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For all your electronic requirements from a metric screw 4RK\\
or nut up to the latest semi-conductors. Open Weekdays
9a.m. - 5.30 p.m. Saturdays 8.30a.m. - 12.30 p.m.

If you haven't tried our service you don'’t
know what you're missing. We believe that
our self service open plan showroom is the
answer to every electronics enthusiast’s
dream with many thousands of
components on display, including a variety
of kitsets that even a novice can build. And
if you don't live in Sydney you still can take
advantage of the service we offer through
our efficient mail order department which
will pack and despatch your components
quicker than you'd believe possible. With
over 4,000 different components and

products in stock we offer a large full
colour Mail Order Catalogue that will cover
all your electronic requirements. And
naturally if you're looking for the best deal
we will bet you'll find it hard to beat our
prices, with many items being
manufactured in our own plants to help
keep the prices low. If you're visiting
Sydney drop in and have a browse and a
chat with our friendly team of enthusiasts
or write now for our mail order catalogue.

DAVID REID ELECTRONICS PTY.LTD.

104-106 King Street Newtown Sydney Australia

P.0O. Box 317 Newtown, N.S.W. 2042.

Telephone: 519-6361
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INDUCTION BALANCE
METAL DETECTOR

A really sensitive design operating on a different principle frpm that of‘ other
published circuits. This ‘Induction Balance’ metal locator will really sniff out
those buried coins and other items of interest at great depths (depending on the

size of the object).

“"ANOTHER METAL LOCATOR,”
some of you will say. Yes and no.
Several designs have been published in
hobby electronics magazines around the
world, some good, some downright
lousy, but they have invariably been
Beat Frequency Oscillator (BFO) types.
There’s nothing wrong with this prin-
ciple — they are at least easy to build
and simple to set up. The design
described here works on a very different
principle, that of induction balance
(IB). This is also known as the TR
principle (Transmit-Receive).

First a word of warning. The elec-
tronic circuitry of this project is
straightforward and should present no
difficulty even to the beginner. How-
ever, successful operation depends
almost entirely upon the construction
of the search head and its eoils. This
part should account for about three-
quarters of the effort in construction.
Great care, neatness and patience is
necessary and a sensitive ‘scope, though
not absolutely essential, is very useful.
It has to be stated categorically that
sloppy construction of the coil will
{not may) invalidate the entire
operation.

IB Versus BFO

The usual circuit for a metal locator is
shown in Fig. 2a. A search coil, usually
6in or so in diameter is connected in the
circuit to oscillate at between 100 and
150 kHz. A second internal oscillator
operating on the same frequency is
included and a tiny part of each signal is
taken to a mixer and a beat note is

produced. When the search coil is
brought near metal, the inductance of
the coil is changed slightly, altering the
frequency and thus the tone of the
note. A tone is produced continually
when the instrument is in use and
metal is identified by a frequency
change in the audio tone.

The IB principle, however, uses two
coils arranged in such a way that there
is virtually no inductive pick-up be-
tween them. A modulated signal is fed
into one. When metal is brought near,
the electromagnetic field is disturbed
and the other coil picks up an apprec-
iably higher signal.

Ideally the instrument is initially set
up for no pick-up in the ‘receiver’ coil,
but this is impossible in practice — the
two coils are after all laid on top of each
other. Another problem is that our ears
are poor at identifying changes in audio
level. The circuit is therefore arranged
so that the signal is gated and is set up
so that only the minutest part of the
signal is heard when no metal is present.
When the coils are near metal, a minute
change in level becomes an enormous
change in volume.

BFO detectors are not as sensitive
as |B types and have to be fitted with a
Faraday screen {beware of those which
aren’t — they’re practically useless) to
reduce capacitive effects on the coil.
They are however, slightly better than
1B types when it comes to pin-pointing
exactly where the metal is buried.

Our detector is extremely sensitive —
in fact a bit too sensitive for some
applications! For this reason we’ve
included a high-low sensitivity switch.
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Fig. 1. Complete circuit of the metal locator. Note that though the electronics is simple using very common parts, the whole operation
depends on the coil L1 and L2 which must be arranged so that there is minimal inductive coupling between the two. Note also that the
leads from the circuit board to the search head must be individually screened and earthed at PCB.
You may ask why low sensitivity is
useful. As a crude example, take a coin
lying on a wooden floor: on maximum SEARCH
sensitivity the detector will pick up the OSCILLATOR[—#»—{ MIXER —@m—yp AMP
nails, etc., and give the same readings
as for the coin, making it difficult to coIL
Treasure hunting is an art and the
dual sensitivity may only be appreciated
Table 1 gives the distances at which
various objects can be detected. These L g
] . N OSCILLATOR
are static readings and only give an
indication of range. If you are un-
impressed with this performance you : y
f n . : Fig. 2a.
should bear two things in mind: first ig. 2a. Block diagram of the common BFO type metal locator.
compare this with any other claims
{ours are excellent and honest) and SEARGH
secondly bear in mind how difficult it 130Mz HEAD
is to dig a hole over 1ft of ground every OSCILLATOR S ThoL
time you get a reading. Try it — it’s
RF
AMP e DETECTOR A pfied AMP
. A
Component Choice
We have specified Q1 and Q2 types as ]
BC549C (highest gain group) for al- 800Hz
though lower gain transistors worked I"'°°”LAT°“ VOLUME  SENSITIVITY
for us, they left little reserve of level s GATING
on RV1 and really low gain types may o, AN

not work at all.

RV 1 is the critical control and
should be a high quality type — it will
be found that it has to be set very care-
fully for proper operation.
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Fig. 2b. Block diagram of our IB design.
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Fig. 3. Printed circuit layout. Full size 90 x 65 mm.

How It Works — ET| 549

QS5, Q6 and associated components
form the transmitter section of the circuit.
Q6 is a P.U.T. which operates as a re-
laxation oscillator, the audio note pro-
duced being determined by R16 and C18.
The specified components give a tone of
roughly 800 Hz.

Q5 is connected as Colpitt’s oscillator
working at a nominal 130 kHz; this signal
is heavily modulated by C17 feeding to
the base of Q5. In fact the oscillator pro-
duces bursts of r.f. at 800 Hz. L1 in the
search head is the transmitter coil.

L2 is arranged in the search head in
such a way that the minimum possible sig-
nal from L1 is induced into it (but see
notes on setting up). On all the proto-
types we made we reduced this to about
20 mV peak-to-peak in L2. L2 is tuned by
CS and C6 and peaked by CV1 and feeds
to the base of QI, a high gain amplifier.
This signal (which is still modulated r.f.)
is detected by D1, and D2. The r.f. is
eliminated by C8 and connects to the level
control RV1.

The signal is amplified by Q2 and then
further amplified by Q3 which has no d.c.
bias connected to the base. In no-signal
conditions this will be turned off totally
and will only conduct when the peaks of
the 800 Hz exceed about 0.6V across RS.
Only the signal above this level is
amplified.

On low sensitivity these peaks are con-
nected to the volume control RV2 (any
stray r.f. or very sharp peaks being
smoothed by C21) and fed to the IC amp-
lifier and so to the speaker.

The high sensitivity stage Q4 is con-
nected at all times and introduces another
gating stage serving the same purpose as
the earlier stage of Q3. This emphasises

the change in level in L2 even more
dramatically. Note that RV1 has to be set
differently for high and low sensitivity
settings of SW1.

Whichever setting is chosen for SW1.
RV1 is set so that a signal can just be
heard. In practice it will be found that
between no-signal and moderate-signal
there is a setting for RVl where a
‘crackle’ can be heard. Odd peaks of the
800 Hz find their way through but they
do not come through as a tone. This is the
correct setting for RV1.

The stage Q4 also feeds the meter cir-
cuit. Due to the nature of the pulses this
need only be very simple.

Since we are detecting really minute
changes in level it is important that the
supply voltage in the early stages of the
receiver are stabilised, for this reason ZD1
is included to hold the supply steady
independent of battery voltage (which
will fall on high output due to the current
drawn by IC1).

It is also important that the supply
voltage to QS and Q6 does not feed any
singal through to the receiver. If trouble
is experienced (we didn’t get any) a
separate 9V battery could be used to
supply this stage.

IC1 is being well underused so a heat-
sink is unnecessary.

Battery consumption is fairly high on
signal conditions — between 60 mA and
80 mA on various prototypes Put this will
only be for very short periods and is thus
acceptable. A more modest 20 mA or so is
normal at the ‘crackling’ setting.

Stereo headphones are used and are
connected in series to present 16 ohms to
IC1 reducing current consumption.

The choice of an LM380 may seem
surprising as only a small part of its
power can be utilised with battery
operation. |t is however inexpensive
and widely available unlike the alter-
natives (note it does not require dc
blocking at the input).

Output is connected for an 8 ohm
speaker and to headphones. Stereo
types are the most common and the
wiring of the jack socket is such that the
two sections are connected in series
presenting a 16 chm load (this reduces
current consumption from the battery).

Construction: Control Box

The majority of the components are
mounted on the PCB overlay and the
additional wiring is shown in Fig. 4.

Exceptional care should be taken to
mount all components firmly to the
board. Poor connections or dubious
solder joints may be acceptable in some
circuits — not in this one. Take care to
mount the transistors, diodes and
electrolytic capacitors the right way
around.

The PCB is fitted into the control box
by means of 6 mm spacers. The control
box has to be drilled to take the speaker,
the pots, switches, headphone jack and
the cable from the search head.

