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and sho'rld he positioned so that it
cannot be r€ached from under the

8. Horns or sirens, and the wiring to
them, should be placed so that they
cannot be tampered with throuSh the
grille or from under the vehicle.
9. The alam duration should be about

two minutes, with automati€ cut out and

10- Window stickers should indi€ate
that the vehicje is carying an alarm
system, bLrt not the make or type.

The NRMA suNey covered some 27
difier€nt alarm systems. Of these, the
best units only complied with the fkst

Below is lhe prctotype alatm, rcady lat instailation.

8y contrast, this new tA design can
meet all the above requirements except
for the sixth. we'll have more to say
aboutthat later. Other features include a
tlashrns da5h panel lamp, leyswitch
operanon, an auriLiary battery (optronat)
and provision tor tow-away p,otect,on lt
can prorect e\ternrl dNng |8hts and
will instantLy tisger if the ignition i5

switched on or if the leads to the ca/s
batery are cut (provided, of course, that
an auxiliary battery is fitted).

lnpuis and options
The k€ytothe versatility ofthis alarm is

that the inputs are designed to detect a
change of state. lt does not matter

whether an input is normally pulled low
or tied high, orwhether the inpltis open
circuit- lfthere is anychange on the input
(ie, from 0V to +12V or vice versa), the
alarm will trigger.

There are €ight inputs in all, two pro-
viding lGsecond delayed tri88erm8 and
six providinS lnstantaneous tri88erin8.
The delayed inputs monito. the doors
and an optional ultrasonic nrovement
detector (to be describ€d late4, whie
the six instant inputs monitor the boot,
bonne! external drivinS lights, iSnltion
system and the vehicle battery.

when trissered, th€ alarm dives a

separate horn type loudspeaker for a
period ot two minutes and caule5 the
hdzard Lahts to {lash on and ofi Ar the
end of the two mrnute alarm period, the
unit automatically resets and rearms

several diff€r€nt techniques are used
ro trig8er the alam The doors are p,o
te(ted by monitorrng the Lourte+ i8ht
switches, the bonnet by fitting a sping
loaded switch adlacent to the bonnet
catch, and the boot by JittinS a mercury
switch to the boodid (a nr€asure that
aLso provides protection against to!!
awayi. The ignition and batter' inputs
s mp ! detecr the presen.e or absen.e
of !oltaee. $hrle the dnunl rAhts ire
protected by monitoritrg the filaments.

There are other options. For example.
some readers may preler to forgetabo!t
tow-away protection and monitor the
bootlid by making a connection lo the
switched side of the boodight. Other
readers mrSht preler to protect the bon
net Lreng a reed swLt.h and m.8nat
alsembly ll5 really up to rhe irdr!rduJl
as ro iust how rnputs 1 6 are used.
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Deluxe Car Burglar Alarm
switches high again and the output of
lc4d goe, low. lc3b is now re-armed
and ready to accept the next input to its
Data pin.

lfthafs alla bit too much for you, con
sider it this way. Th€ delayed entfy in'
puts trigger lc3b which in turn tigSeu
lc3a after a 10s delay. During thelollow-
ins two-minute alarm p€rjod, lc3b is
held in the reset nate by lcad and the Q
output of lcla. Finally, at the end of the
alarm period, both Reset inputs go low
and the alarm is re armed ready for the
next triSger input.

Delayed enlry swilch
So much for the basic ope'at,on oi the

delayed entry nmer. But tust when you
thrnk youve 8or ,t all frgured ouL we
now inject a complicating factor: the
delayed entry switch cir€uit. This com-

prises C4, lc5d, Q3 and associated

Lefs fi6t assume that the switch con'
tacts are sho(ed to provide for normal
delayed entry. lt follows that the output
of lc5d will b€ high and thus transistor
Ql will be off. ln this case, the delayed
entry timer functions exactly as describ'
ed above to provide a 10s entry delay.

Now suppose that we substitute a nor
mally open reed switch as shown on the
circuit diagram. furthermore, lets initial
ly assume that the reed switch is left
open €ircujt. The delayed entry switch
circuit now comes into play. Here's how

When power is first applied, the Reset
input of lc3b soes hieh for los (wellex-
plain why later) and quickly cha8es C4
to +12V via the loko resistor and D19.
Thus, the output of lc5d goes low. Now

We estimate that the cost of parts
for this project is approximately

$70
This includes the horn speaker
but not the cost of an auxiliary
battery or extra switches.

when the Q output ol lc3b goes high,
Ql is biased on and charges C1 via R2.

we've now gota whole new ballgame.
Whereas it previously took 10s for C1 to
charSe via R1 (lMO), it now only takes
about 1s0ms to charge via Q3 and R2
(1sko). so, as far as the thief is concern-
ed, thealam triSgers instantly if a door is

The 10s entry delay can be activated
by momenta ly closing the reed switch.
This action tapidly discharges C4, forcing
the output of lc5d high and turning Q3
off. C1 can now cha€e only via R1 and
so the 10s delay is restored.

Blt rhafr not the .nd to the ele.troni.
skullduggery. when the output of lc5d
switches high, a short positive-going
puhe is applied to the Data inputof lc3b
via Cs and D15. This triggeE the delayed
entry timer which means that the alarm
will sound 10s after the reed switch is

So it doesn't matter whether or not a
door k opened after the reed switch is
closed. The alarm will still sound after a
10s delay (unlest of course, the driver
enters the car and switches the dam
ofO.

Delayed exii timer
Schmitt trigger lc5b foms the delayed

exit timer. When power is first applied,
C3 pulls pin 3 high and the output{pin 4)

Specifications:
lnpuls
Delay times ..

Power supply . .

Alarm time. .

Alarm output

Cuffenl consumption. .

l,4iscellaneous . . .

Two delayed, six instant
10 seconds delayed exit, 10 seconds delayed
entry
+12V hom vehicle battery with provision lor aux-
iliary battery backup
Two mlnuies wiih automatic re-arming at end of
alalm time
l kHz lone modulated at loOHz and 1Hz driving
an 80 horn speaker
13mA slandby mode. 500mA when alarm is kiq-
gered
Flashing dash panel lamp, key-operated on/olf
swiich, provision lor tow-away proteciion

r
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rail while the oth€r Boes to ground.
Srmilarly, vr'hen theoutput of lc6a goes

low, Q5, Q7, Q9 and Q12 all tum off
and Q10, Q8, Q11 and Qs turn on. ln
this manner, each side of the horn
speaker is switched at a lkHz rate from
one polarity to the other.

This lkHz tone is modulated at 1o0Hz
by lc6b, while lc6c switches the tone on
and off at a 1Hz rate (ie, on for 0.5s and
ofi Io,0 ss) rhe re''rk i, an €arp'er.ins
alarm tone thals sure to attra.t

Power supply
Power for the alam circuit is deived

from the vehicle battery and also from
the optional auxiliary battery. Note that
the auxiliary battery is charged via D25.
Thi5 diode prevents the au\i[ary battery
from discharsins rnto the vehrle baftery
should the lafter go 'flaf'.

Supply lin€ decoupling is provided by a
10O resistor and a looopf capacitor,
while zener diode D24 protects the cir-
cuit from voltage spikes. Short cncuit
protection i5 provided by fusrng the veh'
cle and auu|ary bdttery supply linee to
10A and 3A respectively.

Construclion
Construction of the Car Burglar Alarm

is a heck of a lot easier than understan_
ding how it works. All the pafts arc
mounted on a PCB coded 84ba5 (88
x 181mm) and thk is housed in a plasti€
zippy case measudng 190 x 60 x
110mm. A Scotchcal font panel gives
the unit a prcfessional appearance as
well as providing a legend for all the e)(-

temal wiring conne€tions.
Begin cons&uction by installing the 22

wire links, then mount the diodes,
resistoB and capacitors. Note that the
diodes and electrolytic capacitors mun
be mounted with due regard to polarity
so check your worl carefully as you pto-
ceed. The d'ode type numbeE can be
gleaned from the circuit didSram.

Drode D25 15 a l0A stud mountingtype
and should be screwed securely to the
PCB osing the nut and lockwasher sup-
phed. The anod€ teminal is then con-
necred to the PCB usins lmm.thick tinn-
ed copper wtre. ThI, l€ad ,hould be in'
sulated with spdghetti tubing

The transistors can be mounted next
and should be pushed down onto the
PCs as far as they will comfortably go.
As with the d iodes, you willhave to refer
to the .ircoit diagram for the type
numbe6. Make sore that vou install the
tranristors the ight ,,vay r6und.

External connections to the ala.m are
handled bv PCB-mounnng termrnal
blocls. A 6-wav secnon ;s in(talle.l
adiacent to the ;elay while s-way and
lGway sections are mounted at the
other end of the PCB adtacent to the

Assembly of the PCB can now be €om-
pleted by installing the CMOS lcs and
the relay. Note thatallthe lcsarc CMOS
devices so solder the supply pins (7 and
14) first to €nabl€ the internal stati€ pro'
tection diodes- The hazard llasher relay
can be regaded as optional if you
want to save a few dollars it .an be
deleted from the circuit along with Q4
and D23.

tinally, the Scotchcal label .an be
,fiired ro the lid the various holes
dilled in thecase, and the PCB mounted
on '12mm standofis. Use shakepmof
washeE under all mounting nuts, as this
project will be subject to a good deal o{

Testing
The test procedure G as follows:

a switch on the alarm and check that
the dash panel lamp remainr lully lit fo'
10s. Check that none of the inputs can
t gg€r the alarm duing this 10s exit

. check that the dash panel lamp
flashes at the end ol the exit time and
that all inputs now ;nstantly sound the
alarm.lnputs 1-6 can be test tris8ered by
momentadly shortinS them to ground;
input 7 by applying +12V to the input;
and inputS by shortingthe base ofQ2 to

a check that the alarm sounds after a
10s detay if the reed switch teminak are
momentarily sho^ed.
a short the reed switch terminals per-
manendy and check that the delayed
trigSer inputs sound the alarm aftera 10s
delay (the entry time). Check that the
dash panel lamp is fully litduins the 10s
delay.

Finally, make sure that you install the
alam in a professional-rnanner. Use 10 x
0.2mm (or thicker) hookup wne for all
external connections and terminate all
leads in suitable connectors. ln facl it is
a good idea to purchase an assortment
ol automotive quict connectors, bullet
.onnectors and lugs befor€ commencing

lhe alarm €an be mounted in any con
v€nient location but, for most cars, the
best place will be under the rear parcel
shelf inride the boot. The auxiliary bat'
t€ry can also b€ mounted in the boot
and should be securely clamp€d. Run
leads to the fmnt of the vehicle
alongside exirting wiring looms and
don't omit the in'line supplyfuses or yor-l
could get a fire in the event of a short.

The horn speaker can be mounted in
the engine bay, but make sure that
neither it nor thewiingto it is accessible
from outside the vehicle. ln fact, the et

. check thatthe alam soundslor about fectiveness of this alarm ultimately
two minutes when triggered and that the depends on just what solt of a job you
relay clores. make of the installation. 3

PARTS
1 PCB, .ade 84ba5, 88 x t81nm
1 plastic ziwy case, 190 x 110 x

60mm
1 12V single pole relay,180A

1 Scotchcal lrcnt panel, 190 x
lOAmm

1 10-way Pcq-nountinB teminal

2 6'way Pc&nounIinB teminal

1 baftel-type keyswitch
1 12v bezel lanp (rcd)
't rced switch and naBnet seI

1 sptinS-loaded automotive switd
1 12V nototcycle battety, 1 .2Ah

capacity or Breatet (optional)

2 inline tuseholderc
Semicorduclors
2 4011 quad 2-input NAND Bates
1 4013 dual D tlip op
1 4023 ttiple 3-input NAND Bate
1 4030, 4O7O quad 2-input XAR

Sate
2 74C14, 40106 hex Schnitt

ttiAEerc

LIST
1 BCa57 PNP tua^sistot
2 8C547 NPN ttansistors
4 8C337 NPN transistos
2 8C327 PNP ttansistots
1 8D681 NPN Datlington bansistot
2 TlP3l NPN transistots
2 TlP32 PNP tansistots
1 1N4oo21OOV diode
1 MRt1010A 10ov diode
'I 16V 1w zenet diode
22 1 N91 4. 1 N41 48 diodes

Cepecilors
1 IOOO\F/16VW PC electroiytic
1 220\F/16VW PC elecrrclyric
1 17p 16VW PC eiectolytic
11 1ot/16vw PC electnlytic
1 2.2ttF/t6VW PC electrolytic
9 1pF/16vW PC electrolytic
2 .O1pf metallised palyestet

Resistots (%W, 5% unless stated)
6 \ 1Mn, Z x 1o0k$, 1 x 15kA, 5 x
1okg, 10 x 1kA, 1 x 22OA 1W,4 x
100Q1W,1\1OA

Hookup wne, hned coppet wirc,
ajtomotive .onnecto6, machine
screws and nuts, shakeprcol
washe6, waning st,ckers, soider,
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thus increases the oulput power. The
1.2k0 resistor limih lh€ surge curent
through the transmitter when the in'
verter oulputs change state,

Note that the VCO output of lcl is
also conne€ted to the pin 3 comparator
input. This enables the phase comparator
to compare the VCO signal with the

received {reflected) signal.

