the 3080 is 
input to the current mirror and th e 
output current is drawn from the 
transconductance multiplier (point A) . 
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_______________ FILTERS 

High Quality Tone Control 

P. Mills 

When designing a high quality pre
amp, the author was faced with the 
problem of designing a suitable tone 
control stage. Op amps such as the 
741 are commonly used, but in 

, .. 100, 

"" BASS 

Variable Notch Filter 

P. McChesney 

••• 

In elec tronic music ci rcuits there is 
nee d for an all-pa ss notch filter 
possessing a movable notch 
frequency . Th e circuit shown is cap
abl e of moving the reject frequency 
over a 10 kHz range throughout th e 
full range of audio frequencies . the 
position of the notch being dependent 
on the voltage applied to the control 
input. 

IC 1 and IC2 are both all-pass filters 
possessi ng a flat frequency response 
w ell beyond the audio range . but 
having a phase difference between 
input and output signals of 0 . 5 / CR . 
This phase difference becomes 180 
degrees . so that if thP. output and 
input are mixed . signal cancellation 
occurs i.e. the circuit is now working 
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general have a poor slew rate , fairly 
high distortion and high noise when 
used in this application . 

The circuit shown is based on an 
inverting op amp using discrete tran
sisto"rs to overcome the above pro
blems. The output stage is driven by a 
constant current source, biased by a 
green LED to provide temperature 
compensation . 

With the controls flat the unit pro
vides unity gain . so the stage can be 
switched in or out . 

The design is suitable for inputs 
between 100 mV and 1 VO. and pro
vides a good overload margin at low 
distortion for the accurate reproduc
tion of transients. The usual screening 
precautions against hum should be 
carried out. 

r---------,...---------------------,0 •12V 

... LEDi 
GREEN 

390R 

BC212 

BC109 

100u 

P IOOn 

l\...!!!!..-o 
I+ lOUTPUT 

,___.._ ______ -4-_____ ~-----4-------0 -12V 

as an all -pass notch filt e r. letting 
through all frequencies except at 
0 .5 / CR . 

The two transistor networks Q 1 . 2 

IOOu 

¥""" 

n, CON'TflOL 

and 03. 4 act as voltag e contro lled 
resistors which allow th e n o t ch 
frequency to be moved w h en t he 
control voltage is changed 
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FILTERS _____________ _ 

Loudness Control 
David Chivers 

Th,s loud ness control works w ith 
1he vo lume control 10 provide a 
more even l istening contour . Since 
1he human ea r can hear sound in 
the middle of th e aud io spec tr um 
bet1er than at the ext remities . ,t is 
desirable to at1enuate high and low 
frequencies less th an 1he middle 
frequencies as th e voiu me is cut. 

W 11h SW 1 on . bass and treble are, 

boos1ed rela ti ve to m iddle f re 
quencies . RV 1 a is ganged to the 
volume control , 1h1s varies 1he 
strength of loudness con1rol so that 
at low vo lume the eff ect is more 
noticeable . This uni t wil l replace 1he 
volume con trol in a present sys tem. 
coming between the preamp and 
power ampl if ier . If a stereo unit is to 
be made . SW 1 should be four pole 
two way . and it Is best to have 
separa te volum e loudness con
trols for each channel si nce four 
way potentiometers are hard to find 

Modification to Tape Noise 
Limiter Feb '79 
P. Burns 

r- - - - ----- -- ---- - ---- ' 

The performance of 1his u nit may be 
greatly improved by t his s imp le 
mod ifi ca tion . The origina l circui t 
assu mes th at a high leve l musi c 
signal wi ll mask ba kgrou nd noise. 
In realit a high leve l b;iss ~ig na l wi ll 
tri gger the fdt r, giving an nudible 
' wh oos h f noise . Thi s a n b e 
allevi tcd b\ ad d111 a simple hig h 
p ss dter t the cont rol circuit. Th e 
li lt r 1 oves sig nals below 5 k Hz, 
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IN 

' ' I 

SW 1a 

Hob 

in a I aner, less breathy . 
It sh ul d b noted th at the 

nee of this circuit is 
k and it may be advis
de thi s circuit with an 
ier. 
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________ MUSIC & SPECIAL .EFFECTS 
Extension Trigger Device for 
synthesizers 

J. Trinder 

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

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

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

When this happens the transistor is 
turn ed on , thus tak ing th e output 
voltage to nearly zero . When the DC 
level at Pin 2 falls below the required 
level its output goes low thus turning 

Organ Modification 

I. Cole 

On e of the problems with the ETI 
Touch Organ (December 76) is that 
peoples sk 111 resistance varies enor
mously and w rth the 4M 7 pull up 
res istors as specif ied . when a person 
w rth mo,st skrn touches the keyboard 

Electronic Organ Divider 
J . L. Errington 

In order to improve the versatility of 
the ETI Touch Organ it proved de
sirable to enable further octaves to be 

used. The circuit shown uses a CMOS 
divider IC to produce up to seven 
octaves below the fundamental. To 
increase the upper l imit of the range, 
the original value of Cl in the touch 
organ was reduced to 5n6, so that 
the basic two octaves were from 699H z 
to 2796Hz . 

This was designated as the 1' pitch, 
and the first five divided outputs from 
the 4024 were 2', 4', 8', 16', and 32' 
pitches. All these were then fed via 
separate RC filters to stop swi tches, 
then through a resistive mixer to the 
existing audio amplifier. The values 
used in the mixer may be adiusted to 
suit individual requirements. The input 
to the divider is fed directly from the 
output (pin 3) of the 555. Although 
designed specifically to complement the 
Touch Organ , this circuit is also su1tabl 0 

for many other simple organ circuits . 
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NOTES;-
D1 - 4 IN4148 OR SIMILAR 
LEO 1 TIL209 OR SIMILAR 

A• TO SUIT lED USED 
INPUT FROM SMALL POWER AMPS 
no DRING SIGNAL FROM GUITAR 

ETC TO SUFFIC I ENT LEVEL TO 
OPERATE CIRCUITI 

OJ 

04 

the transistor off . 

"' 560R 

PIN 7 ,c, 

The output from the dev ice is 
approx 3V5 (off) and approx OV (on) . 
The LED is on when the unit is trig 
gered . 

The synthesizer intended for use 
with th e circui t .has an ex tension trig
ger input which requires less than 
-3Von, thus the common and outpu t 

the note is sus tained for seve ral 
seconds even when th e finger is 
removerl . 

Th,s modi fication p, ov,a1c:s a solu
tion in the form of a sensi tiv ity con trol . 

The pull up resistors are removed 
and rep laced by 560k res istors stood 
vert ically on the board . The free ends 
of the resistors were then joined with a 
piece of rigid wire and connected to 
the wiper of the "sensitivity " pot . 

moo.., IC 10 PIN) M 

178 OP Tt ON 

G•l ' OP TI ON 

,oo, 
100 1. 

"' 
~ LED I 

ov 

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

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

(TC x 1~ or, 

S TOI' 
T II. US 

I 

/1 I 

1 G ----1\/1/V'--➔ 

-✓ ll!L. I 

! U1: _: 1 11 ) ,1 1 il ll 
1lt 11f'L I\' ,• I I 
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MUSIC & SPECIAL EFFECTS _______ _ 
Keyboard Guitar 
A . Parker 

The purpose of this pro1ect is to 
convert !ht> waveform from a guitar 
or other instrument into pure square 
or puls waveforms of the same 
frequency The c1rcu 1t 1s basically a 
fr equ ency to vo lt 2ge converter 
feeding a linear VCO 

The cons truc tion 1s stra1ghtlor 
w;11d provi d ed the usual care 1s 
taken with the CMOS chips . For 
RVl . 2 and 3 we suggest 20 turn 

presets as these will be needed for 
fine tuning of the circuit later. Also 
as an aid in testing we suggest that 
RVl should NOT be soldered in until 
after initial testing has been com
pleted . 

The tuning of the c1rcu1t 1s best 
done using a Meter . PSU . Signal 
Generator and frequency meter 11 
possibl e First set the sig gen to 
some su11able frequ ency (1e 100 Hz) 
and using the meter between point 
A and earth ad1ust RV2 to give a 
voltage according go the formula 

V=F ,0 xlO ' 

(for 100 Hz V= 100 mV) 

Now using an ACCURATE PSU set 
point B to + 1 V and using RV3 ad
just the output to 1 kHz then set to 
+ 10 V and adjust to 1 O kHz . Now 
solder RVl and adjust until 

F,. =Fout 

(NB This 1s a g,oss ove, simplifica~ 
tion and patience 1s vital RcmcmhN 
the price of the chips before you 
throw them out of the w111dow) . 

•SVO---~--...------------p--------,----,,---, 

I NPUT 

IC1 

RI 
10, 

RJ ,., 

A RV1 

R11 ,no, 

"' 10, 

OUTPU TS 

101---4------+-<> 

1----o-,N \/'--,( nvJ 
SI O 
SH!.•. 

-SVO--~-~~+---~------L--~--_.-'t--------~ 
ov <>------'---'----------------------

Guitar Sustain Unit 

S. D. M a,stre 

The sustain to be described here 
holds the output at a constant level 
over a wide range of input levels . It 
was designed for use with electric 

guitars and has a maximum effect 
with the guitar pick-up vo lume fu ll 
up . 

The principle employed ,s that of 
an AGC. whereby the circu it outpu t 
is monitored by a DC voltage fol 
lower which controls the gain of the 
VCA through which the signal 
passes . The advantages of th is 

100n 27i.. 

•, O l 
IC11 :i; •r F.S \ 'o;.u-;,r HJ f, ,-~.,,nr,, 0 11:i 

~ o JO 0 
R\ 11 J 1· , ~0.l :i'Ot u :, 1., --,..,.,n 

circuit are that . unlike many such 
devices. it does not use opto 
coupling whic h dra ws too much 
cu rre nt for battery powered equip
ment; it produces no audible distor
tion : components are easily obtained 
- and cost is low. 

Construction method is not criti
ca l. 

+9vo---'J'--~,~O~O~O-u..----.....---'t---------....-------------r'l~--,---,,~---c 
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NOTE 
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/Cl 13, MC33 40 
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100n 
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_________ MUSIC & SPECIAL EFFECTS 
Autowah Without Tears 
S. N. Goodwin 

The main disadvantage of a simple 
wah-wah circuit is that it requires a 
manual trigger for the effec t. usually 
provided by a foot-pedal , which needs 
so lid (and oft en ex pensive) 
mechanica l co nstru c tion and a lso 
prevent s the g uitari st from moving 
freely about the stage . After a couple 
o f hand -m a d e p ed al sys tems co l 
lapsed 1n use. the standard w ah-wah 
ci rcuit was m od if ied as follows A light 
dependent resistor was moun ted on 
the soundboard of the guita r about 2 
ems from the highes t string . pointing 
out about 1 cm from the front of th e 
in strum ent. Th e shadow o f the 
player's hand moving across th e gu i
tar tro ggers the effec t - the more light 

Shifty Phase Adaptor 
0 . Rice. 

This circuit can be used in conjunction 
with the Audio Ph ase r from the De
ce mber, 19 7 6 ETI . or with any oth er 
phasi ng unit for th at matter . The 
ci rcuit prov id e s a compl em entry 
(a nt iphase) shifted wave form which is 
m ixed wi th the origi nal wave form and 
amplified . 

Wh en th is is fed throu gh stereo 
spea kers, it provides the ear w ith some 
very peculiar sounding phase informal · 
ion . 

At slow speeds, the effect is very 
much li ke panning, ex cept that the 
image is ambient irrespec ti ve of th e 
position of th e l istener. At hi gher 
frequencies. where ac tual frequency 
sh ift occurs , a delayed tremelo effect is 
obtai ned . 

This phase or freq uency shifted 
panning would be mos t useful in stereo 
PA sys tems where the only place where 
all of the instruments can be heard is in 
the middle of the dance floor' 

CCD Phaser Modification 
M. Headey 

I constructed a simple variable gain op 
am p inverter and connected i t between 
the output and the input. 

When the feedback amp was switch· 
ed into circuit the effect was dramatic. 
The phaser sounded much deeper. 

The modification is simple enough 
and though can lie adjusted to feedback 
(aud io ) level, sounds very good if the 
gain is kept down. 

The circuit as shown gives very good 
results although you may be able to 
suggest some component value changes. 

Electronics Digest, Summer 1980 

LOR 
ocr12 

shin ing on the LDR . the higher the 
frequ ency-ra ng e boost e d by the 
ci rcui t. 

It is tolerant of qui te a wide range 
of light levels and if the range is found 
to be incorrec t th is ca n be rec tif ied in 
two ways .. Lenses or filt ers ca n be put 
across the LDR . or res istors can be 
connected in seri es / parall el wit h it. 

ORIGINAL 
SIGNAL 

SOURCE 

SHIFTEO 
SIGNAL 

IC6~ l>---0--+--<1 

FROM PHASER 
OUTPUT 

2u2 

R3 

"' 
• !.I V 

I 1 !;, mA 1 

ov 

Flu orescent l ig ht s cou ld give p ro 
blem s with mains hum . but. under 
normal incandescent l ig hting . non e 
were ex perienced . Th e wire to th e 
LDR should ideally be sc reen ed. but 
over short distances th is 1s not vital. 
Avoid bending its leads close to th e 
body. as they can be snapp ed o ff very 
easi ly . 

+ 

+9V 

TO PHASER 
INPUT 

,gv 
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MUSIC & SPECIAL EFFECTS _______ _ 

BUFFER 1 

IN 

RAMP1 

RAMP 2 

Audio Harmoniser using Bucket 
Brigade Analogue Delay Lines 
S. Giles 
Object: 
To create an audio signal which is 
increasP.d in pitch by up to one octave 
from the original . and sustain it for the 
duration of the original. 
Applications: 
(a) electric guitar 
(b) synthesisers with one VCO 
(c) human voicen7 
Description of Block Diagram (fig. 
1) 
The input signal is buffered into four 

BUFFER 1 

Fig. 2 

IN 

Fig. 1 

separate paths which are dealt with as 
follows : 

Buffer 1 output is unprocessed and 
will apear at the mixer as or igina l 
signal. 

Buffer 2 output is low pass filtered 
and fed to the input of Delay Line 1. 
This should consist of as many TOA 
1022 's that are required to crea te a 
one octave pitch change when 
clocked by a VCO which is modulated 
by Ramp 1. 

Buffer 3 output is converted into 
Ramp 1 for modulating Delay Line 1 
clock to produce the pitch change 
The ramp is triggered by the leading 

DELAY 
LINE 1 

RAMP 1 

40 

SLOW 
SCHMITT 
TRIGGER 

RAMP2 

OUT 

edge of each note played on the input 
sound source. and should be set up to 
increase the frequency of Delay Line 1 
clock . 

Buffer 4 output is converted into 
Ramp 2 and should be set up to hold 
the output of \/CA 1 for slightly less 
time than the pitch change is held in 
Delay Line 1 . 

The output of Delay Line 1 is fed 
into \/CA 1 and controlled as d e
scribed above . 

The output of \/CA 1 is fed into 
Delay Line 2 which is wired as a 
reverberator with its feedback set 
ve, \' high . but not over-loading . 

The output of Delay Line 2 is low 
pass filtered and mixed with the or
iginal unprocessed input from Buffer 
1 in the required proportions . 

Alternative Approach (fig. 2) 

Th is should enable Ramps 1 and 2 to 
be triggered more than once during 
each note thus sustaining the signal 
which is changed in pitch even 
longer. Only three input buffers are 
requi red in this arrangement . 

OUT 
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_________ MUSIC & SPECIAL EFFECTS 

Digital Echo Unit 

J . A. Murdie 

The D1 91tal Echo Un it described below 
may be constructed on standard Euro 
card PCBs with 31 way connec tors. 
and ut ili zes the cheap 2102 1 K sta ti c 
RAM , of which from any amount from 
(say ) 32-641< may be used to achi eve a 
(continuously variable) de lay of up to a 
second. The delay time is o f cou rse 
directly proportional to th e amount of 
memory used. There are three PCB 
designs used: Fig. 1: In put / Clock board 
(1 off). Fi g. 2: Output/Control board 
( 1 off). Fig. 3 : BK Memory Board (max. 
8 off). 

Dea ling wit h the input boa rd fi rs t 
it may i:le seen th a t the 555, 74 76 and 
7408 consti tut e a non -overlapping two 
phase cl ock whose o utp uts arc 'Enable 
Read ' (ER). and ' Enable Write' (EW). 
During th e wri te phase a b it is taken 
from the d igiti zed input and fed to the 
'Dat a Wr ite ' (OW) li ne. The AD con
vertor used is th e F X209 which was 
featured in t he ET I June 1976 Data 
Sheet. Th e b its e r a ted are placed in the 
memory location addressed by the 12 
bit counte r ('Bi t Address '). on th is 
boa rd and the 4 bit coun ter on th e 
Ou t pu t /Co nt ro l board I 'B lock Add 
ress' ). 

When th ~ ER I ine goes h ig h a bit is 
taken from th e memory add ress poi nt ed 
to by th e counters with th e 4 bi t value 
produced by th e Hexadeci mal Priority 
encode r (D elay Switches ) being added 
to th e b lock address . Thus th e 'd is tance' 
betwee n the w rite and , cad 'heads' may 
be alt ered to p lace th em any nurnber o f 
blocks apa rt, and thus crea te a choice o f 
16 basic delay lengths. The bit ,cad is 
placed on the DR line and is th en con
ve rted to an analog va lue by the DA 
converte r. Note that some o f th e o utput 
may be fed back to t he inpu t ('Regen ' ) 
to create mult iple echo e ff ec ts. 

Aft er thi s sequ ence 91 a writ e and a 
read cycle the b it /b lock add ress is in 
cremented by o ne so a succession of 
bits m ay be p laced in memo ry by input, 
and read from th e memory by th e o ut 
put. The ra te a t wh ic h th is sequence 
occu rs is contro lled by the c lock ra te 
of the 555 astable, and thus th is not 
on ly contro ls the de lay t ime as do th e 
delay switches , bu t a lso the qu ality of 
the reproduced sour.cl as th is ,s inde pen
dent on th e number o f samples taken 
per second in the di giti zing process. The 
device may be set up to digiti ze the 
ana logue input at a m ax imum o f 1 2 5 
K bits / second - wh ic h is quite 
adequate fo r (say) an e lec tric gui ta r 
which re quires a ba nd w idth o f s ome 
10 KHz . 
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Fig 1. Input/Clock Board 
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Fig 2 . Output/Control Bonrd 
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Fig 3 . BK M emory Board 



DETECTORS & COMPARATORS _______ ~ 

Metal Detector 

J. P. Macaulay 

In common with most simple detectors, 
this circuit uses the fact that the in
ductance of the search coil changes 
when it nears a metallic object. 

The search coil, L2, is 12 turns wound 
on a 6 inch diameter non magnetic 
former, using 26 SWG wire. 

ov 

Al 
Ge, 

Cl 
\OOn 

Balance Circuit For Ell Metal 
Locator 
C. Bray 

This modification is an i m 
improvement to the ETI 18 metal 
locator Mark 2 . as published in the 
February 1978 issue of ETI. The f irst 
two stages of the circuit showing have 
been redrawn showing the modifica
tions. the additional trimmer capacitor 
is a Wingrove and Rogers type S60 
multiturn tubular 2-25p . although 
any similar type giving smooth control 
between 1 and Sp will do . The func
tion of the trimmer is to balance out 
coupling betwee·n the search head 
coils L 1. L2. 

In practice . the trimmer is set to 
approximately 3pf and the search 
head co i ls adjusted as in the original 
article . 

Before a search is started . the 
trimmer should be adjusted for mini -

42 

The pickup coil, L1, consists of 3 
turns of similar wire wound next to 
L2 on the former. C3 tunes L2 to 
approximately 700 kHz and L2 and L 1 
are connected in the collector and 
base circuits of 01 to form, with the 
associated components, a simple · 
oscillator. 

The local oscillator, built around Q2 
is essentially the same as the search 
oscillator . L3 and L4 are however 

c• 
10011 

+ 
Cl 

mum meter reading . with gain control 
R\11 set as high as possible. This 
should be done in free air. but if it is 
found that lowering the head to the 
ground produces a slight change . this 
effect can also be trimmed out. 

close wound on a .375 inch diameter 
ferrite rod, 3 inches long. Output 
from both oscillators is fed via a 
passive mixer, R7 and RB, to the non
inverting input of IC1 . R9 in con
junction with R7 and RS provides the 
IC with the required bias voltage . 

Because of the IC's internal roll 
off it will not amplify the RF, but 
will pass the audio beat frequency. 
T1 interfaces the output of the IC to 
the speaker. LS 1. 

Tl L T70\1 

11 

Even if the coils are mounted very 
substantially . and should not move . 
the degree of imbalance that occurs 
over quite short periods of t ime is 
surprisingly high and makes the f it
ting of this device well worthwhile . 
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________ DETECTORS & COMPARATORS 

Battery Charge/Discharge 
Indicator 

A. A. C. Mcinnes 

This circuit is intended to monitor car 
battery voltage . It differs from other 
circuits in that it provides indication of 
the nominal supply voltage as well as 
low or high voltage . This makes it 
particularly useful for indicating de
viation of the supply voltage from the 
nominal. 

Three LEDs are used - red , yellow 
and green . Yellow indicates the 
nominal voltage and red and green 
indicate low and high values respec
tively . RV1 and RV2 adjust the point 
at which the red / yellow and yellow / 
green LEDs are on or off . Therefore , a 
wide supply voltage may be moni 
tored . 

The prototype has been installed in 
a car and set so that the red LED 
comes on at 11V7 and the green 
LED at 12V8. The yellow LED is on 
between these values. 

Supply Telltale 
D. Shorthouse 

Here is an ,dea for su pply voltag e 
monitoring , in the form of a voltag e 
monitor fo r 1 2V supplies . indicating 
both over or under tolerance voltages . 
Using three LED 's the user ca n see at. 
a glance whether power is on . over
voltage or under-voltage. 

This is achieved by means of a 
balanced bridge that uses zener 
diodes ZD 1 and ZD2 in the bridge 's 
opposite arms and back-to-back LEDs 
between the mid -points of the bridg e 
arms, if the input voltage does not 
exceed th e two zener breakdown 
voltages (2 x 6V8 = 1 3V6) , LED 1 
lights but above 1 3V6 LED 1 becomes 
reverse biased and remains off . When· 
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LED 3 

11 
POWER 
ON 

560 

LEO 1 
UNDER 

/,, 

th e input voltage increases to the 
extent that at the junction of ZD2 , it 
exceeds the zener voltage of ZD 1 . 
plus the LED voltage of 1 .6V , then 

ZD 2 
BZY88 
6V8 

1N4001 

+ve 

-•• 
LED2 is turned on , with resistor 1 OOR 
limiting the current through the LED . 
Note total drain of unit is about 
50 mA. 

43 



DETECTORS & COMPARATORS _______ __ 

Bite Detector 
David Chivers 

Since there are over three million 
fishermen in the country, there must 
be many, who like myself, try to 
combine their hobby with elect,onics. 

This circuit is for a simple bite de· 
tector, and construction of such a unit 
represents a considerable saving over tli e 
buying of a commercial instrument, 
while at the same time offering many 
additional advantages. 