The Handle Assembly

The handle we used was simply a broom
handle with the end cut off at about
450, After assembling the head, the
handle can be glued on with epoxy. A
small woodscrew can be used to hold

it in place until dry. This should be done
before final setting up of the coils —

in case the screw cannot be removed
after the glue has set.

The Coil

Remember this is the key to the whole
operation. The casing of the coil is not
so critical but the layout is.

It is best first to make the 6 mm
plywood circle to the dimensions
shown in Fig.6. A circle of thinner
plywood or hardboard is then firmly
glued onto this — it’s fairly easy to cut
this after glueing. Use good quality ply
and a modern wood glue to make this.

This now forms a dish into which the
coils are fitted.

You’ll now have to find something
cylindrical with a diameter of near
enough 140 mm (5%in). A coil will
then have to be made of 40 turns of
32 swg enamelled copper wire. The
wire should be wound close together
and kept well bunched and taped to
keep it together when removed from the
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Fig. 4. The component overlay and wiring diagram to

other parts of the circuit not on the PCB.

former. Two such coils are required.
These are identical.

One of the coils is then fitted into
the dish and spot glued in six or eight
places using quick setting epoxy resin:
see photograph.

L2 is then fitted into place, again
spot glueing (not in the area that it over-
laps L1). The cable connecting the coil
to the circuit is then fed through a hole
drilled in the dish and connected to the
four ends. These should be directly
wired and glued in place, obviously
taking care that they don’t short. The
cable must be a four-wire type with
individual screens — the screens are left
unconnected at the search head.

You will now need the built up con-
trol box and preferably a ‘scope. The
transmit circuit is connected to L1. The
signal induced into L2 is monitored; at

8
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first this may be very high but by man-
ipulating L2 the level will be seen to fall
to a very low level. When a very low
level is reached, spot glue L2 until only
a small part is left for bending.

Ensure that when you are doing this
that you are as far away from any metal
as possible but that any metal used to
mount the handle to the head is in
place. Small amounts of metal are
acceptable as long as they are taken into
account whilst setting up.

Now connect up the remainder of
the circuit and set RV 1 so that it is
just passing through a signal to the
speaker. Bring a piece of metal near the
coil and the signal should rise. If it falls
in level (i.e. the crackling disappears)
the coil has to be adjusted until metal

brings about a rise with no initial falling.

CV1 should be adjusted for maximum

A"
BATTERY

signal, this has to be done in con-
junction with RV 1. The additional
capacitors C1, C2 and C4 should be
linked in, if the range is not available
on CV1.

Monitoring this on a scope may mean
that the induced signal is not at its abso-
lute minimum: this doesn’t matter too
much. Now add more spot gluing points
to L2.

You should now try the metal
locator in operation. If RV 1 is being
operated entirely at the lower end of
its track, making setting difficult, you
can select a lower gain transistor such as
a BC548 for Q2.

When you are quite certain that no
more manipulation of the coils will im-
prove the performance, mix up plenty
of epoxy resin and smother both coils,
making certain that you don’t move



Resistors all %Y W 5%
R1 1M5

R2 4k7

R3 1M5

R4 4k7

RS 47 k

R6,7 4k7

R8 1k

R9 180 ohms
R10 1k

R11 150 k

R12 39 k
R13,14 10k

R15 s 1k

R16 150 k

R17 180 ohms
Potentiometers

RV1,2 rotary 4k7 log

PARTS LIST — ETI 549

Capacitors

c1 82 p ceramic

c2 150 p ceramic

c3 47 1110 V electro
ca 270 p ceramic

(05 5n6 polystyrene*
Ccé 4n7 polystyrene*®
c28 22 n polyester

c9 100 n polyester
C10,11 22 n polyester
c12 33 n polyester
c13 4417 25 V electro
ci4 3n3 polystyrene *
C15,16 4n7 polystyrene ¢
c17 100 n polyester
ci8 33 n polyester
c19 47 110 V electro
c20 100 n polyester
c21 22 n polyester
c22 47 410 V electro
Cc23 470 4 16 V electro

Ccvi1 115pF trimmer
{modify board if necessary to
suit connections)
Semiconductors

Q1,2 Transistors BC549C
Q3-Q5 Transistors BC548
Q6 PUT 2N6027

D1-D4 Diodes OA91, OA95
IC1 Amplifier LM 380
ZD1 Zener 6.2 V 300 mW
Miscellaneous

PC board ETI 549 A

Meter 50 UA FSD

Search head as per Fig. 6.

Two changeover slide switches.
Two knobs

Suitable case (158 x 95 x 50 mm)
Phone socket

Small speaker

9 V battery clip

Six by AA battery holder

Six AA batteries.

COILS AND POWER CORD ARE
GLUED INTO POSITION WITH
FIVE MINUTE EPOXY,

Fig. 5. Diagram showing the position of the coils
in the search head.

them relative to each other.

The base plate can then be fitted to
enclose the coils, this should be glued in
place.

If after glueing in place the balance
between the coils is found to be not
quite right it should be possible to glue
a small piece of metal (such as a washer)
somewhere on the head to cancel out
the error.

Using The Metal Locator
You will find that finding buried metal
is rather too easy. 95% will be junk —
silver paper being a curse. The search
head should be panned slowly over the
surface taking care to overlap each
sweep the sensitive area is somewhat less
than the diameter of the coil.

This type of locator will also pick
up some materials which are not metal

Fig. 6. Construction of the search head and handle.

CONTROL BOX

GLUE HANDLE ONTO HEAD.
USE A SCREW TO HOLD HANDLE

UNTIL SET
BROOM HANDLE
DISC 210 mm DIA
— 4mm PLY
RING 210 mm O.D.
L i_J*—185mmID.

6 mmPLY

. DISC 210mm DIA,

4mmPLY
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— especially coke. And it is not at its
best in wet grass.

Think very carefully about where
you want to search: this is more im-
portant than actually looking. The area
you can cover thoroughly is very, very
small, but his approach is far more
successful than nipping all aver the
place. As an example of how much
better a thorough search is, we
thoroughly tried on 25 square feet
of common ground (5ft x 5ft;; we
found over 120 items but a quick search
initially had revealed only two!

Treasure hunting is growing in
popularity and those who do it seriously
have adopted a code; essentially this
asks you to respect other people’s pro-
perty, to fill in the holes you dig and to
report any interesting finds to museums.

Meter Circuit

Since the circuit is basically sensing a
change in audio level, a meter circuit

can be incorporated. For the very first TABLE 1
indication from the ‘crackle’ your ears =

o f . 1 1
are likely to be more sensitive than the OBJECT 20 Coin | Beer Can 50 '::'pps:,u.n x,’:‘;‘, Gx: :ifg
meter but thereafter it will come into HIGH
its own. SENS 200 mm 450 mm 550 mm 300 mm 200 mm

This part of the circuit is optional
and the components are not included on ;g:'vs 150 mm | 350 mm 400 mm 220 mm 150 mm
the board.
- - - -
Soldering printed circuits? | DESOLDER

Wil sw., FAST

9
S(Eh)" saFE
gl EASY

The Duotemp soldering tool
will idle all day on haif-wave
AC without overheating.

A J_/A\ y

A'A'

A touch of the button
converts it to full wave,
instantly doubling the
thermal capacity

15 -
Hold Soder-Wick on
terminaticn with hot
soldering tip. Wicking
action soaks up sold;r.

Remove tip and braid.

Termination is lett

clean and free of

solder.
Soder-Wick is a specially treated
copper braid which soaks up
molten solder like a sponge.

® Fast heat-up and )
T P Desolders a P.C. pad in a second
heat recovery. Duo EM or so: acts as a heat sink to

® Correct temperature
for printed circuits.

® Power boost for protect circuits and components.
::? nr?ezequences [ g 4 g ELEcTRo:F:g rA:ggRsuppus
r heavy R R
jOintS. MODEL D30 3mm tlp :Itrgu::tss?r;g ﬁompro:‘hents or enquife ffom
MODEL D50 | 5mm tip il iy gpmns ADCOLA PRODUCTS
MODEL D65 | 6.5mm tip soldering tools with Melbourne 848 3777 Sydney 709 5293
automatic temperature Brisbane 44 0131 Adelaide 42 6655
control. Hobart 34 2233 Launceston 31 2511

Perth 381 5500
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Train controller

A simple project offering auto-reverse, inertia, emergency brake and loop track

facilities.

MODEL TRAINS HAVE ALWAYS BEEN
popular with both lads and dads — with
dads perhaps coming first. Many a boy
has complained ‘‘Daddy won’t give me

a turn”. It seems there is some inex-
plicable attraction in playing trains
which never dims with the passing years.
A couple of our friends have recently
decided to buy train sets — for the kids
(they say). Our model train controller
project was designed to give them many
features that are not found in commer-
cially available controllers (for roughly
the same cost). Most commercial de-
vices cost around $30 and consist of a
transformer followed by a selenium
rectifier, a high power rheostat and an
automotive globe. Such controllers have
numerous operating disadvantages main-
ly due to their very poor voltage reg-
ulation.