The receiver
The.eflected signal is pick€d up by the

ult.asonic receiver and fed via a 470pF
capacilor to a two'stage amplifier con-
sisting of transistors Ql and Q2. These
t.ansislors operate as common emitter

Ti€ Ullrssonic Mor€m€ Del€.tor mates
{ilh th€ EA Car Bursln Alarm st left.Itcan
rlso be llsed with som€ commerc'al alarms.

amplificrs and provid€ an overall gain of
100. The onlpu( is taken from the collec'
torofQ2 and Ac.coupled to the PLL via
a .00lAF capacitor.

As well as providing signal gain. Ql
and Q2 also funciion asa bandpasslilter.
IIyou look cllxely at the circuir, you will
notice lhar DC bias for Ql is derived
from a vollage divider nelwork (2 x
3.3kn) a1 the emitter ofQ2. At the sam€
time, pa of Q2s emitter signal is fed
back to the input via a second 470pF
capacitor.

So the circuit has lwo leedback paths:
a DC f€edback path which provides bias
for Ql, and an AC negative feedback
path which f€eds part of Q2's ernitter
signal back to the input.

In greater detail, ihe upper 470pF
capacitor on Ql's input f nclions as a
high pass filter whi€h progressively at.
tenuares all signals below 40lHz. Signals
above 40kHz are similarly artenuated by
reason of the Ac{eedback palh via the
lower 470pF capacitor. the amount of

tr,rH ^Gri-' .6!)"
,.il1u"- fiIe."."",,;

@- ulrnlsorrc uovEMErT DETECToR
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minimum ls period.
Power for the circuit is derived from

the vehicle battery (s€e construction) and
regulat€d to + 9V using a 5V 3-terminal
regulator. That's not quite as silly as it

In this circuit. the CND terminal of
the regulator is connected to a voltage
multiplier network consisting of 2200
and I 50O resistors. Because the regulator
produces 5V between its OUT and GND
terminais, it follows that the cunent
through the 2200 resistor will be 23mA
or thereabouts, Both this curent and a
6mA current from the GND t€rminal
flow througb the l50O resistor which
"jacks up" the GND rerminal by about

Thus, the output voltage is set to
around 9V. The l00pF capacitor filters
the supply line whil€ the I oaF capacitors
provide decoupling to improve the tra[.
sient response of the regulator,
Construction

The Ultnsonic Movement Detector is

We estimate the current cost of
parts tor this proiect to be
approximately

$30
This includes sales t6x.

housed in a plastic case measuring t 20 x
65 x 39mm. while mo6t of the com
ponents a.e mounted on a PCB mded
84us6 and measuring 97 x 57mm.

Begin construction by installing the
parts on the PCB according 10 the
overlay diagram. Take extra care with
the semiconductom and the electrolytic
capacitors since these must be fitted with
due regard to polarity. We used PC
stakes to fa€ilitate the external
connections,

Once the PCB had been completed, it
can be mounted on ihe lid of the case on
6mm spacers. The hole for the indicating
LED is centrally located on one side of
the case, while the extemal wiring passes
through a grommeted hole in the op
posite side of rhe case.

Rainbow cable can be used for the
connections to the LED, while the power
supply and output connections shouid be
run using light duty hook.up wire. Con-
necdons to the ultrasonic transducers
must be run in shielded cable

The two ultnsonic taansducers are
hous€d in dghtangle sparkplug coverc.
F€ed the connocting cable through the
cover first, then solder the leads to the
transducer with the shield connected to
the earth pin. The transducer crm then
b€ pushed into the cover to pmvide a
neat assembly.

Th€ ultrasonic transducers are posi-
tioned above the frort windscreen, one
on each side of the vehicle. Each
transducer is supported by a nylon cable
clamp which is *rapp€d around the lead

exit of the sparkplug cover, which in
turn is held by one of the screws that
locate the sun visor.

Be careful not to get the two
transducers mixed up. The transmitter is
labelled SCS40IA while the re€eiver is
labelled SCM40IA. The .wo should be
mounted as far apart as possible (to avoid
interference) and point€d towards th€

The ground wire for the circuit can
terminate at a convenienl chassis point
while the positive supply lead goes to the
switched side of the key operated on/off
switch. Theoutput lead goes to tbe spa.e
delayed entry inpul, but donl make this
connection until after the setting up pro-
cedure has been carried out,
Setling up

Before making any adjustments, first
ch€ck that the transducers point towards
the rear of the vehicle and are reasonably
parallel. This done, set your multimeter
to read low AC vohs and connect it to
the test point marked "A" on the parts
layout diagram (pin 14 of tcl). Apply
power and adjust VRI for maximum
reading (typically 0.5-0.6V).

There's just one hassle here - you
will have to keep quite still while you
make thh adjustment, otherwise the
r€ading will fluctuate.

This done, check that the LED flashes
whenever there is movement in the veh;
cle. If the unit displays a tendency to
false trigger, rotate the trimpot (either
way will do) to reduce the sensitivily.

Finally, the output l€ad can be con-
nected to the delayed entry input of the
alarm and the unit mounted permanent-
ly under the dashboard. The leads from
the transdu€ers run down the wind'
screen pillars and can be fixed with con-
tact adhesive.

ThaCs it. lf a thief can get past thet
lot, there\ always the insuranc€l (}

Here is an actual-sift rep.oducrion ofthe PC snrork.

PARTS LIST
1 PCB, 84us6, 97 x 5hm
1 plastic case, 120 x 65 x 39mm
i ultrasonic transmitter, SCS401A

(Dick Smith Electronics)
I ultrasonic receiver, SCM40i A

(Dick Smilh Electronics)
4 6mm slandotls
2 right angle spark plug cove6 (for

lawnmowers and motor bikes)
I 5.5mm grommot
I 4-melre lenglh of screened

cable
2 cable clamps
Ssmiconductots
1 4046 phase lock loop
1 74C14/40106 hex Schmilt trig-

ger
2
1

1

2

8C549 NPN transistors
8C337 NPN transistor
7805 5V 3lerminal regulalor
1N4148/1 N914 small signal
diodes

1 3mm red LED
Cepeciaots
2 100/F/16VW PC electrolytic
3 10FF/16VW PC electrolylic
1 1rFl16VW PC electrolytic
1 0.1pF metallised polyester
3 .01pF metallised potyester
2 .001pF metallised polyester
2 47OpF cetamic
Reslstol's (1/.W, 5%)
4x1lilo, 1 x220k0, 2xt00kO,
2 x 27k{1, 3 x 10k0, 2 x 3.3k0,
'I x2.2k0, 1x1.2kO, 1x1kO,
1 x22OA, 1 x1509, 1 x100O,
1 x 47k0 miniature horizontat
l.impot.
,,lscallanoous
l,{achine screws and nuls, rainbow
cable, hook{p wire, PC stakes.
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the oscillator output Soes low, causing
the relay to operate and short out the
€als points. With no points signal the
ignitjon system €annot produce a spark .

and so the engine dies. A few seconds
Iater the oscillator output returns to the
high state, the relay turns ofi and the
contactr oPen. The engine can now be
started and will run lor a few seconds
untilthe next low cycle of the oscillator.

The circuit is power€d from the car's
ignition wire and uses no power when
the ignition is not switched on. Thus it
will notflatten th€ battery when used ro
protect the car for extended peiods

How il works
The circuit consists of astable oscillator

lC1 (5s5), a relay and a handfulof minor

Inside the 555 timer lC is a resisto.
divider netwo which sets reference
voltages of 1/3 Vcc and 2/3 Vcc on
internal comparators. At switch on, the
pin 2 t Sger input is pulled low by an
external 2.2irF capacitor, while the
output is high. This means that the relav
will be off and eo the ensine can be
started
The 2.2rF capacitor immediately

begins cha€ing via the 220k0 and
2.2MO timing resistors. When the
voltage across it reaches 2/3 Vcc, the 5ss
output (pin 3) switches low and the relay
tu.ns on to short out the points (or the

coil switching transistor). At the same
time, pin 7 goes low (ie, the discha€e
transistor turns on) and the 2.2/rF
capacito. begins discha€ing.

Pin 3 will remain low, and hence the
relay remains on, until the capacitor is
d,schar8ed ro l/l Vcc. Arrh6 poinr, pin l
switches hiSh again, the prn 7 discharge
transistor turns oft, and the 2.2pF
capacitor re-chaGes towards 2/l Vcc.
Thus, the €ycle repeats indefinitely while
ever power is applied. lt follows,
therefore, that the car can be started
only duing the charsing cycle and stalls
immediately the voltage across the
timins capacitor reaches 2/3 Vcc.

The 1N4001 diode connected across
the relay contacts shorts out the relay
coil back EMF to prevent damage to the
output circuit of the 5ss. The 220

resistor, 15V zener and 10OOrF capacitor
provide ,upply line iilterins and
decoupling. The l5V zener cdmps
supply line rransient5 to r5v rhus
protectinS the 555 from excessive
voltages.

Construclion
Construction is straightforward with all

Pads except the switch mounted on a
small printed circu,t board (PCB) coded
84au1 and measuring 69 x 48rnm. This is
housed in a metalcase measuring'102 x
70 x 51mm, ahhough any similarly sized
plastic case would a so be suitable.

We mounted the PCB asrembly on the
lid of the case usin8 four 6nrm brass
spacers and machine screws and nuts. A
small hole lvas dalled in the end of the
lid closest to the terminal block to allow

Condruction ,r easy - lusi lallaw thi\ parts ovetlay dia\an.
Note component orentation.

ELECTFONICS PFOJECIS tor your CAR
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Simple circuit tells you when to "fill 'er up"!

Low fuel warning
indicator for cars
lf you've ever experienced the feeling of foolishness as your car
splutters to a halt, fuel gauge on empty, this project is for you. When
the car's tuel reserve falls below a preset minimum level, the circuit
sounds a buzzer and lights a lamp to warn the driver to "fill 'er up"l

Running out ol petrolis inconv€nientat
the very least, and danSerous at worst.
The trouble is, it is all too easy to get
caueht, espeaally rf one ls tryinS to
squeeze an e\tra few ktlometres from
the tank dunng the occasronal petrol
stnke This (ircuil ,s pret€nted in an ef
fort to banish lorev€r the stranded.
je(ycan toting motorist - at least
amongst "tlectronic5 AustraIa reade6

Th€ .rrcurt 15 all (ontarned on a snra I

PC board, can be eaely frtted ro most
cars, and can be ret ro ftieqer dt any luel
Ievel. When triggered, it sounds a buzzer
for tiv€ seconds and a lamp renrains on
to remind the driver that the tank needs
lillins. It the tank is not tiled immediate
ly, the buzzer and lanrp \!il come on
each time the car is sta(ed (ie each time
rhe iqnrtion switch rs tLrnred on).
Th;.ln!F. w^"ld h)va h ho h6rh hl vl

and deaf, or preoccuaed $,rh fie
blonde in the.ar,n front to ole,look

The warnrnecrrcu,t can be ad:pted lor

use in mo5t .ars. prolrded they hdve
conventlona luel tanl, sensors tt should
prov€ simple to install, r€quiring.only
connections to .hassis +12V from the
ignition switch, and the fuel sause

Eefore describins ihe circuit, readers
may find the project's backsround of
some interest. The circuit originaly su8
sested came lrom the Dicl 5m th tlec
ironr(s re.hnr(a department 'ho
deligned it lor use in Dick5 Bel Jet
RanSer helicopter. Wrth the recent sr-'ate
of h€licopter and lleht aircraft accidents.
perhaps such a dcvice should be mo'e
*rdely rred. whrl5t $c du nut reAard
f'rel exhaustion in a Kingswood to be as
tra!mdtic as in a letRanser. itc.n ne!er
rheless pro!e awkward to lnd yo'rsell
malr.e a 'forred la,'dins on the Hrr
bour B'id8e durinE peak hourl

The hchcooter lo$ luel $J.,nne in.
di(ator sar'deesned to rw,rch ;n a
sarn n8 I.nrp nruLh the sanr"., tonre
latr nrode carr d,, We leir rhar a fr\e-

second buzzer would be a usetul addi
tion. and seveial other cir.uit modifi.a-
tions were incorporated to adapt the cir
cuit to the riSours o{ the automohve

While te;tins this project, w€ {ound
that there are several di{(er€nt types of
fuel level indicatins ,ystem, used. The
PC board has been dersned ro .ccom-
modate most sysrems that we lnow of,
althoush a le\ar component values will
depend on the pa(icular car. Details on
frndrng out e^actly what type olsensor i5
{itt€dtuyour(arareAr!en rteronrnrhe

Readers should nor€, however, that
the.ir.oit is not n,itable for ure wirh XD
Ford falcons. The XtJ Falcon uses a
(apaLrtance rype ,enso' (ar ured n
many arrcraft) ,n ahrch the drff€rent
dielectric values o{ air and fuel deter
mine the readin8. While we a.e not
awdre of any other vehicles t]sing this
system, owners of late mode cars
should check carelully before embarkins

by COLIN DAWSON

-/ai--s
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Low Fuel lndicator CONSTRUCTION

The lamp remains on unril fuel is added
to the tdn[. Nore rhat the lamo ratrnp
should nor c:.ce.l dw

The level of fuel at which the device
trig8e6 can be adlurted by meanr of
RVl. Toserher wtth Rl and Fl. rhrr forms
a voltage drvid€r wh,ch clerermines the
pre.set reference voltage on the com.
parator lf rhe (omparator lrreeers on an
in€reasing vokage, then lncreasinq the
voltage of the .eference will cause the
warning to trip at a higher fuel Baug€
readinS. Fo' a comparato. whrch trrggers
on a decr€asinq lohaqe. the ref€.en.e
voltage is de€reased to achievethesame
eftect. The range ofadjustment provided
by RVI ,s appro\rmarely 2V, whrch
ehould be adeqLr.re ior mosr ca6

To prevent the comparator from con-
tinLrally retrigSering when fuel is at a
.ritical level, positive feedback has been
provrded via R2 to si!e the.ompa.ator a
little hysteresE. Thrs means that when
the output of the comparator Aoeq low.
the volta8e on pin I is ako pul ed Iow by
about-1.5V.

ln the case of the posrh!e ti88enng (ir
cuit, thi! prevenrs the voltage on tlr€
sense input iprn 2) {rom ea5ily {al|ns
below the referen.e on the non-
rnvertins input (pin l) and hence rea'm
ing the device. For the negative trigger
ing circuit, it prevents the sense input
(pin 3) from easily rising above the
reference vokaBe on the rn!ertrns inpur
(qn 2).