In operation, a piece of silver foil is 
folded over the l ine, and placed between 
the LED and the LOR . When a fish 
pulls on the line, the foil will jump up, 
and light wi ll shine on the LOR , causing 
the resistance to go low, firing the SCR. 
Even if the foil drops again, due to its 
latching action, the SCR wi ll remain on. 
WD1 wi ll now emit a loud note, and 
the unijunction transistor, 01 , acts as a 
·relaxation oscillator making LP 1 fla sh 
(the rate of flashing being dependant on 
the setting of RV2) . SWl is the on/off 
reset switch . 

The setting of RVl wi ll depend on the 
amount of light reaching the LOR under 
quiescent conditions. The circuit is, if 
anything, too sensitive and in strong 

MIN MAX 
tOmV 2V 

Simple VU Meter 

Trimpots 1 and 2 are adjusted so that , 
with the maximum voltage to be reg
istered present on the input , 1 V is 
registered at pin 6 of IC 1. Any cheap 
SCR may be used , and with due 
reference to the gate current of the 
SCR . VRx can be calculated : 
R(ohms)=V / I , where V= 1V and 
I =gate current . In setting up , VRx is 
adjusted in section 1 so that the LED 
lights up when 1 V is present at pin 6 
of IC 1. This is repeated in sections 
2-1 0 with VRx being adjusted with 
0.9 .0 .8 -0. lV at pin 6. Any 
number of sections can be added / 
subtracted with due adjustment to 
VRx . If the supply voltage is changed 
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wi nds or heavy currents, additional 
weighting of the line may be necessary , 
in this case lead foil should be used. 

WDl and LPl may be taken from the 
unit via an extension lead, and kept by 
the anglers tent or sleeping bag. The 
unit may be built onto a rod rest and 
should be fully waterproofed. 

LED 1 
Tl L 209 

+tSV 

(from 15-0-15 to 5-0-5) Rs must be 
changed to give approx 30 mA 
through the LED . The main advantage 
of this circuit is the very high input 
impedance g iven by the FET input 
and thus the original audio signal is 
hardly affected and has negligible 
current drawn from it (as is not the 
case with other VU circuits) . 

The devise has other applications; it 
may be used as a burglar alarm with a 
"trip wire" type detector, or perhaps 
even as a device to tell you when the 
cat has come inl 
WO 1 should be the type of device that 
draws a continuous current once 
energised. 

OFF /RESET 

SECTION 1 

L.. -2 
L ..,3 

L ... 4 

L.. -+s 

L ... 6 

L ... 7 

L -+8 

L -+9 

L -+10 
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________ DETECTORS & COMPARATORS 

Stereo Balance Meter 

JP rv,acaul~v 

One of the more irritating aspects 
of owning a stereo system is the need 
to keep both channels in balance. 
What often sounds r ight when adjust· 
ing th e contro ls turns out wrong 
when resuming one's normal l is tening 
pos it ion. 

This circuit offers a solution to this 
problem provided that one's equipment 
is fitted with a stereo/ mono mode 
switch. 

IC1, a 741 op amp, is used as a 
differential amplifier. L and R signals 
are taken from across the spea ker 
terminals. D 1 and 02 rect ify these 
and the resulting de voltages are 
applied to the inputs of the IC. 

Th e output voltage from the IC1 
is appl ied to the LEDs 03 and 06 
via the curren t limiting resistors R7 
and RB, and the diodes 04 and 05. 

Th ese latter components allow the 

Speaker Power Indicator 

J . M acau ley 

This circuit will ind icate the peak level 
of an ,nput signa l applied to a 
speaker . It is primarily intended as a 
fail sa fe device when connected to an 
amplifier of higher power rat ing than 
the speake r. 

Th e circuit is unique in th at no 
separate DC power supp ly is requi red 
si nce the ci rcuitry operates from the 
input voltage to the speaker. 

R5 isolates th e amplifier's output 
stage from possible fault conditions in 
the circuit. D 1 to D4 full wave rec tify 
the input signa l and the resulting DC 
Is used to supp ly the op amp . 

The 741 is used as a comparator a 
reference vo ltage being obtained from 
across ZD3 and fed into the inverting 
input of the op-amp . Th e non inver
ting input samples the rectif ied 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 
turninq on when the output of IC 1 is 
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LEDs to extinguish at extremes of 
the IC's vo ltage swings. 

To use the indicator, switch the 
amplifier into th e mono mode and 
ad just the the balance contro l until 

~ lf-+-1~-.;y V\J'---<1 ........ 

C2 
10u 

202 
33V A2 

" 

low due to the output being unable to 
go less than 1. 5V above ea rth under 
these circumstances . ZD2 defines the 
upper limit of the op amp 's supply 
voltage in the presence of large tran
siems whi lst R2 is the current limit 
resistor . It should be obvious that the 
level at which th e led li ghts is depen
dent upon the value of R 3 . The 
accompanyi ng table shows the value 

both LED 's are ~qually i ll 11m,na t•, rl 
The amplifi er can now be switched back 
into stereo mode and •..vi ii be lound 10 

be in perfect bal_a nce. 

+9V. 16mA 

"- D3 
..._ TIL209 

R4 D4 
100k 1N4001 

RS 
39k 

6 

Ru 
R~ 620R 
10k 

05 
1N4001 

CJ R6 
--... D6 tou 39k 

..._ TIL209 

av 

NOTE 
D1 - 04 are Hl914 

R5 

" 

203 
)VJ 

1(1 l!i 741 
LED1 l!i 0 · 2"LED 

20 25 JO 35 

15k 16k 18k. 22k 

required for this compon ent for dif
ferent input powers ac ross an 8 ohm 
load . If di fferent load va lu es are to be 
used for the speaker the value of R3 
can be determined from the equation 

R3=, ., 1' PR - 3 .3 kO 

P= Pout 
R=loadinO 
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DETECTORS & COMPARATORS ______ _ 

LED Audio Power Indicators 

M . P Downes 

The circuit diagram shows the input 
cIrcuItry from the loudspeaker ter
minals . For s1mpl 1c1ty only two of the 
monostable and LED dr iver 
cuits are shown . Six of these 
circuits ca n be constructed using 
three 4001s and o n e 4049 
CMOS !Cs . The circuit is based 
on the fact that CMOS has an input 
threshold of approximately half the 
supply volJage (actually 0 .45 - 0 . 55 
supply volts) . !Cl a and !Cl bare dual 
,nput NOR gates connected ,n a 
monostable configuration with t,m,ng 
components R 1 and C 1 . When the 
input to IC 1 a exceeds the threshold 
voltage . the m onostab le ' s output 
goes high for a period determined by 
R 1 and Cl (with values shown 
approximately 200 mS) . This output 
is inverted and buffered to drive a LED 
for this period . The input to trigger the 
monostable comes from the speaker 
terminals where it is full wave rectif ied 
and appears across RV 1 . R 3 is a 
safety resistor in case of bridge fa il
ure . IN4005 diodes have the desired 
voltage and frequency characterist ics 
for the bridge . R2 is to limit the cur
rent flowing into IC 1 a·s internal pro
tection diodes under large sig nal con
ditions and the value of RV 1 depends 
on the desired input triggering vol 
tage 

The lowes t input vol tage that can 
tngger the monostable ,s l,m1ted by 
the voltage drop across the br idg e 
I0V8) and the threshold voltage of 
IC 1 a (approximate ly 2V5 ) T he 

Peak Level Indicator 
T. Norris 
The diagram shows a simple 
monostable multivibrator with a LED 
which is normally lit . but will be _ 
briefly extinguished if the input ex
ceeds a preset (by RV 1) level. A 
possible application is to monitor 
the output voltage across a louds
peaker, when the LED will flicker 
with large signals . 
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SJ 
UOR 

"' ,oo~-

!I V 

threshold l1m11 ,s largely overco ,e b 
us,ng RV2 to b,as po,nt A to J st 
below the threshold voltag e In p ac
t,ce. the circuit operates on an ,n p t 
frequency of from less than 5 Hz to 
more than 50 kHz s,newa e and at an 
,nput voltage of from approx, atel , 
1V4 RMS (0 .25 W in to SR) to ore 
than 90 V RMS (1 kW into SR) A 
sin gle pos,t,ve or negative 4 uS w ,de 
pulse wi ll also operate the c,rcu l! 

The + 5 V supply must be sta bil -
1sed to ensure sta ble threshold le els 
and the usual decoupling of ICs and 
supply ,s advisable II two units are 

NOT£ 
0 1, 02 ar~ SC109C 
LE01 I S TIL209 
01 IS 1N 91~ 

INPUT 

ov 

-~v 
S1AOll 1SlD 

~ l. 00 \ OOR 

ll ll l 

r ''" 
i;a : 

"' 

" 
- ~ \ ' 

" 11tn 

requ ired for st e reo use . tvvo corn 
pletel separate -"- 5 power sup plies 
a e essential to prevent partial shor
ting out of the mput bridg e. due to a 
possi ble common loud spea ker te r
m,nal ,n the amplifier Grea ter input 
sensl!, ,1 can be ach,e,,ed by using 
OA91 diodes ,n the ,nput b11dge . but 
w i th sl1g I1t toss ,n n,gI, lrequency 
response and a lower max,mum input 
voltage If there ,s a varia t ion ,n th e 
thresho ld voltage of 1nd1v1dual ICs 
then the lower threshold ICs should 
be used ,n the most sensitive positions 
o the circu,1 . 1.e O 25W . 

t9V 

lOOu 

ov 
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_____________ SWITCHING 

Slide Switch 

C. Jordan 

One of the disadvantages of slide pots 
is the unavailability of matching slide 
switches, as with rotary switches and 
pots, but slide pots can be given 
switching action by the use of this 
circuit. 

1k0 sw, 

IC1 

Electronic Switch 
S Yacu 

•5V 

7 6 J 

+5V 

ov 

This circu'it provides remote switching 
of up to.eight loads, and uses only two 
switches for selection. One switch is 
used to select the load to be control
led, the second controls whether the 
load is energised or not If the state of 
one of the loads needs to be changed, 
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Each analogue switch is only 
turned on when the comparators 
driving the respective EX-OR gate are 
in opposite states, i.e. when the vol
tage on the slider wiper is between the 
appropriate two preset voltages. 

The example is a 4-way, 1-pole 
sw!tch with off but any-way, any-pole 
switches can be made, using 7 41 s as 
comparators if economic. A little 
mechanical ingenuity can provide 
click stops, if required. 

NOTE : 
01 ·B TO SUIT RELAYS 

ft:9dJ\f1~~rc10s . 
IC2 IS 7490 
!CJ IS 7442 
IC4 IS 7400 
ICS IS 7430 
1cs rs 7447 
DISPLAY IS Ol707 

iii; 1: I 
2J•ss11l12 

I 

SW1 is depressed until the number of 
the load appears on the 7-segment 
display The decimal f:.>0int then indi
cates whether or not the load is ener
gised. To change the state of the 
!oad. SW2 is depressed (pressing 
SW2 again w ill change the loads state 
again) 

The circuit is based on a ·7442, 
BCD-to-decimal decoder and a 7490 

. binary counter. When SW1 is closed, 

, 1, ·1•; ,, · , 

Vl\1!1 ,\ llll 111 ~1•, 11 m:,~.l' IH\ I I :, 
,\ \J ~ \/ flt lJI. I ltll',1 tl lJli!l f ' \0 ~ '..,IJIJ • 

t12V 

01 

ov 

the Schmitt trigger IC1 will oscillate 
and clock the 4-bit counter. This 
drives the 7-segrrient decoder I driver 
and the BCD decoder. The outputs 
from the BCD decoder are inverted 
and fed to the J-K flip-flops. When 
SW2 is pressed and released, a pulse 
will occur at the collector of Q 1 0. The 
pulse will clock the selected flip-flop 
and activate or deactivate the relevant 
relay driver transistor (Q 1-8). 

47 



SWITCHING 

Whistling Switch 
R. CW. Gate 

The circuit acts as a remote con
trol switch . activated by whistling a 

~ 

: 9V 

l E0 1 
POWER 

ON 

4 70R r ct(': 

~ 
T 
: 9V 

t sv 

Solid State Switch 
N. C. Burki nshaw 

The circuit was designed for use as a 
solid-state calculator on-off switch, as 
the mechanical equiva lent was found 
to be unreliabl e. 

Layout is not critical and the switch 
w ill opera te w i th a supply from +6V 
to +15V and current consumption 
in the ·oFF . state is a negligible 
30µA . 

A f inger across the 'OFF' contacts 
turns O 1 on and takes the base of 
04 to the +ve rail , turning 04 off. 
Th is in turn sto ps 05 condu 0 ting, and 
R6 and 03 latch th e circ,,;t in this 
sta te. 

Touch ing the 'ON' contacts takes 
R3 to ground turn ing 04 on. 05 
now conducts and again R6 and 03 
la tch the circuit . 
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high note and reset by a low note . 
The input from the microphone is 

amplified by IC 1 and then processed 
by two notch filters . The outputs of 
these are rectified and smoothed 
and used to fire the Schmitt trigger 
constructed from two operational 

TTL DIL 
REED R ELAY 
(WITH PROTECTION 
0100£1 

OV 

lJOR 

, ..: 

amplifiers, ·1cs 6 and 7 . The output 
points A and B can be used 
separately to drive other logic func
tions provided that if high imped
ance logic is used a 1 O k resistor is 
placed in parallel with the 4 70 uF 
capacitor at these points . 

o, 
m J101 

+ 

'" 

llOJ 
.::;:-L OW 

r/O H 
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_____________ SWITCHING 
Low Current Touch Switch 
D. Ian 

TOUCH 
CONTACTS 

The cost of many CMOS ICs is now 
lower than a m ec hanical on / off 
switch . Using on ly one half of a 4011. 
p lu s a coup le of general purpose 
transistors, a touch operated switch 
can be cons tructed which is ideal for 
many batlery powered projects . 

Assuming th at the inpuls to the 
remaini ng half of 1he 4011 are tied 
low. the curren t drawn in the off state 

Sequence Switch 

B. \/Vd l1 s. 

Th e c1rcu 1t right was designed to 
enable three relays to be 1nd1v1dually 
switched by th eir appropriate but
tons bu t such that only one relay can 
be energi sed at any one time When 
any one relay ha s ueen energised the 
corresponding co llec tor falls to near 
zero volts . wh ich 1s co nnec ted to the 
base of th e rem ai111ng two transis 
tor s: now ,f anoth er re lay is 
il tt empted to be energised the base 
of its transistor will remain bot- . 
tamed and keep the relay off Th e 
reset button must be pressed before 
another rel ay can be ene rgis ed. 
The diodes ensure that each transis
tor is kept off until the voltage 
applied to the base exceeds 0 .6 V . 

Th P. f11p-flof1S and push buttons can 
of course be replaced with standa rd 
swi tches if momentary ac t ion 1s not 
required . 

The circuit was used to control 
three radio transmitters where it was 
import ant th at two should not be 
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NOTE : 
01 ,2 ARE BC108 
IC1 IS 4011 

+5V-15V 

' r ov 
0 

is almost negligible and battery life is 
hardly affected. 

Touching the 'on· contacts with a 
finger brings pin 3 high . turning on 
the darlington pair and supplying 
power to the load (transistor radio 
etc). Q 1 must be a high gain transis
tor . and Q2 chosen for the curren t 
required by the load circuit. 

ALL OIODlS IN• OO I 
01.1.)lffY'§l 
NI - N4C0~001 
N!o, Mi '.C0,1,00 1 
HflAU 110R O H ABOV( 

switched on at the same ti me. l he 
circui t lends itself to furth er app lica
tions; for example. swi tchin(:J various 

Improved SPST Switch flip-Flop 
D. J . Manford 

'10l'J OU r PIJT 

1M 201, 

INPUl 

This circuit was developed from the 
·sPST switch flip-flop shown in ETI 
Circuits No . 1 and has the advantage 
that it can be driven by an input 
referred to earth - logic outputs or 
push-buttons . . 

When the input to the 4016 yoes high 
it connects together the input to A, and 
C. Th is 'flips ' the latch. 

The 20k resistor between the output 
of inverter B and the input of A is 
needed as the 4016 cannot pull the out
put of inverter B down directly . 

inputs into an amplifie r where 1t :rn 
replace the self -cance lling · lcc t ,r 

buttons . 
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SWITCHING _____________ _ 

Immersion Heater Protector 

K Cooper 

The cIrcuIt was designed to cut the 
power to an immersion heater should 
the thermostat f a il. This stops the 
w ater boiling over and all the subse
quent damage . The cutout Is fitted to 
a warm part of the tank (not too hot. or 
It wil l mp in normal use) . Thus . if the 
va ter starts to boil . the cutout trips . 

cu tting all power and light ing the 
neon . 

The unit must be fitted in a well 
insulated bo x and care should be 
taken wi th the wiri ng to th e cutout . 
w h ich can be fi xed and insulated with 
epoxy resin . 

3-way CMOS switch 
G . Warburton . 
When the ;nput is switched positive 
th e voltage across the zener is suf
ficient to bias the junction between R3 
an d the ze ner high . producing a high 
output at C. 

With the input unconnected . the 
iunction between R 1 and R2 is high 
wh ile the junct ion between th e zener 
and R3 is low . This will produce a 
high output at B. 

Connecting the input to OV causes 
output A to go high . 

The circuit was primarily designed 
re be used with qu ad CMOS switches 
i .e . 4 01 6 . 4066) for audio switching 

but can be used for a variety of appli
cations. 

Touch Switch with Noise 
immunity 
P. Reynolds. 

Many des igns for touch controls suffer 
from th e disadvantage of low noise 
immunity , and thi s circuit was designed 
see king to rectify t his fault. 

AC vo l tage from. for example, th e 
hand is applied to th e gate of the FET 
buffer. The res ultant positive signal is 

pl ied via the diode, to the input of 
IC 1. Th is IC is made up from three 
tr ip le g tes connected in a Schmidt 
11 igger configuration. At th e threshold 
voltage, a positi ve pulse is fed 10 th e 
clock input of IC2, a 0 -type flip-flop . 
C nnection is made between Q and the. 
D input, so as to cause the flip-flop to 
run in the 'tr iggered' mode. Thus the 
input si nals are divided by two and the 
ou tput appears t th e O terminal. 
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TO H EATER IJkW) 
& TH ERMOSTA T 

0 

N.0 . 

70°C THERMAL 
CUTOUT SWITCH 

FITTED TO TANK 

FUSE 
lJA 

r----., 

I RESET 1 

SWITCH 

LI VE 

MA IN S 

•o•-------------------~E~O~IS ~lll 

OV 

In operation, a singl e posItIve pulse 
sets th e Schmidt trigger to its low level. 
( Removal of the hand causes reversion 
to the 'high ' state). This , in turn, feeds 
the clock input of IC2, which changes 
t he state of the O cutout. When this is 

tlfllCTOr. I RICC I II 
r.-;,.;:,i, 

C 

high, the output stage is · driven on, 
enabling current to flow in the external 
load and the current limiting resistor, R. 

A second positive pu lse changes the 
state of O to its low leve l, causing the 
output stage to be biased off. 

OIVIO( !l, 
1 :.0f I 

ORl\( R 
CHICUIT 
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--------------SWITCHING 

Contact Oebounce 
A . V. Bates. 

The circuit described below can be 
used to provide contact debounce, 
or can be used as a dual retriggerab le 
monostable. 

With SW1 in th e off position, pin 
5 is low, and holds pin 9 high - the 
same as the input. When th e switch 
closes, pin 6 goes low causing the 
monostable to start timing. Pin 
5 goes high allowing pin 9 to go 
low. A s the monostable is retrigger
able . any con tact bounce only ex 
tends the timing period . 
When th e timing period is complete, 

pin 5 remains high, due to pin 6 
being held low by the switch. Re
leasing the swi tch allows pin 5 to 
go low which triggers the second 
monos tab le. Pin 9 now goes high 
and remains high after the timing 
period as pin 8 is being held low. 
Any bounces during this period 
merely retriggers the firs t mono-

Clock Switching Unit 

A . Claughan 

On normal clock modules such as the 
National MA 1 002 or the Li ton LT701 
six bulky and untidy looking pushbut
tons have to be used . This circuit cuts 
these six to two 

The output of IC2 1s connected to 
the clock input o f IC 1. On reception of 
the first pul se , th e f irst ou tput goes 
high . Each t ime the output goes high . 
a corresponding LED is swi tched on 
and the b ase of th e adjoining transi s
tor goes positive . When th e correc t 
LED is swi tched on . pushbutton two is 
pressed . Thi s switches on th e transis
tor . completing th e correspondi ng 
function . The rate at which th e LED s 
light up is adjusted by changing the 
value of R 1 . The seven th output of the 
IC is used as a pause so tha t the clock 
can run normally . The eighth output is 
connected directly to the reset input 
on IC1 . Thi s ca u ses th e IC t o 
automatically reset on th e eighth 
pulse. The 9 V supply is obta ined by 
regulating one of the clock input s. 
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10k 
21~ 

14 14 1U Vo 
5 8 9 v, 

G Y15SE 1h556 12 

SW1 3 11 
13 

OV 

7IlL.Jlr-v, 
L___JVo 

s tab le . For this reason . to ensure 
correct operation, the period of the 
second monostable must be twice 
that of the first. 

ICI 

NO TC S 
l' Ol • 1'07 
CAN IJ[ 
ll[l'LAC[ D 
Wl l tt TOUC H 
CONlllOLS 

J ' 

'" ' 

T he period of the bounce supp
ression is the timing period of the 
f irs t monostable, and is given by : 

n, 

'" 

FA5t SET 

SLOW SET 

T (seconds) = 0.693 x R x C. 

+ 

~ 
PB2 
ttOLO 

Vdd 

OISJ>LAV 
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POWER CONTROL ____________ . 
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 i~ 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 
result. Care should be taken with this 
circuit as it is not isolated from the 
mains . 

Temperature Control 

S . H . Alsop 

Th is 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 . 

560> 
r--------------<T <>--9V 

E ON-OFF 

l 

NOTE 
~ T1S43 -
SCRl •~ 400V PIV 

'--------...._ ___ ..__...._ ______ ov 

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 LM3911 varies by 1 OmV , c Ca nd 
the minute change is amplif ied by the 
741 . Any increase in temperatu re, Ill 
increase the output of the 74 1 wh ich 
will lower the base current through 
Q 1 and so reducing th e constan t 

charge current to C2 . This variation of 
charge current wi th temperature wi ll 
a lter the time taken for the UJT to fire . 
changi ng the phase ang le of th e 
power to the load . 

The Sk lin pot is set to the tem
perat ure requ ired and is linear over its 
ent ire range . Th e upper and lower 
lim its of this cont rol can be changed 
by adjusting th e 1 OOk presets . 

, 2 ·-s· >iotA) FERRITE ROD &GA'JGE TO SU li LO .:.D 
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LOAD __{_ EG 12swg FOR 13A 

LM3911 
CONNECTIONS 

i~ 

NOTE. 
01 IS BC479 
02 IS TISJ.3 
ICl IS L",U911 
IC2 IS Nl 

A l l 
Cul 
OFF 

T1 IS 1 1 PULSE TRANSFORMER 
SCR1 - TRIAC TO S~IT LOAD 

l-7n 
,ooov 

ZOl 
22v 
1·J',',' 

SET 
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___________ POWER CONTROL 
Controller For Model Trains 
· E. Parr 

•ti\/ 

\Im OV 

• GV 

l'O I N T ., 0\1 

- GV 

• GV 

l'Q IN l h UV 

GV 

•6V CENTrlE TAI' 

SLOl'E SE T 
II Y II V2 

Most model railway controllers have 
th e unfortunate characteristics of 
giving instant starts and stops to the 
trai n w hich would be very unnerving 
for the model passengers . The circuit 
described gives a steady acceleration 
or dece lerati on on speed changes, 
and the speed and acceleration con 
trols do not interact. 