Our controller It may look a little com-
plex but in fact it is very simple to build
and quite inexpensive. |f the full capa-
bility is used the features of the control-
ler are:

e Forward or reverse control by a single
slide potentiometer (centre for stop)

e Separate reversing switch for the main
track

e Short-circuit proof

e Regulator-type control circuitry

e Emergency brake (which stops the
train instantly regardless of the position
of other controls

e Simulated inertia (gives more realistic
starts and stops)

e The facility to operate with track
loops

Loop operation Although not possible
with simple controllers, loop operation
adds much operating fun and realism to
any model railroad and the feature is
well worth including. A typical loop is
shown in Fig. 1.and the operational
problems of such a loop are as follows:

TRAIN
CONTROLLER
ETI 541

2 2

4 f 8§ o

ox

REV

B

POINTS SUPPLY POWER
TO LOOP UP TO

GAPS
g%RE%el’lLON GAPS REQUIRED
[ IN BOTH RAILS
- t WHERE SHOWN
NORMAL
POINTS DIRECTION
e
+ —-
MAIN TRACK
INPUT

Fig. 1. A typical track loop. Gaps must be inserted in the
rails of the loop in the positions shown. Polarities shown
are with MAIN and LOOP track switches in the normal
position.

LOOP TRACK
INPUT

If a train is approaching the loop and
the ‘main’ and ‘loop’ switches are both
set at normal, the polarity of the volt-
ages to the track will be as shown. If the

points are set so that the train enters the
loop towards ‘A’ it will continue norm-
ally around the loop. If the points are
now set to ‘B’ so that the train may

{Text continued on page 15).
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Train controller

+16V O
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35v
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HOW IT WORKS
ETI 541
TRANSFORMER Tt reduces the 240
volt mains to a supply of 24 volts (centre
tapped) which is then rectified by D1 to
D4 to provide supplies of +16 and —16
volts dc. The speed control
potentiometer is connected between
these supplies so that its wiper may
select any potential between plus and PARTS LIST 5
minus 16 volts, depending on setting. = i
The output of the potentiometer must AUTg“OA'c;:‘%EEXERSE c—=] (o] ) ’ l
be well buffered before it can supply e——1 BC548 PHILIPS ggggg
enough power to run a train. This is Resistors ‘ i BC558 ONLY ~
achieved by transistors Q3 and Q5, for R1 22 k % W 5% = = =) 1 e
the forward direction (that is for output R2 10 k " " ;:';238552 — ac g0/ e
voltages between zero and +15 volts), R3.4 4 k7 L =
and by Q4 and Q6, for the reverse R5,6 100 ohm ' "
direction (that is for output voltages R7 022 ohm 5W = -=E=
between zero and —15 wvolts). The R89 100 ohm % W d
output voltage at the collectors of Q5
and Q6 will be about 0.6 volts closer to RV1 5 k lin 45 mm slide
zero than the voltage at point ‘K’ potentiometer
(providing the voltage at point ‘K’ is
more than 0.6 volts away from zero).
This means that the control

-

(X2
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potentiometer will have a small dead
band in the centre of its travel where the
output voltage remains at zero, This is an
advantage because it is frequently
necessary to set the controller for exact
zero output.

To protect the transistors from damage
in the event of an overload or a short
circuit, transistors Q1 and Q2 are used to
monitor the output <urrent (by
measuring the voltage across R7) and the
voltage across the output transistors. By
this method the power dissipation in the
output transistors is controlled such than
when driving into a short circuit only
about one ampere is available, Yet when
set to about 12 volts, about two amps is
available to drive normal loads. The
diodes D7 and D8 are included to
protect the transistors Q1 and Q2 against
reverse bias which can occur under
certain conditions.

To add the ‘inertia’ facility or
‘momentum’, as it is sometimes called
the control voltage from RV 1 is filtered
by C3 and C4. This means that if the
potentiometer is suddenly moved from
stop to full forward (for example) the
voltage applied to the transistor buffer
rises only slowly. The train accelerates at
a realistic rate without wheel spin. A
similar action takes place when the train
is stopped. |f the controller is moved
from full forward to full reverse the train
will slow down and stop for a short time
and then start off and increase speed in
the reverse direction. The diodes D5 and
D6 allow normal electrolytics to be used
in this position.

If inertia is being used and an
emergency situation occurs, eg train
moving into a siding that it should not
be entering, the brake facility may be
used to short the track (SW3b) and also
the input to the buffer stage (SW3a).
The brake over-rides the speed control
and by its use the train will be stopped
in @ much shorter distance than it would
if the power were simply switched off,

When loops in the track system are
used, as described in the introduction, a
separate freversing switch is used to
control the polarity in the loop with
respect to the main line so that the train
may go into and come out off the loop
without any change in speed. The two
controller outputs required for this
mode of operation must each be
reversible and this is performed by SW4
and SWS,

If a second controller is required for
another train in the system then it may
be built without the power supply. The
second controller may be powered by
linking the +16, 0 and —16 volt lines
between the two controllers.

Capacitors
C1,2 1000 uF 35 V pc mounting electro
C3,4 100 ufF 25 V pc mounting electro

Transistors

Q1,3 BC548

Q2,4 BC558

Qs TIP 2955 *

Q6 TIP 3055 *

* with insulation kit

Diodes

D1-D4 EMA401 or similar
D5-D8 OA91  or similar

Miscellaneous

PC board ET| 541

Transformer PL24/20 VA or similar
SW1 toggleswitch DPDT 240 V rated
SW2 toggle switch SPDT

SW3-SWS5 toggle switch DPDT
Plastic box 196x113x60 mm

12 Pc board pins

3 core flex, plug and clamp
Heatsink/support to Fig. 8.

8-way connector strip

2-way connector strip

2 6BA c/s screws & nuts 10 mm long
Front panel (Scotchcal)

FOR MANUAL REVERSE
CONTROLLER

Delete

R4, R8 and R9

C2 and C3

Diodes D3-D8

Transistors Q2, 4 and 6

If no loops are involved in the track
layout SW4 and SW5 can be deleted
on automatic reverse controller and
SW5 on manual reverse controller.

For a second controller delete T1, SW1,
D1-D4 and the power cord in the
second controller.

Fig. 4. Component
overlay — simple
controller,
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Printed-circuit board layout ETI 541 train controller. Full size 65 x 105 mm.
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Fig. 3. Component overlay — auto reverse controller.
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> Train controller

A D1l . A X
A > SW1 Ll OG
| B D1 AND D2 ARE EM 401 RS
240v |
INPUT
DO
N c D2

T1
240v-24VCT

!
8_1 LIN

R2
10k

N
. S
ON/OFF
To
1000 F
35V SW3b
EMERGENCY
. . BRAKE
Fig 5. Circujt diagram of
simplified controller without the M
auto-reverse facility. : - O—

WD SV o

YAOZ/vZd - . ¥ A% : / The power transistors are mounted to a bracket with countersink bolts. They can, if
! - desired, be mounted directly on the front panel. Note how the pcb is mounted — by
epoxying to the bracket.



Sl

g8 > 2 LOOP MAIN
s e INSULATION WASHERS
S § ? G IRACK IRACK MUST BE USED UNDER
= — POWER FRONT PANEL Q5 AND Q6
D / G 0 O 0O O O O O CORD
? ? ? ? ? ? ? ? CLAMP
F _/ / / ® BRACKET
M A Q EPOXY FULL LENGTH OF
PC BOARD TO BRACKET
RV1
COMPONENT SIDE d
é A cnee Fig. 6. Assembly of the
N printed-circuit board
and bracket to the front ECIBOARD
I J panel.
E
7 p— 15 91
L /\ ( £ o |
-
5< z EARTH i
K == \ LUG 15
™M l
SW3 SW5 sw4 Sw2 SW1
LETTER ON WIRE MATERIAL 1.6mm
REPRESENTS CONNECTION
TO THE P CBOARD
COUNTERSINK 2 HOLES 3. 4mm DIA 60
A 12v I/
B TRAN M ) wé,‘ T T é_ f
:);/V PLZS“';%Q/AER § . 2 HOLES 3.4mm DIA —_~ 1
L —34 |
= ov Fig. 8. Mounting | I ?
| bracket for transistors l
05 and Q6. 20— 50—4 80
25— 85— 106—=

Fig. 7. Interconnection diagram for the auto-reverse controller given in the circuit of
Fig. 2.
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LOOP MAIN
TRACK TRACK

leave the loop then the train, once it
passes the breaks in the track, will find
the wrong polarity on the main track.

It will be unable to continue in the same
direction. To overcome this problem the
main-track switch must be changed to
‘reverse’ whilst the train is within the
loop. If the train enters the loop to-
wards ‘B’ then the loop switch must be

reversed before the train enters the loop.

Once again the mainline polarity is rev-
ersed whilst the train is within the loop.
Providing the section of the loop be-
tween ‘A’ and ‘B’ is longer than the
train, loop operation wi!l be simple and
trouble free.

Simpler versions If all the facilities of

the controller are not required then

it may quite easily be simplified. If only
a single direction is required from the
throttle control then the same printed-
circuit board and the circuit in Fig. 5.
may be used. If loop operation is not
required then the controller may be
further simplified by deleting SW5 and
the associated wiring.

CONSTRUCTION

We built our controller into a plastic
zippy box with an aluminium lid. Some
people may wish to build the controlier
into a complete control panel or some
other box. This is quite acceptable as
the method of construction is not criti-



Train controller

Give your Train Controller

a professional look! Finished
Scotchcal panels are available
from ETI for $3.00 — plus
self-addressed stamped
envelope at least 120 mm x
200 mm. Please make cheques
or postal orders payable to
‘Scotchcal Offer’ not
Electronics Today.

Fig. 9. Front panel artwork. Full
size 191 x 107 mm.

cal. We suggest however that the printed
circuit board specified be used as this
greatly simplifies construction and min-
imizes the possibility of wiring errors.