The circuit also in€ludes a zener diode
voiltage regulator which may be either
9.1V or 16V, depending on the particular
car. Some cals have a voltage stab'liser
for the instruments. lf this is the case. th€
low fuel warning ci'c! it would lose some
accurary rf it were not also srabrlsed so
the 9.1V zener drode should be used lt
the car does not have an instrument
voltalse stabiliser, the 16V zener should

It ls important that the circuit hrve a
zener diode lo provide pro(e(tion
a8ainst vokag€ spikes whi.h cnn be pre
sent on automotive electrical svstems
Withour prote.non kom rhese sprLes,
rhe.rrLurt m,ry be eublecr ro ia se trrrcr
inB, or wor>e, d.'fase to lhe
sem,condu.rors

CONSTRUCTION
8eforc commencinB conslruction. l(

will be necessary to deternrine \!h.rl
type of sender unit your car has and
whether it has an nstr!nrenl volt.rge
stab lser To che.k thc sendcr. it *il be
nece$ary to dts.an.{r !li, $rn..ufnrfA
ro th! [Lel RJua" Ll ths r rP t,, chnrr
the semlcr srd. ,'r rh,- ru. A.ruse nr
chare5 rnd *rrh rhp,an,rr{, rurrFrl 

'nobservp tne rcndinr o. rh.luel snu!. li
il shows "i!ll the s.r{lrr hi\ l.i(
rainance when rh. r.rnk i\ tL,ll .,,(l tl!
positive lnB8erinS cr( !ril n)un be !se(]. li

Oe"
Abo\/e it an actual size att||otk tor the PC boad

N

PARTS LIST

1 PC board, code 82112, 59 x
96nm

1 9V miniature electonic buzzer
1 12V instrument lanp &w nr,ax)
2 nounting scrcws lot buzzet

SEM/CONDUCIORS
1 CA313O ap amp
1 555 timet
1 8C558 PNP transkbt
1 1P:)1 NPN powet tansktot
1 9.lv zenet diade (16V zenet

CAPACITORS
1 100pF 16VW electtolytic
2 4.7 ttf 16VW electrclytic
1 2.2pF 16VW electrclytj.

RESISTORS (tW, 5%)
2 x 1MA, 1 t< 47okQ, 1 x

s6kae.7Mq, x 18kQ,2 >< 10kA,1
' 4.7kr],2 - 1lA. 1- 470r]. t\
15An,,W tlAn'1w). I \lOtQ

5mm ve\ical ttimpoL

2.5mm auto cable hook up
md.hine sctes and nut. et(

the 8au8e shows "empty", the sender the same on all circuits. The other two
has least resistance when the tank is links, however, detemine whether rhe
empty and will requre the negarive rrig, circuit is negative trig8erins or positive
Bp,,nB.r(rIt tri88ern8 so- mdkF (J:F thdi \oJ to,os'he rmples( sav or delerrrnrnq rh; 

'.t"\dnr 
wr,nC d,aS'a$ , d'"rut).

*l^^ther thc .ar na< "r rnsrrr,meni OnLerhetrntsndeoeeninsta ert rhe
.altdge <rabr]rFr F to (o1sr,l rhp *[in8 rardinr.g Lomponenl< nrd] bp.otd"r"d
dus,drn in lhe manLd ll you dont havc ,nto oos;i'"n. h loJr . ar has an jn{,,,
a,,c+ to a m"nual rr F po$iblp ro meni\ottaBe {a6rt.,e, be,J?.oL.ea
dcle'milF $hFrhq tl-c ,ar tu\ the 9 tV /ene."ror D1 ano ^d(p p- l,ne.
stabiliser by nreasurin8 the voltage at the othe&is€ D1 shou d be a 16V z€ner and
tuel gauge. Be sure ro mearure from the R7 should b€ tOO. Warch the orientation
pow€r supply side and not the render ofthezene6, rransisrorsand tcs. and the
,.dF lf ,1" .ohaae F r$o o, rh FF volr\ potdnry oJrle ete, Lo,)rrL-
helos rhit of the bJtlery rh,s ,nd,(.re!
thc oresence oi a st,rbLl6er. lt rh6 voltaee
uoc. ror rr. r.a,c sl-en rha .rrire i, INSTALLATION
\r. rF,l irJ rJr dr 'a,rn rnrn rdlp rhFrp At .nF , o.,.a. r,o., nFerlc. ror rhF, r

cir'u t so this is the ogical place ro mouni th;
We brik ou los luer lndicdtor tne o"rLh .onne.ron ,in he

plrred,ir(L,r boao (od"d 82"1 and Jil,, r,,.'11 ,,rr-r-nr pnrr,,.1 rhp
^pd\ui1t l, eh,,r- BaA,r\u,FrrL.,hJ'{\.\nrl^ra, .t-.. <r-,{ldhct.rlpl
nu1 h\ r r'r',r .5F rh , p { ,p l,.t\ lhF ro rh" rirrr.or srrr. l . urt-.rs \p thp
frlsl ink .dlrcent to the i;i tinrer - is *anrins may be triDDed whenever dre
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Delay system br
car courtesy lights

How about this for a neat automotive circuit? When
fitted to the interior lighting circuit of your car, it will
delay the turn-off of the courtesy lights for a set
period after the door c/oses. /l's easy to build, all on
a small PC board, and can
negative chassrs cars.

Conjure up in your mind the follow-
lns Ianlasy. You've iun lefl an exclusive
nrshtc ub on rr" l^reihorer of
bcaur ful \ydn-y hirbour Her crpen.
5 !e French ocrlume $afrs balm,lv on
the srrll 5unrnpr rrshr rir You ope; rhe
door to the Mercedes and she slides
inlo thc imported lambswool'covered
sert. You !h!l lhc door . . and the
courlesy ilShi 5tays of l

You'le nos, ijor .rll of 20 scconds lo
5lroll su.Nclf rc!n(1 ro rhe other side ol
the .ir belo( rhc Lourlesy liEhts ,lo
out Jun Ihink hi^! rnpressecj she'll be
whcn rhe lishr\.rulodr.iti(rlly fade as
you drive off

Whoal ... ne,rdy on. Let's get back
ro realiry. l.et! discu$ some of the
morc down to earth use< of a.o,,rresv
liShl dcliyl

Wh le coune!y lights provide a
we comins sishr whcn a car door is
opened ar n shr, rhe elfecr ,s spo,led
rmme,htelr onc enr.,\ rhF .:r i..l
pul s rhe cloor shut The liHht soes out

be f itted to most

jun when you need ir to {ind and lasren
the seal belt, ldcntify the ignition key,
and locare lhe iSnilion lock. Most peo-
ple (includins me) have six or seven
keys on the key rin8, and {inding the i8'
nition kev in the dark €an be a "real

Ot cou6c, lhere is an intenralswitch
for lhe courtely lighrs, bul findins it
c:n bc just one more problem in rhe
dark. Think how much nicer it would
be if the courlesy lights slayed on lons
enouSh to get yoursell ,ertled.

Such a lerture would be even mo.e
valuable when usherint a gue5t into
your car. The internalswitch is seldom
icccss,ble from lhe passenser side of
the car, so you have no oplion bur to
pl0nse the car into darknes as the
door closes, leavins the euen lo fumble
for the seat bell in lhe dark until the
driver's door i, opened.

This simple circuit overcomes these
problems by holdins rhe cou esy lishrs
on for a tixed period alie. rhe cardoor

has been closed. As shown, the circuii
provides a delay lime of approximately
20 seconds, aithoush this can easily be
varicd to suir the construclor. Al th€
end of the delay period, the liShts
rurom:ri(aily tade out.

With d slmplc type oi delay cir€uit,
choosinp a {,it. bje del.v time ,nvolves
. , u-pi"-''" ,f the p;nod chosen is
roo \horr, rou do no' have rime ro ser-
rle in properlyi ,t it is too lon8, 

'heriShts will srill be on when you are
re:.1' 

'n 
dn!F olf wh'ie rhK l: pr

siruaiion i5 oI no consequen€e durinE
d:ylishr hours, ir could be a problem at
night.

This leads us to the next leature
provrded by our delav (ircuil. The cir
cuir h.r5 been derEneil ro interconnecl
ro rhe headlish' (wir(h <o thar the
.oL,rre'y l,Bhrs rre swrr.hed otf
.rutomrtrcally whene!er rhe headl,shlr
or park ns liphb are rurned on Wrrh
rhe headlishr rnterJock arransement,
rhe dajdy r,me,s no lonBer cnhcal. lt
can be exrended to one minute or
more if you so wish.

We Iound a delay time of 20 seconds
lo be ihe ben compromise. lt provid€5
ample time to set 5ettled in the car, and
yel doeer't keep rhe courtesy lights on
for an ino.dinalely lons period after
the drivcr leaves ihe vehicle. h also
r!rns the lighls oft after a reasonably
5hori pcriod when driving oIf durinE
dayliEht hoLrrs

Build this simple circuit for your car

L.ryar than lik \i2.
l0r"v

rhoto al the a\senbled PC boarLl. A snall
tl t IlP3055 t.an\ittar lor /ordr err:eci/nrs

by GFEG SWAIN

We estimale that the current
cost of parts for this project is

approximately

$s
including sales tax. This does
not include the cost of mis-
cellaneous items,

ELECTRONICS PROJECTS ior youl CAR a



'AZ L lnoqP or Pa
4rEr sr €uD)npuor asea) IM ror!ls!Prr
aq) qrrqM rP aSerlo^ r'I r.'lr suPau
srqt (xorddP 

^9 
0) aporp aLlr Jo alfr o^

uorDunl aqt lq pasrPr \r rulsr<uPr)
aql sPrq prPMrol or parrnbar rSPrlo^ a!r
'Li1lo rrnrr!) ,rrrrua rqr ur r, surpnPUr
lg uratqoid !rrtr ssdotrra^o zc aporq
'parnbar 5P 

^t.)P!pauu! 
rno ots rou

rjtnom stqBrt lsa)rnor aql '(ttPnrua^r
aBrpq)stp te rol,redP) 3qt slrqM

t3^31 dol P rE rraqlP
'uor)npuo) ut Lb SurPloq Jo alqedPr
!i5 sr lr ta^rt qJlq4 rP 'Al ua^a ro

Ag 0 Motaq Jorr)Pcler a'lr asreqrtP rou
,(pur ltnrJtr'jtropirur )'l3rlpPaq aqr lEq I
aq plnor r sn'll r'rrrs^s le)rr')ala s,rPtr

aqt olur paddPr sr rrn)rr) aqr arr'le
uo 3u'puadap'3uu,$ Peat rqtsrlPeaq
aql €uolP sa55ol 3tsPrlo^ or .3nP 

( ql
uPql raqHrq aq uE) rr 3rr')erd ul 490
rnoqP 'apo,P aqr lo 33Prlo^ uorDnp
-lro) preMrot aqr Molaq rolrrPdPr lnlt
aL! aSrPttrsrp rouuPr !rriMs lqSrlPeaq
aqr 'Lc Jo arursard aqt lo asnPra8

'PasrPq)srp sr

rolt)eder lntr aql a)uo trlJ|alduor uo
urnl srotsrsuPx raqlo aqr puP !o rPq)
ainsua ol papnttrur uaaq se'l I 'Illerlseg
'3ruPl3 lsrf le snor^qo aq lou llra zc
aporp Jo uolsntrur a'| rol uosear e'lt

'antP^ ales P ol aporP
aql q8norqr ruarrn) a'l] slrurl rol5rsar
urqo 00t aqj lFnoauPluP:sur rsoul€

uo a8rpqr rqt sLrado qrlrds rooP a'lr
uaqM lq3rt ,{s.rrno) rllr uo Surq)'rMs
pLP Cb plP zb uo sLrurnr tr)nP
-uo) LO'partddP sc,q prPMro, qrrM
'pa€rpq) 