Th e power supply is 12V split by 
R8 and R9 so it appea rs to the op 
amps as a ::: 6 V supply . Voltages 

•12V 

NOTE 
RB i IC l .2, 3 ,4 AUE Ml ~JV'V\f'--4-~~ 
n on 0 1,2 All[ UU I J I 

OJ.4 AIU; OD1J 2 

"" 4 70R 

UV 

in this description are · referenced to 
the 6V centre tap. IC1 and IC2 
together form a unity gain inverting 
amplifier. with the gain determined by 
R 1 and R2 . The slope of Ic2 ·s output , 
is determined by Cl and R3 / RV 2. 
The output of IC 1 will thus take up 
one of three states : + 6 V (hard 
positive) . 0 V (balanced), -6 V (hard 
negative) dependent on th e output 
voltage being more positive th a t 
equal to, or more negative than the 

voltage set by RV 1. The output volt
age will thus ramp up or down at 
a constant rate until i t is equal ,n 
magnitude (but opposite in sign) to 
the voltage on RV1 . This is summar
ised on the waveform drawing . 

Voltage b drives buff er amplifi ers 
IC3 and IC4 to give a push pull 1 2 V 
drive to th e motor for forwards and 
reverse . Note that the feedback resis
tors R5 and R7 are taken from the 
transis tor emitters to compensate for 
the transistor V,., drops . The motor 
should have some current cut-out or 
limit connected in se ri es with it to 
protect the transistors . 

In use RV1 sets the speed . and 
RV2 the acceleration . 11 gives a very 
realistic train control , although much 
more skill is needed to stop a train 
accura tely at a station platform . In this 
respec t it is very close to driving a real 
train . 

r- ---- ------------, 
I I 

,ov 
A.C. 

+ 
Cl 
sou 
25V 

RV1 
10k 

Train Controller with Inertia 
and Brake 

M . Bright 

D2-5 full wave rectifies the AC ar.d C 1 
smooths the output . RV 1 acts as a 
regulator controlling train speed. 
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IN400 1 

C2 
5000u 

+ 
RVJ 
1k0 

I 
I 
:sl.b 

Switch S1 switches in th e inertia 
simulator (comprising D1 , RV1 . R2 
and C2) . S2 switches in the brake . the 
action of which is altered by RV3 . 
RV2 controls the amount of inertia . so 
that the train can take as long as ten 
seconds before even . moving . Q 1. 2 
act as a Darlington pair , supplying 
current to the output. 03 monitors the 

OU TPUT 

output and provides short-circuit pro
tection . Wh en a short occurs , LED 1 
lights up and the current into Q 1 ,s 
reduced . Hence, th e output i s 
reduced . Two 1W resistors are u sed 
for R3,4 rather than a wirewound 
½W resistor , wliich would cost m r 
S3 simply reverses the polarity and 
hence the train . 
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POWER CONTROL,-----------~ 
Zero Crossing Switch 

J. R. W. Barnes . 

When switching loads with the aid of a 
thyristor a large amount of RFI can be 
generated unless some form of zero 
crossing switch is used . The circuit 
shows a simple si ngl e transistor zero 
crossing switch which, using surplus 
components, can be built for as little 
as fifty pence. 

R 1 and R2 act as a potential divider, 
the potential at their junction being 
about one tenth of mains. Th is voltage 
leve l is fed, via R3. to the transistor's 
base. If the voltage at this point is 
above OV2 the transistor will conduct , 
shunting any thyristor gate current to 
ground. Only when the mains potential 
is less than about 2 V it is possible to 
trigger the thyristor. 

The diode 01 is to remove any 
negative potential that might cause 
reverse breakdown. 

DC Motor Speed Controller 
D. Strange 

Simple controllers for DC motors as 
previously published have been found 
to be l1m1ted 1n their application . 
This new design 1s capable of con
trolling a wide range of DC motors 
enabling high torque 10 be ava olable a t 
low speed . 

In the circuit, 01 and 02 form a 
multivibrator operating at about 7kH z. 
VR 1 is used to alter the mark /space 
ratio o f the square wave which is fed 
via RS and R6 to the bases of comp
lementary transistors 03 and 04 The 
101ned collectors of 03 and 04 are 
S\-',• otched hard between positive 
, ai l and zero volts, turning on and 
off completely the output transistors 
OS and 06. Consequently the dissi
-pation of the output transistors is 
very low. D3 , a power germanium 
diode, is inserted across the motor to 
suppress transient s which were found 
to reduce torque by approx imately 
30~o in the prototy pe. A si licon 
po,· er d iode rn th a g rman,um diode 
s uch as me OA5 in parallel 1s equally 
eff,c1ent a1 uansI en t suppression 
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___________ POWER CONTROL 
Speed Controller 
J . Harris 

Some AC motors judder badly at 
low speeds when controlled by triacs . 
using phase control. This circuit gives 
very smooth operation with no RFI. 

Porch Light Controller 
A. Johnson 

This circuit controls a hght bulb , so 
that its brightness ,s approximate ly 
inversely proportional to the surroun
ding lighting conditions . This may be 
useful for a porch light , which would 
begin to switch on at dusk . reaching 
full brightness late in the evening . In 

NOT£ : 
01 IS ICY11 
Q2 IS IC1O7 
TH111 ll'IYll 
01-4 AR[ 1N4002 
T1 II 240/ 12-0- 12 
L 1 11 JO TURNS 26twf ON 1" P' t[CE OF FERRITE 
L2 IS 11 TURNS 31.-, ON 1•· P'l[CE OF FERRITE 
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Q 1 acts as a ·variable resistor' in 
the mains supply, with diodes D5-8 
ensuring unidirectional current flow 
through the transistor. 

Cl 
1000u 
16V 

LOAO 

NOTE : 
01 --4 ARE 1N4001 
05 - 8 ARE 1N4007 
01 IS BU2600A 

the morning it would switch off again . 
The dimmer consists of Q 1, TH 1 

and their associated components . 02 
provides synchronisation pulses . RV 1 
effectively alters the time of day at 
which the light switches on and RV 2 
alters the maximum brightness of the 
bulb . 

"°" 

1.lOA 

Bias to the transistor is supplied by 
the mains transformer and controlled 
by RV 1. Q 1 must be able to withstand 
peak mains voltage (-350V). 

The LDR is connected to a dif 
ferential amplifier whose output vol 
tage rises when the resistance of the 
LDR is above about 600 kilohms 
(corresponding to dusk) and reaches a 
maximum when th e resistance is 
about six megohms (corresponding to 
complete darkness) . 
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POWER SUPPLIES ___________ _ 

High Current Regulator 

N Gray 

This circu it can supply 1 OA at 5V 
which falls to about 8A at 1 5V. -
(make sure your transformer can take 
itl) . The circuit is fa irly straightfor 
w ard . Most of th e output current 
flows through Rsc and Q 1 (less than 
1 A flows through the regulator). the 
current being regulated by the current 
flowing through the e-b junction of 
Q 1 . Voltag e is regulated b y th e 
µ A 78'05 and controlled b y RV1 . 
giving a variat ion from 5V to 1 5V . 

Constant Current Source 
S . Callaghan 
This circuit uses a standard panel 
mounting LED to provide a _constan t 
reference voltage for a transistor In a 
constant current generator. 

The output current I. is g iven by 
he equation 

I= V" 0 -V0 • 

R, 

Switchable Constant Current Source 

J M aca ulay 

The ci rcuit shown w ill p rovi de 3 pre
se t curre nts wh ic h wi ll re m ai n con
stant d esp it e variat io ns of a m bie nt 
temperature or li ne voltage . 

ZD 1 prod u ces a tempera ture stab le 
reference vo ltage which is ap p l ied to 
the ncn ,nvertin g input of IC 1 . 

1 00 f DC feedba ck is applied f rom 
t h e o ut p ut t o th e i n verti n g i n pu t 
holding the v oltage at Q2 's emi tter at 
t he same po tent ial as the no n inve r
t ing input 

The cu rrent flowi ng in to the load 
:herefore is d ef ined so lely by the re
si sror se lec !ed by S 1. V\/ irh rh e va lues 
emplo ed he re . a preser current of 
1 Om A 1 OOm A or 1 A can be se lec ted . 
0 2 should be mounred on a su itable 
hears111 k . 

56 

+15V 

NOTE ; 

• SEE TEXT 
0 1 IS MJ295 5 
02 IS TIP42A 

Output current is limited by Rsc and 
can be calculated from 

0 .9 
Rsc= 

I max 

When the circui t is not connected to a 
load , the LED is extinguished . g Iv111 g a 

R1 
1'2 

RSC" 01 

C 1 330nI 

0/P 

Jn 
C3 ,oon 

For currents grea ter than 5 A . Q 1 
should be mounted on a hea tsi nk . Q 2 
and the regu lator sho uld run cold (if 
n t the1e ·s som eth ing w ro ng I). 

v1 s1ble 111dicat ion of when th e ci rcui t is 
operat111g . 

·9V - 30V 

LOA O 

L----+-----------, 
02 
2N3055 

zo, 
5V6 

S1 

2 r 3 

q3 ~ R4 
56R 5R6 
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____________ POWER SUPPLIES 

The Mulli-zener 
R. N. Soar 

This is an application of zener diodes 
based on the binary system. In the 
example shown three zener diodes are 
used 3 V , 6 V and 12 V (i e. 3.0 V, 
6.2 V and 12 V) plus three S.P.S.T. 
switches . In th e " on " position of a 
switch the diode is short circuit. In the 
'off' position the diode is in circuit . 
Thus the effective diode by suitable 

Increasing Power Rating of 
Zener Diodes 

There are occasions when a higher 
power Zener diode is required and one 
is not readily availab le. Here is ~ 
circuit which with the aid of a power 
transistor can increase the power 
rating of any Zener diode. 

By simply shunting the base-collector 
junction of the transistor by a low 
power Zener and if the gain of th e 
transistor at the operating current 

Overvoltage Protection for 
Logic 

E. Parr 

With the ,ntroduct,on o f integ rated 
c,rcuot vo lt ag regu lators 11 ,s very 
easy to m ake power suppl ,es for log,c 
circuits . Unfortunately it is only too 
easy to blast a board of TTL by letting 
the voltag e ri se above 7V as could 
happen if the common line came off a 
regulator IC or the sense lines came 
off a commercia l power supply . 

The described c,rc uot was designed 
by the author as a " las t ditch " de
fence af ter a disconnected se nse line 
allowed a commerc,a l 5V supply to 
rise to 9V and blast 50 TTL ch ops Th e 
circuit is simple to add onto any power 
supply . and ot ,s the au thor ·s intent ion 
to bu ild ,t " on board " w i th any future 
sys tem contain ing more than about 
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operat ion of the switches is 3 3+6 
3+12 etc. ie. 3,6,9,12,15,18,21• volt; 
By the addit ion of the next in the 

series 24 V and another S.P.S.T . switch 
the range is 3,6,9, 12, 15, 18,21,24,27, 
30,33,36,39,42.45 volts. 

¥ 
EFFECTIVE ZENER 

exceeds 30, then across the 
collector-emitter terminals the device 
will behave as a Zener diode. 

If the original diod e is a 250 mW 
device then the power dissipation of 
the system will be 30 x 250 mW ; 7 .5 
watts. It should be noted that the 
Zener voltage thus obtained will be 0.7 
V higher than the diode rating. 

Thus if originally a 6.8 V diode was 
used then the new voltage will be 6.8 
V + 0.7 V ; 7.5 V. Thus for a power 
of 7 .5 W, the maximum permissible 
current will be 7 .5 W/7 .5 V ; 1 A. 

1 0 TTL ch,ps. 
Zener diode ZD 1 senses the sup

ply , and should the supply rise above 
6V O 1 will turn on . In turn 02 con
ducts clamping the rail 

Subsequent events depend on th e 
source supply . It will either shut 
down. go into curren t limi t or blow i ts 
supply fu se . Non e o f t h es e will 
damage the TTL chi ps. 

The rat in g 02 depe n ds on th e 
source supply . and wh ether 11 wi ll be 

f (OPr!O tu.L) 

I 

,o, 

Al 
)] Qfo 

ZOI 

ZENER DIODE POWER UOOST~l 1 

+ 

01 
2NJ055 

- - -- --

1 
v, .. Gav • 0.1v 

• 7 5V 

I 

l 

required to opera te con tinuou sly in 
the event of fai lure . Its current rating 
obviously has to be in excess of th e 
source supply . If the source supply 1s 
likely to shut down. LED 1 should be 
added to indicate the circuit has 
ope rated . 

Th e c1 rcu1 t will opera te on 
approxima tely 500 n S space . so 11 will 
also protect the logic from transient 
spokes which a normal regu la t or 
would not block . 

., 
H OR 

a, \ 
BCL7& 
Jtil70l 

i ❖ LEO I TO LOGI C CIACu; . 
UNO~R POWE" 
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POWER SUPPLIES ___________ ~ 

Voltage Stabiliser 

J . Nicholls 

Here is a voltage stabiliser with good 
performance and low component 
coun t which wi ll operate well . even 
when V,.,-V0 u, drops to 2 V . Onl y a 
few milliamps are dissipated through 

fail-safe For IC Voliage Regulators 
Andrew Bain 

One of th e problems wi th using power 
supplies based 011 IC voltage regula 
tors is the chance that the common 
(case) connectio n cou ld come off . 
allowing the output to rise to the full 
,nput voltage . If the regulator was 
driving TTL there could be disastrous 
consequences . 

Increasing Regulator Outputs 
D . Self 

It ,s often necessary to arrange an 
integrated circuit 3-terminal voltag e 
regulator to give a higher output vo l
tage than that set by the regulator 
alone . The normal way of doing th is is 
to connect the " common " terminal to 
the rr.id-point of a potential divider 
hung between the regulated output 
and ground . The regulator voltag e 
now appears across the top divider 
resistor: hence . if for example equal 
divider resistors are used . the output 

the zener . making. i t suitable for 
battery operated equipment. 

Most circuits of this type (but with 
the FET replaced by a resistor) suffer 
from zener saturation when V,n is get
ting low . or excessive ze ner current 
when V,., is high . 

Actual component values can be 
varied to suit individual applications. 

By using the regulator as shown 
and taking the output from anothe r 
co nn ect ion to th e meta l cas e the 
output will drop to zero if a lead be
comes disconnected . 

An LED ca n be conn ected as 
shown. if required . to provide an in

dication of a fault. 

voltage is twice that maintained b 
the regu lator between its common 
terminal and output. 

The problem with this m et od is 
that most IC regulators (eg the 78-
series) have a small quiescent cu rre t 
(approx 1 OmA) flowing out of the 
common termi n al to ground . The 
magnitude of this current is not 
closely controlled . and hence th e tota l 
output voltage becomes som ewhat 
unpred ictable due to thi s extra current 
flowing in the bottom ha lf of the 
divider . Low divider res istor valu es 
help , but there are likely to be the 

7812 

V,n Vout 

+ 
Cl 

NOTE 100u 
01 IS 2 1\.15.15 7 
02 IS 11C 109 

t:;IC U .\1 P 

complicat ions of heat dissipation and 
ineff iciency 

The circuit below avoids the pro
b lem by using t rans is tor Q 1 to 
generate a low impedance at the 
reau lat o r co m mon te rmin a l b y 
.,m'11ter-follower action . w hil e trans
ferr ing the voltage d erived from a 
relat ively high-resistance divider net
•: ork . The value of R3 is not crit ical . 
bu t must be low enouqh to accept the 

,ghest likely qu iescent current with
ou t causing Q 1 to turn off. 

The circuit shov,s a practical 24 
Volt supply using a 7812 regulator . 

n--------1 IN OUT 1----------<.,_ ___ -< l 
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UNREGULATED 
INPUT 
(+27V-+40V) 

ilV 

COMMON 

2200 

01 IS BC1 R4 

+24V 
REGULATED 
OUTPUT 

R1 
4k7 

R2 
5k6 

av 
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___________ POWER SUPPLIES 

Anti-surge Voltage Regulator 
A. Wey 

This high gain voltage regulator with 
only two transistors has characteristics 
superior to those of the commonly 
used compound emitter-follower type. 

The circuit was used in a 30 watt 
stereo amplifier which not only requ ired 
a we ll regulated supply but also an out• 
put voltage that would rise slowly from 
zero volt s when the system was first 
turned on. This slow application (about 
2 seconds) to the power ampli f iers 
allowed the 2000µF output capacitors 

Simple Dual Power Supply 
L Swann 

Thi s circui t o ff ers a chea p and simple 
way of obta,n,ng a split power supply 
(for op-amps etc . ). u t i l, s ,ng th e 
quasi -complementary output stage of 
the popul;:ir LM380 audio power IC 

The dcv,ce ,s intern ally b,ased so 
that w,th no ,nput the output ,s held 
mid-way between the supply rads 

R 1 wh,ch should be in,t,all y set to 
mid-travel . ,. used to null ify any ,nba
lance ,nth ou tput Reg ulation of V0 u, 
depend upon the c, rcu,t feed ing the 
LM 380 but the pos,uve and negat,ve 
ou tput s .w, II track accurnt ely irrespec
tiv e of ,npu t regu lat ion and unba 
lanc ct load 

The free -air ct, ss ,pat ,on ,s a I,t tle 

Milli-power Inverter 

J . S. 8 . Dick 

to charge without causing excessive 
collector current in the output tran
sistors. 

Typical regulator output impedance 
is 0 .1 ohm. 

Output voltage is ex pressed by: 
Vo=Vz-VBE1 

Output voltage rise time is expressed 
by : 

T=RBC1 In( 1- V z/VI ) 
Some digital systems require a prese t 

turn on sequence for their power sup
plies. By setting appropriate RBIC1 
values, the circuit's output rise time can 
be set to provide this sequence or delay . 

,v,11: 

- Ve 

Rl 
1M 
LIN 

over 1 watt . and so ex tra coo li ng may 
be requ ired The device is full y pro
tected and wil l go into thermal sh ut
ciown ,f ,ts rated dissipation is ex-

~----T" __________ .._, •S ... 15VOLTS 

C ~ 
,., 0 /P 

"' 

~ 
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L_ ___ ....,. __ .., ,·o 

ov 

t V IN 
-2-

V OUT 

- VIN 
-2--

ceeded . curren t l imi t ing occurs if th e 
outpu t curre nt exceed s 1 A3 . 

Th e mput vol tage shou ld not ex
ceed 20 V . 

Many home-grown projects require a 
high voltage. low current source . The 
si mpl est and safest means of pro
viding this is by an inverter . The 
circuit desc ri b ed h ere is versatile , 
efficient and easily capab le of pro
viding power for portable Geiger 
cou nters, dosimeter chargers, high 
resistance meters, etc. 

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

Active Decoupling Circuit 

J . P. Macaulay 

W hat do you do if faced with the 
problem of running say a tuner which 
requires 30 V / 1 00 mA from a power 
supply of say 5 5 V? 

This circuit is designed to drop a 
predetermined voltage and supply a 
reasonably large current to its load . 
The voltage drop between the emitter 
and collector of 03 is directly propor
tional to the setting of PR 1. In effect, 
O 1 .2 .3 can be considered as a single 
transistor with high current gain . 

C 1, between the base of O 1 and 
ea rth , performs a vital function . be
cause its filtering action is amplified 
by the circuit and thus smooths the 
output voltage . If we assume that 
each of the transistors has a gain of 
30, the circuit will possess an overall 
gain of 2700 times and an apparent 
capaci tance will appear across 03 ·s 
emitter and earth of 0 .2 7 ~-

Protection For Power Amplifiers 

A . Hiley 

In many amplif iers. 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 wil1 
protect the amplifier in the event of a 
fault or gross overload . 

Normally, the current through R 1 
biases both the transistors fully on . 
The P.O. 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 w ill 
increase . The forward bias on th e 
trans istors w ill decrease , and they will 
tend to turn off . This will cause the 
potential across R to decrease , which 
w ill 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 
condit ion . If the fault or overload 
pers ists the main fuse in the ampl ifi er 
wi ll probably blow. The actual protec
tron circuitry needs no resetting . 

Under fault conditions , the · d issi
pat,on in 02 will be very high . and so 
11 m ust be bolted onto the chassis or 
the heatsink 

60 

v,n 

+ 

BC142 
01 

Cl 
100u 
GJV 

The circuit works with an input 
voltage of up to 60 volts , but th is 
must be taken as an absolute ma xi
mum due to the breakdown vo ltages 
of the dev ices used . When using 
fairly low voltage drops , up to sa 1 0 
V the maxi mum_ current that the 

POWER 
SUPPLY _ 

SUPPLY VOLTAGE R1 

1 0V ~o 22V l t.. , ; V,' 

22V to 40V 1.8 t.. , 1 W 

40V to 70V 2.7k,2W 

AMPUF!ER POWER{RMS Watts) 

circuit ca n supply will be l im ited to 
the size of heatsink employed . 

Several amps ca n be supp lied as 
long as the resu lt ant h ea t can be 
safe ly dissipated . W ith th e com
ponent va lu es shown , the ci rcuit ca n 
be adjusted by PR 1 between 3-30 V . 

C2 

rmTE 
0 1 I S 8~13 (up ~ 4 5V supply ) 

or 8 D1J9h.rp1o90V ~uppty) 

O 2 ·~ 2tJ3055 
0 1 I S 1U 9l 4 

LED1 1s a RED LED 

R2 

15W,8R or- 4W + 4W , BR o r 4 W,4 R 0.5R 

60W. SR or iSW +!SW.BR or 15W. 4R 0,2R 
30W +30W ,8Ror 30W, 4R 0.15R 
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_____________ TEST GEA 
Transistor Tester 
G. Smith 

This transistor tester works by injec
ting a known current into the base of 
the transistor under test. and mea
suring the collector current . The 
values of R 1, R 2 and R3 give a bas'e 
current of 10, 4 and 1 uA which gives 
a FSD on the meter for transistors 
with a gain of 100. 2 50, and 1000 
respectively . Since th e col lector cu r
ren t of the trans is tor is proportional to 
its gain , the gain can be eas ily de
ducted from th e reading on the meter. 
Leakage cur re nt i s m easu red by 
leaving the base open circu it. 

SW1 reve rses th e po lar ity of the 
battery and the m eter to allow the 
testina of both NPN and PNP transis
tors . R4 and RV 1 protect the meter 
from excessive currents, and do not 
affect th e read ing on the meter . RV1 
should be adjusted so that the meter 

Zener Tester 
M lbrons 

This c, rcurt 1s to prov ide a chea p and 
re li abl e m e th od o f tes trng zener 
diod es 

RV 1 ca n be ca librated in vol ts. so 
that wh en LED 1 Iust lights, th e vo l
tage on prn s 2 & 3 are nearly eq ual. 
Hence th e zener vo ltage can be rea d 
direc tl y from the se tti ng of RV 1. 

The supp ly need only be as high a 
va lue as th e ze ner it se lf For a more 
accu ra te m easu rement . a prec ision 
pot could be added c1 nd ca librated . 

Dec-ed Out 
D. F. Tranter 

When usi ng S-Decs to test circuits, 
one often f inds that severa l groups of 
the Dec contacts are taken up for one 
common connection, particularly the 
contacts which run to th e battery 
connect ions. 