Assemble the components to the
printed-circuit board in accordance to
the relevant component overlay. Watch
that the polarities of components such
as diodes, capacitors, and especially

transistors, are correct. Note that two
different pin connections are available
in the BC548 and BC558 transistors,
depending on the manufacturer. The
Philips type is the one shown on the
overlays.

A small bracket was used to hold the
printed-circuit board in such a way as to
hide the two screws which hold the pow-

TRAIN ©
CONTROLLER roRmARD
STOP
POWER INERTIA MAIN LOOP BRAKE REVERSE
-+ + + + -+ o
ON ON REV REV ON
- er transistor. If two extra screw-heads on
+ — + — the front panel do not worry you, then
this bracket need not be used. Bolt the
E g .‘>, .‘>, LOOP MAIN power transistor onto the bracket using
8 z o = TRACK TRACK the insulation kit provided. The Scotch-
- ) cal panel (if used) should now be fitted
Fig. 10. Rear panel artwork.

to the front panel! and all holes drilled
and the slot for the slide potentiometer
cut. Mount the bracket to the rear of the
front panel by means of the slide poten-
tiometer and its mounting screws and
then mount the rest of the switches.
Drill a hole through the side of the plas-
tic box for the power cord and then fit
the cord, the cable clamp and the trans-
former into the box. Then mount the
terminal block to the box and drill

small holes for the wires from inside
the box to be terminated to it. Finally
wire the complete unit and test it.

Once sure that the controller works as
it should the board edge should be glued
to the front panel (or bracket) with a
little epoxy glue. Once this has dried,
and you are sure that there is a seal all
along the edge of.the board, pour epoxy
glue along the join so as to form a fillet
of glue about 5 to 10 mm wide. (A piece
of sticky tape at either end will prevent
the glue from running out at the ends).
Once the glue has dried the completed
front panel assembly may be screwed
into the box. Add the rear panel label
and the unit is ready for use.



Project 547

TELEPHONE
BELL EXTENDER

This simple project allows you to leave the phone
unattended as you move about the house.

MANY TIMES WHILE you’re working
in the garden the phone may ring

and by the time it is heard, if it is at all,
it is often too late to reach the phone.
While the PMG will install a remote
buzzer for you it has to be rented

and for people who are hard of hearing
it may not be loud enough.

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

Adjustment

There are two controls to be set, these
being sensitivity and volume. The
volume can be set first by rotating RV 1
until the tone starts then adjusting RV2
to give the desired volume. To adjust
the sensitivity first tape the sensor

coil to the underside of the phone and
then adjust RV 1 until the sound stops.
Note however that it should be rotated
slowly as C3 gives a delay on switch
off. Check that picking up and replacing
the phone does not operate the alarm
then have someone ring you to check
that the phone tone does. It may be
necessary to experiment with the
position of the pickup coil to get the
best results.

Construction

While any construction method could
be used we recommend that the PC
board be used and the overlay in Fig.3
be followed. The pickup coil was made
out of 0.125 mm enamelled wire,
although the gauge is not important,

with about 200 turns wound around a
mandrel about 50 mm diameter. The
mandrel can then be removed, the wires
terminated to some thin plastic
insulated wires (twin ""bell’’ wire is

ideal) and then the complete coil
wrapped with plastic insulation tape.

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

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

17



= TELEPHONE BELL ERTENDER

MV — {4
R4 D4
47
T
240-12.6V ct
150mA
< ACTIVE
{ o—o0
== $0n | 240V
240V 1 » iNPUT
| SW1  NEUTRAL
N R2
a7 | ro

Ic1 6 +) EARTH

3130 1 > > _-— == _|‘._

4 3 D1 ce c7 DS =

2 100n | 10004
16V
- c2
Lc1 R1 02
L1 =000 100k RV1 r3 L c3 . c5
100k 2k7 =T~ 104 T 47n

LEY SP.

Fig. 1. Circuit diagram of the bell extender.

How It Works — ETI 547

Inside the telphone there is a solenoid quency is determined by C5 and the

which operates a striker which hits a pair volume by RV2. Changing the volume
of bells to give the ring tone. When it does change the frequency slightly. Oscil-
operates there is a high magnetic field lation can however only occur if the

generated and we detect this field to give voltage at pin 4 is greater than 0.6V. If the
the indication that the bell is ringing. To output of IC1 is low, R3 ensures that pin
do this we use a coil wire under the tele- 4 is less than this voltage. However when
phone and use an IC to detect the the bell rings the output of IC1 oscillates
presence of a signal. IC1 has its offset high and low in time with the ring tone
voltage adjusted by RV1 such that a slight of the bell. This lifts pin 4 high, allowing
positive voltage is needed to make the IC2 to oscillate and C3 holds pin 4 for a

output go high. It is used in the open loop short time to prevent the oscillator turning
mode as a comparator only. The capacitor on and off at the ring tone frequency.
C1 is used to remove the unwanted higher The power supply is a simple full wave
frequency signals. rectifier with no regulation with IC1 being
The oscillator used to operate the decoupled further by R4 and C4. Batteries
speaker is simply a 555 timer with a could be used but the drain is reasonably Fig 2. Printed circuit layout.

TIP3055 to buffer the output. The fre- high. Full size 91 x 53 mm.




PARTS LIST — ETI 547
100k
4k7
2k7
47

Resistors all sW 5%
R1

R2
R3

5k trim
1000 it 16V electro

27k
100
100k trim
100n polyester
10p ceramic
10u 16V electro
100n ceramic
47n polyester
100n ceramic
Semiconductors
CA3130
NES55
TIP 3055
1N4001
Miscellaneous

Potentiometers

years
young

RV1

RV2

Capacitors

D1-D5

PC board ETI 547
Transformer 240V — 12.6 V ct
Mains switch, 3 core flex

Box, speaker, pickup coil

1C1
1C2
a1

R4
RS
R6
(o4
Cc2
Cc3
ca
C5
C6
c7

and

stillon

? ‘ top

POWER
CORD

.

AOVZ

-BLACK

RED

- forelectronic units and
HIWHO4SNVHL all types Of mﬂuntlng...

Swi
GREEN

o
EARTH

L) m Y \ )

POWER
SWITCH

A9ZL

| |

o Decade Counting Units to 1 Hz.
o Wide Band Amplifier for your
o - counter, 1 MV sensitivity, band
9 -3 width 1-250 MHz.

Manufacturers of

PIEZO ELECTRIC CRYSTALS

Contractors to Federal and State
Government Departments.

TO SPEAKER

TO PICKUP

coilL

TO SPEAKER

REPRESENTATIAVES:
NSW: Hose & Equipment Co. P/L,

11 Salisbury St, Botany. 2019.
[: - uesieun

SA: Rogers Electronics,

65 Magill Rd, Stepney. 5069.
‘ Ph (08 ?42-
“’ QLD: Fred Hoe & Sons PIL,
: 246 Evans Rd, Salisbury North.

Brisbane. Ph 277-4311.
WA: Westest Electronics,
71 Jean St, Hamilton Hill. 6161.
(Mail only) Ph (09) 337-6393.
TAS: Dilmond instruments,
PO Box 219, Bellerive. Hobart.
Ph 479-47-9077.

Send SAE for new catalogue or quote for
your requirements.

Bright Star

Crystals::

PO Box 42, Springvale
Ph (03) 546-5076 Telex AA36004

R
2 o-
]
RV1
Fig. 3. Component overlay and wiring diagram.
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Project 548

PHOTOGRAPHIC
STROBE

This project gives about seven times the light output of the High Power Strobe we
published six years ago. It also has other advantages when used by the photo-
grapher . ..

THE HIGH POWERED strobe published R R R L T T e e
back in August 1971 has been one of ,
the most popular projects we have de-
signed and it is still being built and sold.
A lot of people have since asked if it
can be used for photographic use {and

if not how could it be modified).

The existing strobe has several prob-
lems in photographic use, the main one
being insufficient light output. Other
problems are that the electronics is all
at mains voltage with no isolation,
preventing the safe use of a remote
push-button control, and that at high
speed there is some jitter in the flash
rate {since this is partially synchronized
to the mains frequency).

This new unit has about 7 times the
light output of the previous unit
{this can be increased further if needed).
The control circuitry is now isolated
and the flash rate is steady as there is no
synchronizatipn with the mains.

All this however costs more: we have
used a larger flash tube, the capacitors
cost about $30, and the control cir-
cuitry is much more complex. However,
if high power is needed the cost is worth
while,

The front of the strobe with the perspex
cover removed. The cover is necessary to pre-
vent accidental contact with the mains voltages
applied to the flash tube.
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PARTS LIST — ETI 548

Resistors all % W 5%
R1* 36 chms 1600 W

Fig. 1. Component overlay end externel wiring
diagram of the strobe.

R2,3 1k

R4 100 k
R5-R7 10k

R8,9 68 k

R10 33k

R11 100

* standard jug element
Potentiometers

RV1 rotary 1M lin

Capacitors
C1-C3 30 i 250 Vac Plessey type
427/1/00813/002 30/250 V

LARGE
ELECTRODE

Cc4 33 n 630 V polyester
C5 1000 12116 V electro
cé 1u0 25 V electro
c78 100 n polyester

c9 2n2 polyester

Cc10 100 n polyester

Semiconductors

SCR1,2 C106D, BT100A500R
D1-D4  1N5404

D5-8 1N4004

1IC1,2 NES55

Miscellaneous

™ transformer, 240 V — 126 VCT
T2-3 pulse transformer, see Table 1.
T4 trigger transformer, TR-6KM
LP1 flash tube, FC6501

PCB ETI 548
Swi 240 V switch double pole
Sw2 single pole switch

PB1 push button (press to make)
F1,2 fuses and holders. 3A 250 V
Reflector

Case

Power cord and plug

100 x 100 mm asbestos sheet
five 25 mm metal spacers
four 12 mm spacers.