^ 
nj s I t,run rarrPlJ'lr ssor)e

lla^,rsrr€ord'sr8,pq) rorrrpde) 3'tr sP

'ueqt rotsrsar uqo SL aql ssor)t srPaddP
a8erto^ JtnJ aqr 'A e,lrLt (rarrPq rqr Jo
a)uppadu, tPurarur_Mot 

^rr^rqr 
or anp

lasot) qrrrMs aqr 
^larPrpauu 

p.sPrq
prpNoJ 5r LCr '.3rpq) or roDPdPr .qr
rol paprau au,r aqr Jo !(dtPrPBaU

'^tsnoauPtuPt!ur
tsoutp s3€rPqr ror!)edP) aql lr Jo alrds
ut saqrrtMs roop aql ol aSeuPp lue^
-ard pup ta^statqeuospar 

p ol rolt)edPtr
aql qBnorqr ruarn) SurBrP'lr lPrrrur aqr
rrurt ot 

^ldurs 
5! rorsrsar aqr to rsod

rnd aql rors6ar uqo 5L P e,^ rol,)cdP)
lnlt aqr or pa)auuor sr 

^Jddn! 
AaL

aqr'(pauado st roop rpr aqr /at) pasotl
5r saqrl,Ms roop aql Jo 3uo urLlM

suorrpuo) asrql ur ljo ltaratduol
ptaq arP eorsrsueJl asaqr reqr arnsue
,ita^rrradsar €b pup zb Jo slrn),r asPq
aql ursrorsrsar uqo 0l' PUe )i0L aqt

'rb ruo4 setq pieMro, ou sa^ra)ar
zb asnPraq ro ptaq oste 3re ra' puP

Zb qloq tpqr supeu'urnl u' /s,ql rors,s
-uPI sltl qHnorqr r!arrnr roDallor
ou puP Lb to areq aql uo serq prPAroJ
ou aq ItrM aroq) 'p33req)srp sr rorrrpdPl
rn,{torlrita jnlt aqr reqr PUP uado
are s3qrrrMs E lPql tr Etllur Surunssv

:sMo ot !E stro/$ I s)uauod

. funo,.\pu ,qa! .,1, p-,tu..i.t-iii:,?.i::y1,. 
t:t^tf -.i.,:lr -f;i i"t: l:r r.ll"';X." je'; ; ?lli -uPur\trduoctuolpd\'tPtoduPtplltd)q.d\P^ uPrsotp 

^Ptta\o 
ttd'toowo)rrr/ 

^ 
prr \.rl r rJ|J rqr ot Mou rJtJu

saUrprl)srp qrrqM ro]lrpde) rqr roj qred
asrpqrs,p r)uer5tsar aot p saPr^ord

PUe pasPrq PrPAroJ s.uoraq rc
aporp'au!r lptap aqr tsuLnp uo paurnr
are sll8rtpeaq aqr tt futlnrrrJ )rotrar
ur tqBrtppaq aql urol rotsrsai satras

L!'to 001 pslEDossP slr puR Lo sPorc
'3ntP^

rolrJeder aq) Surseartrap {q pasparrep
rq uer aurr letap aq)'llretrurs
'antp^ prxalard rsarpau rqr sr ln00L -
rotrreder aq) lo ante^ aq) stqnop rt op
ol a^Pq nol P 'atdurexa ro, 'spuotras
0t ol autr iEtap aqr asear)ut 01 reaull
sr rruD 

^etrp 
pup 3rup)rrpder uaaelaq

dtqsuouetrr aqr 'Dadxa ,iPU no,{ !y
'ro!)pdp) aqr Jo antp^ aqt 3u,3upq) Iq

^tdurs 
pai;rtp.q ue) aurr Apt.p altt

spuoras 0z lnoqe ro,
uo urEuar ptnoqs !tq8l 

^saunor 
3qr

'uMoqs ante^ rorrpdetr aql qrtM paselq
aea^ar !r Lo aporp asnPraq rtnrrl
rqBrtppaq.'tr pup rorsBar uqo 00t aqr
q8noiql aSrEqrstp rouup) lt Lb rorsrs
-uen lo uorlrunf ra)trua/aspq aqr pup
rorsrsar \i0! rqr qBnorqr ltuo r8req)
{rp uPtr rol,)PdP) aqr 'uado surPual
q)lrMs rqErtpea't a'.| se SLrol oS

'1no
s3o3lq€rt llalinor aql pue 'tJo urnr tb
pue ab'p3^oL!ar sr Lb ol lPtq pre4oJ
altl sa8rpqJsrp ro'rrpdE) aql ua'lM pa
-€rpqrsrp s rr trrun !b uo !prq prpMrol
aqt suterutPU rorrreder lnlt a'lr

Hvc rno( iot sLttoad sctNoalcl]3

SYUOM 1I MOH

'Oxa) aa, )oDedb )t)Apl]
-.ap lb aqt BuBueq Iq pata)F aq ue. au!) 

^etap 
aqL spucfas 0Z {la)eutxud

-de p ault IE/;p e sapt^ud pup s.rortlluprr rsor-ao/ aarqr tatn l,nrrD aql

MrO rH5t1 r(sllunOC

"@.

I

t*
I\ \'**" c
99
lzr oE-

(

C,,,' ,ii; T ,i6ii \9,,'

'ap!Pduo) [ e)^Ig,l
a)e 

^aqt 
pap!^utl .Jtn aq I errLaB

[e@ \3utp] rrqF,q q/,M \,ua!od
tuo) adAJotor.l ioa )ot patn

rtoqJ arP 
'3u,rer 

aBeW^ rat!)edP)
puP s8uttu aHPDz^ rorAau j oN

'f,ta,'olJau
-uo2 a{DoL/Jo)ne
aurytei stellrt no-pul",' 'np1o,l -arn/ puP rrnl Vt etd dn\ooLt

snolNvlll)str\
\OL

xz'\Lx L'tugo01,x L ML sutlo
0zz x L'uqo 001 x L'uqo sL x L

pat]tradt ttalun )te 11 )o '4
JUOiSltlJ
tutcl )d 9

jlp apo) u@8t \ tq'g)d L

lor)ede) )ttltott)ala MASZ/lnt, L

'aPo!P )a^od uo)ttt, relluJtt to L'lrNl Z
)o),;!tuer) dNd SztJa L
/oltrs!Prr N./N raalg t

)o)etueJJ NaN 990tdl1 L

ISI'I SIUVd



Delay system for car courtesy lights

CONSTRUCTION

Connruction shuuld orcsenr no drf-
Iicult,es, e!en for rhe besinner. The cir
curl ,s all (onlained on; small Drinred
.ir.u,r board me.5uflns 87 * lS;dr and
codcd 79d10. Assemble all of rhe com-
ponents onlo the board as rhown in the
o!erlay d,aEram, mal,n8 sure rhat you
ln'err the lran!istors d,odes ancl eler,
trolytic capncitor the righl way round.
We used PC nakes to facilitale external
conneclions to the board.

No heal5inL rs required for rhe
TtPl055 power rranlrstor: ar tea$ nor fnr
lord5 up ro low Ihe sarurarion voltase
ot Ql is q! ite low ar abour 0 2V. so lhat
cven when connected to a 30W load
lhe rranritor onlv hds to dilsroare 0.5W
\ou ehould tind rhar ror l;.i( "r l"*rhan l0W, rhe TlP1055 w!ll run sliphrlv
warn ro rhe,ouch even when rh! cai
door i( held open for exrended

Note that Q3 should be mounred flat
against thc PC board and s€cured wirh
ir small machine screw and nut. A
mode5r amounr ol hearsinline,\
prov,ded by rhe copper patern on"lhe
rc!er'e srde ol rhe bo-rd

Note also rhat lhe circuir can be
operated with loads exceeding 30W,
provided rhai Q3 is firted wnh an ade-
quare heat!,n1. For toads up ro about
45W. a small fJaErype hearsrnk should

fittins an exrra unjt of anv kind to a
car often involvee as much or mo.e
efforr as malinH rhe unrr, parrrcuJarlv if
one ls not lamiliar wirh rhe w,n;p
However, rn rh,s ca5e the iob sh6,,f,J

ERRATA
COURTESY LlCm DELAy tJanuarv.
198U: File No. l/AU2l,. rhe Im ohn r.{-
to. in senes wiih Dl m;y overhear when fts
door switchet ar( dosed aDd the headt'ohrs
dre on. This .an be ren€died by subsriruirna
a 680 ohm hW resisror.

A(tual trzc tcprodu.trcn ol the PC alwork.

not be too difticuh.
The l€ads from the door swirches are

usually found coming over (he top of
rhe rrim panel! lorward of rhe fronr
door5, while lhe courresy lishr lead(s)
are Lsually run up the rnsid€ ol the
wind!(reen pillar. Asumins that rhe
heidlisht swrrch.an be easrliremoved,
connecrions to the h€adlisht circurl are
rnosr Josically made direciro rhe swirch

Mak€ sure that the +12V supply is
derived from the a.tive side of the

ln some cars, howeler. removat of
rhe headlishr swir.h can be a maior un,
derral,ina ll rhis,s rhe case. thri +rzv
suppiy can be picked uo from rhe fuse
paneJand rhe connecrron ro Dl oi.ke.l
up from rhe headLAhr dipper circuir. AlA tuse rhould be included rn the
posilive supply line ro provrd€ prorec-
non rn rhe evenr of cir(uir maltuncUon.

6Y C.tr Adoplor
The requiremenl for a 6V supply in a

car with a l2V battery is easily mel with
this simple dhcrete.component circuil.
Ql is an emilter.follower wiih a 6.8V
reference provid€d by the one-watt zener
diode. The base.emit!€r vohag€ ol Ql is
subtracted from the rcference to give a
nominal output of 6.1 volts.

The 1200 resisror feeding the zener
diode limits lhe currenl available to the
basr of Ql and rhus sets rhe resularion
performance. h also rendeB Q_i proof
agarnst momentary short circuits. el

will deliver about one
should b€ mounted
heabink.

M. Sully,
Keilor Downs, Vic.

amp or so and
on a suitable

Iol
€o
ool-T-

and all conne(rns wrres should be of
reasonrbly h€a!y curren( caoacirv. lj.e
2l r 0.19mm cable or heayer

As ro rhe best place ro mounr rhe pC
board, rhar will iartsely d€pend on rhe
type ot car yon own. The mosr obviousplace is somewhere under rhe
dashboard or. al(ernatrvejv. on the
firowaJl

HavinH .ompl€ted the insra arion
rhe unir can be eiven a finat che.to,,
Check ro s€e rhai 

'he 
courtesv lrphts eo

our dr rhe end of rhe detay ijm;, rh'ar
rhey go our immcdrarelv rhe headtishr(
are rurned on. and rhar rh..n,,;*
li8hr sw,rch on rhe dashboard sn func-
rion, in rhe normal wav. tou sh.rit.l
Jllo check rhe rempe;arure of the
TlPl055 power rrrn5isror aller rhe.:r
door has been lctl ooen for an exien.t-
ed period. sav f,ve or t0 minures. lf ir
becomes roo hot tu rouch. ir sho,,t.t hp
filted wilh a healsink. G

Wanted: your brain-waves
Come on now. You must have had some
b ght circuit and design ideas which are
wodh publishino. Why not send tiem in
and mako a litlle extla brass lor more
eleclronic components? We pay
belween $5 and$,10 p6r rtem published,
dependino on the me t and lhe amount
ol wo,k we have io do to publish it.

ELECTBONICS PROJECTS for your CAR
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PARTS LIST
1 PCB, code 84au9, 101 x 60mm
1 4-way PcB-molnling telminal

1 Automotive noise suppression
choke (DSE Cal. L-1900)

2 21W autornolive stop lamps (see
text)

Semiconductors
4017 decade counter lC
4093 quad schmilr NAND lc
8C547 NPN lransislor
8D140 PNP translslor
2N3055 NPN transislor

2 1N4001 diodes
1 16V/iW zener diode

Capacitots
1 100&F/16V eiectrolytic
1 22yFl16V electolyllc
i 4.7rFl16V electrolytic
1 .01rF metallzed polyesler

(greencap)
1 .001rF greencap

Eesistors (5%, %W unless noled)
1 x 330kO. 1 X 180kO, 1X
150kO,T x 100kO,1 x 10kO,1 x
2.7kO, 1 x 2709/1W, 1x
27Ol10W. 1 x 6.8O/5W, 1 x 5.60

Machine screws and nuls. aulomo
tive hookup wire, solder elc.

Ttis acc€ssory brrle lanp kit con€s with ill th€ necesssary hardware for inslallation on the rear
' pucel shelL lt cost us less than $20 (from BBC HNrd* et

prevents further counting when it is

taken to logic high and RS sels the
counter outputs lo zero when it is taken
hi!h.-Notice 

that rhe Reset prn has a l00ko
resistor and a .0lpF capacitor connected
to it. These two components form a
poweron reset circuit. whenever power
is applied to the lC, it autonatically
resets to the zero count. Notice also thal
the "4" output (pin l0) is connect€d to
the Clock Enable input (pin l3). This
means counting ceases once the "4"
output goes high.

The '4" oulDut of lC2 is also
connected to pin lZ of IClc by means of
a 180k0 resistor. For the moment, ignore
the resistor and assume that the
connection is direct. lClc simply
functionsasan inverter so lhat itsoutDrlt
(pin I l) is low only after the "4" count
has b€en r€ached.