In order to extend the capacity of 
a single S-Dec I fit a row of sockets 
along each of the two Dec sides which 
have lugs for connecting to other 
Dees, using the lugs as end fi xi ng poin ts. 

ff the sockets are bent and a strip of 
insulating tape used to anchor the lower 
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~, RJ 
2M 2 81'.,2 

NOTE : 

RVl 
2k2 

NPN PNP 

OFr~ 

--\_ :. _0_-_~• ~~ - -
PNP SW1c Ml SW 1d NPN 

Ml IS 1mA FSO 
I 

I : !)V 

")£__,..;I •::..._ _____ ..C._._:NPN I __ 
✓ TR ANSISTO R --v I T 

"' SOCKET OFF~ 
\ SW1b 

needle just touches the end stop when 
the collector and emitter terminals are 
connected together . 

A simple transistor socket can be 
made by mounting three crocodile 
clips as shown in the diagram . 

R1 
4k7 

(r---+-----4---~ 
' TEST 

~ 
ZEN EH 

28 SOCKE TS ALONG LARGE ST SIDE 

~ INSULATING TAPE 
TO A~CHOR 

PNP ' 

NOTE : 
IC1 IS 741 

LED1 

+30V 

OV 

ends, one gets a reasonably robust fitt
ing which greatly extends the capacity 
of the Dec. 

The lug recesses along the o her 
sides can also be used fo r atta h ,g 
more rows of sockets. 



TEST GEAR ____________ _ 
NPN-PNP Indicator 

F Read 

Th e first 2 inverters IC1 a and IC1b form 
a multi vibrator running at approximate
ly 2 kH z_ The next two inverters buff
er the multi vibrator outputs, which 
then go to the collector and emitter of 

R1 
2k2 

R2 
2k2 

2 

the transistor under test. 
The signal applied to the base of the 

transistor is always in phase with the 
collector so the transistor, whether PNP 
or NPN. wi ll always be turned fully on 
every half cycle. 
·when an NPN transistor is being tested 

the collector will always be nea r OV and 
when a PNP transistor is being tested 

10 9 

RJ 
1k 

E C 

3 4 5 

Measuring Micro-ammeter Resistance 

When it is required to measure the 
unknown resistance of a micro
ammeter, then an ordinary multimeter 
on the necessary ohms range will send 
too much current through the meter 
coil, w ith the chance of causing dam 
age. To avoid this, set up VR1 to 
give full scale deflection on the meter . 
Then shunt the meter w ith VR2 and 
adjust so that the meter reads exactly 
half sca le. Remove the measure VR2, 
w hich, to a good degree of accuracy, 
w ill be equal to the meter resistance . 

More Ohms Per Volt 
R. Soar 

This circuit is designed to improve 
the performance of a low cost 1 k / volt 
mult imeter on the 0 .5V DC range. 

The BC1 OB emi tter follower pro
vides an impedance transformation 
wi th a gai n of 250 or more . so that the 
effecti ve input impedance of the mul
t imeter is now 250k / volt. The LED 
provid es a f ixed reference vo ltage for 
1he set zero control. which compen
sates for the voltage drop across the 
transistor . 
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..... 
.v I 

ORMORf_L 

+ 

HI/P UT 
0-5V 

SET 
- ZERO 

10, 
l,n 

~I 

YR2 
,o . 

ON /OFF 

a, 

01 IS 9C 1088 
LED1 IS TIL209 

ov 

the emitter wi ll always be near OV _ 
The last two inverters detect which 

terminal is held at OV and d rive the 
appropriate LED via the current limit
ing resistors R4 and R5_ 
The six inven e, s needed are all con

tained in a ,inc, ,e IC package - the 
SN7404_ 

NOTE : 
IC1 IS TO PIN 14 . ICl !Ve 
SN7~0-l 

Meter Protection 
With Zener 

+ 
~ 

' 0 6 V 

--'--

A zene r diode may be used to protect 
a meter from over load s ,vithout 
greatly reducing its accuracy . The 
zener is connected in parallel with th e 
meter and under normal circum
stances has such a high im pedance 
that the accuracy of the meter is not 
affected. If the meter is overloaded. 
the diode breaks down and the meter 
is shunted by about 1 0 ohms. pre
ven1ing damage to the bea ring s and 
pointer of the movement. 

Breakdown vo ltage of the zener 
should be about 1 . 5 to three times the 
full scale defl ection vo lta ge of the 
meter . 

The zener also prevents the meter 
from reading on reversed vo lt ages 
and thus gives dual protection . 
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;----------------TEST GEAR 
CMOS Gate Identifier 

C. Ching 

This circuit can be used to dis
tinguish four types of dual input 
gates - AND, OR. NANO, NOR - it 
is also a quick method of checking IC 
function . If an AND gate is inserted 
into the socket , an A appears on the 
LED . An O denotes an OR gate . The 
decimal point is used to denote in
verted function . i .e . . A is an NANO 
gate . 

Versatile CMOS Test bed 
J . And erson 
It Is a cheap and easi ly con 
stru cted transisto r tester uti li sing 
1nexpensIve and readi ly ava il abl e· 
CMOS ICs 

It not only car ri es out the normal 
GO / NO -GO tes t but wil l d 1ffe ren 
tI ate betw ee n PNP & NPN type as 
we ll as 1dentdy111g their ba se lea ds . 

Use of the tes ter is si mp le and Is 
as fol lows 
1) GO . NO-GO - If the tran sis tor is 
·· .1 dud · , either all th e LEDs w ill 
com e on or th ey w ill all go out 
2) PNP / NPN differentation -
a) PNP on ly one of the LEDs will 
co m e on 
b) NPN o ne o f the LED s w ill go o ut. 
3) ba se lead 1de n11f1cat 1on : - th e 

Improved CMOS Test Bed 
G. Scott 

Hav ing made Mr Anderso n·s CMOS 
test bed I found that the LEDs were 
barely br ight enough t? be seen . In 

100n 
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NOTE 
01-3 ARE BC 109 

. 

100n 

SUGGCSTEO L [O fSCJC KET 
AIIH ANG EMENT FOIi FRONT 
l'ANtl OF TES TER 

base lead Is identifi ed by th e ·· odd 
LED ou t · · . (i e the one LED th at Is 
on with the othe r two out or th e one 
that is ou t wi th the other two on) . 

The unit will also test d iodes by 
the use of only two of the sockets of 

this circuit, with the addition of 
three, one transisto r am pl if iers, the 
LEDs are easi ly viewed and the cur
rent drain is on ly 13 mA . 

150 R 

JJR 

40 17 lll ANS ISTOA SOCKCT 

\] 

LEDS 

th e transis tor socket In this case the 
anode of the diode is identified by 
th e LED assoc ia ted wi th its l ea d 
going out. Th e device a lso t es ts and 
iden t i f ies th e gates o f JUGFETs . 
SCRs & TRIACS . 

Battery Tester 
R. N. Soar. 
This circuit was designed us a simple 
tester for 1.5 and 9 volt batteries. 

It uses a cheap 500µA recording 
level me'.er of the kind used in cassette 
recorders, costing around 80p. 

The scale is as indicated in the diagram 
and can be interpreted as follows

BLACK-Replace battery 
RED-Weak battery 
GREEN-Good battery 

A new battery should give a full scale 
defl ection. · 

BLACK RED GREEN 
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TEST GEAR ____________ _ 
Fuse Tester 
R Hegg ie . 
This c ircuit can be used for testing 
fuses , and has the advantage of being 
1uch smaller and easier to use than 

a11 ohm m ete r The circuit is built into 
a 35mm aluminium film can . and is 

wered by tv: :J small mercury cells . 
An old penny gi ued to the plastic lid of 
tne ca n fo rms one of the touch con 
tacts an d th e case forms another . 

To tes t a fuse , the case is held on 
, e hand and the fuse in thP. other, 

tne end being touched onto the cop-
er disc. if the fuse is OK a small 

·urrent w ill flow through to the first 
ga te of IC1a taking the in put hi gh and 
tre output low . This is inverted by 
Clb. which turns Q 1 on. lighting the 

L~D. As current consumption with the 
LED ex tin g ui sh ed 1s a lmost n eg l i-

1ble a battery swi tch is not required . 

Linear Scale Ohmmeter 

M . Roberts 

This circuit has several advantages 
over other linear scale ohmm ete rs . 

Only one preset resistor is used for 
all the ranges . simplifying the setting 
up arid reducing the cost . D iode 
c lamping is included to prevent 
damage to the meter if the unknown 
res istor is higher than th:! ran ge 

Logic Noise Detector 

G. Robinson 

E,·er since the advent of bina ry logic . 
S')tmous noise spikes and pulses have 

e n the curse of . the designers of 
e <;n e:len enta ry systems . Th is circuit 
,• • .II help detect ·noisy · log ic levels . 

', th SW 1 in position 1. any logic zero 
s ,~es occuring on a steady log ic ·1 · 
·, .II se t the R-S latch and the LED w ill 
e 11lum1na ted . W ,th SW l ,n pos1t1on 

2 an extra inverter is brought in . and 
. '" ;: ircu it wil i be rnggered by any 
.~ - 1c ·1 · sp ikes 
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IMPORTANT All unused inpuls on ICI should 
be grounded . 

av 

~OTE 
Cl IS i'i 

0 IS:?~:no.:, 
n 1so:.s, 
021s;r,,9,: 
V. ISlr"lt. 

~~iA\~NTACT c_~ PPER DISC 

....-.ii..:=::;====-=-......,.::,, LID 

IN SU LATI ON 

CAN 

I NSUl.\ llNG 1 /\P F 

o, 

selected . 
When the meter has been assemb

led , a 1 Ok precision resistor is p laced 

in the test posit ion , Rx , the meter is 
set to the 1 Ok range and RV 1 ad
justed for iu.11 scale deflect ion . 

SW2 

;Rs;Msu_P_P..,L~Y----c~ o-------<-" 
LOGIC 
SYSTEM 

LE01 

0V H mM 
LOGIC SYSTEM 

!iQ!1 
SWI IS 2 POLE CHANGEOVER 
SW2 is PUSH BUTTON 
IC1 ,s 7-'0~ 
LE01 is TIL209 
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______________ TEST GEAR 
Crosshatch Generator Update 

D. M . Lauder B.Sc . 

Re the ETI Crosshatch Generator - it 
is rather difficult to make a 555 tim er 
work at 249 .6 kHz. The author tried 
three different devices, but non e 
could quite manage it , even with the 
timin g capacitor reduced to 1 00 p. 
Reducing Rl to 220 ohms helped , 
but great ly increased th e power con
sumption . The final so luti on was to 
connec t a 1 N4148 diode between 
pins 3 and 7 , with the ca thode con
nected to pin 7 . This turns the dis
charge trnnsistor off more quickly by 
pull ing 1t up with the output. It is then 
nec essary to increase th e timing 
capacitor to 2 70 p, as the in terna l 
propagation del2ys of the 5 5 5 have 
be&n reduced . 

Test Unit for Sequential Logic 

D. Rayner 

Anyon e tes t111 g a se quential logic 
circui t reqL11res input pu lses fr ee of 
contact bounce This unit does this. 
providing two switched . jitter-free 
outputs and a ·slow· variable speed 
c lock . The complements of the se 
signals are also provided . 

The components shown give the 
clock a frequency range of 1-200Hz . 
The clock ·s buffered output wi ll drive 
up to two TTL inputs . 

The 1 OOR resistors on all outputs 
provide some measure of accidental 
short circuit protection . 

One Chip Logic Probe 

K.D.Hedger 

Th is circuit, although very cheap and 
with a low component count , is very 
effective. When log ic 1 is at the input of 
ICl / 1 output goes low causing IC1 /2 
output to go to logic 1 lighting LED 1. 
Logic Oat the input of IC1 / 1 causes the 
output to go high, IC1 /3 goes low and 
IC1 /4 goes to logic 1 lighting L ED 2. 

SW1 takes the output of the IC1 /2 
back to the input of IC1 /1 so locking 
LED one on until the push to open 
switch is released. 
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IC 1 I !. CD4049 CMOS 
IC2t!, SN7404 TTL 
IC3,4 ar-e- SN7400 TTL 

PRO BE 

NOTES . 
IC1 • 7400 
Pin 7 • OV 
Pin 14 • tS V 
SW1 -= PRESS TO OPEN 

100A 

SW 1 

O/P 1 

O/P1 

5V 

O/P2 

O/P2 

5V 

LOGIC I 

,, 
LE D 1 

LOGIC 0 

OV 
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TEST GEAR ____________ _ 
Simple Logic Probe 

David Boreham 

This simple p,ece of tes t equipment 
can be bu il t using wi dely availab le 
components for l i ttle more than £1 . 

If the probe Is connected to an IC 
pin which Is at logic 0 , 0 1 w ill be 
tu1ned on. light ing D 1 . If however , 
the pm Is at logic 1. 0 2 w ill be turned 
on, light ing 02 . In th e case of a 
damaged IC there may be no conn ec
tion to the pin . If th is is so . both 01 
and 0 2 will light tog eth er 

Th e author used a BC 1 78 an d 
BC 1 08 for O 1 and 0 2 respec ti ve ly . 
but any NPN or PNP transistors w ill 
do . Similarl y . D 1. 2 can be an y LE Os 

A Pocket Digital Frequency 
Meter 

S. J . Barlow 

The circuit uses only fi ve I Cs and 1 3 
passive components . It is designed to 
fit into the casing of a pocket calcula
tor and makes use of the calculator's 
seven segment display . 

It has a single range measuring up 
to 10 MHz. The display is updated 
with a reading every two seconds . 
The precedmg frequency count is held 
in the display during this period . thus 
avoiding a flashing display during the 
sampling interval. 

The 7805 provides the 5V supply 
for the logic . The 4045 and the crystal 
form an oscillator and 21 stage binary 
counter producing 1 / 32 second 
pu lses at 1 sec intervals as shown in 
waveforms 1 and 2. The 7473 flip
flop produces the one second gating 
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pulse (waveform 3) . Waveforms 2 
and 3 are NANDed into pin 14 of the 
ICM 7208s counter chip to produce 
the RESET signal. Waveform 3 is also 
inverted before driving a d ifferentiator 

wi th a 5V1 zener d iode provid ing a 
clamp and discharge path . The dif
ferentiated waveform (5) gates the_. 
new frequency reading into the dis
play . 
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______________ TEST GEAR 
Geiger Counter 

A. Wheatley 

Although th e circu i t ,s inexpensive 
and simple ,t is Iust as se nsi tive as 
,~1 a ny co mm e rcial d ev ic es . Th e 
,mportant part is the geig er tube and 
thi s wi ll probab ly cos t abou t ,: 1 90 . It 
needs ~ h,g h vo lt ilge suppl y which . in 
th, s c;ise c onsists of Q 1 and its 

+ 
=-> Cl 

50u 
12V 

Rl 
10k 

Capacity checker 

D. Chivers. 

C2 
50n 

CJ 
50n 

This bridge was orig inally designed to 
find values for odd, unmarked or un
decipherable capacitors. Whil e not bei ng 
of great accuracy , i t does give a very 
good indication as to th e va lue of th e 
capacito r. 

A known va lue component is pl aced 
across terminals A - A. polarity is not 
important, but po larised capacitors 
must not be used, and cannot be tested. 
The capacitor under t es t is inserted in 
B- B the un i t is switched on and VRl 
rotai'ed unt i l a maximum value reading 
is obtained on meter Ml . At th is poin t, 
a readi ng is taken from th e calibration 
scale on the pot which in iti ally must be 
cal ibrated in ratios, ie : 
1000:1, 100:1 , 10 :1, 1:1 , 1 :10, 1:100 
etc. Th e unknown va lue is th en cal· 
culated from this reading. Original cal 
ibration is from known values. 
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associa ted co mponents Th e trans
former is a low current 250V 9-0 -9 
and ,s co nnec ted in rev e rse Th e 
secondary ,s conn ec ted ,nto a Hartl ey 
osc ill ator. th e base b,as be,ng pro 
v ,ded by R 1. RV 1 is connec ted to 
control the voltage to th e Geiger tub e. 
A device to doubl e th e voltag e ,s 
in cluded beca use o th erwi se th e vo l
tage would still be 111suff1c ,ent to drive 
th e tube. Th, s comprises D 1. D2 . C4 

RVl 
lk 
lin 02 

il nd C5 T hi s a l 0 , er. 1.f ,,.. , 11 ,.., •I 
smooths ,t . It ,s very importan t hat 
C4 and es p ec ially C5 ;i re u f ry,r,, 
qui1l1ty and have low I ak ag · R 1 

shou ld be se t so that eac h c l ick he.-,r •I 
,s a nice c lea n on e because ovP. r d 

r.c rt a,n vo lt age il ll th il t wil l I.J e heMd ,., 
a co11t111u o 11 s bu zz . The high vol tauc 
sec ti on ,s per fec tly a l e although ,f 
touch •cl ,, wd: g ,ve ,, sl1ghI shoc k Th, s 
,s unpleasan1 but quite harm I 

• 
SWl 
SPST 

, NOTE: 
01 IS 2N2926 
01&2 ARE BY100 

+ ANODE 

+9V 

+ 
GEIGER TUBE 
CV2249 

01 

01 C5 
500n 
600V 

Tl ~------G 

H L 
10n X 

100n X X 

lu X 

To increase the range of the circu i t 
swi tch SWl has been included to bypass 
Rl. Since the frequency used is 50 Hz 
from the mains, ranges are limited; if 

CATHODE 

Ml ; 100uA 
D1 - 4 • 1N4001 
R 1 • 25k 
VRl • 10k Lin 
Tt,240V/3V - 0- 3\' 

another source were usecl, dri ving an 
audio output transformer , the ver at i l i tv 
of the unit would then be fL11 the, ,,, . 
creased. 
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TEST GEAR _____________ _ 

Capacitance Measurement 
W Winder 

Few amateurs have a reliable method 
1or measuring small capacitors . They 
ma have a 50 Hz b ridge . but the 
reactance of 1 0 pis. at 50 Hz is some 
320 megohms. whic h ca n well be of 
the same orde r as the bridge insula 
tion . which leads to indeterminate 
and incorrect results . However if one 
has an A .F. sig nal generator and a 
measuring osci l loscope (or a.c . milli 
voltmeter) one can measure down to 
2 or 3 pis with quite as good an 
accura cy as more complicated 
methods using square wave genera
tors and diode pumps. The 1ollowing 
very simple circuit 1s all that is 
necessary . 

As long as the reactance of the 
capacitor is several tim es larger than 
the 1esis1ance of R. the ou tpu t vo ltage 
wi ll be direc t ly p roportional to the 
ca pacitance of C. By supplying a 1 6 
volt input signa l. the mathematics are 
s1mpl1f1ed . and the output measure
m ents are as the table given below 

The input wave form should be 

CK 

IC2 

NOTE : 
ICl IS 7404 
IC2 3&4 ARE 7493 
1cs· 1s 7486 

CK Al----------1 
01----------1 

IC3 C 1----------1 

:-----11----i 
I I 

I : 
I I 
I I l,------o 

AC 

Capacity Input 

R 
SCOPE 
OR 
MILLIVOLTMETER 

Range Frequency V alue of R Output 

0to20p l00kH z 
20 to 200 p 1 0 kH z 
200 to 2000 p 1 kH z 
2000 to 20.000 p 1 kHz 
0 .02to0.2µF 1kHz 

fair ly good. as any harmon ics 
;ire exagge rated by the capac11 1 
11,e shape of the ou tput wa ve! 

•SV 

Vee 

2102 
SOCKET 

11 

,sv 

10 1-. 

k 
R 

10 111 \1 , per p 
1 m per p 
0 1 111 \1 per p 
0 .01 111 \/ per p 
0 .00 1 111\1 per p 

an1•th1ng but a pretty si ne wave 
, ever II has 10 be a poor signal 

en rato r that does this 

2102 Memory Tester 

S. Sunderland 

Tl 1s circuit provid es for the tes ting of 
1 02 4 Bit X 1 memori es . such as the 
21 02 series . in two modes . Mode- 1 
cycle s the m emory co nt i nuousl y 
i rough wri te and read . alternately 
•m ting zeros and ones then reading to 
e sure the vu 11e was successful. 
Mode-2 allows the write of a signa l 
onto the memory . then con tinuou sly 
reads I to ensure the data 1s stab le 

R/W Din 

In both modes. the output from th e 
m emo ry is compa red with what 
should be there . and 1f there 1s a 
d i ff erence . an LED f lashes . accom 
pa nied by a cli ck from th e speaker In 
mode- 2. on power on . a co ntinuous 
noise wi ll be heard from th e spea ker . 
on pressing th e ·wR ITE ' bu tt on this 
should vanish . si mi lar ly . a brief pu lse 
·of noise will be heard in mode-1 be 
fore the wr i te is completed . The 

IC4 
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CK A f-----

Bt-----

CI-------, 

01-------~--"T-------
CYC LE TEST 

l kS 

-~AEAO TEST 

sw2 j WAITE 

l 

LS1 oscil lator frequency is about 20 kHz 
Bohm with components shown . 

In mode-2 . when the supply vo l
tage drops below 4 .5V memory is not 
stable for more than a fract ion of a 
second. although th is does not show 
up using mode-1 . 
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______________ TEST GEAR 

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 hall supply by the voltage 
divider R 1 / R3 . decoupled by C2 . The 
input impedance is defined by R 2 
whilst C 1 isolates unwanted DC. · 

Due to normal op-amp action the 
inverting input fol lows any voltage 
present at th e non inverting input. 
Because of thi s th e current fl owing 
through the meter. and the res istor 
se lected by S1 is V,."5 / R. C3 pre
vents any DC flow i ng and hence 
makes ol:se t nulli ng unnecessary . 

With th e co mponent values shown 
the circuit has a fl at response from 
8Hz-50kH z (-3db) on th e 1 OmV 
rang e. Th e upper l1m1t re m ain s th e 
same on th e less se nsi tive rang es but 
the lowe r frequency limit goes under 
1 Hz . 

Electronics Digest, Summer 1 980 

R1 
100k. 

c, 

10u 

NOTE 
oi='Gare 0 491 
1C I t!, 741 

R2 
1M 

RJ 
100 k 

6 

C2 

IOOu 

D5 and D6 provide protec tion for 
the meter und er reve rse bias and 
overload co ndit ions respectively . The 

In your newsagents 
third Friday each month 
Computing Tod ay is a magazi ne 
peopl e who want to find out abou t 
microp rocesso rs. Among our reg ular 
features are arti cles on machin e code, 
reviews of new systems and the most 
up to date news on th e home and 
personal computer market. 

Reade rs take an active part in th e 
magazin e and subm itted progra m s 
are publi shed regular ly . 

Proj ects are also covered in th e 
magazine for those who wish to ex
pand their sys tems at low cost. 

Computing Today is a magazine for 
enthusiasts produced by en thusias ts , 
make sure of your copy for th e lates t 
information on home computing . 

Ml 
1mA 
FSD 

RANGES 

SI FSD Zin 
(A. CV) 

10 mV } 
1Mn 

2 ,oomv Han 

3 1V 1Mn 

• 10V 1Mn 

R7 
10k 

c ircuit will work from supply rai ls 
betwee n 1 2 and 30V. and in the 
quiescent state consumes only 2mA . 
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SEQUENCE & TIMING _________ _ 
Calculator Radio Alarm 

T Comngham 

This erv simple circuit used wi th a 
S inclair Cambridge Programmab le 
calculator , enab les a transistor radio 
to be turned on after a predetermined 
t i me (withi n the range o f a few 
seconds to f ive months). 