Construction

The first thing to remember with this
project is that a lot of the circuitry is
not isolated from the mains. Contact
with these components can be lethal.
Therefore be careful to ensure adequate
clearances to keep these components
from contacting the case and ensure all
external metal surfaces are earthed.

We mounted the tube on three
banana plugs which fit into sockets on
a pc board (see Fig. 3). the pcb is in
turn mounted on 25 mm spacers
attached to the rear of the reflector.
The three mounting holes shown for the
spacers were positioned to suit our re-
flector — these may need to be varied to
suit another reflector.

The pcb can be assembled with the
aid of the overlay in Fig. 1. Ensure all
diodes, electrolytic capacitors, ICs, and
SCRs are oriented correctly. The pulse
transformer can be wound as shown on
Table 1 and soldered in place by its
leads. Once the unit is checked the
pulse transformers should be glued in
to prevent the fine wires from breaking.
The resistor R1, which is a jug element,
is mounted off the board by 25 mm

(Text continued on page 24).

w1
o 0
!

EARTH
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/

(YELLOW/GREEN)

RED (BROWN)
BLACK (BLUE)

POWER CORD

CLAMP —] O
GREEN
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PHOTOGRAPHIC STROBE

F1 *R1 % 30 ¢ =T~ 30 . ™T~
w1 3A 36Q l 240 Vac ’1‘30.(
ACTIVE | O——Cm—aD> A/ \NNN— c4
) 33n
] T4
i F2 ’ scnza
] T2
3A 9 PRIM SEC
NEUTRAL O et k
7 7 B i
R2 9 ),
EARTH I | Tk a LARGE
K1 ELECTRODE
= SCR
{} sw2 ‘-I—'
PB1
o
> RV1
 and 1™
% D6
T P}
240v-12.6v , R5 s R11
10k 8 68k 100
3 v +— N
! n iw S 8 08
10k 68k
NOTES: R6 1IC1 3
D1 — D4 — 1N5404 10k 555
D5 — D8 — 1N4001 +| c5
SCR1,2 — C106D1, BT100A.500R == 1000 4 C10 .
LP1 = FC6501 T 16v o - 100n ==
T4 ~ TR-6kM 2 300n 1000 = R10 i1c2
*R1 — 1600w 240V JUG ELEMENT . 33k 555
1
+| ce T2
==1,0 T3
26V co 1
Fig. 2. Circuit diagram of the strobe. -'r- 2n2
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To operate a flash tube it is necessary to
apply to the ends of the tube a voltage of
about 320 volts, with a capacitor also
across the terminals. However, this is not
sufficient. An additional high voltage
pulse (6000 V)is required on a trigger lead.
When this occurs the tube appears as a
short circuit, discharging the capacitor
rapidly. The amount of energy in each
flash can be calculated by:

energy = '/zCV2 joules

where C is the value of the capacitor in
farads and V is the voltage across the
capacitor in volts. For 90 g and 340 V this
gives about 5 joules. A normal flash uses
300 V and 300 uf or 13 joules.

How It Works — ET| 548

The 240 V mains voltage is rectified by
D1-D4 with R1 used to give some current
limit. If SCR1 is “on” C1-C3 are charged
up to 340 V dc. The SCR is used to allow
the power to be switched on and off,
which is necessary as the power must be
switched off while the tube is triggered
on (unless the series resistor is over 500
ohms, but a resistor of this value limits
the flash rate). To generate the 6kV
pulse the capacitor C4 is charged with
340 V via R4, and if the SCR 2 is trig-
gered on it is discharged into the prim-
ary of the trigger transformer, T4, giving
the 6kV needed.

Control of the SCRs is done by IC1
and IC2.

The mains voltage is reduced to 9 V
dc by TI1, D5,6 and CS, giving the iso-
lation required. IC1 gives the timing of the
flash rate which is variable from about
2 to 30 per sec. The output of IC1 is nor-
mally high (ie, +9 V) goes low for about
10 ms every flash. When the output goes
high again the pulse transformer T2 trans-
fers the transition in the form of a pulse
into the gate of SCR2 causing the tube to
be triggered. Resistor R7 and D7 pre-
vent the ncgative transition triggering the
tube.

When the output from IC1 goes high
R8 and C8 provide about a 10 ms delay
before IC2 starts oscillating at about 2

kHz. When it is oscillating the pulse trans-
former T3 keeps SCR1 on. Therefore the
sequence of operation is as follows: 1C2
oscillates for the duration between the
flashes with SCR1 on and C1-3 is charged
up. The oscillation stops for about 15 ms
which ensures the SCR1 turns off (more
than one half cycle) after which time the
tube is triggered, discharging the capacitor
C1-C3. This takes about 5 ms and after
10 ms the oscillator turhs on again re-
charging the capacitors.

The oscillation can be started or
stopped by SW2 or a push button can be
used either local or remote as it is not at
mains potential.

10,

DANGER

- 240V
¢ A

Fig. 3. This support is necessary when the
sockets for the tube cannot be mounted directly
on the back of the reflector. Dick Smith has
some new reflectors which do away with the

need for this support.

Fig. 4. Printed circuit layout. Full size 100 x 100 mm.

Material used MUST be fibre glass due to the heat
generated by R1.

[« ]

\n o
DANGER 240V

ETI 548




Project 548

long metal spacers to allow for cooling.
1f you plan to run the strobe at more
than 10 or 12 flashes per second a piece
of asbestos about 100 mm square must
be placed between the resistor and the
pcb to prevent heat damage. Similar
protection should be given to any
burnable substances (the wooden box,
if used) near the resistor.

The external (to the pcb) wiring of
the unit is also given in Figure 1. The
mechanical layout depends on the re-
flector used and the facility you have
for making or purchasing the box. ETI’s
previous strobe used a metal box behind
the reflector to hold the electronics and
this approach can easily be adapted. We
couldn’t find a ready-made box of the
right size so we made a wooden box
(three ply) with the reflector enclosed.
The rear panel (which holds the elec-
tronics) is made of aluminium. If this
approach is used a row of ventilation
holes, about 6.5 mm diameter, should
be provided along the top rear and the
lower sides. If a metal box is used it will
transfer enough heat through the walls
without the need for the holes.

Whatever system is used remember
again that the circuit is a 240 V (except
for the control circuitry) and adequate
clearance must be maintained and all
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INSULATE CORE WITH
TWO LAYERS CELLOTOPE
UNDER WINDINGS

WINDING 40 TURNS
30 B & SWIRE

P¢

Fig. 5. Diagram showing how the pulse
transformers are wound.

external metal parts, including the
reflector, must be earthed. Also a piece
of perspex must be fitted over the
reflector to prevent accidental touching
of the tube.

/{N’
o
}Slf
Py

-

\ - - e e - ---—-- -

*CORE 40 mm LONG
.ﬁ)ﬂ/ 9 mm DIA FERRITE

WINDING 40 TURNS
30 B & S WIRE
Ss

*CUT FROM AN AERIAL ROD
(GROOVE AROUND ROD WITH
A FILE AND SNAP)

NOTE START AND FINISH POSITIONS
(THEY HAVE TO FIT THE PC BOARD)

If the unit is intended for a disco the
use of the switch SW2, the push button,
and the external socket will not be
needed and SW2 can be bypassed. Also
increasing R5 to 39 k will reduce the
maximum rate to about 16/sec.

Stroboscopes are dangerous
instruments — they can bring about
epileptic fits in people who have a
history of epilepsy and alsovin, those
who are disposed ‘towards this
trouble. Thére are cases of people
who never knew of any epileptic
disposition whoytinder the influence
of stroboscopic stimulation, have had

fits inducedsiand thereafter have
suffered  from subsequent, non-
induced fits, ,

Flash-rates in the order of 5 to
12  flashes per second are the
dangerous rates in this respect. In the
event of such an attack switch the
strobe off immediately.




TRANSISTOR TESTER

PROJECT 222

Measure and test your
transistors with this easily
built device.

EXPERIMENTERS will frequently use
the same transistors in a whole
sequence of experimental circuits, for
recovering  and re-using such
components saves considerable outlay.

But semiconductors are easily
damaged — by incorrect operating
conditions — or by excessive

application of heat when soldering.

Only too often a malfunctioning
experimental circuit will be checked
and rechecked before one realises that
a transistor is dead.

A transistor tester will save hours of
such frustrating and unproductive
effort.

Transistors can often be bought
cheaply in bulk — usually in unmarked
and untested lots — or recovered from
old computer boards. Here again a
transistor tester will prove invaluable
in eliminating the faulty bits.

The simple transistor tester described
in this project not only sorts out the
good from the bad but indicates also
the approximate gain (8) of the
transistor. This is a most useful feature
for those circuits where transistors
need to be matched. Two ranges of
gain (beta) are provided, 0-100, and
0-1000. The tester may also be used to
check transistor polarity. o

PARTS LIST — Transistor Tester
—ETI 222

R3 Resistor 3334 ¥z watt 5%
R2 Resistor 2703¢ ¥z watt 5%
R1 Resistor 47031 Yz watt 5%
R4 Resistor 470k V2 watt 5%
D1 Dliode IN914

ZD1 Zener diode BZY88C5V6
SW1 Push button push-to-make
SW2 Switch toggle DPST

SW3 Switch toggle SPST

9V battery

M1 Meter 1mA movement

SK1 Socket TO05 transistor type
Metal case or minibox

The transistor tester mounted in a metal case.