Pin I I of IClc is uJnnected to pin 9
one of the inputsof ICld. Pin 9 acts as a
control for this gate - whenever it is
low, the output (pin l0) will be h;gh.

While ever ihis condition prevails, the
lamp6 willbe petmanently on.

Until the 4 oulput (and hencc pin 9
of lcld) goes hish, the output of lcld
will be determined by the logic state of
ir,s other input, pin 8. As pin 8 oflcld is

connected back to the inverted clock
ourpur (pin J, Iclbl, it now becomes
necessary to examine the operation of
rhe clock in deta;I.

Th€ frequency of the oscillator based
on lCla isset by the 4.?rFcapacitor and
330k0 resistor at about l.sHz. During
normal operation, the charge on the
4.7I,F capacilor will swing over a range
equal to rhe hysteresE voltage. This
mlght trpically be between + 6V and
+8.5v for a 4093 made by National

Unfortunalely, when thecircuit is first
powered up, the 4.7pF capacitor must
charee ffom 0V to lhe normaloprraling
ranei. This. of course. woutd mean that
rt'"-{i.rt ctoct cvcle tales mLrch lonser
than normal. '

As we want the accessory lamps to

begin flashing as soon as the brakes are
used, an exlended fint clock cycle h
undesirable. As a means of preventing it,
rhe capacitor is 'fast charged' by an
auxiliary circuit. This consists of Dl and
the 150k0 resistor connected to the "0"
outnui of IC).

When po*er is first applied the '0"
outpur is high and Dl permjls current lo
flow into the capacitor, R(member. the
"0" output will only be high until the

ELECIRONICS PRo.jECTS ior Your CAR
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the brake switch line to the circuil.
In the evenl thal this choke should fail

to suppress some high voltage spikes
sufficiently, a l6V zener diode in
conjunclion with a 5.6n.esislor will
protect the circuil from the damage.

Conslruction
In contrasl to mosl automotive

projects, this one is quite simple to
construct and install, we have not
mounted the project in a box, so con
struction simply amounts to soldering
the prinled circuit boa.d components in
place. The PCB measurcs l0l x 60mnr
an.l is coded 84au9.

l-ocation of the board will deDend on
the tyDe of car. although it should be
somewhere towards the rear ol lhe
vehicle. This will b€ close to both exhting
brake lighl wiring and the new lights.

Begin soldering with th€ smaller
components, then move on to the larger

devices. The suppression choke should b€
held in place wilh some epoxy adhesive
once its leads have been soldered.

Nole that the accessory brake lamps
musl connect back through the appropri'
ate terminal on the PCB - they cannot
simply be connected to the vehicle
chassis.

On Commodores and Falcons. where
one pair of standard brake lamps can be
used as "flashers", a small amounl of
modification to the vehicle wiring will be
necessary. Usually, one pair oflamps will
be dual filament one filament for the
tail light and one for lhe brake light. The
other bulb(s) will usually only be single
filanent lypes. These are the ones to use
with rhe flasher.

The chassis connection to the single
filament bulbs must be b.oken. A
Commodore which we inspecred had th€
sangle filament brake lamps mounred on
a plaslic "card wilh prcssed wiring. This

card was shared with the reversing lamp.
To use the brake lamp as a flasher, lhe
pressed wiring track will have 10 be cut.
Make sure thal the chassis return to the
reversing lamp is nol broken you may
have to make a new connection aflcr
cutting the track.

Once the chassis conn€clion to the
single filament bulb has been broken.
make a new connection fiom the b0lb 1o

the flasher "Bulb ve" oulpul on lhe
rcB. The "Bulb +ve" output of rhe
flash€r rcB need not be used as +V will
be supplied to the bulb by th€ brake lamp
swit€h in lhe normal nunner.

Testing this project is sinrDly a matler
of operating il normally. Due lo
componenls lolerances. the llash tute
mighl not be ideal. This can easilr be
altered by changing the value ol lhe
330ko resistor associated wilh lCla.
Should lhe initial ilash bc ol incorrect
durarion. aher rhe value ol the 150k0
.esislor connected 1o Dl.

You wont
wqnl lo
miss lhis...

lf you like building eleclronic proiects
in youispare !ime, you can talford to
miss oul on thls exciling book ol

Available frm "ElEtrc.ica Auslralia", I 80
Sourle Road, Alerddrin, NSw 2015.
PRICI $4.50 OR by mail order: Send
cheque lo "ElRtronic Aushalia", PO Bor
227, Waterl@ 201 7. PRICE $5,40.

Automatic brake
lamp flasher

I constructed the Brake Ilmp Flasher
as described in the November I 984 issue.
When tested using direct l€ds from the
battery, il functioned as it should have
although I had to reduce the 300k0
resistor to 150k0 to obtain the conect
flash rate, The rearm period was
approxirnately l5s which I deemed
acceptable,

I then installed it in the vehicle, taking
a lead frorn the appropriate connection
to the brake light. On applying ihe
brakes, all four lights came on, bur none
flashed. Back to the workbench.

It appeared that pin l6ofthe40lTdid
not go low enough (even overnight) to
rearm thecircuit - only by momentarily
shorting dn 16 to ground would the
lights flash. I tried a lower value {l0pF)
capacitor \ut this did not help so I simply
connected a I 50kO resistor from pin I 6 of
IC2 to ground. This, together with the
l0/rF elect.olytic capacitor, gave a rearm
period of approximately los which was
quite acceptable.

The circuit was then re installed in the
vehicle where il has functioned perfectly

Not being familiar with the internal
circuitry ol the 4017 and IClc, I am
unable ro explain why the 22lrF
electrolytic did not discharge sufficiently
through lhe I80kO r€sistor to rearm the
circuit as shled in the texi. Nor can I

explain why the circuit worked when
conn€cted dif€ctly to the battery but nol
whon connected to the brake light.

I wonder if any other readers have
encountered this problem or whether
you are able to offer any explanation?
(F.H., Ardro6s, wA.)
a Although we haven't encountered it
before, we suspect a reset problem with
the 4017 due to the 22rF and.olAF
capacitors not discharging completely. lf
the .olpF capacitor is partially charged,
pin l5of the40lTwill notbepulled high
enough for resetting to occur. As you
have found, connecting the l50ko
resistor between pin 16 and ground
provides an effective cure.

ERRATA
BRAKE LAMP FLASHER (NOVEMbE!
1984, File 3/AU/42): in sme circuits, rhere
nay be a resel p.oblem with the 4017 (lc2).
If this happens, the accesory lanps wiu no1
flash but will sray on whenever rhe brake
pedal is depressed. This problem may be
cured by onnectidg . 150kO resistor across
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mounled onlo a panel from lhe rear,
using a 28mm dia. hole and lhe rupplied

The remainine problem lhen is simply
how lo connecl lhe unil inlo rhe wiring
syslem oi your .a.. lf your c& is filted
wilh separate reversing lighls, lhen all
you have do is tind lhe appropriale wke,
and .onnect lhe AudioLarm betlveen il
and lhe car chas!is, wilh appropriale
polarily. lf your car has a negarive earth
syslem, connect the neSarive lead ffom
the unit to lhe chassis, and the positive
and.onlrol leads lo the wke.

For positive eadh ca6, simply reverse
th€ leads flom the Audiolarm. We
should mentjon that the unit will only
operate salrsfaclorily wirh I2V caE. With
6V systems, the sound produ(ed ,5 too

Ca6which use the rear indicator lights
lo. the reversinB lighc pose a slighdy
harderproblem as far as interconneclion
is concerned. The Aodiolarm could be
connected a.ross ihe revebing swil€h,
bur rhis would involve tunnint addilional
wrnnS rrom 

'he 
tronr ol rhe car ro rhe

re)r where rhe unir r\ be<r mounled- lf
you feel capable ol lindinS lhe swit.h,
and sodinB our which leads are rhe cor-
recr ones, as well as runnin8 lhe e{ra
wi.es, Bo ahead by allmeans.

However by simply adding a sinsle
transistor il k slill possible to keep all
wirinS in the bool area oi the (ar. The
circuil, which is shown in lhe diagram,
funclions as a simple AND 8ate. Any
s r,all general purpose NPN lransislor can

ln order forlhe AudioLarm lo beeneF
gised, both lelt and righl indicalors musl
be on. lf either one is on alone, such as
when lhe direclion indicating syslem is
in operalion, the unil will not soond. lf
a disablin8 swilch is required, iI should
be connecred in parallel with the 100
ohm resislor. This will keep lhe swilch
conlacls welred. and ensure reliable

lflhe.ar is filled with a hazard waming
syslem,lhe alarm will operate when this
sinem is used. ll will be pulsed on and
ofi in sympathy wilh lhe hazard liEhG. lf
your car has a positive earlh eleckical
syslem, use a PNP lransislor, and relerse
rhe conneclions lo lh. alarm unit.

The lransislo. dnd a$o.ialed com_
ponenrs can be mounled on. small
pre.e or raa\rnp, and plaLed in any con
\enirnr pu{lton ,n5,de rhe boor. The
ila,mun,r,rscitshouldbemounledinlhe
vicinily of the rear bumper bar, Jacin8
downwards so as l(J ninimise lhe chance
ofdirl orolher foreiSn malerials .lo88in8
lhe Brill. ldeally il should be 

'noLrnled 
so

lhal il will nol bc stru(k b! slones flung
up bt lhe road wheels, and so lhal il can-

50 therc you ;re: a simple and easily
inslalled aLr d io a arm syslem, lo
\uppFmenr rhe nunnil r€!ersinB lithl
in.li{.r,tr5. UsLnB J mrnrmum or Parls. rl
should be very rcliable n operal,on.

Available from your Newsagent ot send your cheque or
monev order toj Eleclronics Australia, PO Box 227, Waterloo
2017, i{sw. add $1.00 per book tor postage and handling.

Srccial Puillcallons
llom Electlonics Austlalla

FUt{olrlENtALS OF SOLID STATE. Now in ils s€cond
repdniing - wtich shows how popul il has besnl ll prcvides
a w€allh ol inlormauon on ssmiconduclor lhsory and op€ralion,
d€lvlng much d€ep€t lhan very slomonlary work$ bul wilhoul
rhe matl's and abst€cl th€ory whlch mako many ol lhe more
sp€cialis8d trxts heavy going. Sladlng with a backgrcund
chaptff on alomic tn€ory, lhs book moves Basily thrcugh
dlldsslons on cryslals and conduction, diod6 lypos,
unljuncrion, lisld olloct and bipol* llAnsislors, lhydslor dsvic€s,
d€vice labicallon and micrccirclils. A rsvis€d glossary ol
lems and lndo( completo lhe book. Fuodamantals of Solid
St6ia has also b€€n Mdery adopled in collEges 6s
rccommsnd€d rcading. 14.50

DIGITAL ELEqTROI{ICS. Elsclrcnic oquipment plays an
imponad rcl€ in almosl ev€ry li€ld ol human €ndsavou and
6very day, mor€ and morc 6lsclronic equipmeni is going
dlgdal, ln odor lo undBrcland new developm€nls, you n€6d a
qood grcunding n basic digiial concopls and /nlroducion ic
Orgilri E/ecrorics can give you ihat grounding. Tsns ol
lhousands ol anqin€srs, lochnicians, stud€nb and hobbyisls
have us€d rhis book to lind oul whal the digilal €volulion is all
aboul. This new toudh €dition has bssn uPdaled and
sxpandsd. No pEvious knowredge ol digilal oleclronics is
nec€ssary. S4.50

BASIC ELECTFONICS. This popular ten h.s now besn
re-issusd, Arsic E/sclronics is almosi o€nainly lhe mosl widely
used l€l€ronc€ manualon el€chnic€ tundatnonials in
Auslrali€. ll b6gms wnh lhs ol€clron, mlrcducss and €rplarns
compon€nls and cncuil conc€pG and progross€s lhrough
.adio, audio lschniquos, s€rvicing lesl hslrum€nts, lslsvision,
elc. Easily unds6lood dlaglams and lsxl make lhis lhs p€rlecl
inlroduclion lo lh6 growing and sxciling world ol €l€clronics.
weve 6v€n includ€d live €leclronrc proi€c{s for ino b6ginnor

04.50

PFOJESTS & clRculls. ll you like building olechonic
proj€cls in your spal€ lime, yor./ can l allord lo miss oul on lhis
;x; rno boark ol popular plolecls lrom Eloclronics ALrslralra

Jud lo6k whals nsider /4udio and Vldeo Ptopct6: Vidao
Ampl ier tor Compulsrs and VCFS, Vrdeo Enhdcer, Vocai
Can6ller Sleroo Srhulalor lor Tune6 and VCRS, Guitar
Boost€r for SteGo Amplilisls. Autonotive Prciects:
TransisloFassisl€d lgnilion Syslen, Erealh Toslor, Low Fu€l
lndicaloi, Sp€ed Senlry, Audibls Tum lndicaior. Malns Power
Conad Poleclsj Musicolol, Pholographic Timsr, Drivdwav
Senrry, Touchramp Oimmor. Powet Supplies and fest
EquDmerlj Aafery Savw lor Pe6ona, Portables, Oual
Tracking t22V Powe, Supply,31/2-Oi9it LCD Capacitance
Meler, ln'Cirouit Tffinsislol Tesler. Plus EAs lo'year Prcject
indox. $4 50

WFELESS WEEKLY. Our own time machin€! li may look like
a book, bul donl lot ils appoalance loolyou. Th€r€ arc no
whiding dials and conlrcl levors; but once you open th€ cover,
'lllaxe you on an incred,ble jouhey backwards in nme. Youll

nnd yoursoll back in lh€ 19m s, shsn Auslralia s fiBl l€w radio

srauons wsr€ tu$ genhg €srablish€o and a typrcal radio s€l
cosl l€n w€€ks wagos. W6've chosen a colleclion ol iighlighls
lrcm lhe 1927 issuos o|Wireless Weekly': You'll lind some
lronl cov€rs, a few edilorials, the best news iloms, a coll€clion
ol typrcal do-il-yourssll radio sel desrqns, ano some se ecl€d
paq€s lroh lhe programm€ listing S€nd loday ror 'Tho Besl of
Ausrralia's l4,teless W€ekly in 1927 . . . A lascinaling and

slt.95
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ICI and thc tso I-DRS provide deteclion,hd .ontoltriggcrins whilc lC2 proridcs rhc iimins tunction.

for the counter circuitry,
The 0.1/F capacitor and 2.7Mn

resislor on pins 9 and I0 are the timing
components for the clock. These set the
clock frequency to about 32Hz which
means thar pin 3 of IC2 (4060) goes high
for just over four minut€s.