None of the compon ents are criti 
ca l but the SCR should have a su f-

Random Delay Timer 

S. 0 . Lang 

This circuit is des igned to add to the 
excitement of many board games. 
Players must make th ei r moves w ithin 
a random unknown time . The delays 
can b e adjusted and th e circuit uses 
only four \Cs and a few passive com
ponents. 

The 555 (IC 1) provides a c lock 
frequency for the 40 1 7 and the ' time 
up · tone frequen cy. Normally th e 
4017 clock is inhibited as the clock 
inhibit pin 1 3 is high . However. whe n 
the ·reset t imer' button is pushed . pin 
13 is grounded and counting starts. 
The high output moves wildly bet
ween the outputs until the switch is 
released . Only one output will then be 
high . which one being entirely a m at
ter of chance . The resistor co nn ected 
to this high output determines th e 
charg ing time of the car1citor . For th e 

70 

n u 1>1Jl 
1 11,1 0 

ficiently high vo ltage and current 
rating for the rad io used. 

If a transi stor radio is used the SCR 
is conn ected in series with the battery . 
but i f a cassette recorder I player is 
used it ca n be co nn ected to the 
remote socket . 

Th e LOR is placed above the left 
hand three digits of the display. RV 1 is 
ad justed so that th e circui t is triggered 
by · 888 · being displayed . but not by 
the background li ght only . 

Using the program given. the time 

RV1 
SOk 

SCR 

100 u capaci to r shown. 1 0 k shou ld 
be allowed for each second of delay. 
When the capaci to r has sufi 1c ien1\y 
charged up. IC3 switches of f . T is is 
inverted by G 1 and appea rs h igh . The 
tone from IC 1 is gated by th is h 1oh 
signal to drive the loudspea ker ; ia 
01. 

In minutes of the requi red delay is put 
in and / RUN / pressed to start the 
ti ming period . 

To stop the program prematurely 
I ~ l c ! CE I is pressed . 

The calculator should be used with 
a ma ins adaptor . 

Th e tim ing is acc urate to w ith in 
five minutes in eight hours . 

If a buzzer o r similar alarm is used 
the same ci rcu it can be used to g ive 
an audib le indication of th e termina
tion of long programs 

X 00 

1-----1 , 3 01 

• • 02 

I 5 5 03 
1 1 04 

+ I A 05 
T 

I s 8 0 G 
' ' 1 1 07 
' I F 08 ' -___._ 

I E 09 

• 3 10 

I 1 1 11 

I 
12 

' A 13 

I g, n 1 14 
0 0 15 

I 9 9 1G 

I • 3 17 
8 18 

I 8 19 

I _____ I 8 8 20 

- 21 
, 10;, 0 22 

Pressing th e switch at any t im e 
clears the monostab le and se lects a 
random delay resistor . The delay res
istors can be of any va lu e se lected by 
you . G 1-3 are any NANO gates from a 
single 40 11 / 7400 . If th e batt ery 
voltage is g reate r than 6 V a 4 0 1 1 
m ust be used . 
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__________ SEQUENCE & TIMING 
A Simple Sequencer 
P. Hill 
A simple sequencer can be con
structed using shift registers . 

A logic 1 is shifted down the sh,ft 
registers (IC4 . 5) outputs . otherwise 
at logic O. at each clock pulse . This 
places a voltage across the va ri able 

TTL CLOCK 

nv 

Talk Timer 

A. G. Mitchell 

This circuit was designed for use as 
a timer for educational talks , pro· 
viding a timing period of 5 minutes . 
During the talk, a green LED ,s turned 
on, but half a minute before the end, 
the green LED is extinguished _and the 
yellow LED lit, giving a warning that 
only half a minute remains . At the end 
of the 5 minutes, the yellow LED 
turns off and the red LED turns on. 

The circuit is simply two one -shot 

monostables connected together, the 
first with a timing period of 41/, 
minutes, and the second 5 minutes . 

Timing i s started by momentarily 
closing SW 1, pin 3 of both I Cs goes 
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resisters RV 1 - 1 6 in turn . A preset 
DC voltage is thu s available at the 
output. after being buffered by R 1 -
16 and IC6 for each clock pulse A 
sequence of control voltages can be 
set up and used to drive a voltage 
controlled oscillator. 

The sequence r is reset by S 1 . The 
switch is debounce d by IC1 a and 

NOTES 
IC l P. J ARE 7400 
IC2 IS 7474 
IC4 & !i ARE 74164 
IC6 IS 741 

IC 1 b . Resett ing l Cro all ~h if rcg ,s r 
outputs and re~ults ,n ;i lnq, ,. 1 :ap 
ea rs at the input of IC4 

When a clock ,s appl, ti a po ,1 , ,,, 
go,ng edge at pin 8 of IC 4 and 5 
correspon ds to a n ega t, v_c -!)0 •17 'J 
edge at pin 1 of IC 2. due 10 ,nv rt crs 
IC l e and ICld . Th e f i rst p os 11 1vc 
going edge at pin 8 of IC4 and 5 
causes the logic 1 at pin 1 and 2 o f 
IC4 to be transferred to p,n 3 S,n c 
IC2 is pos,t,ve edge tr iggered ,t s 
ou tput remains at logic 0 . allowing 
the log ic 1 10 be transferred to p,n 3 
On the following nega tive edge th e 
logic O appears at p,n 1 and 2 of IC4 . 
For su bsequent pos itive edges the 
logic 1 is shi fted down th shi ft reg-
ister outpu ts and ,s replac cl by the 
logic O at the ,nput. 

When the logic 1 ,s clocked to p,n 
1 3 of IC 5 it ,s fed to p111s 1 and 2 o f 
IC4 v,a IC 3b and IC3a and . at th e nex t 
clock. the log ic 1 w,11 appea r on p,n 3 
of IC4 and thus con tinuous ly cyc l 

.-~-----~--, 'around the sh ift regis ters 

,cs 

high turning on the green LED and off 
the red and yellow LEDs . 
At the end of the first timing period , 

pin 3 of IC1 goes low turning the green 

PUSH TOMAl(E 

13 

ov 

R17 
47k 

OUTPUT 

LED off and the yellow LED on. When 
at the end of the second timing period , 
pin 3 of IC2 goes low, the yellow LED 
is turned off and the red LED lit. 

13011 

....._ Hl'D 
:-,.. LlO 

~ 
VH LOW 
LCD 
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SEQUENCE & TIMING _________ _ 
Tape Recorder Controller 

P. B. Cordes 

The circuit shown enabl es a solenoid 
operated tape recorder to be left to 
record a program me unattended. It 
wa, or iginal ly designed to be used on 
a Rev ox A 77 . in conjunction wi th 
a digital clock based on the Caltex 
CT7001 , but could be adapted for 
ot her recorders , cl ocks, or mechan
ical time sw itches . The clock is se t 
t o s,·ntch on one minute before the 
prog ramme starts, and swi tch of f 
as i t f inishes. 

72 

• 12 \' 

RL6 1 ___:. + 

ti \l 

180\.. 

C l 
10 , 

SGO h 

Unijunction Pulse Stretcher 
Door Bell Extender 

D. W edl ake 

The circu i t p resented ,s a p ract ical 
m on ostabl e ti mer wh ich wa s d e
signed to extend the r inging tim e o f a 
door bell. It can be useful in cases 
when th e bell push button m ight not 
be engaged long enough to att ract 
attent ion . thou g h it could be used in 
many oth er app licat ions . 

W hen the push butt on is closed the 
t h r,stor w, 11 sw i t ch on delive r ing 
pow er to the uni1unction trans istor 
t ,m ,ng c ir c ui t a nd en e rgis ing th e 
re lay the contacts of wh ich are used 
l o con t ro l t he bell circu it. At th e same 
t ,m e capac i to r C2 quickly charges to 
t he loa d v oltag e potent ial via R3 . 
A f t e r a time interva l given 
appro~ 1m arely by 0 .8 Cl Rl (about 6 
secon ds 111 th ,s case) th e un ,junction 
rra ns,stor w il l f i re and the co rrespon
ding output pu lse w h ich is coupled to 

When the clock contacts close, 
R LA is operated via 02 and 03, 
applying power to the receiver and 
recorder. At the same time Cl is 
discharged, and C2 applies a negative 
pulse to pin 2 of the timer, which 
triggers, discharging C4 . The out 
put of the timer goes high for one 
minute, allowing time for the re· 
corder and receiver to warm up. 
As the timer output goes low, C4 
charges through 04 momentarily , 
operat ing R LC which starts the 
recorder. 
At the end of the preset time the 

clock contacts open, discharging C2 
through 02 and 03 which delays 
R LA from dropping out by approx-

t. 70k 

3901.. 

AL L D IODES 

+ 
c, 
! Ou 

\ N-1 14 6 on Sl".' I L :. G 

______ TO ;M• l",S Cl f.C ·1 · 

R LAl OF REC EI\ (R :. •. D - -<>----- r ~.P[ REC ORDER 

imately 5 seconds. As the clock 
contacts re-open Cl charges through 
01, operating R LB opening the 
normally closed stop contacts for a 
short period, stopping the recorder. 
After the 5 second delay has elapsed, 
R LA opens, removing power from the 
equipment. 

RLB and RLC may have light con
tacts, but R LA must be a heavy duty 

mains rated type. Ideally th e digital 
clock should be crystal controll ed, 
to eliminate short t erm mains freq
uency fluctuati ons. Th e numbers 
shown in brackets Jrc the ilPI rop 
riate pin connecti ons on the 10 way 
remote cont rol plu g of a Rcvox 
A77. 

~ n r t 
GLC 1 ,.. 

13' ,__ _____ ,,:• 

~-----------------0 12V 

Cl 

IOu 47R 

PUSH 

BUTTON f-1 
lk 

56qR 

RJ I k 

A 

IN4001 

RLA ~ 
R.S.COMPONENIS 

348-908 

10 BELL 

CIRCUIT 

'---+-------~-----'--------nov 
the cathode o f the thyristor via C2 will 
put the th yristor in reve rs e bias 
switch ing it off . With these val ues the 
relay will become energised for at 
least 6 seconds . 
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__________ SEQUENCE & TIMING 
Divide by 4,320,000 Counter 
J. Stark 

So what is a 4320000 counter 
good for? Well , 50x60x60x24 = 
4320000 so that if you feed in 50 Hz 
at the input the counter will give 1 
pulse i:,er 24 hours, i .e. it can form 
the basis of an extremely accurate 24 · 
hour alarm. Such an alarm never 
requires setting once the counter has 
been reset to zero at the required time 
of day and will thereafter give the 
alarm at exactly the same time every 
day. It can thus be used for instance to 
wake oneself up every morning with
out fail. 
Such a circuit is very easily built using 
just 4 cheap CMOS chips. I Cl , a 14 
stage binary counter is set to divide by 
1 0000 (binary 100 1 1 10001 0000) 
by reseting to O on the count of 
10000 . Similarly IC2, a 12 stage 
binary counter divides by 432 (binary 
110110000). IC3 and IC4 provide 
the necessary decoding to reset the 
counters (which are reset by a logic 
· 1 · unlike TTL where a logic ·o · is 
usually required). Additionally the 
gating allows the counter to be reset 
toO by SW1. 

1M 1M 

IN 

J,, 

Simple Rhythm Generator 
J. J . Trinder 

The circu it was designed to be used 
with a synthesiser to play simple 
repeating rhythms automatically . All 
that was required in this case was a 
trigger signal . although a pitch signal 
could be added easily by duplicating 
the switch and resistor networks on 
the 4017 outputs . 

The clock drives the 401 7 . which 
sequentially takes its outputs high . 

PI N 14 17404 ) 

100R 
PIN 1 
(74041 

X>-'---+-----'-i4 
CLK 

10 

IC'1 b 

f, 'JT 

rJOTE : 
I Cl 15 CDt.CiU. 
tC2 15 CDt.'",..! 0 
ICJ IS C Ot.0 11 
1Ct. lS M,1 2 
IC4 tS COt.012 

These are used to turn on switches. 
The output voltage from each switch 
can be varied by adjusting the pot. 

The outputs are added together 
and fed back to the base of Q 1 . thus 
varying the speed of the clock depen
ding on the setting of the pot on th e 
output sel ected. The clock is also used 
to trigger a monostable form ed 
around an NE555 . This circuit pro
vides the gate pulse for the synthes
iser. The gate length can be vari ed by 
adjusting th2 1 00 k pot ·. 

OP0 OPl OP2 OPJ OP4 OPS OP6 OP7 CPO OP9 

l ull 
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DIGITAL--------------
Seven lo binary with a special bit! 
T. Nash. 

Th is circu i t, which uses only four TTL 
r CMOS !Cs. converts a seve n segment 

digit to binary. w it h ind ication of t he 
'special ' charac ters: m inus. E (exponent 
or over flow ). and optiona ll y blank. 
Both t y pes o f 6, 7 & 9 can be handled, 
and for ease of manipulat ion blank is 
encoded as binary zero . 

For a ca lcul ator - m icroprocessor 
in ter fa ce t he ·x· ou tput shoul d be fed 
to t he sign position for ease o f test ing: 
this m ethod is m ore econom ical in time 
and mem ory space than testing for a 
specif ic bina ry va lue. Th e extra bits 
needed fo r th e equivalent ASCII 
character coul d also be added at the 
interlace. 

d 

Th e seg m e nt 1d entif 1ca t 1or1 shown 
above ,s the standard seven segment 
le t tering syst em a nd so should b e 
fam, ltar to m ost constructors. 

The let ters also re fer ,n this case-to 
t l1e c , rc u It di ag ram a nd t h e t ru th 
table grven below on th e rig ht hand 
side o i t he page . 

No power supp ly con nection s are 
sl1own for the c ircu it as th is d epen d s 
on wh ich version TTL or CMOS Is 
const ruc ted . 

555 Micro Input Reset 

P Dav idson 

When d ealing w it h a mic rop rocessor 
system there are seve ra l featu res 
wh ich plac e re qu i re m e n t s o n th e 
d uration of the ir input leq rese t. These 
s,gna ls are usua l ly negat ive (111 t he 
authors experi ence) and so . w ith th e 
use of a 555 . these requ irem en ts can 
be f illed reliab ly fa s opposed to the 
.o rma l f li p-fl o p debou nc e circ uit) . 

The circu I1 saves o n log ic u sed to 
In,ert the no rmal 5 5 5 m ono sta bl e 
. tIon 

74 

b b 

COMPONEN TS : 

I I 

1 11. 7400 .:01, 
1 -. 74 10 4023 
1 ,., 74 20 '<! 0 12 

' ' 

FiRSi ~R IATI O N SETS X FO R 
Sl ~ NK . SEC NO DO ES NOT 

1 ), 7t. 27 4025 .:oo 1.:003 SMO'.\t.: ) 

• FOR TTL AN D 4 025 VE RSIONS. uu• ! 1"'\:,.s~ nor 

ig 

SEE DI AGRAM 

TRUTH TABLE 

7- SEG a b C d e f g D C B A X 

BLANK 0 0 0 0 0 0 0 0 0 0 0 . 
D 1 1 1 1 1 1 0 0 0 0 0 0 

I 0 1 1 0 0 0 0 0 0 0 1 0 

2 1 1 0 1 1 0 1 0 0 1 0 0 

:3 1 1 1 1 0 0 1 0 0 1 1 0 

'-i 0 1 1 0 0 1 1 0 1 0 0 0 

s 1 0 1 1 0 1 1 0 1 0 1 0 

6 0 0 1 1 1 1 1 0 1 1 0 0 

6 1 0 1 1 1 1 1 0 1 1 0 0 

7 1 1 1 0 0 0 0 0 1 1 1 0 

1 1 1 1 0 0 1 0 0 1 1 1 0 

B 1 1 1 1 1 1 1 1 0 0 0 0 
q 1 1 1 0 0 1 1 1 0 0 1 0 
g 1 1 1 1 0 1 1 1 0 0 1 0 
- 0 0 0 0 0 0 1 0 1 1 1 1 

E 1 0 0 1 1 1 1 0 0 1 1 1 

e · ag ➔ c 
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______________ DIGITAL 
External Input For Micros 

P. F. Tilsley 

Th is simple circuit provides a micro 
with an 8 bit switch / external signal 
input port . The state of the switches 
controls the byte read by the micro . 
but any totem pol e TTL signa l applied 
to the external input socket over-rid es 
the signa l from th e corresponding 
switch . The value of th e resistor is not 
as cri ti ca l. The ci rcu it is shown for 
on ly one bit. 

-
1 ). 1 J l!t. M 
H,rn t 

Keyboard/display sound con
verter 
K G Reid 

Th is c ircu 11 c;in be used In several 
mod e s It c ;in p ro vid e quan ti zed 
feed b ac k (a distinct improvement 
over the normal sIngIe · bicep ·) from 
the key .ict,ons mad e on a calcula tor
type keyboard It ca n be used to g ive a 
·sound · tril nslat1on of a d1g1tal display . 
or co ir,pl c te ly repl ace th e display 
when sound wou ld be a better corn
rnun ica t1 on m ed iu m 

Th e key bon rcl or disp lay 1nforma
tio11 (a 111ax 1111um of 1 6 bi ts with o ne 
16 -lin e 7 4 1 50 multiplexer) is trans
lated 11110 a ser ies of 1 6 h igh or low 
frequency ton e pu lses . cor responding 
10 the ·high · or ·1ow · logic state of the 
16 b its 

The circuit ill us trated was used 111 
conjunct ion with a digital multimeter. 
requ iri ng three 4 -bit words for the 
dig i ts and three additiona l bi ts for 
over-ran ge . n eg ati ve and dec imal 
point. Thu s 1 5 lines only w ere req
uired . the 16th being used for rese t
tinq . 
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Seven Segment Decoder 
Yap Sue-Ken 

As not all of the possible seven segment 
codes are used, only 5 lines are required 
to define the ten numerals without 
ambiguity . The logic circu itry required 
to recover the other t wo segments are as 
shown in the figure. 

In the case of microprocessor contro ll 
ed displays this can save two valu ab le 
I / 0 pins . 

INPUT OUTPUT 
SEGMENTS SEGMEN TS 

OECIMA 
b DIGIT a e f g C d 

0 1 1 1 1 0 1 1 
1 0 1 0 0 0 1 0 
2 1 1 1 0 1 0 1 
3 1 1 0 0 1 1 1 
4 0 1 0 1 1 1 0 
5 1 0 0 1 1 1 1 
6 1 0 1 1 1 1 1 
7 1 1 0 0 0 1 

! I 8 1 1 1 1 1 1 
9 1 1 0 1 1 1 

The 1 5 bits are latched on to th e 
inputs of the 74 1 50 multiplexer . Pre
sentation of the enable pulse results in 
a logic · 1 · appearing at the output of 
ga te B. allowing clock pulses to pass 
v ia gates A and H t o th e 7493 
counter Gates B. E. D and C form a 
latch wh ich remains ·set° until al l 1 5 
bits have been sa mpled . As each bit is 
sampled . the inverse state appea rs at 
the mu lt ipl exe r output . opening gate 

C 

d 

NOR GATE = CD4001 OR SN7402 
NANO GATE = CD4011 OR SN7400 
POSITIVE LOGIC : '1' = ON 

c = e .f. 

d • {gt-cl t {athl 

\ ', OHD J \"10110 • 

,,v ,-------, ,-------, 

fiJ Dll 

J or K and thus operating one of th e 
two reed re lays . As a count of 1 1 1 1 
appears from the counter . the out-put 
of F drops low. resetting the latch and 
coun ter . The operat ion of ei ther relay 
resu lts in a tone appearing at the 
loudspeaker (or ear piece) th e tone 
frequencies being set ( 1 2 kHz ma,1-
mum) by the 1 megohm pots Th 
tone pulse length Is governed by th e 
clock ra te 
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DIGITAL---------------
Graphics for the 560 VDU 

M . Jackson 
This circuit can be added to the 560 
VDU published in ETI in September 
1976 to allow the display of simple 
graphics. The rows and columns of each 
charact er positior are gated by Nl to 
NS to make up the graphic character 
sections. This information is ANDed 
with the RAM data to determine 
whether ot not a particular section is 
on or off. 

The graphics /character selection may 
be controll ed by the spare bit in RAM 
after it has been latched. 

Note: RCLK must be disconnected 
otherwise blank l ines will appear in the 
graphics display . 

Hexadecimal Keyboard 

C . N . Harrison 

Programming a m icroprocessor can 
be a time consuming bu si ness 1f in
structions are entered in binary using 
rows of toggle switches . A far more 
convenien t method is to enter the 
code In hexadecimal notat ion using 
an appropriate keyboard . A suitable 
keyboard should be fu l ly debounced . 
provide a strobe whenever a key is 
struck and use standard power sup
olies . The following circuit provides 
all these features . 

RO 

RO 

IC2 

120R 

71 

CO',WON(t.:t !. 
1Jo. 74 D1 1t./J .!> ,781 
1 X 1',0,1, ING! 
1 )(N 11 !tl l .1 . .:1 
1). 1~\li (ll!J- 1' 1 

The eight by two ·matrix of ke 
scanned sequential ly by the ..l ~ 
data selector. IC4 and the D ou tpu t i 
the 7493 four b it counter . IC _ _ I 
keys are pressed the Y output of IC..l Is 
always logic 1 since all eig h t 1 . u s 
are pulled high by th e 4k 7 res ist rs 
When a key is pressed the Y u t ut 
rema i n s high unt i l th e c u , te r 
reach es the inverse of th e req uired 4 
b it data . The appropriate in pu t o IC4 
,s then pulled low and th e Y 1 u, 
c hang es to logic 0 . Thi s 1 Igg er s 
mon ostable IC3a which disab les ,he 

co 

• 
A 

IC~ 

V 

;;r;,100n 

-,v 

f +.O".l f"IM.I 
l .\l C~f S 

,--

l 

clock input to the coun ter . enab les th e 
data outputs via IC 5 and triggers IC 3b 
t rovide a data strobe Whil e th e key 
Is closed IC3a. Is retrigg ered by the 
clock so that the data remam s sw ble 
on the out put Imes unt i l the key Is 
re leased . 

If latched data outputs are required 
IC5 ca n be repla ced by a 74 75 qua d 
latch clocked from th e output o f IC3b 
Tl1e data wou ld be available at the 0 
ou tp uts of the latch 

,cs 
t.OTE 
IC1 IS 71.00 
IC2 IS 7493 
IC3 IS 71.123 
ICI. IS 71.1 !11 
ICS lS 7400 

Ot..lA 
OU l l'Ul:. 
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_______________ DIGITAL 
Digital Keyboard Controller 

P. Williams 

o
·· "•0•110 
C0"'TACII 

This circuit was designed to overcome 
all the problems associated with res
istor ladders and analogue memories 
normally found in synthesisers . The 
key depressions cause a diode matrix 
to set up binary patterns which are 
memorised on a bank of fl ip-flops . _ 

The main advantages of this 
method are infinite memory ho_ld ; 
more accurate output since there are 
only six main tuning resistors (it is 
economical to make them variable) . If 
more than one key is depressed at a 
time. no " out of tune " notes will be 

Cuts Above 

B. House tey 

The circui t here Is an improved ve r
sion of the origina l cuts encoder. If O 1 
is preceded by a high im pedance 
buffer. qu ite low signal levels ca n be 
accommoda ted successfull y - and 
still trigger the 741 2 3 . A 74 C0 2 or a 
740 2 was found to t rigger on ly un
rel iably in th is ci rcu it. 