PRESS TO
TEST
4
9V O———0
Swi
R1
a0 DI
INO14
L
s R2
o 270
[ 2 G
x 100

Circuit diagram of the ET|/ transistor
tester.

—o/. PiNP l S8 R4
<
SW3 x 1000 R3 : C 470k
33 1o o
g zot 1
56V ! 3
)
| »
oV O— LOLPLY ‘TRANSISTOR
UNDER TEST
PNP
N2/E
HOWIT WORKS

Operation of the tester is very
simple. The meter, M1, monitors the
collector current of the transistor
under test whilst R4 supplies a
current of about 10 UA into the base
of the test transistor. Thus, on the
1008 range, the maximum collector
current will be 1 mA and, on the
10008 range, 10 mA. Switch SW3
therefore  changes the meter
sensitivity according to the beta
range selected.

The meter is protected by means of
D1 against damage due to test
transistors being shorted. The zener
diode ZD1 stabilizes the battery
voltage to 5.6V.

The construction method may readily be
seen from this photograph of the back of
the front panel.
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SELECTA-
GAME

with on-screen scoring
and sound effects

*»tennis

This low-cost yet sophisticated TV game contains just one main |C plus
a handful of other components yet out-performs virtually all other

units currently on the market.

AT THE TIME WHEN TV games first
appeared in Australia they retailed for
around a hundred dollars and had fairly
limited capabilities. Many of our readers
requested a TV game project but our
investigation showed that 20 to 30
CMOS ICs would be required. As the
circuit is quite complex we felt that the
chances of a hobbyist building such a
unit without problems were small, and
any problems encountered would have
been likely to be beyond solution with
the equipment and knowledge available
to the average constructor. We therefore
decided not to do the project until
single-chip TV game |Cs became avail-
able. We knew that these chips were
being developed and that they would
make the project much simpler from
the constructional point of view.

This project is based on such a
single-chip device type AY-3-8500
from the General Instrument Corpor-
ation. The chip offers a choice of six
games together with on-screen scoring
and sound effects. The games are tennis,
soccer, squash, practice and two rifle
games. The rifle games required a ‘rifle’
which has additional circuitry built into
it. On page 34 we describe the circuitry
of a gun available from Dick Smith
which can be used with this project.

Some additional circuitry, including
two extra ICs, is required to build the
game but the complexity of the com-
plete circuit is still greatly reduced
by the use of this particular IC. In
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addition, the chip, although expen-
sive, does allow the cost of the unit to
be reduced considerably even though
its performance is superior to many
other games on the market.

Construction

The TV game employs some VHF
circuitry which demands correct lay
out if proper operation is to be ob-
tained. For this reason the game should
only be built onto the printed-circuit
board specified.

Commence construction by install-
ing the seven tinned-copper wire links
and then the low-height components
(resistors, diodes, etc). Next install the
capacitors and the transistors. |Cs 2
and 3 are CMOS devices and should
only be removed from their protective
packing when you are ready to install
them. Handle them as little as possible
and when inserted solder the power
supply pins (7 and 14) first. The main
IC is expensive and it is therefore re-
commended (but not essential) that a
28-pin IC socket be used to mount it.

The coils L2 and L3 should now be
constructed as detailed in Table 1 and
then soldered into position making sure
that L2 is oriented correctly.

The rotary switch may now be
mounted in the following manner: First
solder 25 mm lengths of tinned-copper
to each of the switch pins (14 in all).
Now orientate the switch correctly and
feed the wires through the respective
holes in the printed-circuit board, press

*Soccer
»squash
xpractice

» optional rifle

the switch down onto the board and
solder all the wires to the tracks of the
board.

Now prepare the push buttons, the
5-pin DIN socket and the phono soc-
ket by soldering 40 mm lengths of
tinned-copper to each of the terminals.
Feed the wires through the respective
holes in the printed-circuit board but do
not solder just yet.

The slide switches should also be pre-
pared in the following manner: Cut 60
mm lengths of 20 gauge BS tinned-
copper wire (largest gauge that will fit
through the switch holes) and thread
them through the holes in the switch
pins so that pairs of poles are linked to-
gether. Centre the wires in the lugs and
then solder them to the lugs. Now bend
the wires down on either side and insert
them in the holes provided in the print-
ed-circuit board but do not solder at
this stage.

Fit the front panel to the rotary
switch (use a spacer washer) making
sure that the board is square to the
front panel and that there is enough
clearance for the RF coil and the shield
which have yet to be fitted. Attach the
phono socket, the DIN socket and the
push buttons to the front panel and
then solder their leads to the board.
Push the slide switches up against the
front panel, line the switches up with
the openings in the front panel and,
making sure that the switch doesn’t
move, solder the leads to the board.

Now remove the front pane! and



fit the 75-ohm output coax and the
coax for the bats to the printed-circuit
board. Feed the bat cables through
rubber grommets in the front panel
after first tying knots in them to pre-
vent them being pulled through acci-
dentally. Alternatively 3.5 mm jacks
may be installed on the front panel for
the bat outputs and the cables fitted
with plugs so that they can be unplug-
ged when the game is not being used.
Add the battery leads and connect
the speaker by means of 150-mm long
wires. Check all wiring and solder joints
before fitting the main IC to its socket.
Before the shields for the RF stage

are fitted the unit should be connected
to a TV set and aligned and checked as
detailed in the alignment section.

After alignment is satisfactorily com-
pleted fit the component-side shield
using four short lengths of tinned-
copper wire and then fit the copper-
side shield by simply soldering it to the
copper earth plane in four or five places.
Make sure that the shields do not touch
any other tracks, leads or components
which would cause a short.

The alignment of the unit may now
be peaked up if required. The front
panel is normally at +7.5V due to the
connections to the phono sockets and

the shield is at V. Some plastic insula-
tion tape should be used over the top of
the shield or on the front panel to
prevent shorting. Now fit the front
panel and mount the assembly in the
box. The batteries and speaker should
be fitted into the bottom of the box
under the printed-circuit board. Holes
should be drilled in the box under the
speaker to act as a grill to let out the
sound from the speaker.

We initially used four “’C’’ size
batteries for power as the unit will work
from about 5 to 8 volts. However to
increase battery life 5 cells of either
“C' or '"AA’ size should preferably be
used.

If an external power unit is used
either 6 or 7.5 volts dc will operate the
unit and the 3.5 mm phone jack used
should be used with the +Ve lead on
the common terminal.

Alignment

Switch the TV set to channel 6 (5 or 7
could alternatively be used if channel 6
is used in your area), connect the TV
game to the antenna input of the set
and switch both units on.

Press the reset button on the game
and tune coil L2 until the set appears to
be receiving the signal. (At this time the
picture may appear to be just a series of
dots). Adjust the trimmer capacitor
CV1 until the picture locks. Then it
may be necessary to readjust L2 for the
best picture.

When performing these adjustments
it is best to use non-metallic tools so
that the tuning point does not alter
when the tool is removed.
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* SELECTA-GAME
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Fig. 1. Printed circuit diagram of Selecta-

game,

2548 19 20 21 22 23

D1
l . "
| |
D2
y, N v lk_‘
(o o)
o/)—% \Jb 4
= C9
[e] --82(»
SW2/A sSw2/B c10
— 820p 4

PB1
iRESET

IC2 IS 4001
PIN 14 IS +7.5V
PIN 7 IS OV
IC3 IS 4011
PIN 14 IS +7.5V
PIN 7 IS OV

D1 — D3 ARE 1N914




6C

Unfortunately the manufacturers
don‘t give much information on how
the main |C works — we are only
told how to use it. The chip is ob-
viously a digital IC {because there are
two ball speeds, the rebound angles
are defined and there is no provision
for variable speed or bounce).

A 2 MHz oscillator is required for
the chip to derive the synchronising
pulses required for line and frame
synchronisation of the TV set. This
oscillator is provided by Q1 and its
associated components with CV1
providing calibration.

How It Works — ETI 804.

The bats are simply one megohm
potentiometers connected as variable
resistors which effectively vary the
charging time of capacitors C4 and
C5. The capacitors C4 and C5 are
discharged by the chip at each frame
sync puise and the time taken to
charge again (as set by the bat pot
setting) determines the vertical pos-
ition of the bats on the screen. The
bat size, bal! speed, deflection angles
and serve are simply selected by con-
necting the appropriate pin of the IC

to ‘0’ volts.

Outputs from the chip are left and

right bat, sync, ball, score and sound
— all on separate pins. The bats, ball
and score outputs are combined by
1C2/1,2 and 1C3/1,2 to produce a
composite video signal. The sync pulse
is buffered by 1C2/3 and 1C3/3.4.
The sync and information pulses are
then added by R11, 12 and 13. The
sound output is buffered by Q2 to
provide the power necessary to drive
the speaker.

So that the game may be fed into
the antenna terminals of a TV receiv-
er the video signal must be modulat-
ed onto an RF oscillator tuned to the

desired channel (176 MHz for chan-
nel 6). Transistor Q3 and its asso-
ciated components form the required
oscillator. The oscillator is then mod-
ulated with the composite video by
means of the diode modulator D3.
The oscillator and the modulator
are screened by means of shields to
prevent the RF from causing interfer-
ence to other TV sets (and to prevent
other TV sets from interfering with
the game). These shields also minimise
detuning effects when the hand is
brought close to the oscillator.
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Photographs showing wires attached to
switches before installation.