Note the diode (D4) connected
between pin 3 and the clock input {pin
I l). When pin 3 of lC2 goes high, this
diode pulls pin ll high and stops lhe
clock. This step is necessary o$erwise
IC2 would continue to counl. wirh pin 3
alternately going high and low al four
minute int€rvals.

The only way another timing cycle
can be initiated is to reset IC2 by
momentarily pulling lhe reset pin (fJin l2)
high. This is the function ofthedetection
and triggering ciruilry based on lcl.

Detection and triggering
Lighr detection is perlormed by lhe

two LDRs which are connecled in series
with l8ko resistors across the supply
rails. The voltage at lhe midpoint of each
divider (ie. at rhe resistor LDR junction)
thus varies in proporlion !o the amount
oflisht fallingon the LDR. When LDRI
senses the headlights, the voltag€ at the
junclion goes high.

Conversely, when LDR2 senses a high
ambient light level. lhe vollage at the
junction is pulled low.

During daylight. the ambient light
detection circuilry inhibils the headlighl
detection function. Let's assume.
however. rhat LDR2 is in darkness and
thar pin 2 of ICla is high.

lCla functions as the detector for the
headlight sensor. Note, horlever, that
the voltage divider output is not applied
directly to ICla. Instead. it first pass€s
through a delay circuii consisting of a
47kO reshtorand a 0.1!F capacitor. This

circuit provides sufficient delay to
pr€vent the circuit from lriggering on
lightning flashes.

Ideally, the delectors monitoring the
voltage dividers would consisl of devices
using Schmirt trisser inputs. This form
oI detection is necessary to prevent
erralic operation when marginal
triggering or inhibii conditions exist.
Unfortunately. Schmitt input NAND
gales have become ratherscarce lalely so
the Driveway Senlry uses ordinary
NAND gates set up 10 operale as
Schmjtt rriggerc-

To make ordinary NANDS operare as
Schmitls, they need 1o be provided with
positive feedback. Since NANDS are
invertjng gates, positive feedback cannot
be arranged simply by conn€ctin8 the
output back to the input- lnslead,
anolher inversion of the NAND oulput

must bc carried our and lhis signal led
back 10 the i put.

IClb periorms this sccond inlersion
ior lbe headlight sensing circuit. Its
output (pin 4) h connecred back to the
input (pin I) lia an 82k0 rcsistor Lo

provide about 200mV ol hysteresis.
Operation ol the dereclor circuil is

quilc sinDle. When LDRI detects tlrc
cais hcadlights. pin I of lC la gocs high.
pin 3 goes low and pin.{ oi IClb goes

high. Th's hish is applicd via Dl to a
differenliator nerwork (.033/F and
l80ko) which dcliven a positive si'inB
pulse ro pin 12 (resetlof IC2.

Diode D3 serves to isolatc lclb lrom
the manual irisgcr rwilch lSl). When
operaled. Sl connccls the dillerentiator
input ro the positive supply rail to
simulate derecrion. Thc second l80ko
resislor (connected 1o the inpur ol the

Vi€e ins'de th€ conpleled unit. lhe mrnurl trigscr sBil.h nur hr mounkd rrmotch
ronvenient localion. or delcled ii nol rcqunsd.
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Parts lalout and ririns diasran: take care shen installing ihe seniconductors and rh. €tecrrotytic capaciror.

LDRS in position using epoxy adhesive.
The lengths of the mains cords will

depend on your chosen location for rhe
S€nrry. I! must be prorected ftom the
wealher but, at the same time, be located
so that LDRI will fall within ihe caas
headlighl beam. If these lwo
.equirements prove incompalible, it may
be necessary to mount LDRI remotely
from ihe resr of th€ circuii.

The 3.way te.minal block is secured ro
the metallid and should be positioned so
thal it sirs aboDl half way between the
transformer and the end ofthe case. This
will prevent rhe posribilily of pinching
lhe wires when lhe lid is t'Lred. The earlh
Iead (green/yellow) is soldercd loan ea(h
Iug adjacent ro the terminal block.

Make sure that you us€ mains.ated
cable for the connecrions berween rhe
terminal block and the PC board.
Connections to the two LDRS and to the
trigger switch can be run using rainbow

The output cord is t€rminated with an
inlin€ mainss@ket lorconn€ction to rhe
€xrernallight firting. Take care locnsure
lhal lhe sockel is correclly wired. Fig.l
shows the correct wiring lerminations
for the nrains plug and socket.

Tesling
To rest rhe Driveway Senrry. connect

a lamp lo the power s(xket and
temporarily cover the two LDRS wilh
black masking tape. The Senlry car now
be checked for correcr operation by
briefly uncovering lhe headlight sensing
LDR. lf the ambient light level is nor
high enough to trigger lhe circuil. rry
shinins a lorch direclly on the LDR.

Note that rhe circuir will not cancel.

even after the expiry of ils timing cycle,
if the headlight sensing LDR is nol
covered again afi€r triggering has

I[ the ckcuil functions normally thus
far, uncove. the ambient sensing LDR
and check that it inhibits circuit
operalion in high ambienl light levels.
The manual trigger switch should iniliate
a liming cycle whenever it is pressed.

During the lesl procedure. it may be
more convenient to use a much shorter
period than the normal four minutes.
This can be arranged by rcducing the
value of rhe timing r€sistor. Conneciing

a loko resislor in parallel w'th the
2.7MO resislor, fo. example. will reduce
the period to a f€w seconds.

Installation of the Driveway S€ntry
should b€ relalively straighrfoward.
although some experimentation may be
necessary lo find a position wherc it is
triggered by yourcart headlights but nol
by passing traffic or by srreet lamps. In
extreme cases! it may b€ n€cessa.y 1()

recess the ambient LDR or 1o provide
some form ofshielding for ii. Any mains
v/irin8. olher than that described here.
should be canied out by a licensed
electrician.

WHERE THE ACTION
/s/lhere's a whole other world ot com-

munications beyond 'the short-
waves', Thousands ot big busi-
nesses, small busineases, govern-
ment and community gervices, ama-
leuas and universilles use the com-
municalions channels scattercd lrom
30 MHz upwards.

SCANNER'S WORLD
Auslrallan SCANNEF S WORLO rs the book lhat will 

'ntroduce 
yo! lo ihat olher wortd

beyond the shonwaves ll coniarns an rntroduction to scanorng and scanners, an adicte
on scanne. anrennas incllding how lo build rwo rypes lor yolrse atong wfh how lo erect
anlennas The major pan oi the book s the _Lrsleneas Guide_, computersoned rrslrngs ot
seryrces rhrolgholr Ausrrara and Nz. wlh rhetr lrequencies risted in both trequency o.de.
and a phabelrcal o.der by serv ce Aeacons are isted a so. atong wrth retevant ove.seas
ones A roundup ol scanners, anlennas and accessores rs atso inctlded

f6d€€r Va'kftq B@k Sa'es. Po aox 22l, wd€n@ 2017 Nsw
(rdd $l 00 lor poei A p€crinar) $4.es
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The cncuit diaptam ol the timer.
ufte lot 6;47ut .apacitot.

Q3, which p.ovides rhe chardng

'L!:)"

so rhat it can b€ r€oeated. Notice lhat
rhe capacitor i5 noidischarsed directly
by ehorting out. Rather, we remove the
obririve iupply voltage from the
DarlinSrofl, so that lhe capacilor dis-
charges via the two base-emifter iunc-
rions and the meter circuit.

Thk eftectivelv reduc€s the capacilot
v6h,ecrd sliphrlv l€sr than rhe Iorward-
bi:s E'ase vol-tase'ol the DarlinSton p.ir,
ie. slishtlv less than 1.2v. so instead of
rieing-lrom zero at the ttari ofa ten, the
capdcitor voltage rises from ap'
oroximatelv 1.2V. This meant thal as
ioon as thd capacitor voltase beSins to
rke durinS a test, the m€ter pointer
rires accordinSly.

A simple, easy-to-reprodLice calibra-
iion Drocedure presenled a maior
problem in development of the pro-
iecr. No matter how ingenious oI com-
plex a circuit such as lhis miSht be, it it
uselers il it cannot be accurately
calibrated by the would-be constructor
who has al;inimLrm of test instruments
ar his disposal. we believ€ we have
solved thir in a neat fashion.

The calibraiion is performed byalter-

-@- neacnon rrruen

The llipflop /Q1, Q2) controls constant current source

Refer now to the circuit dia8ram (ti8
2). The constanl chareins currenl lo the
cioackor is orovide! bv QJ and its
esiociated comoonents. The baric cir
cuir of a consta;t curent soutce using
one transistor is shown in Fi8 1. A
referen.e voltaee provided by a zener
diode is aooliedto the base of the tran'
sistor arid rhe emilter resistor is

s€lected to set the colleclor current
The voltrSe across lhe €miller r€5i5tor
becomes the refer€nce vohase minus
the brse-emitrer voltase of ihe tran-

ln the basic circuil we have shown a
zener diode which Drovides a

refer.n.e vohaee of 4.7V. Thk would
result in a volti8e across lhe €milter
resistor of 4.0V (allowing for a base-
emix€r vokage of 0.7V). Any lendency
Ior the collector (urrent to increate
would increase lhe emilter vohage bv
the s.me amount. which would bias the
rranii,ior ofl which would drop th€
current back to where it should be, and
so on. The reverse process applies if the
colleclor current tends to reduce

tater on in th€ anicle we willexplain
rhe comoonent differences between
Fis. 1 and rhe current sour.e Q3 in the
comDlete diaPram.

Hivins described how to oblain a

vohase ihjrh increas€s linearly with
time usins a conttant curtent soulce lo
.h:.!e a ;ioacitor. we.an now discus,
how- to st;rl ani stoo the cunent
source. We do this witti an Rs flipflop
conrislins ol Q1 ,nd Q2.

Th€ llipfiop hat uneven colleclor
loads. Q1 ha, a rk resistor in series wi(h
a lisht emittin8 diode while Q2 has a

3.9k load. Thit means that when power
i5 firsr aoolied ro th€ circuil, Q2 always
rurns o'i ivtrite Ot ir neta off Q2 effec'
tively shorts out the voltage r€ference

z€n€r diode D1 via D2 which turns off
the current sourc€ QS Jurt to make
sure that ol i5 turned hatd off, diode
Dl is con;€cted in series wirh the
eminer. The diode voltate k held cont-
r:nr bv bi.r .u.renr from lh€ 10k
resisro; to th€ 0v line.

So the situation al switch on k that
02 is on which holds Q3 off, and ro the
voltase across the 47uF caPacilor
remains ar zero. To sta charsins the
capacilor, lhe START button i5 pressed
which momentarilv remov€s the base
voliase ol Q2. Ihi! turns Q2 ofi and Q3
on alTowins the tapacitor lo charSe.

At the same time rs Q2 soes off, Ql
comes on and illuminales lhe liSht'
emittins drode. The Perron being
re*ed ;ust rhen hurriedlv oress the
sTOP button which reverts the flipflop
to its oriqinal condition and lurnt Q3
oft. Thelohase which lhen appears
across th€ capacitor represents lhe
elaDsed time. All that remains is lo
me;sure thit vollas€ while makingsure
rhar rhe caoaciior'5 charS€ is not bled
:uv so fist as to make lhe meter
poirirer drop rapidly. ln other wordr,
we have lo measure the capac'tor
vohas€ but make sure lhal the current
drawi ofI by the measurinB circuil k as

our'method of monitorins the
capachor voh.8e is to Lise a Darlington
rinsisror oair to drive a 1mA meter via
aoorooriaie resistors. with lhe high
biia cjf the composite transistor lhe in-
pul curr€nl from th€ capacitor is very
low - lesr than 1 microamp

The Darlincton lransistor Pair, Q4
and Qs actuallv constitute a simple
"r.mDle and hoid" circuil.