Electronics Digest, Summer 1980 

produced- because of a multiple key 
depression detector . Only one set of 
single make contacts is required for 
the keyboard . Octave transpose and 
portamento is included . 

When a key is depressed. the 
binary code set up by the diodes is 
clocked into the fl ip-tlop (IC2-IC4) by 
the monostable (IC6) . IC7 along with 
its associated resistors forms a D / A 
converter . The 33k resistors along 
w ith Q 1 form the circuit wh ich inhibits 
further data being clocked into the 
fli p-flops if more than one key is 

Cl 
1µ 

I NP UT o----11---------t--i: 

R2 
10K 

QI 
G. P. 
NPN 

pressed . and IC5 provides a pulse to 
trigger envelope shapers . 

Up to 63 semitones (over five 
octaves) can be catered for using six 
data bits as shown , although more 
bits can be added. 

RV1 to RV6 should be adjusted so 
that each successive bit causes twice 
as much change in the output voltage. 
RV7 adjusts the voltage/frequency 
relationship . RV8-1 0 adjust the 
starting voltage; they should be set to 
give the required octave shifts on the 
transpose control. 

+5V 

!Cl 

TO PIN 3 
,IP-------74123 

_,._ _______ _, __ ----<iOV 
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DIGITAL--------------~ 
Programmable Gate 

·P. Mead 

The Programmable Gate is a gate which 
converts an AND gate to an OR gate by 
applying a logic '1' on the function 
input. 

A 

The logic design uses 8 x 2 input 
NANO gates. The number of gates may 
be reduced by replacing the 5 NAND 
gates enclosed by the dotted line, with 
a 2 input exclusive OR, such as the 
TTL 7486. 

r-------------------------- ~ 
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FUNCTION 
INPUTS 

OUTPUT 
INPUT A B 

0 0 0 0 

0 0 1 0 

0 1 0 0 

0 , , , !
ANO 
FUNCTION 

1 0 0 0 

I OR 
'----------------------------, 0 , , 

FUNCTION , , 0 , 
, , 

' 
, 

ICla-d 

A0>-------[>>------------------0 O~ 

BO-----...--; 

.... -------~-----------7-U QB 

C v---..... -~---, 

01 02 

DU-----:t---:t---1 

BCD INPUTS 

COUNT □ l e B A 

0 o I o i o 0 
1 o I o o I 1 
2 o I D 1 I o 
3 o I o I 1 I 1 
4 DI 1 0 0 
5 o I 1 0 1 
6 O I 1 1 0 
7 o I 1 1 1 
8 1 j D 0 0 
9 1 I o 0 i 1 

OUTPUTS 

Oo Oc las 10A 
1 o I o I 1 ,· 0 I O I D 
0 1 1 1 1 1 
0 1 l 1 i o 
D 1 I DI 1 
0 1 I o , o 
0 DI 1 ! 1 
o I o I , I o 
o I o I o I 1 
0 o I o I o 

07 

COMPL-
EMENT 

9 
8 
7 
6 
5 
4 

3 
2 
1 
0 

OA =A 

IC1 • SN7404 
D1-9:a: 1N4148 

Os =B_ ~ 
Oc=I.B·CJ_-IB·CJ 
O□= B·C ·□ 

Cheap Down Counter 
AF Bush 

Th is circuit, when presented wi th a 4 bit 
binary number in the range 0000-1001 
wil l present the nines complement of 
that number at the output. 

Connecting the circuit between a 
74 90 and a 7447, will, instead of the 
usual up count, provide a display which 
counts dovv n from nine. 

Th is provides a useful alternative to 
the ex pens ive 74192 when only a down 
cou nt is requ ired. 

Retriggerable Flip-Flop 

G. S. Wills 

The following circuit was devised as a 
cheap retr igge rable flip-flop using a 
single Ouad-NAND chip (4011 ). 

It is sometimes useful to have a 
single input flip-flop instead of the 
usual SET & RESET, this one being 
used on the end of an ultrasonic 
remote pause .for a cassette recorder 
and switching to its opposite state for 
each received pulse _ 

Gates 3 and 4 are wired as a 
standard flip-flop configuration . their 
inputs going to gates 1 and 2 which 
steer the input pulse alternately . 

The only requirement to remember 
is that the input pulse must be shorter 
than the CR constant of the circuit 
but this is easily arranged by in'. 
eluding a differentiator network (at 
the input) with a lower time _c9 nstant. 
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_______________ DIGITAL 

Exclusive OR and NOR gates 

D. S . Smith 

IC 1- OUA0 2 INPUT NANO GATE 

TRU TH TABLE 

A 8 C 

0 0 0 

0 1 1 

1 0 1 
~ 

,_ 1--

I 1 0 

II ,... 
,., 

l 

~ 

'----
~ 

-

When constructing log ic c ircuits 
which _need either an exclusive OR or 
exclusive NOR gate . and one is not 
avai lable . the follow ing arrangement 

of NANO or NOR ga tes can produce 
the required res ults . The circuits can 
be constructed using standard TTL or 
CMOS gates . 

IC2- OUAO 2 INPUT NOR GATE 

C C 

TRUTH TABLE 

A B C 
0 0 1 

0 1 0 

1 0 0 

1 1 1 

II' 
I 

I Ill ,~, , ... 
'" 

v., ,., .. J ... ., 
·" .. - - ... "cm ~ ~ - - ··· ,,- -

~ ou , tlC - - L--.. ., 
., .. .. ., 

.-- vc, '" ~ -

I n co•,._1 c 110•. \ 1co •1•11c11Cm~ 11CO', 'HCIIU>d 

_J7__ 

~~ 
11MO 
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Minimising Memory Connections 

M. T. Clarke 

Anyone who has connected together 
memory ICs may well be appalled at the 
number of connections, especial ly those 
which simply para ll el the IC pins. 

Realizi ng that the address pin 
des ignations are purely notional means 
that address lines can be rearranged 
before they reach an IC, as convenient . 
This eases considerably PCB design. 

An example is shown where connect
ion of 4K dynamic RAMs (2604) was 
undertaken on Vero-board . The copper 
tracks provide all address connections 
for every alternate IC without any 
wiring from the surrounding ICs (this 
saved almost 100 connections on a 
4K x 16 board) . 

Dynamic RAMs require segregating 
the row and colum n addresses, but 
within ea ch they can be free ly mixed. 
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SOFTWAR _____________ _ 

Mine sweeper 

E. A. Johnson 

The object of the game is to locate and 
destroy a moving minesweeper. The ship 
moves along a set course, but, to avoid 
destruction it can deviate slightly from 
the course and alter its speed. 

Playing the game 

The game is started by entering a 
number (in the range O to 1) into 
register E, to set the initial position 
of the minesweeper through a random 
number generator. A shot is made by 
entering the xy co-ordinates (into the 
A and B registers respectively) of the 
square where the ship is believed to be . 
The calculator determines the position 
of the ship and displays the distance by 
which the shot missed. If the shot is 
within five units of the ship, damage 
occurs which slows the ship down in 
proportion to the nearness of the shot . 
When the ship is destroyed the display 
flashes . 

After the ship has been destroyed, the 
number of shots used can be displayed 
by pressing 'C', and a new game can be 
started by pressing 'D'. 

Method of calculation 

The initial value of 0, which determines 
the ship's position is determined using 
the calculator's random number 
package. The ship's co-ordinates are 
then calculated by the following 
equations: 

x = (50 + 45 cos 30) + RNUMX 
y = (50 + 45 sin 20) + RNUMY 

where RNUMX and RNUMY are 
random numbers (in the range of -3 
to +3) to give the ship its avoiding 
action . 

The distance of the shot from the ship 
is calculated using pythagoras and 
displayed in integer mode. 

The next value of 0 is then given by 
0 = 0 + 01NCR 

where 01NCR is originally set to 5, the 
calculator then determines the new 
co-ordinates of the ship. 

When the distance of the shot from 
the ship is less than five units, the value 
of 01NCR is reduced to slow the ship 
down. The new value is given by 01NCR 
= 01NCR - (5 -;- distance) . 

The above procedure continues until 
01NCR ..: 0 when the ship is destroyed . 

A new game, if required, is started by 
automatically generating a new random 
ini t ial value of 0. 
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MINESWEEPER PROGRAM FOR Tl 58 & 59 

LDC CODE KEY 03 

000 

010 

020 

030 

43 
01 
44 
00 
43 
02 
91 
76 
33 
65 
04 
05 
85 
05 
00 
85 
36 
15 
71 
BB 
65 
06 
75 
03 
95 
33 
92 
76 
15 
42 

09 
76 
14 
05 
42 
01 
00 
42 

RCL 
1 
SUM 
0 
RCL 
2 
R/S 
Lbl 
X 
X 

4 
5 
+ 
5 
0 
+ 
Pgm 
51 
SBR 
D.MS 

X 

6 

3 

X 
INV SBR 
Lbl 
E 
STD 

9 
Lbl 
D 
5 
STO 
01 
0 
STD 

040 

050 

060 

070 

58 
00 
36 
15 
71 
BB 
65 
03 
06 
00 
95 
42 
00 
25 
91 
76 
11 
69 
23 
75 
53 

53 
43 
00 
65 
03 
54 
39 
71 
33 
32 

00 
91 
76 
12 
75 
53 
53 
43 

Example Game 

Comment 

Enter a number between O & 1 

Enter guess for x co-ordinate 
Enter guess for y co-ordinate 

x co-ord inate 
y co-ordinate 
X 

y 
X 

y 
X 

y 
X 

Enter 

3 
Fix 
0 
Pgm 
15 
SBR 
D.MS 
X 
3 
6 
0 

STD 
0 
CLR 
R/S 
Lbl 
A 
Op 
23 

( 
RCL 
0 

3 
) 
cos 
SBR 
X 
x ►◄ t 
0 
R/S 
Lbl 
8 

( 
( 
RCL 

080 

090 

100 

110 

Display 

0 

0 

00 
65 
02 
54 
38 
71 
33 
85 
05 
32 
95 
34 
42 
02 
77 
00 
00 
55 
32 
95 
35 
22 
44 
01 
29 
43 
01 
77 
00 
00 
25 
35 
22 
58 
91 
76 
13 
25 
43 
03 
91 

65 (Distance ) 
0 

62 
0 
7 
0 
3 
0 
3 
0 

y 

0.258 E 

50 A 
11 B 
84 A 
70 B 
40 A 
85 B 
43 A 
87 B 
51 A 
89 B 
54 A 
90 A 9.9999999 99 

( Flashing ) 

To display number of shots 
To start a new game 

x co-ordinate 
y co-ord inate 

ETC. 

C 
D 

50 A 
11 B 

6 
0 
0 

42 

0 
X 

2 
) 
som 
SBR 
X 
+ 
5 
x ►◄ t 

,Ix 
STD 
2 
X t 
0 
00 

1/. 
INV 
SUM 
1 
CP 
RCL 
1 

0 
00 
CLR 
1 /x 
INV 
Fix 
R/S 
Lbl 
C 
CLR 
RCL 
3 
R/S 
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_____________ SOFTWARE 
Lunar Landing 

Sarah J . Owen . 

Recommended periods for 
Retro-rocket firing 

This program was devised for use on the 
Commodore PR.100 calculator, but is 
easily adapted for use on any other 
programmable ones . Imagine you are 
the Astronaut controlling the final 
descent of a lunar module, at regular 
intervals the speed of descent is 
displayed, the period of burn of the 
retro-rocket has to be calculated, after 
allowing for the reducing weight of the 
fuel on board. . . . . . .. Five speed 
corrections arc allowed, after which the 
final impact velocity is displayed . If an 
error is made and all fuel is used, there 
is just time to transmit an urgent S.O.S. 
message before destruction on the lunar 
surface .. . ... . Due to the lack of 
program space, the method of selecting 
the initial random speed is unusual, but 
ranges between 20 and 100 m.p.h. 

SPEED 

5 
7 

10 
15 
20 
30 
40 
50 
60 
70 
BO 
90 

100 
110 
120 
130 
150 
160 

PROGRAM 

LOC CODE 
Result of impact speed :-

5 m.p .h . PERFECT LANDING 

00 
01 
02 0 

6 

11 

16 

10 m.p.h . SLIGHT DAMAGE, 03 
LIFT OFF DELAYED. 04 

15 m .p.h . STRUCTURAL DAMAGE 05 
LIFT-OFFDOUBTFUL 06 

25 m .p.h. SEVERE DAMAGE & 07 
INJURY - USE 
SUICIDE PILL. ~~ 

ABOVE 
25 m.p.h. 

SET UP :-

MODULE & ALL 
LIFE DESTROYED .. . 

F-CA-F-FP-B-GOTO-00 
Mode switch to load - enter program -
mode switch to run - goto - 00 enter 
any two or more numbers (date etc.) 
Each followed by Xn key . Press R/S -
speed of descent displ ayed . 
Allow for weight of fuel remaining, 
enter period (in seconds) of rocket burn 
to reduce speed, press R/S - new rate 
of descent displayed, correct as before. 
After five speed corrections, impact 
speed will be displayed. If fuel in 
excess of 20 seconds is used , module 
transmits an urgent message before 
destructing. 
Press R/S to re - start . 
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10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 

21 
63 
21 
51 
74 
81 
91 
95 
51 
91 
53 
82 
91 
51 
81 
71 
51 
82 
52 
91 
74 
62 
84 
52 
81 
95 
51 
91 
21 
52 
13 
21 
85 
81 
21 
32 

BURN 

1.6 
1.9 
2 .3 
2.7 
3 .0 
3 .4 
3 .7 
3.9 
4 .1 
4 .2 
4.4 
4 .5 
4 .6 
4 .7 
4.B 
4,9 
5.0 
5.1 

KEY 

F 
s 
F 
FRAC 
X 
1 
0 

M 
0 
Xn 
2 
0 
M 
1 
4 
M 
2 
MR 
0 
X 
8 
+ 
MR 
1 

M 
0 
F 
INT 
R/S 
F 
M-
1 
F 
ex 

1BO 
200 
220 
250 
270 
300 
330 
365 
400 
450 
500 
550 
600 
660 
730 
BOO 
900 

1000 

5.2 
5.3 
5.4 
5 .5 
5.6 
5.7 
5.8 
5.9 
6.0 
6 .1 
6.2 
6 .3 
6 .4 
6 .5 
6.6 
6 .7 
6.8 
6.9 

Memory 1 - Seconds of fuel left 
Memory O - Accurate descent speed 
N.B. Adjust burn period for weight of 
fuel, allow 1 m.p.h . for each Second of 
fuel remaining (approx) 

36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 

85 
52 
81 
85 
52 
91 
74 
95 
35 
51 
91 
52 
81 
94 
15 
14 
73 
63 
52 
82 
85 
81 
95 
15 
14 
.81 
73 
52 
91 
13 
14 
91 
91 
72 

91 
72 

MR 
1 

MR 
0 
X 

X 

M 
0 
MR 
1 
+/
SKIP 
GOTO 
6 
9 
MR 
2 

SKIP 
GOTO 
1 
6 
MR 
0 
R/S 
GOTO 
0 
0 
5 

0 
5 
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SOFTWARE ____________ ii!!'"OII 

82 

Mastermind 

P. R. Kemble B.Sc. 

This program enables the popular game 
Mastermind to be played on a Hewlett
Packard HP29C calculator. 

A five digit number (no two digits the 
same) is set by one player, and then the 
second player must deduce what it is . 
There are 30,240 possibilities . 

After each guess the calculator 
indicates how many digits in the guess 
were correct and in the right position, 
and how many were correct but in the 
wrong position . 

To play: 
Player A enters a 5 figure number and 

then presses GSB 1. 
Player B enters his guess and presses 

R/S. After several seconds calculation 
the display shows a number such as 1.2 
which means 1 digit in the right place 
and 2 more correct figures but in the 
wrong position . 

Player B then enters another guess and 
presses R/S, etc . until he achieves a 
score 5.0. 

For cheats (!) or if the number set 
has been forgotten, it is held in STD .5. 

The use made of the calculators 
stores is show n below. 
If the number set was ABCDE, and the 
guess is FGHIJ, then : 

STD 0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
.0 
.1 
.2 
.3 
.4 
.5 

Used 
J 
I 
H 
G 
F 
Used 
Used 
Used 
Used 
E 
D 
C 
B 
A 
ABCDE 

STEP 

01 

10 

20 

30 

40 

45 

INSTRUCTION 

gLBLl 
fFIXl 
ST0.5 
1 
4 
CHS 
GSBO 
gLBL9 
0 

ST07 
STOB 
R 
R/S (Ente r ouess ) 
5 -
CHS 
GSBO 
1 
STOO 
gLBL5 

RCLi 
9 
STO+o 
x~ y 
RCLi 

gx = O? 
GSB3 
8 
ST0-0 

RCLO 
6 
fx = y? 
GT04 
GT05 
gLBL3 
1 
ST0+7 
RTN 
gLBLO 

STD 0 
X '1:' y 
EEX 
4 

gLBL2 
fl NT 

STEP 

50 

60 

70 

80 

90 

INSTRUCTION 

STOi 
fLAST x 
gFRAC 

1 
0 
X 

glSZ 
GT02 
RTN 
gLBL 4 
1 
4 
ST09 

gLBL6 
RCL9 
STOO 
RCLi 
ST06 
5 
STOO 
gLBL 7 
RCLi 
RCL 6 

g X = O? 
GSB 0 
gDSZ 
GTO 7 
1 
ST0-9 
RCL9 
9 
f X t- y7 

GTO 6 
RCL 7 
ST0-8 
1 
0 
STQ.,-8 
X '1:' y 
RCLB 
+ 
GTO 9 

gLBL 0 
1 
STO+B 
RTN 
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~-------------SOFTWARE 

CBM Shoot 

I . Holdstock 

Shown here is the Shooting Pro
gram that I have devised for use on 
the Commodore PR- 1 00 Program 
mable Calcul ator . 

The idea is to try to shoot at tar
gets that ..ippear at random ranges . 
To do this the operator has to guess 
the correction that is necessary to 
score a Bullseye . To make thongs 
more difficu lt it is ass umed that 

STEP CHECK 
NO KEYSTROKE COOE 
00 M 5 1 
01 0 91 
0 2 8 1 
03 2 1 
0 ~ M+ s,1 
05 7 6 1 
06 MR 52 
07 0 91 
0 8 + 84 

09 p1 -15 
10 95 
11 y' 34 
12 5 72 
13 95 
14 2 1 
15 Fr.1c 5 1 
16 M 5 1 
17 0 91 
18 X 74 

19 MR 5? 

20 6 73 
2 1 95 
22 M 51 
23 1 8 1 
24 STOP 13 

25 85 
26 MR 52 
27 0 9 1 

28 111 v 1 1 

29 1an 2,1 

30 95 

31 2 1 

3 2 mt 52 

33 SKIP 15 

34 GOTO 14 
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there is a strong wind blowing from 
the left . and the correction has to 
accommodate for this as well. The 
program works out where the sho t 
would have hit the target and gives a 
score accordingly out of 5 . Points 
are deducted for complete misses . 
The number of sho ts actually fired is 
stored . together with the total score . 
To use the program you enter the 
keystrokes and go to 00 . Then 1 000 
1s entered in memory 6 . Then take 
the Sin o1 any integer less than 100 
and run the number ob tained . A 
random ran\:]e will be di splayed . 

35 3 83 
36 8 62 
37 94 
38 M 5 1 
39 2 82 
40 CICE 25 
4 1 STOP 13 
42 
4 3 ( 64 
44 MR 52 
45 1 81 
~6 X 74 
47 2 82 
48 tan 24 
49 95 
50 2 1 
5 1 int 52 
52 SK IP 15 
53 GO TO 14 
54 5 72 
55 7 61 
56 94 
57 21 
58 M+ 84 
59 2 8 2 
60 5 72 
61 85 
62 MR 52 
62 2 82 
64 95 
65 2 1 
66 M+ 84 
67 8 6 2 
68 STOP 13 
69 GOTO 14 
70 0 91 
7 1 2 8 2 

Using the chart below the program 
listing. the operator has to guess the 
corrections necessary to sco re a 
bullseye and enter them at th e cor 
rect stages into the program . A score 
will be displayed after the last cor 
rection . To re -use the program . 
simply press run after the score has 
been displayed . and a new range will 
be shown . Before the second cor
rection is en ter ed . 0 will be dis
played . If the present range _has 
been forgott en . it is simply obtained 
by pressing MR 1. (See instruct ions 
at the end of the program l isting) . 

TO USE: FIRSTLY F C/ CE THEN . 
Al GO TO 00 
8) 1000 1n memo1y 6 
C) Any 2 d191t number, then SIN 11 
D} RUN - the rnnuc 1s d, spl.:1ycd 
E) Enter c lcva t,on guess- AUN 
F) O w ill be displayed 
G) Enter windage guess - AUN 
H) Score will be displayed 
I) RUN - a new range 1s di splayed 
J) Enter clcvat 1on guess - RUN 
Ki O wi ll be displayed 
LI Enter w onda ge guess - RUN 
M) Score will be displayed 

- and so on , 

USEFUL HINTS 

RANGE ELEVATION WINDAGE 
000 0 0 
100 5 3 
300 16 10 
500 26 1 7 
700 34 24 
1000 45 35 
The number of shots fired is in memory 7 . the 

score ,s in memory 8. 
BULLSEYE 1s 5 
INNER is 4 
MAGPIE is 3 
OUTER 1s 2 
MISS 1s O or - N Points are dcduc 1c cl fo r 

misses 
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SOFTWAR ____________ _ 
Extra Memories On The Tl58 
A Fleming 

Key code 82 is not used in the users · 
manual. Howeve r . if it is entered into 
the program (by pressing STO 82 
and deleting STO) the registers used 
for storing data during arithmetical 
calculations can be used like the 
ca lculator's memories . That is . 
numbers can be stored , recalled , 
added . subtracted . divided or multi
plied into these registers. Th is works 
on the Tl 58 and may also work on 
th e Tl5g . 

Any operation using one of these 
reg isters requires tw o program 
ste ps . The first one conta in s th e 

keycode 82 . The first digit of the 
second step defines the operation 
and its second digit defines the reg
ister. Tabl e 1 shows how to work out 
the digits of the second step . 

The calculator uses these reg 
is ters for other operations . It is , 
therefore . necessary to know which 
ones the calculator will use . Each 
time the calculator has to rem ember 
a number during calculations . it 
goes into the next register in the 
sequence A.B.C . . Table 2 shows 
the other function s w hi ch use th ese 
regi sters . 

The blank boxes indicate registers 
which m ay contain numbers (which 
can be recalled using 82 ) but are 
now ignored in calculations . 

Example 

First Digit Second Digit 
0 = store (STO) 1 = reg. A 
1 = recall (RCL) 2 = reg. B 
3 = add into (SUM) 3 = reg. C 
4 = multiply into (Prd) 4 = reg. D 
5 = Subtract into (INV 5 = reg. E 

SUM) 6 = reg. F 
6,7,8 or 9 = into (INV Prd) 7 = reg. G 
(Words in brackets indicate B = reg. H 
indicate the equivalent memory 
function) 

Examples 
keycodes 

82 38 
82 04 
82 66 

function 

add into reg. H 
sto re D 
divide into reg. F 

~+ 
X 

uses G and H 
lstL.A.R. • 

The following is a section of J program:
rr + 6 x (RCLO + 1 + RCL 1 P ~ R = 

!NV X 

OP 11 
1st & 2nd L .A.R . & H 
1st & 2nd L.A. R. 