Project 804

EXTERNAL
POWER INPUT

BATTERY +
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Q
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Fig 4 Component overlay of Selecta-game.
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Resistors all %w 5%

R1
R2
R3
R4,5
R6,7

R8
R9
R10
R11
R12

R13
R14
R15
R16
R17
R18
Potentiometers

RV1,2

PARTS LIST ETI 804

10 k
100
1k
10k
220

10 k
100
47

4k7
10 k

390
4k7
3k3
1k
82
27k

1M lin rotary

NOTE: see modification Fig. 2 page 35.

Capacitors

C1,2
(ox]
C4,5,6
C7.8
C9,10

cn
C12,13
ci4
C15
C16
C17

82 p ceramic
33 4 16 v electro
100 n polyester
33 416 v electro
820 p ceramic

1p0 ceramic

10 p ceramic
820 p ceramic
33 416 v electro
100 p ceramic
820 p ceramic

Variable capacitor

[AVA 10-40p
Transistors

1,2 BC548 or similar
Q3 BF180

Diodes

D1-D3 1N914
Integrated Circuits

IC1 AY-3-8500

1C2 4001 (CMOS)
1C3 4011 (CMOS)
Inductors

L1 82 4 H RF choke
L2 See table 1

L3 See table 1

Miscellaneous

PC board eti 804

2 pole 6 position switch

Five slide switches

8 ohm speaker

3.5 mm phone socket

5 pin DIN socket

Two miniature push buttons
Three knobs

One large box 196mm x 113mm
Two small boxes 83mm x 54mm
Single ' C'* size battery holderder
28 pin I1C socket

TO

SPEAKER OUTLINE

OF SHIELD

P
b
e
Q2
g |4

REAR VIEW OF
CONTROL POT

COAX CABLE
TO SELECTA-GAME

Fig. 5. Diagram showing wiring of control pot.

TABLE 1 ETI 804

Winding details of coils L2 & L3

L2

Former 5mm Neosid 722/i

6 pin base Neosid 56027/6 PLB

Can Neosid 7100

Slug Neosid 4 x 0.5 x 10 F29

Winding 4 turns close wound 24 B&S

L3

6 turns 24 B&S wire close wound about
Smm diameter, air core. {wind on a former,
ie a knitting needle or drill, then remove
former)
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Photograph of completed board less shield.
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These photographs show some of the games that can be played.
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Photograph showing shield fitted. Note two
adjustment holes
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SELECTA-GAME
pOoWER O on [ ] oFF

RIFLE 1
RIFLE 2 4
OQO [ ] RIFLE 2
ANGLES

TENNIS
RESET O LOW |::| HIGH
SPEED SOCCER
SERVE O MAN :] AUTO SQUASH
SERVE PRACTICE

O O tarGe [ ] smaLL

eti 804

Fig. 6. Front panel layout. Full size 190mm x 107mm.

ETI 804

Fig 7. Printed-circuit layout. Full size 163mm x 102mm.
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THE GAMES

1) Practice: The ball reflects off the end
wall and the side walls — the player has
to stop it exiting the screen on the right-
hand side. This game is an electronic
version of hand-ball or squash with only
one player.

2) Squash: This game is like the practice
game but now there are two players
who take turns in hitting the ball. The
bat has no effect on the ball when it’s
your opponent’s turn.

3) Soccer: The ball reflects off all four
sides of the pitch, except for the goal
mouth. The goalkeeper defends this in

the same way that the bats defend their
court in the other games. The player
has a second man on the field for soccer
— the forward. This man will act like a
bat when faced with a ball moving
towards his own goal — the ball reflects
towards his opponent’s goal — but when
the ball is moving in the right direction
(towards his opponents side) the ball
passes through him. However by careful
positioning of the forward ‘the ball can
be made to deflect towards the goal.

4) Tennis: The game of TV Tennis is
widely known and on Selecta-game the
only unusual features are those listed

in the specification.

Output
other channel).

Players’ Controls

Basic Games:
1) Practice
3) Soccer

Game Selection

rifle):
5) Rifle—1

Scoring

Other Features Two ball speeds

Two bat sizes

SPECIFICATIONS — ETI 804

Picture: TV signal on channel 6 (can be set up on any

Sound: Three audio tones indicate hit, bounce and score.
Reproduced from a loudspeaker in Selecta-Game.

Each player uses a single rotary control to position his
bat/men on the screen. In the practice game one control
operates; for tennis, soccer and squash two players each
have a control. For the rifle games a special rifle is needed
{not described in this article).

Other Gamas (these cannot be played without a special

On-screen scoring up to a maximum of 15 points.

Two angles + 20°; or four angles + 20° & + 40°.
Manual or automatic service

2) Squash
4) Tennis

6) Rifle—2

USING YOUR SKILL

With the ‘Angles’ switch at ‘2’ the ball
moves across the screen at + 20° from
the horizontal. When hitting the sides
and walls of the court the laws of
reflection are obeyed. When the ball
hits the bat this isn’t always the case:
a ball hitting the top half of the bat will
leave with an upward trajectory, and a
ball hitting the bottom half of the bat
will bounce downwards. This effect
can be utilised by the skilful player —

when the soccer forward is used to
change the direction of the ball as it
approaches the goal it usually beats
the goalkeeper.

With the ‘angles’ switch at ‘4’ the
game becomes even more exciting. Now
the bat has to be divided into quarters:
starting from the top and working down
the angles of the emerging ball are +40°,
+20°, —20°, —40°. And if you can
cope with that try switching to small
bats and high speed ball! ®

AVAILABLE FROM
ELECTRONICS TODAY
INTERNATIONAL

TEST GEAR'

- metering ond pawer supply prejects
'

adio st 111ve] tamter
41:1!0! daplay
igital vo)teter
sinple frequency cownter

C testers

been edeptor
silent A8 switch
sudio attemator

wiverssl timr

@m0 s

»

TEST GEAR

Metering and power supply projects
including Audio Level Meter,
Impedance Meter, Audio Milli-
voltmeter, Simple Frequency
Counter, Phase Meter, Temperature
Meter, Audio Signal Generator,
Tone Burst Generator, Cross Hatch/
Dot Generator, RF Signal Generator,
Logic Probe.

$3.00 plus 40 cents post and
packaging.

Send orders to:- Electronics Today
International, 15 Boundary Street,
Rushcutters Bay, NSW 2011.

International
3600 and 4600
Synthesizers

v # MODERN M AGA ZINES publication

INTERNATIONAL 3600 AND
4600 SYNTHESIZERS

A totally revised and updated re-
print of ETI’s phenomenally succ-
essful music synthesizer book.
Beautifully printed on heavy art
paper with a sturdy cover varnished
for protection.

Available only from ETI and some
kit suppliers — $12.50 (including
postage and packaging).

Send orders to:- Electronics Today
International, 15 Boundary Street,
Rushcutters Bay, NSW 2011.
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SELECTA-

Many readers have asked us to design a gun project for the Selecta-Game.

However this is not economically worthwhile if designed to our standards. Here

we look at a commercially-available gun and give sufficient details for the

experimenter to build up a similar unit.

SINCE PUBLICATION OF THE TV
game project in November 1976 many
thousands have been built by our
readers. Many of these people have
asked us to publish the rifie circuit for
use with this unit. The trouble with de-
signing a rifle or gun is that it involves
mechanical work and optics. Also the
quantity of light obtainable from the
TV screen is very small and the dif-
ferential between being on-target and
off is very small.

We had therefore decided not to pub-
lish a rifle project but then Dick Smith
gave us a plastic gun which included a
pickup transistor and a lens.

What we have presented here is the
gun and the circuit used in a commercial
unit and it does work. Its limitations are
that it will work only over a short range
{about 1 metre) and the sensitivity con-
trol is extremely sensitive. Due to these
limitations we decided not to present
this as a complete project as we nor-
mally do but we are just printing the cir-
cuit to allow you to decide on your own
means of construction.

If better optics are used longer range
and less critical adjustment should re-
sult,

Modifications

The contro! pots on the Selecta-Game
wear out quickly in continuous use un-
less wire-wound types are used. How-
ever, wire-wound pots of the correct
value are not readily available, so we
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SELECTR-GAME ~

have designed a circuit which will allow
10 k pots {(which are easily obtained) to
be used. This involves modifying the
game to add two transistors, two diodes
and four resistors.

Some of the ICs do not like to

operate on 6 V and as the batteries do
not last long this has proven trouble-
some. Therefore we suggest you use a
9 V battery {or 6 x 1.5 V cells). This
may change the internal adjustment
slightly, necessitating re-alignment.
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Fig 1. Circuit diagram of the gun.

PARTS LIST
TV GUN

Resistors all % W 5%

R1 39k
R2 68 k
R3 39k
R4-R7 68 k
R8 10 k
R9 470 k
R10 1™
RV1 Potentiometer 10 k lin rotary

Capacitors
c1
c2
C3
c4
C5

Semiconductors
Q1

Q2.3

D1-D3

Ic1

* Q1 is part of gun.

100 n polyester
1n0 v

100 n i

4 u? 16 V electro
100 n polyester

MEL 12 *
8C548
1N914

4001 (CMOS)

This is the plastic gun assembly
used in a commercial game. These
guns (including lens and switch,
but not the phototransistor)

are available from Dick Smith
Electronics

26 27
1

IC1
AY-3-8500

12

17

Fig 2. Modified circuit to allow wirewound potentiometers to be used.
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PROUDLY ANNOUNCE

TODAY

Not in age,for our origins go
back further than that,but in
Transformer Voltage Taps.

Yes 21 Voltage Taps!