Several features of the circuit remain
to be explained. First,lhe RtStT bulton.
This resers the met€r to zero alrer a test Fig 7. Sasic conrtant curr€nt Joutce.
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burtons were mounied in plastrc film
conta'ners lprll case, would also be
suitable) for €asy ure.

We used a lmA meter movement
and chanSed the units that are read
lrom the meter to seconds instead of
mA. This was done by erasin8 the
lerrers "mA'and rhen r€placing th€m
wi'h "SECONDs" u!inB rub on lener
ing.

The STOP rwitch could be mounted
in a floo. jis with both a brake and an
acceleraror pedalro simulate rhe bral-
rng procedure, ie liflinS the lool from
the accelerator pedal and onto rhe
brake pedal to halr rhe car. Here the

9 voh pluspack/battery eliminatot
(nor in.luded in price estinate)
piece veroboard 60 x 9smm

SfMICONDUCIORS
3 8C558 PNP lradsistor
7 4C549 NPN transislor
1 8C548 NPN rranristor
2 1N914 or 1N4148 diodes
1 BZX79C|V7 zener dia e
1 red LED

Rf5/SIORS (Ya or1iw,5%
4 x 1k, 1 x 3.9k, 1 x 4 7k, 4 x 10k, 2 x
22k, 1 x 1o0k

CAPACIIORS
2 t 4.7uf/16VW electrclytic
1 x 47uf/25VW tantaluln
MISCTLLANEOLJS
TimbeL alunln)iunt sheet, solde.
hookup wire, s.rews etc

Nore: Comronen15 with hiqhet
ralinEs n)ay eeneraily be used
providinB they are physically con-

lmA neter movement
miniatute SPDI toqele swirches
niniaturc N/o contact pushbut-

STOP switch will require ptotection
Irom mechanical abuse.

The unil ,s powered lrom readilY
available o lusPacl tY Pe Powe r
(uoDlies- deliverLnq, nominal 9v ar
lob;A. The loltae-e w,ll normallY be
m6rc rhan 9V at tfie currenl drawn bY

'hF.,r.uu-.nd will ProbablY be
hdwc.n lo and 11 volt! Acluallv rhe
.ir.L,,t wrll fun(lion wilh supplv
,.lr,ues berween 9 and t8 volts

well ihere vou have ir, a devi.e Ihal
wLll rell vou wherher or not vou stand
ro uralrfv lor rhe "Iraific Menace Of
Th. tear A$ard'. Co ro il lhen How
fasl is your readion lime?

1

2
2

24 to 12 uolt Gonverlel
This circuit should prove popular with

truck and bus owners. Theconvertercan
power i2V equipmenr f.om a 24V
battery at currcnls up to 20A. There is
ov€rvoltage p.olection which works by
blowing the fuse if the regulated voltage
reaches 15.5V

An LM3l7 three terminal resulator is
used to control the paralleled transistors.
Ql, Q2 and Q3. These provide the high
current demanded by the load, while the
regulator supplies base curent to each
transistor. The 0.lO low resislors in the

emitter of each transisto r ensu re that the
transistors source an equal share of the
load current,

The regulator voltage is set by the 2k0
trim potentiomeaer at th€ adjust
terminal. Diod€s D2 and Dl protect the
regularor. while Dl protects th€ entire
circuit from reverse polarity.

The overvoltage protection circuitry
consists of ICl, transistor Q4 and the
SCR. ICI is connecaed as a Schmitt
f.igger to switch transhlor Q4 when the
regulaled voltage level exceeds a c€rtain
Ievel.

Pin 3 of ICI is normally at 5V due to

the voltage divider consisting oI the
6.8ko and l2ko r€sistors. The inverting
inpul, pin 2, is fixed at 5.6V by the zen€r
diode. Should the regulated output
voltage exceed 15.5V, the voltage at pin
3 becomes greater than 5.6V and the op
amp outpur at pin 6 goes high, tuming
on Q4. This switches SCR I which sho s
the supply via the fus€. The fus€
therefore blows and removes power to
the transistors.

A 7812 regulator supplies the positive
l2V for the op amp and transistor Q4.

P. Howarth
Gunnedah, NSw.
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Qr ind IC1 form the trcho ci.cuit *hile IC2 lorms the dwell circuit The input is derired hom tbe
n€gati!€ termiml of th€ coil

We have substituted a l00rA moving
coil meter in place of the digital display
and alsosimplified the switching.In most
other respects, the circuit is unchanged.

The input putses can be proc€ssed in
two ways, depending on whether the
cicuit is switched to tacho or dwell
mode. Dwell is the simpler of the two -lefs look at this first.

The dwell circuitry is centred arcund
IC2, an LM324 quad op amp package.
This IC is unusual in that its inpuls can
be pulled all the way down lo the
negative supply rail. This makes the
LM324 particularly suitable for use with
a single suppiy.

The waveform appearing at the
negative terminal of the ignition coil is at
the supply potential (plus inductive
spikes) when the points are open and
eround when the Doints are closed.
Ahhough higher voltages can easily be

clipp€d, the op amp inpur must be
capable of monitoring the ground

' ]n fact, the inpul rq clpped by zenet
diode D3 and its associated l00k0
resistor. This limits the input pulses to a

maximum of 2-7v. while this may seem
rather s€vere, the explanation is that it
orevents rhe circuit from being trieeered
by dnging in rhe i8nilion sysrem. For
about two mrlliseconds after the points
open, lhere is a considrrable amount ol
ringing superimposed on the positive
supply voltage. This effect is eliminaled
by th€ clipping circuil.

The clipped input pulses are
subsequently fed to the invening input

of lc2a which functions as a
comDarator. A rcference voltage of 0.7V
is provided by Dt and this is applied to
the non invertrng input (pin 5).lc)a thus
compares the clipped inpul signal and
the reference voltage. Whenever the
input voltage is lower than the rcference
voltage, IC2a's output is high, and vic€

The output of lc2a (pin 7) is therefore
a square wave with the same frequency
as the points operation.

Thrs square wave signal is fed inlo an
inregrator consisting of a 39kn resistot
and a I0rF capacitor. The voltage
appearing asoss this capacilor is DC and
its level is determined bv the input dutv
cycle. Since ihe duty cycle depends on
the dwell angle, it lollows that the
voltage on the l0rF capacitor is
proportional to the dwell angle.

IC2b is configured as a voltage

follower. It monitom the integrator
voltage and reproduces this voltage
exactly at its output {pin I 0}. This output
is a low impedanc€ and can be used to
drive the meter.

Notic€ that a diode (D5) is included in
the output circuit. This does not funclion
as a rectifier - the signalis already DC.
Rather, the forwaad voltage
(approximately 0.7V) is used to
compensate for the residual output
voltage of IC2b. The LM324, in
common with most other op amps, can
not swing its output ro the supply rails,
and the diode is needed to prcvenr a
perman€nt meter offset.

The 8.2ko reshtor and lkn trimpot
conoected between D5 and ground
provide a means of calibrating the dwell
rcading.

Tacho circuit
In the tacho mode, the input signal is

applied to a voltage divider consisting of
lSko and lokn resistors and filtered by a
.01/F capacrtor. From lhere. the signal
is applied to a diff€renliating network
(.0lrF) which produces positive and
negative output spikes coinciding wirh
the rising and falling edges of the inpul
waveform. Diode Dl clips the negarive
going spikes to prevenl damage to the
base.emitter junction of transistor Ql.

Transistor Ql is normally held off by
its l0k0 base-emitter resistor and is

briefly turned on each time a positive
pulse is applied to ils base. Ql thus
funclrcns as a deteclor. Il produces a

brief negative going puke at it5 colleclor
each time the poinls open (or the coil'
switching transistor turns off). These
pulses are used to trigger lcl, a 555
timer,

lcl is configured as a monostable. lt
produces a briel positive pulse on ils pin
3 output wheneler a negatrve gorng
trigger pulse is applied to pin 2 (ie. each
time the points op€n). The actual
monostable period is Ll times the Rc
time constant set by the l8k0 resislo.
and 0.22pF timing capacitot. or about
4.4ms.

ICI\ output thus consists of a lrain of

Note cfiolully the

polaris€d lart$ The
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1 555 limer lC

PARTS
0-100pA meter, 100 x 80mm
panei size
plasiic ulility box, 150 x 90 x
50mm
PCB, code 85im8, 54 x 55mm
SPDT loggle swilches
Scolchcal ironi panel, 34 x
81mm
Scotchcal meter scale, 95 x
52mm
2-metre lengths of aulomolive
cabe (red, black and blue)
al igalor c ips to suit
PC stakes

LIST
3 1N4148 diodes

Cepectlots
1 47sF 25V eleclrolytic
1 1 opF 25V eleclrolytic
1 0-22pF metallised polyester

(greencap)
1 0.1!F greencap (see texl)
3 .01pF ceramic

Resrstorc (0.25W, 5% unless staled)
1 x 100kO, 1x39kO,1x27kO, 1x
24kO, 1 x 18kO0.5W, 1 x18kO, 4 x
i0k0, 1 x8.2kO, 1 x4700, I x560,
1 x sko 10mm vedcal limpol, 1

1kO 1omm verlical lrimpol

Callbnlon chcull
1 I kO 0.25W resistor
1 4.7V 1W zener diode
1 9-1 8V mains lranslormer

LlM324 quad op amp
8C337 NPN lransistor
10V 400mW zener diode
2.7V 400mW zener diode

55 x 54rnm. This board is mounted
directly on the meter terminals.

No special pro€€dure need be follow€d
when assembling the boaad but note
carefully lhe orientation of the ICs,
transistor, diodes and electrolytic
capacitors. Two PC stakes arc used to
terminate the leads to the 0.lpF
calibration capacitor. The l8k0 input
rcsistor should be a 0.5W type to provide
a 250V rating.

The rest of the wiring details can be
gleaned from the wiring diagram. Three
clip leads are required for the coil and
battery connections. These should b€ run
using automotive hookup wire and
should be colour coded to avoid

Tbis sinple cdib.Ntion circuit us6
the nalns ,s r fieque.cv reference,

confusion (€g, red for positive, black for
negatlve, blue for input).

Construction csn now be completed
by re-calibrating the meter scale. First,
undo the two large retaining screws and
unclip the front cover. This done,
remove the meter scale by undoing the

two small retaining screws. then fi! the
new scale and re.assemble the mercr,

Calibralion
Despite the number of scales on rhe

meter, the calibration procedure is
stmightforward.

The tachometer chcuit is calibrated by
using the mains as a frequency referencc.
Fig. I shows the calibration circuit- This
us€s a 4.7V zene{ diode to clip the 9 I 8V
secondary output of a mains transformer
to provide a suitable 50Hz input
waveform. Mo6t r€aders wil' have a
suitable transformer on hand.

Note: 50tlz corresponds to 3000
sparks per second which is equivalent 1o

I000rpm for a 6-cylinder car, l500rpm
for a 4'cylinder car and 750rpm for an
8{ylinder car.

The Tune-up Meter can be powered
trom a b€nch powea supply or from $e
car\ battery during the calibration

Connect the calibrrtion circuir ro rh.
Tune-up Meter (donl forget the ground
connection), select the low (x l) racho
range, and solder the 0.lrF calibmlion
capacitor to the PC stakes. Trimpot VR I

should now be adjusted so that the meter
reads l000rpm on the 6-cylinder scale.

Now switch to the high range and
check that the reading is halved. If all is
well, remove the 0.lpF calibmlion
capacitor.

The dwell calibration is even easier.
All you have to do is adjusl VR2 fo. a
full$.ale reading (60" on the 6.cylinder
scale) with the input lead open circuil.

Finally, accurate engine tuning
requires the use of a timing light. These
can be purchas€d for around $30 and are
wellworth the investment. O

Rmdamtalsd
sout strfirE

l0- The Bipolar Transistor
I l. Practical Bipolar Transislols
12. Linear Bipolar Applications
13. The Bipolar as a Swilch
14. Thyrislor Devices
15. Device Fabrication
16. Micmi.cuits o. "lcs"
17. Present and Future
PIus a Glossary of Terms and an lndex

Fundamentals of Solid State
Fundamentals of Solid State is in its second reprinting, showing how
popular iL has teen. lt provides a we€lth ot inlormation on
scmiconducLor rhcoty and operation. del\rng much deeper lhan \ery
elementary works, but without the maths and abst.act theory which
make many of the more \frcialisrd rexrs very heavy going,

HENE ANE THE CHAPTER HEADINGS
l. Atoms and Energy
2. Cryshls and Conduction
3. The Effects of Impurities
4. The P-N Junction
5. The Junction Diode
6. Sp€cialised Diodes
7. The Unijuncrion
8. Field Efiect Transistors
9. FET Transistors

Auailabk lrun'Electronk: Arctalia", 180 Bou*e Road, Atevndtia,
NSW 2015. PRICE t4.50. Ot by nuil odct s.nd eau? lo Etecoo;cs
ALsnalia , PO Bot 227, Wap oo 2017. PxlCE $6,75.
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drscharBe otlurt, at whLch the vokage
talk to a rch velv l6w lclel sh'l. tiF
coil se.ondary resonates with its
distributed capacitance at about 10 to
lskHz When the spark is extinsuished,
the .€maininS coll energy is dissitated by
resonance in the primary circuit ar a
much lower trequency

ln a nornral lgnition system then, the
spark lasts for less than one millisecond.
Our circuit takes advantag€ of this fact
by iixinB the spark duration at 0.9
milliseconds. ln the second osciloscope
photograph, the efiect ot dwell exten-
sion can be seen. Note that the main.oii
transistoris t!rned on before the priJnary
resonan.e occurs. Thls has the ef{ect of
incleaslnS the amplitude oi the malf coil
primary vokase (the spikei.