OP12 1st, 2nd & 3rd L.A.R. 
OP13 
OP14&0P15 
P + R 

1st, 2nd, 3rd & 4th L .A.R. 
1st, 2nd & 3rd L.A.R. & H 
1st L .A . R. and G & H 

INV P ~ R 2nd L .A .R. and G & H 
OM S & !NV OMS 1st & 2nd L.A. R. and H 

•L.A.R. stands for "lowest available register(s) " 
i.e. the next registers aher those being used for 
arithmetical calculations. 

Texan Roulette 
J . Blandford . STO 2 
Th,s roulette program has been de- 1 
vised for a Texas Tl57 programmable INV SUM 4 
calcu lator . You choose th e number on RCL 2 
which you want to bet. The calcu lator STO 1 
then generates ten random numbers X 
in the range O to -36 . A lose deducts 3 
one chip from your initial pile o f 1 00 7 
(i n m emory 4) and a win adds 36 . The 
winning number also flashes on the 2nd INT 
d isplay. 2nd PAUSE 

After t e n random numbers . the 2nd x=+ 
calculator stops. Pressing SBR4 dis- GTO 2 
plays the amount of chips left ,n your 2nd INV DSZ 
pi le . Pr ess R / S to reload the R/S 
memories. enter a new number and GTO 1 
p ress R / S to start again . 2nd Lab 2 

KEY LOC CODE STO 5 
2nd Lab 1 00 86 -1 RCL4 
2nd rr 01 30 + 
+ 02 75 3 
RCL 1 03 33 -1 6 

04 85 
yx 05 35 ST04 
8 06 08 RCL 5 

07 65 + 
2nd INT 08 49 X 

84 

Program 
execu tion 

rr + 6x 

(RCL 1 + 

1 + RCL 1 

P ~ R 

09 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

A 

" 

" 

., 

85 
32- 2 
01 
-34 -4 
33 - 2 
32 - 1 
55 
03 
07 
85 
49 
36 
66 
51 -2 
- 56 
81 
51 -1 
86- 2 
32- 2 
33 -4 
75 
03 
06 
85 
32 -4 
33 - 5 
75 
55 

Registers and contents 
B C D E F 

6 

6 contents 
mem . 0 
contents 
mem. 0 
+ 1 

6 contents 
mem . 0 Used 

2nd Lab 4 
RCL 4 
R/S 
CLR 
1 
0 
STO 0 
CLR 
R/S 
STO 7 
CLR 
GTO 1 

37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 

PRESS DISPLAY 

G H 

Used Used 

86 -4 
33 -4 
81 
15 
01 
00 
32 -0 
15 
81 
32- 7 
15 
51 -1 

100 STO 4 1 00 stored for starting score 
SBR 4 100 score 
R/S Enter number (0 - 36) 
R/S Start 

10 random numbers (0 - 36) 
each wrong number 
subtracts 1 chip from score 
r ight number flashes adds 

CLR 36 to score 
SBR 4 Displays score 
R/S Enter new number 

R/S Re start 
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_______________ GAMES 

Passionometer 
D. Geary 

This device is . to say the least . fun at 
parti es! I! 

The unit relies on skin resistance . 
picked up by 1 and 2 . which form a 
D.irlongton Pair . The output of the 
amplifier is fed to a bloc buffer via a 
res istor network 

At c.ich st;ige. 11 the threshold vol
wgu 1s reached . th e associated LED 
will light. Prev ious st ages will also 
light 

It m ay be found use ful to tot a 2 5k 
pot 1n series w ith the base of O 1 · The 
higher the ra t ing s the better!! 1 

Heads Or Tails 

Steven Snook 

This circu i t d i ffers from previous Heads 
or Tails circuits in that when the switch 
is re l e ased th e LEDs will 
continu e t o fl as h at a continually· 
decreas ing speed . until eventually 
they stop and one or the other will 
remain on . When SW1 is depressed Cl 
charges via the 2k resistor, when SW1 

PUSH SWITCH SW 1 

C1 
2200u 

+ + 

2u2 
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0 1 

CONTACTS 

NOTE . 
n1 -- Rs-,, , 10A 
01 11 BC109 
02 ,, BC109 
IC1 n 7417 
lED1 - lEOG ,m Tll20 9 
or1 1m1l,1r 

is released Cl produces a gradually 
decreasing voltage into the emitter 
junction of O 1. This produces a slow 
drop in frequency of oscillation, the 
oscillation ceases when Cl is completely 
discharged. The output of the oscillator 
is fed into an inverter, 02 . then into 
the 74 72 flip flop. The 4 70R preset 
must be adjusted to give equal chances 
of each LED. A novel, untested, modifi 
cation would be to omit the red LED 
and drive another 74 72, this would give 
four combinations instead of two. 

1k0 ,. 

"' 

RJ 

R4 

RS 

12 5V 1 ZENCR 

,c, 

GeOR 

22k 

GR EE N 

,------,- - - ~ •OV 

LED2 

LEDJ 

LEO!i 

LE06 

o-0 
150A • 9V 

S\'n PP) 

" 
12 747'1 

i 
OV 

fllOTES 
IC1 IS 7472 FLIP FLOP 
01 ANV GP UNIJUNCTION 

EG T1843 
n2 OC108 OR SIMILAR 
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GAMES _____________ _ 
Touch-Spin Mini Roulette 
Dav id Ian 

Ten LE Ds arranged in a circle form 
the 'wheel' for this miniature roulette . 

A finger held on the 'SPIN' contacts 
wi ll cause the LEDs to flash in order· 

round the circle, the speed slowly 
increasing. When the finger is removed 
the flashing will slow and one LED 
will remain lit. 

The LEDs are mounted behind a red 
translucent perspex panel with the 
numbers O to 9 marked on a clear 

sheet of celluloid mounted between 
the LEDs and the perspex. With 
a current of 20 to 30mA through the 
LED the winning number is clearly 
illuminated. VR1 can be adjusted to 
change the time taken for the 'spinn
ing' to stop. 

,----------o----------------------------.....---0.... 0-0 
• 6 \1 

SPIN 

·• ·□u-vss ·.:. · - T 
•(l · '7' 

.\~ R" ul ·G· 
l 10\BL[ ·~· 

CLOCt< ·o· 
HLSE l T 

0 0 1G 1 "!,· 

PIN OU T or ,:on 

ov 

,---------,....-----+---------- ------------------ + 6V 

PB1 

,c, 
pin 14 

,c, 
pin 7 

IC2 
pin 14 

390R '---"t"---._ __ _,5~-, • 
'----(--____.-----"6-L,_c J__,1a1>-------v'v'\ 

ED - 7 

IC2 
pm 7 '---+---------+-----<>--------------------------- OV 

NOTE 
LED 1 - 7 ;,rr TIL209 or c-c:iu,v.ilc-nt 
IC1 IS 7400 
IC2 IS 7493 
IC3 IS 7402 
a, gc-n purp PNP lcm;,x > 50mA. 
PBI ;s norm.a lly CIOse-d 

Electronic Dice 

G Vance 

This dice circuit is interesting . as the 

86 

0 0 
000 
0 0 

LEO ARR ANGEM ENT 

six LEDs are arranged to produce a 
display the same as the dots on a dice . 
When PB 1 is depressed. the display is 
blanked and the cscillator (IC7a . b . c) 
clocks IC2 at about 1 MHz . IC2 counts 

from zero and resets on seven . When 
PB 1 is released . the d isplay is enabled 
and a novel decoding system pro
duces the correct output on the 
LEDs . 
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_______________ GAMES 
2 Chip Electronic Dice 

P. Adams 
This electronic dice produces a true 
dice display using only two ICs - a 
74132 and a 7495. The 7495 is a 
4-b,t parallel-access shift reg ister. It 
can either operate as a shi ft -register or 
be parallel (broadside) loaded at in
puts A-D . Control over these two 
funct ions is by a mode control unput. 
When the mode is high data is loaded 
11110 Oa - Od from inputs A - D 011 the 
nex t neg ativ e-g oin g c lock edge. 
When the mode is low. data is shi fted 
0 11 0a - Oct on the nex t neg ative
goin£J clock edge . 

By connecting the mod e contro l to 
Qa so that th e register altern ates bet
ween load and shift and makin g th e 
111pu1 word ii function of th e existing 
output word . with some simple logic . 
the register ca n be made to exec ute a 
count th at w ill drive LEDs 111 a d,ce 
display Note LEDs are l it when out 
puts are low . IC 1 a 1s connected as a 
conventiona l Schmitt oscillator pro
v1d111 g clock pu lses to the regi ster . 
SWl stops the osc illator and halts th e 
cou nt . On switch-on th e reg ister may 
stn rt on an ,nval,d co unt . but in a 
couple of clock cyc les ,twill. produce a 
valid coun t and then remai n in that 
sequence . 

Digital Die 
A. Slimmin g 

IC 1 a and IC 1 b form an oscillator run
ning at a few kilohertz . The output is 
fed to a 7490 binary cou nter which is 
wired to produce an output of Oto 5 in 
BCD . So that the display is th e same 
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'Ll'"' :, 
47u 

ov 

No. 

1 
2 
J 
4 
5 
6 
1 

ETC 

+ 

1:::, 
ov 

RI 
47011 

LEO DISPLAY 

0 C 
o A o 

0 • • • 0 
C • • 0 

R2 
2'0 

mum TAOLE 
MOOE 

LOA D 
SHIFT 
LOAD 
SHIFT 
LOAD 
SHIFT 
LOAD 

QA au 

NOH · 
IC11 S 7400 
IC21 S74'l0 
IC] IS 7402 
LC4 IS 74117 

QC OD 

OV TO ICl ,ICJ PIN7 
4V ~ TO IC1,IC 2 PI N I J 

as a dice the display must read 1-6 
and not 0-5 , when the output of the 
7490 is all ·o·s, the display must 
be made to show 6 . IC1c, d and IC3 
perform this task, and convert an 

,,v 

Rl - 6 

l 
ov 

ICl IS 74132 

IC hi 

C01,1MON 
,\NOD[ 

output of 000 from IC2 to 11 0 (b). 
IC4 is a BCD to 7-segment decoder 
which drives the display through the 
current limit resistors R4-R 10. 
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88 

Pertect TV game 
6 H l\ey 

Rl 

8 LL V IDEO 
FFiQ",1 AV - 3-65 - ~t

1

--------._-o-----. TO RIGHT HAND ~ BAT INPUT ON 
AV-3-8500 

~ RE MO TE - - - - - - - - - - - - - - - - - 1 

1 HANDSET : 

I I 

: 0--✓V'Xf'c/'---'\AJ'v J--o : 
I I L ____________________ J 

\ JO EO IC lb ICk '\./\A ~ TO DIODE 
FilGHTSAT ~ F.Z 

SA LL V IDEO : ,, .., "' ~ VIDEO MIXER 

•: ,HERE· 
IC\ t1 ..: 0Qt 
A 1 IS 821.. 
R2 tS 1\.. 
C1 IS Glln 

: ____ ....... 1~g1~CUIT 

The c,rcu,t shown all ows a pla yer to 
play ten n,s or squash against a per
fec t opponent . which is useful ,f one 
wishes to practise and cannot f,nd 
another player . 

Proper Identification for 
T.V. Game Chip 
E. Parr 

Many of th e T.V. game circuits . 
whe ther ready bu ilt or as a magazine 
project . use the popular GI 8500 
ct11p. The standard circuit gives white 
p layers , ball and court on a black 
background . The circuit described 
below g ives a grey background, one 
white and one black player and a 
white ball a'nd court . Thi s is aest
hetically more pleasing and ha s the 
advantag e of ma k ing the squash 
game less confusing. 

rh e ci rcuit ·p la ys · te n ,s o · 
squash simply follo wing the ba ll u 
and down the screen , thus 11 1s 

always in the right place in orde : 
h,t the ba ll. 

BA LL 
G 

SCORC .:ON O 
FIH IJ 
2.: 

'lUTPU TS 
rno·.1 
A Y-J~~/'!0 

SW."C I 
16 j 

IC h 

Although the circuit appears 
simple. 1it only uses one gate 
from one IC') the way it works Is 
quite complex . suffice to say that i t 
relies upon the way the AY-3-8500 
games chip determines bat position 
from the setting of the hand co n
trols . 

The only mod 1fic11 t,ons to th TV 
game are. (1) On e le11d connected to 
the ball ,deo output of the gam es 
chip 

(11 ) A sw,t h " " ' d 111 , se le t,ng 
111 r a 111 nu ill or an ;iutomat, c 

pla , en the right hand bat 
(111) Th ,s may not be necessary 111 

h ,n buil t games th at use CMOS 
o 1"ers , but may ha ve to be 

111 mm ercial unit s th at 
s 111etin1es use di ode n1i x1na 
circui ts The 111 d, ficat,on ,s shown 
a d uses aates fi om th e sa me IC 
Th,s w ill g,~e a brighter bat and ball 
\\ h1ch is useful wh e n play i ng 
squash . 

"cc 
:.. s :.. v . J G~OO) 

\. IO LOOU T 
TO ',",ODU l !. TO l'l 

The modifications are shown be
low. The output on 02 emitter spends 
the majority of the time at a " grey " 
level , and this " grey " voltage is de
fmed at the junction of R6 and R 7 . 

2 RIO '11" 

The three signals from the 8500 
requiri ng a white output are Sall (pin 
6l . left player (pin 1 0) and the score 
and field (pi n 24) . These are " Or'ed " 
toget_her by O 1 to produce a white 
level defined by the ratio of R 1-R 3 
and R4 The white level on O 1 takes 
the output on O 1 to white via diode 
D-l . 

The one black signal is the right bat 
1pm 9) Th is is buffered by two stages 
of a CM OS 4011 chip, and turns on 
04. Thi s takes the output to a black 
voltage defined by R6 . R7 . RS . If a 
whi te and black signal occur together 

101 33 1,, 

(iV -

.:v -

] \i -

ov -

IC l - Vee PIN, .. . ov PIN 7 

\ ".'HIT[ 
SAT 

(as happens when the bats cross in 
squash) the white from 01 wi ll pre
dominate . 

The sync output from pin 1 6 is 
inverted and turns on 03 pulling the 
output down to sync level. OV. 

\',HITC 
nourJo:.:n 

r.OH 
01 - 0, GP !.tllCOIJ 5r, 11c ,◄ 1 1 . G 
Oi -O3 GP~ • LI CO',' r:Pr. 
o, ;,mo~J 
ICl ,011 C,r,' Q!; 

With the val ues shown and a sup
ply of 9V the open circuit output 
voltages are White 6V. Grey 4V. Black 
2Vand sync bottom Ov. The output is 
positive going video . 
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_______________ GAMES 
TV Game Resurrection 

S. Rice 

Now that the novelty of TV games has 
worn thin and most of the units are 
gathering dust in the corner reserved 
for other five-minute wonders . here's 
o chance to add new spice to leisure 

NOTE : 

time . The circuit is an oscillator clock
ing at about one cycle per 4 seconds . 
This switches th e ball angle "ran
domly' · making the game unpredict
able and difficult . Also this prevents 
the ball from getting stuck and boun
cing back and forth from the bats and 
boundaries. Do not use B suffix 
CMOS excep t for Schmidt trigger 
and qates. 

IC= CD4001A 

•7 .8V 

8760 
POWER 
SUPPLY 

V 

555 

Auto Select for AY 3-8760 Stunt 
Cycle 

S. D. Lang 

Constructors of the Stunt Cycle TV 
game may wish to economise _o n 
switches and panel space by trying 
this circuit for game selection. Or
iginally , game selection was by 
grounding the relevant game select 
pins. This requires four _push 
switches; extravagant on switches 
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,. 

4011 
PIN 14 

1G 

40l7 

SELECT 

4011 
PIN 7 

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

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

CHANGE 
BALL ANGLE 
0 

MOTORCROSS 

1k0 

AY .J 8760 

ponents form a pulse generator of 
period approx. 1 second . This pulse is 
applied to the input of the 401 7 de
cade counter . Ev ery pulse received 
advances the high output by one . so 
the high pin is 3 , 2,4, 7 in that order . 
When pin 10 becomes high , the reset 
circuitry is operated. If the select 
switch is open , the output of all the 
NANO gates is high , so the game is 
played . When the select switch is 
closed, the selection circuitry m ay 
now operate, and the outputs of the 
NANO gates go low in turn . selecting 
the a·ppropriate game . 
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GAMES ______________ _ 

I 
:,Oi~J~ 

Ff,OM OV _.__, _______ ~--------~----~---, 

AY-3-6500 

SYNC 
PULSE -to-+---< 

PIN16 

3 
CK 

50 

NOTE ; 
IC1,2 ARE L013 

Random Speed & Angle for 
AY-3-8500 

E. A . Parr 

6 

l(ta 

R 
4 

Many of the early TV games use the 
GI AY-3-8500 chip . This has the 
facility to switch ball speed pin 7. and 
the angle of rebound on pin 5 . These 
two pins are usually brought out to a 
switch for selection by the users . 

The games can be made more ex
citing and realistic if the speed and 
rebound angle vary randomly at each 
bounce or when a player hit s the ball. 
This can be simply achieved with the 
addition of two 4013s (Dual D type) . 

SWl and SW2 are the existing 
manual select switches . IC 1 forms a 

Pol Shot 
A . Kenny 

This is a circuit for a game of the 
shooting gallery variety . IC2a and b 
form an astable multivibrator clocking 
IC 1 which causes LEDs 1-8 to flash in 
turn LED 5 is the " target " LED and 
the object of the game is to depress 
PBI just as LED 5 comes on . If this is 
done. the whole display is blanked for 
a few seconds signifying a hit . Other
w ise . the LED which was lit remains 
lit. When the push button is released . 
C2 discharges through R2 tak ing 8 
pin 1 3 low again and the LEDs will 
start to flash again . 

90 

0 

0 

B 6 

11 
CK 

tCl b IC2a 

2 90 
R R 

10 4 

8 

11 CK 

1C 2tl 

9 D 
R 

two bit counter. clocked on by the 
sync pulses from pin 1 6 on the A Y-3-
8500 chip . This counter will assum e a 
random state from bounce to bounce . 

The two D type flip flops in IC2 are 
connected to pins 5 and 7 on the 
AY-3-8500 chip via the rando m se lect 
swi tches . To ensure that the se on lv 
change at a bounce . these two D types 
are clocked by the sound outp t 
(which consists of a 32ms pulse m, in 
at each bounce) . This pulse tra in w ill . 

t'1O Tf 
1c 11s .:on 
IC :? IS .:011 
L[O l -8 ,UH Tll2 9 ,c, 

PIN 7 

U U 1 I 

ICi 

13 
HJHL!llT 

0 

o LOW 

STING SPEED SELECT 

N 

TO 
5W3 ~ AY-3-8500 
~ PIN 7 

RANDOM 
RAN00,.,·1 / MANUt.. L 
SPEED 

RA.t-O Ni / M,'I.N UA L 
..\ N("l-l.£ 

Q 13 
"AN M 

-:--,......__:~-3- tl500 
$ \\._ PIN 5 

F. 
\ ~ ;15 ING ANGL E SELECT . 

:o· 

of course . overlap several sync pulses . 
but the effect of the angle and speed 
changing rapidly for 32ms is not 
noticeable and the ball speed and 
angle stays constant after leaving the 
bat or boundary until the next inter
ception . 

Because the two ICs are of CMOS 
construction they will have littl e effect 
on batte ry consumption . and the 
circu it can be ea sily incorporated into 
TV games un its. 
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--------~--MISCELLANEOUS 

Electronic 'Spirograph' 

A. Sharp. 

The circuit will generate 'Spirograph ' 
patt erns on a conventional oscilloscope . 
The circuit consists of two sinewave 
gene rators fo llowed by a llpass filter s 
which we use to phase shift th e input 
signals by 90°. Applying a s inewave to 
the y input gives a circular trace. If a 
second set of sin and cos signals are 
mixed in , a 'Spirograph ' pattern is 
obtained. A block diagram of th e 
system is shown in Fig 1. 

RVl is a balance control which va ri es 
th e contribution of eac h oscillator to 
th e pa tt e rn without aff ect ing th e size, 
so that o nce se t up there is no need to 
read just th e gai n controls on th e oscill
oscope .Thi s type of cont ro l can only be 
used if th e osci ll ato rs have a low 
impeda nc e ou tput. 

SWl is a reversing switch wh ich has 
the e ff ec t o f turning th e patt ern inside 
out. 

An exis t ing sinewav e oscillator can of 
course be used and th e 50 Hz mains 
could be employed (att enuated to about 
2 V RMS from a low voltage trans
form e r secondary) as the fixed osc ill 
ator . However flicke ring is a probl em 
with lower fr eq ue nci es (complex 
patterns req uiring fou r or more cycles 
to compl et e w ill fl ic ker at about 10 Hz 
using th e m a ins fr equ ency as a n oscill
ator) . I found 150 Hz to be a good 
compromise (higher fr equencies requi re 
more critica l tuning) . 

The allpass filt er is recommended 
for phase splitting as it has a unity gai n 
for al l fr eque nci es and settings o f RV5. 

First connect the y input of the 
scope to th e output of an oscillator and 
adjust RV2 u ntil a two volt RMS 
sinewave is obt ained, repea t for second 
oscillato r. Th e n connect up th e x and y 
inputs as · show n in Fi g 1, turn the 
balance control to one end so as to look 
at th e output of the fixed oscil lator 
then adjust th e 100 k pot until a circle 
is obtained (w ith su itable x and y gains). 
Now put the ba la nce control in the 
middle and adjust the fr equ e ncy 
controls until a stable pattern is pro· 
duced . SWl and RVl the ba lance 
control can be used to alte r the nature 
of the pattern without affecting its 
overall size . stabilityorsymmetry . Ad
just RV5 , the phase control (following 
the variabl e oscillator) for symmetry. 
- Have !uni 
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SINE WAVE 
OSCILLATOR FIXED 

I 150H,J 

TO V 
1
INPUT 

90" PHASE 
SHIFTER 

TO x INPUT RV la 
250k ~ I 

RVlb 
250k 

1_ - - - - - - - - - - - - - - - - - - - _I 

SINE WAVE 
OSCILLATOR 

VARIABLE 
150Hz-1 .5kHl 

Fig . 1. Block diagrum of the 'spirograph ' 

Cl 
100n 

Fig . 2 (a) suitable oscillator for tho 'spiro
graph' 

INPUT 

90" PHASE 
SHIF TER 

Fig . 2 (b) Arrangement to give tine control 
of the frequoncy of tho oscillator shown in 
Fig . 2 (a) . For 150 Hz fixed frequency uso 
Rf1 = Rf>= 10k 

OUT1'UT 

av 

Fig. 3. Phase shifter circuit for uso in 'spirograph" circuit. 

·t9V 

0V 

- 9V 

D1-4 1N4001 

Fig. 4. PSU for 'Spirograph' 
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Model Railway 
E. A . Parr. 

Th is simple circuit provides an interest· 
ing little branch line service for a model 
rail w ay . A small country rail bus starts 
at a stat ion , stops, then returns to the 
first station again, the cycle repeating 
indefinitely . 