By the way, these photoSraphs were
taken at the very hi8h spark rate of 100
sparks per second. These are unrealistic
figures for normal motoring, corespon-
dins to 4500rpm in a V8, 600orpm in a
6 cyiinder afd 9ix)0rpm in a 4-cylinder

At lower spark rates th€ comparison
with normal Kettering lgnition is not
nearly so favoLirable bul the transistor
assist€d iBnitron does Sive a slgnlficant
incr€ase in available spark energy lrom
idle speed and up. Whereas the nomal
system begins to taper oft the spa.k
€ner8y from idle speed upwards, the
transistor system with dwell extension
does a much better job of maintaining
spark energy up to spark rat€s far
beyond thecapability of nornra enSines.
Fig. 1 illustrates this.
This Breat improvement in spark

enerSy comes about in hvo lvays. con-
sider lhe fact that a nornra coil and
ball:st resstor system takes abou|l5
milliseconds for the curent to rise ro
saturation (afd lhus provide maximum
spark energy). Since in a 6'cylinder
motor the points provide an approx-
lmate 50% duty cycle, this nreans that if
sparks are required less than l0
milliseconds apalt, dre coil currenr will
not .each saturation ievei And a l0
milisecond period coincldes $,ith a
spark rate of o'rly ll sparks/second or
only 667rpm tor a 6 cyinder motor.

Coil not fully discharged
The main reason tor the imp.ovement

is not so rnuch the extra time for the co I

.urrent to build !p but thL'{act that the
coll transistor is tunred on before the
spark ext n8uishcs naturrly and prnrary
coil resonance occlrs. The facl is that
when the coil trnfsistor is t!rned on
a8a n the .oil enerSy has not been fully
disslpated. In la(t, ai(er the sp.rk ex.
tinguishes there is consderable energy
remalning in the col which s usually
disslpated in usc css primary resonarce.

Other features of dris transinor assisted
circuit are comprehensive protectlon of

Ihe trrniisiorr$lt.,.J ;EDilion'5
herl5rnk he/ps d^r,pare rhe heal

buik into a tuEBcd mctal d,c.ast .2se. Ihe /ar8e
gere/ated by.ons.anl .utrent soutce Q3

f

ftii v,c$, sho$ rhe ,r\\eDbi../ I'j( bo.r.] Note rh.rr r// thc .lio.ics ar. "shock
mounLe<l' bv insl.llhnti lh.tn A,nh a boP aI o.e Pnd lsee k,xt)

borh the iSnit on slstem components d sadvant.Bes ot this new transistor igni
afd the electr., ic circ itry ltseli, and the tion synem compared $,th cofventional
abillty to drile a standard tachooreter or CDI systems? Wel there are a fe$
witho!t any modifications Nore, rdeeflects oi the ne\! system but you
I.$erp, ,,"r ,,n',\F IiaJ 'r'dr .d+ h'- r. mator
5hurlo bL Lon,'e(Lco d.,oD rne \\,l d'rsl-r'('
chins lrafsislor (Qa) instead ot acro$ lor example, because oi rhe d\!el ex
the points. tension leature. rhe coi is maintrtned in

ls rherc n catch to n I rlris? Are rhere no saruralion lc,r a much hLgher proportion
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These two photos show the cail ptimary voltaBe hom rhe cn.uir trithotl (left) and wtth dwe exrcnsion (CRO settings: sAv/div
and 0.5n5/div). Norc: phatos at right are lot the older rynem $1th o 5ms 5pdrk durat;on

These I||o photos rhow rh. cail .utent wnhou! (lelt) and ||ith d||ell .x?nsrcn (CRO settinls: 2Ndiv and 2ns/div)

output from the coil but, rather, a long
spark duration, as much as two
milliseconds in the case of the Com-
modore. This is most important in
achieving reiable (ombustron o{ the
generally l€an mi\tures used in recent
model cars. The "hi8h ener8y means
that the system also has the ability to
refLre a spark pug ii it has been ex-
tinguished by turbulen.e of lhe mixtur€.

Ho$, do these new electronic syst€ms
achieve sLrch a on8 spark duration? ln
any iBnition system {apa from capacitor
dischar8e type5) the spark duration is
delernrined frrstly by the amount o{
energy etored in (he co land secondly by
the resistance path presented by the
spark p ug.

The new hi8h energ) sy(enrs do not
resort to dwell extensbf (as iar as we
kno$,) to a.hieve this sreater enersy
storage in the coi. No. they Beneraily
dispensewith the ballast resisto. in series
with the coil and take advantaSe of the
power transistor, which is usua ly a Dar.
ington, to switch much heavier cutrents
into thecoil. Naturaly, these systems are
breakerless and with no dwell exrension
circuiiry inlolved, there s no risk .l .
coil burnout in the event oi the iSnitlon

bein8 lett on while the motor k sta
tionary. There is also the advanta8e ol a
comparatively simple circuit which
should be lery reliable, as seems to be

Let us state, from the outset, that
unless yot] are willinB to modify the coi
or b:llast resistor in your system fronr
"standard" it is not possible to gain these
really long spark durations {rom the EA
circuil. And in any case, we !!ould
strong y advise aSainrt doinC so.
Operating a nornrally ballasted col
without a ballast resistor wi I burf it out
in a short rime, probablywithin less than

Fven so. readers who are fanriliar with
the oriSinal circuit publlshed if
December 1979 wi I realise that we have
increased the spark duration from 0.6 to
0.9 miliseconds. There is no bene|t in

We estimate that the current cost
of parts ior this project is
approximately

$3s
This includes sales lax

even greater €xtension of the spark time
because the system with standard coil
does not store enough energy.

The only result of an attemptto extend
the spark beyond 0.9 millise€ond (by
altering circuit components) wil be that
the spark wlll extinSuish of its own ac-
.ord rt ahout one hili\P.ond and thc
remaining energy stored in the coil will
be dissipated in us€less primary
.€sonanc€ As outlined above, the major
advantage ofthe dwell extension feature

Don'i open up the plug gaps
8elo.e we leale thls topic, there is one

fina aspe(t which should be noted. ln
the past. when fitt ng electron c ignition,
car enthusiasts have often increased the
spark pluS gap, by as much as s0l6 to
take advantage of the hi8her spark
voltase which is uslalv available and
(hereby galn a longer spark "path".
(ln our previous arti(le !!e recom-

nrended that dlstrbutor points and spark
plugs be leJt at norma settings to alow a
quick changeover to normal gnltion,
5hould this be ne.essary in the (ase ot a

8ut not€ that we sard abole that spark
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Ihis circuit is suggested as a method of
connection in cats with the ballast
rcsistot in the wning harness.

Parts List
1 PC board, code 79ti11,

1 diecast aluniniun hax,
1 1 8x9 3 x56 nn, Edd ysta ne 6908P

1 dual rO-3 heztsink (see text)
3 metres rcd 4mm auto .able
1 metre black 4mm auta cabie
4 25mm brass standolls
2 sets al IO-3 nou^ting hatdware,

ie, mica washes, insulating
bushes, suews and nuts.

2 TO-3 ttansktot insulatinq caps
1 eyelet/luB assembly

.SfMICONDUCIORs
1 BUX8O,2M547 ttantnbt
1 2N3055 ttansistot
1 8D139 rransistat
1 2N6027 PUT

3 1N4761 75v zenet diades

CAPACIIORS
1 O.22pf 63OVW ot 25OVAC
3 0.1pr netallised polyestet

Grcencap)
RESTSTORS (%W or ,tW unless

2\15k4, 3x1k{1, 1x56OQ, 1x22AQ,
2x22AfVlW, 3 tl 5OdV1W, 1x11fr,
3\2.79/1w.

ADDII|ONAL PARTS fOR OPTO.
fTICIRONIC TRICCER OPTIAN
1 printed cicuit boatd '.L .o.le

A1 6, 74)<58mm
1 5401 .tuad two-input NAND Eate

(do nor substituE)
2 MJE3.|O NPN tan\i\tots
1 nLal phototansitk
1 TlL31 iniftrccl LED
1 56v 4oanw zener diode
4 1kA rcsisto5 (% or 1.') wau)
1 6AOQ rcsistot (1/1 ot \ watt)
1 47OQ rcsistot (% ot l, watt)
1 39f] resistat (, watt)

Ma(hire icrew ncJ nuts, .ab/e ./ip.

NOrur Resistor waltaSc ratirAr and
.apacitot vohaqe rartngs a/e lhose
used Iot our ptatotype
Campanent\ wnh hiAhet fttings
may senctally be ureLl ptovtdcd
they ate physically .ompatible

:iirhlll

tend fitting the optional optoelectronic
trigger circuit- This will reduce dissipa-
tion in the MlE340 trigger transistor, as
well as lowering its "saturation" voltage.

Wires to the transistors and to the
various external connections are heavy
gauSe 4mm auto cable. This wont fit
eaqly rnto a standard PC hole so we rus
Sest that you could erthe. redrill rhe
holes to an appropiate size or use PC
stales. lf PC stakes are used make sure
they ftt riShtly ,nto rhe PC hole so they
.an t fall out when a wre rs soldered on-

Mounting holes for the PC boad
should now be dilled. The PC board k
mounted on the lid using brass or plated
standoffs, screws, nuts and shake proof
washe6. The holes wili pass throuBh
both the lid and the heatsink, so ensure
that the mounting screws don't interfere
with the fins on the heatsink 1i6t. Before
installing the PCB, wire up the leads to
the power tansistors. Use one mer.e
lengths of wire to provide the chassis,
points, €oil and battery connections to
the PCB.

When the unit is actuallv insralled
these lensths mav be inc'reased or
decreased and suitable lugs or connec-
tors atta€hed. The chassis cable is also
conn€cted to a lu8 on one of the stand
offs so that the crrcurt rs conne.red ro
the car chassis via the case as well.

Clamp rhe cables before they eyi( the
bo^ LrrnS a cable clamp; if ne.essary,
burld up the cable thrcknesr wrth rnsua-
tion tape to give a tight fir. The cable
should exit via a grommetted hole on a
side of the box which will actually face
downwards when installed. This will
help keep water out of the unit.

The only remaining task is to install the
completed unit into the car. For reliable
pe#ormance of the unit choose a well
ventilated spot - ideally wellaway from
possible splashins by mud or water.
Near the front Srille or on rhe wheel
housing would be suitable positions.

lnstall the case by the use of a suitable
bracket or d.ill several holes ln the bot-
tom ofthe case and se.ure ltto th€ vehi'
cle by means of 12mmxNo.10 sell
tapping s€rews. With the unit mounted,
the various connections to the car €l€c.
tical system can be made.

For this purpose, we recommend the
use of an eyeledsolder u8 assembly.
Thls sits on what is normally the points
connection of th€ coil but which now is
connected to the collector o{ Q4. The
remaining connection point of the soider
lug ass€mbly connects the points wlre
(rom the dlstibutor back to the 'To changeover is necessa.v. We do .or
po.rl: .edd,n the r'al{(ro Fnrrro4 rp(ommnid dh otl--r s)\lcm o.

The other connection to the coil re changeover which mry invo ve s$,trches
ma,n. a. .l,rddrd be.aL.. rt L rhe 5a-F or ptug(.
she'hp'tr.r..i<ror or,o.\Fntronal r8n. Mot lir.er \uptlF, a ",oDupp\l,oa,( bprle L)pd. rr ll a $d) L\. mp i rhi\ e)F Fr a .tJr o" u
d -dtler of <sJoorB lFads ro rl c aleF. Ap,rt l,o-.lF, or.e, l,on\ ro rt c ier.
a<emb. oi o.c <rde of lhe.orl rd t,ol , o I Jnd rci1 \ rr ."t,onec..-riro

Use one ol these /ug assemb/ies to make
the connections to the j]nition system

sent we know ol no oth€r transistors
which are surtable equrvalenrs so any
other transisrors whr(h are eubsrrrured
for Qa should be resarded as boBus
(unlesE th€ kitset supplie' includes in the
kit a note of authorisation from "Elec-

Now the components can be soldered
onto the PC board. The only problems
which m,Eht be encounrered here are
with the oientation of the diodes, rhe
PUT and 9D140 transistor, so pay sp€cial
attentron to the wrnng diagram.

Note that th€ drodes 
'hould 

all be ,n-
stalled with a loop at one end, as shown
in the photograph. The loop may be at
either end althouSh we have made it at
the cathode end in each case.

Note that parallel combinatlons of
reslstors have been used in three in-
stanc€s. Ihis i, done because one watt
resistou are cheaper and generally more
readily available than equivalent fiv€
watt wirewound resistors and their
temperature ise is not as sreat. [ven so.
one watt resistoG can still b€come quite
warm so mount them siShtly of{ th€

We suggest that yoLr de ere rlro o{ rhe
three parallell50O 1W resistoE ifyo! in,
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