The track is arranged to have two iso
lated station sections at each end. The 
pow er is fed to the centre long section 
via a changeover relay, R LA. Diodes D 1 
and 02 feed the staion sections and 
ensure that a train in station A can only 
move towards station B and vice versa. 
The diode connections are correct for 
conventionally wired trains. 

R LA is under control of a 555 timer. 
This is connected as an oscillator with 
almost equal mark /space ratio. The 
period is longer than the time taken for 
the train to travel from one station to 
the other. When the train reaches the 
station, as the diode will be reverse 
biased, it wi ll stop. When, however the 
relay changes over the diode will con
duct, and the train can return to the 
first station. 

The half period of the oscillator 
should be made equal to the journey 
time plus the stop required at the 
station. The values shown give about 12 

CMOS Mixer 

J . P. Macaulay 
Although this circuit emp loys only 
one cheap CMOS IC and two transis
tors It Is capable of high quality 
results . The IC , a 4011 . contains four 
dual input NANO gates . Two of these 
are used with their inputs connected 
together to form inverters and b iased 
into the linear mode by means of the 
feedback resistors , R2 . Inputs are 
applied through the pots RV 1 / 2 and 
are mixed by tlie gate to which they 
are coupled by C1 , R1 , R3 and C2. 
Although only two inputs are shown 
here . the circu it wi ll mix up to four 
inputs by duplicating the input circui 
try . 

,n 1 ,. 
Rl 

R\\ 
1r.~o IC h 

r: o , .. C l 
n o, 

R2 

1n 2 RJ .:·.n 

.1.u.w 
RV2 
H.:o C2 

'"' 
1201'1 

01 

FROM MODE:.. TRAIN 
CO NTROLLER 

DJ 
1N4001 

IC 1 
s~s 

0 2 

01 &02 SHOWN COR R ECT FOR TRAINS 
WIRED THE CO NV ENTIO N AL WA Y 

1E . +--
~ 1 R AI N DIREC TION 

\ ' 1!:, l ~ 10 SU l1 !;LA I 

~ 1 " ' 
surr LY 
t~Ol CONN [ CHD 10 
TR .l. l N surn" 

r .l + 

~' 1 ___ ,oon .........._T - o· 
seconds which should be sufficient or 
most layouts . 

The stop/start is unramped , b t t his is 

For clarity only one m ixer ga te Is 
shown in the schematic . The ther 
gate . along with all the compo nents to 
the left of C3 are duplica ted on t e 
other channel . The other two a at es 
are used in a touch operated a~n-off 
switch . 

The plates. which may consist o a 
small piece of Veroboard wi th a lte rn 
ate strips l inked together and co n 
nected to the input of the gate and line 
resp ectively , control th e ou t p ut 
polarity of the gates . 

not particularly noticeabl e at the speed 
all self respecting br anch li ne trains 
trave l. 

\,\/hen the circuit is turn ed on , by 
placing a fing er on the touch pl ate. 
the output of th is gate goes high 
swi tching Q2 hard on and supplying 
the circuit wi th current. To switch off 
the other touch pl ate is touch ed with 
the finger. The output th en goes low 
removin g the operating current from 
the circu it. The transistor Q 1 g ives the 
circu it a low output impedance and 
the gain w ith the input pot at m axi
mum is four. The circu it ·will only 
,·.,ork w ith A-series CMOS . 

~----------------------1----0 •( - 15 V 

+ 

CJ 
1001.1 

"' 3 1.:9 

R5 
220 1.. 

OU TPUT 

r~Q TES 
IC l 15 40 11 
01 1s ec , , 9 
02 15 BC 1'7 

R7 
10·., 

'-----"----4------l.--1------------------_j_-,Cl DV 
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____________ MISCELLANEOUS 
Hybrid Mixer 
J . Macauley 

This circuit shows one channel of a 
stereo mixer, the other channel being 
identical. The input signal is applied 
to the volume controls RVl &2 and 
from thence to the NAND gates via 
the blocking capaci tors and R 1 &2 . 
These gates are first used as in
verters by strapping both . their in
puts together. and are biased into 
the linear region by the feedback 
resistors . R3&4 . In this way the 
gates act as high impedance, · high 
qual ity . unity gain ampli f iers . 

The output from the gates are 
summed by the mixer. IC2. This IC is 
a dual op-amp of the same specifica
tion as the commoner 741. which 

Simple Mixer 

A mixe r is a very useful device in any 
work shop . It m ay be used as a 
frequency mete r (signal generator in 
on e input . unknown sig nal in th e 
other. listen for beat note at ac out
put). to find pa rasitics in tuners . as an 

could be used instead . As a single 
power supply is used the non
inverting input must be biased at half 
the supply voltage. This is done by the 
potential divider. R7&8, C5 d e
couples th is point to ea rth . 

The output impedance of this IC 

untuned detector-monitor etc. 
For best wideband performance . 

all leads should be kept as short as 
possible. Input impedance is close to 
50 ohms. and short ing one input has 
little or no eff ect at the other input. 

Germanium diodes are the best 
types to use for good sensitivity . Hot 
carrier diodes are even better. 

u.c. OUT 

1Su t 

~=,--.>t--,~YV'V'---t----,-''-111,1.c. O~T 

Vee· 

Vee Vee 

RFY~I 

OF \'51 

Vee • 5V-6V 

OV OV OV ov OV 
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121101 

NOTE · 
IC 1 IS 40 111\ 
IC2 IS 747 

ov 

when used in the manner described is 
less than 1 ohm and so can be fed 
directly into a line socket. This circuit 
will only work with ·A · series 4011 ·s 
as the B series contains protection 
circui ty which will prevent it working 
in the linear mode. 

Darlington Drivers for a few 
pence 

C J Ramey 
This ci rcuit offers a very eff icien t w ay 
of driving a pair of transis tors in Dar
ling ton configura t io n from CMOS 
The ci rcu it in Fig 1 shows how two 
loads of up to 1 A may be driven from 
a sing le 1 4007 chip with n_o ex ternal 
resistors . Using a 2 N30 5 5 on place of 
the BFY5 1 will enable loads of up to 
3A to be driven at vol taqes limited 
only by the Vceo of th e transistors 

(Vee)". . . 
Fig 2 shows the interna l cIrcuIt o l 

one sec tion of the 14007 . A high on 
pin 6 switches the lower CMOS tran 
sis tor on . holding 02 off and s1nk1ng 
the lea kage current of Q 1 . A low on 
pin 6 drives Q 1 and switches th e 
lower CMOS transistor o ff and th e 
upper CMOS transistor on 

The result is fast sw itch off at low 
cost and eff icien t sw itch on 

A bonus is the inverter between 
pons 1 O and 1 2 . Note: Vee should be 
5 -6V to prevent excessive cu rrent 
being drawn from the CMOS ch ip 

v« 
14 

7 
OV 
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MISCELLANEOUS __________ ____,; 

Microphone Speaker 

J. Smith 

What d o yo u do 1f y ou ne ed a 
1,crophone 1n a hurry - the shops 

are closed and your fr iends are on 
hol, d ayJ Or you are just a little short c,f 
money? The answer 1s to build th e 
follow,ng c ircuit from your odds and 
ends box . Th,s circuit uses a sma ll 
speaker as a microphone. one tran 
s,stor and only four other parts. draws 
onl about 2 mA of current from a 9 

volt battery so an on / off switch is not 
really necessary . 

The transistor shown is 2N 1184 
and 1s a PNP germanium m edium 
power type but is not cr it ica l - try the 
ones you have first before buying th is 
new type. The components too are not 
critical and the prototype was found to 
work OK wi th 20 % var iat ion i n 
va lues . The output is high impedance 
and is fed into the mic input of a tape 
recorde r or pick-up i nput of an 
ampl if ier . 

Neon Flasher Warning 

,------,<""').--------,---t~UT 

A flashing pilot light is likely to be 
more attention-getting than a pilot 
light which is continually on. This 
circuit will cause a neon to flash 
at a rate determined by ·the value of 
the capacitor placed in series bet.veen 
the diode and mains, neutral line. The 
neon may be used on its own or 
with a· 270 k resistor in series with it as 
used in ready assembled 240 V pilot 
lamps. However, the value of R2, if 
used at all, is dependent on the 
flashing rate and effect desired by the 
individual constructor. All voltage 
ratings on components have been 
deliberately increased to protect the 
components from overload. R 1 should 
be left as 2.2 Meg., the flashing rate 
being determined by the values of Cl 
and R2. 

LS1 SR 
{MICROPHONE) 

+ 
T ! 81 (9V) 

L 
SW1 

Morse Code On The 
Oscilloscope 

S . J . Stamps 

+ 

C1 
JOu 

01 
2N1184 

This circuit enables morse code to be 
displayed as dots and dashes on an· 
oscilloscope screen . By speaking into 

• 12V 

1u 

o-!fH IC1 

JuO 
TOt11C 

ov 

94 

R1 
470k 

R2 
27k 

C2 
470n 

COMMON 
GROUND 

a microphone, saying 'dit' and ·aah · 
as appropriate. short and long pulses 
appear on the screen in a format 
similar to that of written morse. 

One half of an LM3B 1 and a 
BC 109 are used to amplify the sig nal 
from the microphone , which is then 
clipped into digital form by the AND 
gate . The output from the circuitry is 

~ 100p 

15k NO TE . 

01 
lt~:001 (o r equ iv.I 

R 1 
2M2 r -

"-'EO N 
hrtttl't) : 

C1 
100n 
(or l:i"9t d 

fed to an oscilloscope set to 2V / cm 
and 5ms / cm . set to trigger on the 
start of a "dit' . 

Input to the circuit can be from a 
microphone , or tape recorder . If 
words are recorded onto the tape with 
the microphone and then played back 
vi a the circuit , practice at reading 
morse is possible . 

!Cl IS LM3Sl 
IC2 IS 'l.C04082 
01 IS BC109 
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___________ MISCELLANEOUS 
Micro-Digital Car Clock 
D Ian 

With the availabil i ty of economical 
LCD wristwatches has come a surplus 
of very cheap LED types which . w ith a 
little ingenuity , are eminently su itabl e 
for a permanent display installation: 
one obvious use is a cheap digital car 
clock . 

The majority o f these t im epieces 
use two silver oxide ce lls in series to 
give 3 2 volts ; current co nsumption , 
with the disp lay on , is rarefy more 
than 30 mA, easily provided by a 
simple sta biliser circui t 

Remove th e back of the watch-case 
ond discard the cells ; the contacts of 
one cell holder arc shorted toge th er 
and the 3V2 supply so ldered . noting 
polari ty , to th e two remaining con 
tac ts : with th e ' di splay on · sw i tch 
shorted ou t th e re su lt i s a highly 
accurate mini -c lock with neg lig able 
curren t drain as long as th e vehicle Is 
In regular use , even 35 mA will even
tually flatt en a car battery th at 
receives 110 cha rge Most simp le 
LED watches have a brass tag , 
bearing on th e me tal case . as a com
mon terminal to the various controls. 
these generally being spri ng loaded 

GSR Meler 

D.Chivers 

The galvanic skin response meter is 
probably the easiest both to construct 
and to use. Fig.1 uses a single BC108 -
incidentally, the meter used was simply 
the 1mA range of a multimeter. While 
the circuit shown had the required 
sensitivity, it was not selective enough 
and under al l sorts of stresses and strains 
the needle refu sed to budge from a se t 
position. The darlington pair configur
ation of Fig.2 greatly increases sensi
tivity and the 100k pot will bring the 
reading down to a usable leve l - with · 
out this, the current passing through the 
meter would be about 30mA. Th is 
modified circuit proved to be amply 
selective. 

For use as probes, silver foi l taped 
onto the tips of the first and second 
fingers proved to work well, though for 
more permanent use steel gauze is 
recommended. Naturally the hand must 
be kept as steady as possible during 
experiments. 

Elec1ronics Digest, Summer 1980 

pins pressed , as required . into contact 
with clips on the perimeter of the 
module . These connectio ns can be 
extended to panel mounting push 
sw itches , allowing the unit to be 
housed in a suitable box . 

If the car is used infrequently it is 
prudent to arrange for the display to 
automatica lly ex tingui sh at the end of 
a fi xed amo unt of t im e ; thi s also 
,imp lies the simpl es t possible 'on · 
switch to minimise loss of attention 
when driving . One half of a CD4066 
quad bilateral sw itch is connected as a 
tou ch -operated m onos tabl e an'd 
wired , as shown . across the LED dis-

o, 
JJGI\ 6C 101 

LID 

'l 

play switch : C and R may be se lect<:d 
for a shorter or longer time pen d . 
those specified will enable the display 
for about 1 5 m inutes . The remaIn1n9 
two sect ions of the 4066 are used to 
control the other functions , set time, 
etc .. of the watch module . 

Note that, in th e sta biliser sect ,on. 
LED 's are deliberately used to provide 
the reference voltage at th e base of T 1 
si nce they ·zener' at appreciably 
smaller currents than a normal zener 
diode; tota l current of the stabiliser 
and clock (display off) is about 2 mA 
- the smal lest car battery should be 
able to supply this for about a year! 

• J lV 

I ________ _., ___ . __ ..__ ,..__ ._ 

First experi ments proved highly 
successful; the meter need le drifted at 
first and frequent use of the sensitivity 
control was required, but after a few 
minutes the needle stabilised. 

Since the needle responds to stress 
within the body or min d, it is easy to 
make it move ; talking, th inking hard or . 
biting a finger all cause the needle to 
move up, making it go back down by 
removing the factor . causing the stress . 
Moving the needle below its mean value 
was far more difficult especially while 
watching the meter and actually try ing 
to relax - in fact to start with this 
actually caused tension. The easiest way 
to do this is to simply close the eyes and 
relax, while an observer takes note of 
the results. On opening the eyes the 
reading would jump up to what it had 
been before relaxation commenced. 

This circuit will of course function 
as a lie detector but since stress is 
caused by any question the results are 
not too reliable and certainly of no 
significance. 

An unexpec ted use for the circuit 
of Fig.1 is that of a transistor tester. If 

OV 
IC C040(i6 

a fixed value resistor of about 2M25 is 
used in place of the pot the gain of the 
transistor may quickly be tested ; FSD= 
approx . hfe 250. For PNP transistors, 
polarity of the meter and battery must 
be reversed. 

01 

NOTE : 
Ql -2: BC108 OR SIMILAR 

... . 
9V : 

--'-

+ 
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MISCELLANEOUS __________ _ 

Anti - Acoustic Feedback 
System For Group Or Disco 

G.T.Edwards 

The directional properties of Line
Source Loudspeakers are best for 
minimising acoustic feedback ("Howl
Round"); unfortunately their bass re
sponse is usually inadequate for the full 
musical range. The ideal system would 
consist of a completely separated 
amplifier system for microphone inputs 
terminating in line-source loudspeakers, 
the "music" being amplified indepen
dently and fed at· suitable power levels 
to less-directional full-range loudspea
kers. However, as 'this is costly and 
increases transportation problems, a 
system was evolved in which a full
range non-directional loudspeaker 
would respond to "music" inputs only, 
a line-source being used at the same 
time responding to both "music" and 
"mic." inputs. 

The principle has been proved in 
practice using the passive network 
shown in the diagram. As the micro
phone input is attenuated successively 
by three potential dividers before reach
ing the full-range loudspeaker system, 

LEO Spotting 

A . Kenny 

Since the leadout on LEDs varies 
according to the manufacturers pre
ference . leadout diagrams are not 
always worthy of the trust placed in 
them . In some cases a reverse con
nect ion will destroy the device being 
used . 

Television Optoisolator 

A. P. Hiley 

The problem of how to connect a tape 
recorder. or amplifier. to a television 
set is not an easy one to solve . be
ca use most televisions . having no 
mains transformer. have the chassis 
connected directly to the mains . The 
easiest . and simplest solution is to 
incorporate some form of optoisola
tion between the television and the 
external equipment . This particular 
design is simple. has a very low noise 
level , and introduces negligible 
distortion . 

The LED or . neon is brightness 
modulated by the output of the 
television sound channel. The light is 
p icked up by a small. cheap silicon 

96 

the risk of feedback from this speaker is 
negligible. Typically there is at least 
26 dB reduction in microphone signal 
voltage between the input to amplifier 
'A' and the input to amplifier 'B'. 

The circuit is easily adapted to other 
signal levels and impedances by modify
ing component values on a proportional 
basis; a more elaborate " active" system 
is possible using virtual-earth summing 
amplifier stages. 

MIC. INPUT 
120mV INTO SOkl 

Simulated stereo is possible from 
monophonic programme material by 
connecting a capacitor (about 2n2) 
between point 'Z' and earth; another 
capacitor (about 1 nO) being connected 
in series at W'. 

An inherent advantage of the system 
is that a "music" output is obtained 
even if one of the power amplifiers, or 
one of the loudspeakers, should go 
faulty during a performance. 

MIC GAIN f >4 ..... --"v\/V----.-+.--!r~~~~~ AMI' 'A' 
uNl sounc c 
(M IC. F. MUS IC) 

A simple way to avo id th is 1s to use 
the following techniqu e 

If the LED is held up to t e li ght . 
the structure can b e clear ly seen . 
There is a " cup " and an arm " ca r
rying a fin e w ire to the LE D itse lf . 
which is in the " basin · · of t e cu p 
(see drawing) . 

The l ea d with th e cu p i s t e 
cathode . and the other is the anode (of 
course) . 

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

TO ANODE OF 
SOUND OUTPUT VALVE 
{USUALLY PCL82 OR PCL86) 

2u0 

,-----...--·:t-----<> 

---
• CAN BE AL TE RED 
FOR MINIMUM 
DISTORTION 
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_____________ MISCELLANEOUS 

Automatic Nicad Charger 

P. Reynolds 

T),e problem of ensuring that expens
ive Nicad cells are not damaged in the 
recharging process is twofold . First, 
as the cells have a low internal resist
ance, they are susceptible to damage 
by excessive charging currents. 
Second, damage will also occur if the 
charging process is carried out for too 
long a period. 

The first problem may be overcome 
by charging at a constant current. The 
second problem may be overcome by 
the use of an automatic sensing 
comparator circuit. which compares 
the voltage from the cells with a 

+12V 
LED1 
GREEN 

SCA 

ov 

--6V 

~ 
RLA1 1 

IUC · 

SWlb 

MANUAL 
OVER I DE 

Nicad Charger Modification 
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 
~m~e. . 

The modification involved the ad
dition of a low voltage thyristor in 
series with the battery. If power fails, 
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preset voltage, related to the fully 
charged value. In practical terms, 
the circuit appears as shown in 
Fig 1 . A red LED supplies the voltage 
drop to ensure that Q 1 passes a con
stant current of about 25 mA to the 
cells under charge. This charging 
current may be adjusted, if desired, 
by changing the value of R1. The 555 
runs in the astable mode. However, 
the duty cycle is adjusted to be less 
than 50%, by incorporating a diode 
and resistor in parallel with R2. How 
this is accomplished may be easily 
understood if one remembers that 
charging o~ the capacitor takes place 
through these paralleled components, 
whereas, due to the blocking diode, 
discharging current only flows 
through R2. The ·off time is around 
15 mins. and the ·on· time less than 
0.5s. The relay coil, RLB. thus 
receives a positive pulse of short 
duration every 15 mins . Conta-ct 

1k 

Vrcf 1k 

100n 

NOTE , ,c,-,s 710 
IC2 IS 555 
01 IS BC108 
02 IS 2N2905 

the battery cannot discharge. When 
power is reapplied. the battery will not 
continue to charge until SW3 is 
closed momentarily. 

RLB 1 opens, disconnecting the char
ging supply and contact RLB2 closes. 
A sample of the total voltage across 
R3 and R4 is applied to the variable 
input of the 710 comparator. This 
input voltage is compared to the pre
set reference voltage and if found to 
be greater, the output will drop to 
-OV5 (from + 3V2). The inverting 
action of Q2 causes the gate of the 
thyrister to undergo a positive transi
tion, via· R5. The gate causes the 
device to conduct, causing the con
tacts RLA 1 & 2 to open and discon
nect the supply from the rest of the 
circuitry. The green LED is il
luminated, indicating the termination 
of the charging period. 

This circuit may be used to charge 
a total of six 1 V5 cells. Of course v,., 
may need adjustment so as to be 
commensurate with the :voltage 
across R4 . A manual r verride switch 
is also provided. 

RLBl 
N/C 

01 

RJ 
560R 

R4 
560R 

RLB2 
N/O 

02 

:---- ----~ 
' ' ' ' ' ' . T 1 

lk ' ; I 
NI-CAD I 

1 

CELLS : : 

: _,_ l 
' '---- __ , 

'AUTO-SHUT OFF-7 
IWITH LE D. CHARGE 1 
I INDICATOR I 
r----------1 
I SCR1 t~~•: 

L___✓.J 

""'t Ill 
NOTE; 
LEO1 IS Tll209 
SCR1 ANY LOW VOLTAGE TIWRISTOR 
n2 S[LECTED TO GIVE ONLY ONE 
CHARGE RATE OF 45mA INSTEAD OF 
SIX POSITION RANGE SWITCH GIVEN 
IN ORIGINAL DESIGN 

N~ 
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MISCELLANEOUS __________ _ 

Electronic Capacitor 

J.P. Macaulay 

The circuit shown is essentially a gyra
tor which amplifies the effect of Cl to 
produce an equivalent capacitance at 
the output, many times the value of Cl. 

PRl is used to set the output voltage 
to the required level whilst Cl charg2s 
through Dl. Once the voltage across the 
diode drops to less than 0.6V Cl will 
continue to charge through Rl until the 
voltage across Cl is equal to that on the 
slider of PR1. 

The equivalent capacitance at the 
output is equal to the product of the 
current gain of the circuit and the 
value in Farads of Cl. If we assume that 
the input impedance at the non-invert
ing input of the 741 is 1 MO and the 
output impedance is 1 RO then this 
capacitance will be equal to 10- • 

SOn 

ZDl .• V,• Vd d - Vt l 

., ,., 
220k 

01 

"' 10k 

02 
+ 
C1 
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FX106 =100F! 
In practice the input impedance at 

low frequencies is many tens of meg
ohms whilst the output impedance is a 
small fraction of an ohm, so the abo, e 
figure is verv conservative. 

CE 

ao 

01 

ICJ 
02 <l!) 16 

0 

,c, 
C1 

-1017 
.. 8 .. 

L( 

J C 
6 

I N 

OUT : 

ICt 
.:0.:2 

Solid State Tacho Circuit 

P. Stephenson 

(cheap) gadgets . 
IC1a / b form an oscillator 

which dr ives decade counter IC2 . 
During eight tenths of each cycle of 
th is section . binary counter IC3 is 
counted up . On count -- g --. the coun
ting stops and IC4 latches th e out-

The_ circuit is designed to give a non
cr1t 1c al disp lay for thos e who like 

98 

a, 
SFXB~ 

P\'Oll 
0 1 O:: ltl.~M 

VO 

D2 is ·inc luded to allow th e ou tput 
,, lta e to be quick ly ad justed by allow
ing Cl 10 discharge to eJrth througl1 R2. 
In I r;;ct ice h wever the output voltage 
v. ill on lv res pond rapidly to input volt
aga changes of more th an 600mV. 

,H l Ll OS 

I/ 

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

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

Calibration is by adjusting RV 1 
whilst inputing a known freq uenc y 
(e. g . mains frequency 50 Hz). 
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