Just think of the advantages offered by a
single transformer that provides a choice of
21 different output voltages including 3 centre
tapped configurations.

FOR EXAMPLE: TRANSFORMER No. 2155A
VOLTAGES AVAILABLE

100} 1.2,02.0, 2.2,24,,35,,3.2,3.5, 4.41,55.],/5:5;
6.3,7.5,8.5,8.7,9.5, 12.6, 15.0 Volts
2.0VCT,12.6VCT,15VCT

But that’s not all!
With 5 such transformers in our range there
is a choice of output currents as well.

And just in the way of a bonus!

We are able to offer these new transformers
for a price considerably lower than
comparable single tapped units while still
maintaining the high standards of quality for
which we are renowned.

Like to know more?
Just ring your local Arlec branch.

What do we call them?

ARLEC
MULTI-TAP TRANSFORMERS

of course!

A+RELECTRONICS PTY.LTD. itfoan wsoeeromes

A MEMBER OF THE A+R-SOANAR ELECTRONICS GROUP NSW 780281
S AUST ' 516981

QUEENSLAND: 525421
30 Lexton Road. Box Hitl Vic_ 3128, Australia Telex 32286 w AUST - 81 5500
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The ‘personal communications’ magazine
to suit everyone from Mr/Ms Average
to the hard-core

enthusiast. \\k&(
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® THE MOST RESPECTED AND MOST
QUOTED NEWS IN THE BUSINESS
...... and sometimes some
gossip, just for fun!

® EQUIPMENT REVIEWS
...... you can believe us!
® RIG REPORTS
...... informative, authoritative tests!
® ANTENNA EVALUATIONS
...... we do them right!
® NOVICE HAM SECTION
...... expand your horizons!
® SKIP PREDICTIONS
...... DXing? Only in CB Oz!
® “NCRA NEWS"”
...... their official organ!

® TECHNICAL ARTICLES
...... at your level.




Project 239

Breakdown beacon

An essential device for any car owner — this project doubles as emergency flasher
or trouble lamp.

THE BREAKDOWN BEACON IS A
dual purpose device. It stands about
115 mm high and can be used atop a
disabled motor vehicle as a flashing
warning to other traffic — a highly de-
sirable safety device. Alternatively it can
be used as a non-flashing trouble light
for finding and fixing faults at night. Its
three rubber-sucker feet will hold it to
the roof of a car, to the underside of a
bonnet, or to any other convenient flat
surface.

The circuit operates from the
vehicle’s battery and, as all electrical
parts are isolated from the metal case,
the same circuit can be used for cars
with either negative or positive earth
wiring systems. The beacon is fed from
a plug pushed into the cigarette lighter
socket — however as this plug is
polarised, a beacon with a plug for
negative earth cannot be used in a car
with opposite polarity unless the plug

connections are reversed. Inside view of the

completed unit Note

CONSTRUCTION the plastic disc used
The nicest thing about the construction  to replace the normal
of this project is that first you have to airtight seal of the jar.

eat half a pound of jam, in order to get
the empty glass jar for the lamp housing.
Other, less tasty, good jars about 70 mm
dia. and 70 mm high with a twist off
cap would do. You’'ll need also a round
tobacco tin about 75-80 mm dia. and

30 mm high with a twist off cap. These
two parts make up the case.

First solder the lids of the jar and the
tin together, concentrically — outside to
outside. Then before fitting the batten
lamp holder fit the lamp to it and check
that it will fit inside the jar when the
jar is screwed into its lid. If it will, then
mount the lamp holder by three bolts
through both lids. Two of these bolts
should be longer than the third as they
will carry a piece of Veroboard. If the
jar is slightly too short to accept the
lamp holder and lamp — as was the case
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Breakdown beacon

PARTS LIST — ETI 239

R1 Resistor 4k7 % watt

R2 " 47k "

R3 " 4k7 "

R4 o8 68 o

R5 " 1k "

RV1 Preset pot 50k

(o} Electrolytic capacitor 10 UF at
least 15 volts

Qt Transistor PNP BC 178 or similar

Q2  Transistor NPN T P33A orsimilar

SW1 small on/off slider switch, single
pole

Lamp 12 volt automotive lamp 15
candlepower double contact cap.

Lamphoider — to suit iamp, batten
mounting, double contact bayonet
catch type. (This is an electricians
line not an automotive line. They
are used for pilot lamps).

Tobacco tin, jam jar, or similar. Nuts
and bolts, hook up wire.

Lead to battery — 7 m speaker extension
lead.

Cigarette-lighter plug.

1 ?2 10
+12v
%;‘\’/V"’ LIGHTER
15C.P. HLEG
DOUBLE
CONTACT
AAMA——§ BAYONET
CAP
C
Q2
TIP33A
(3
y O

Circuit diagram of the Breakdown Beacon.
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TO LAMP
_TO SW ANO
e~ BATTERY+Ve

3
-

(3]
L 3=

B
COPPER STRIPS
RUN LEFT TO RIGHT

10}

TO LAMP

HOW IT WORKS

The circuit is an oscillator of a not very
common type. It is not a multivibrator
as both transistors conduct at the same
time rather than alternately as in a
multivibrator. Most ‘explanations’ of this
type of circuit state that the circuit
oscillates by a regenerative action from
Q2 to Q1. This doesn’t really explain
how it works, so perhaps the following is
a little clearer.

The setting of the pot RV1 is such that
when power is first applied Q1 is turned
on slightly. By varying RV 1 the circuit
can be made to ‘lock’ with the tamp on
or off. In between these extremes the
circuit oscillates. The setting of RV1 is
not critical.

As said above, when power is applied
Q1 turns on slightly. Current through Q1
feeds into the base of Q2 and turns it on.
Capacitor C charges through R1, R3 and
Q2. This increases the current through
R1 and so lowers the voltage at the base
of Q1 thus turning it on harder — hard
enough to turn Q2 full on and light the
lamp.

As C charges, the voltage at the base of
Q1 rises and so tends to turn Q1 off,
thus reducing the base current in Q2 and
hence the current through the lamp. This
increases the wvoltage across Q2 quite
rapidly. As the voltage across the
capacitor cannot be changed rapidly, the
increase of voltage across Q2, i.e. the
voltage change at the collector of Q2, is
transferred through the capacitor to the
base of Q1 — so turning it off. This turns
Q2 hard off. The voltage at the collector
of Q2 then rises rapidly to 12 volts, so
the voltage at the base of Q1 is forced up
through capacitor C, turning Q1 hard
off.

Capacitor C then discharges round R1,
the lamp, and R3 until, when fully
discharged, Q1 turns on slightly and the
cycle is repeated.

The switch SW1 {(connected across Q1)
is used to disable Q1 and so give a steady
light when SW1 is closed.

COPPER SIDE

A

B ONE CUT AT 87

ONE CUT IN
COPPER AT B7

TO BATTERY —Ve

Only one break in the Veroboard copper pattern is required — as

shown in this diagram.




in the prototype — then cut a hole for
the lamp holder through both lids, and
fit the lamp holder so that its flange
finishes up inside the tobacco tin.
Spacing washers may be added if neces-
sary. Again the lamp holder is secured
to the lids with one short and two long
bolts.

The electronic part of the beacon is
constructed on 0.1 inch matrix
Veroboard 45mm x 36 mm. Only one
break needs to be cut in the copper
strips — between the two leads of
capacitor C. Only the outer legs of
RV 1, which is a medium size
preset, are passed through the
Veroboard. The centre leg is connected
to either outer leg abnve the board and
the excess cut off. Note that all resistors
except RS are vertically mounted. The
upper end of R4 is soldered straight on
to the base terminal of Q2, and the
upper end of R3 is soldered straight on
to the collector. A wire is also run from
the collector terminal of Q2 through
the board to the strip below it.

Another wire is run from the emitter
terminal of Q2 to the negative rail which
is the copper strip just below.

The Veroboard is mounted into the
case below the lamp holder, using two of
the tamp holder mounting bolts.

The switch SW1 is mounted on the
bottom of the tobacco tin where it is
out of the weather. The switch must be
positioned such that it does not clash
with the components on the Veroboard

when the tobacco tin is screwed together.

The long twin-lead to the battery is run
through the bottom of the tin (to pre-

vent moisture entering) and connected
to a cigarette-lighter plug taking care to
wire with a polarity to suit the car
system (positive or negative earth).
Speaker extension lead is good for this
purpose as it has polarity marking.

It is likely that the operation of solder-
ing the two lids together will have de-
stroyed the air-tight seals in the jar and
tin; they should be replaced with a
disc in the tin and a ring in the jar cut
from fairly heavy plastic sheeting.

TESTING

Before connecting up make sure that
switch SW1 is open — otherwise the unit
will not flash.

Connect the unit to the battery by
inserting the plug into the cigarette
lighter socket. It may now be found
that RV 1 needs some adjustment to
make the circuit operate correctly, so
don’t be disappointed if the lamp does
not light at first or alternatively, stays
on all the time. The flashing rate may
be altered by changing either C or R3 if
thought necessary. About 70 to 100
flashes per minute is right.

The value of R4 shown in the circuit
was selected to suit the transistor Q2
used in our prototype. If the lamp
lights at less than full brilliance then R4
may be reduced until Q2 saturates and
the lamp is turned on fully.

USE

The illustration shows the prototype
with a clear glass ‘lens’. This is ideal
when the beacon is used as a trouble
light — turned permanently on. However,

The completed board.

if itis thought desirable to have an
amber or red colour when the beacon is
flashing, then it is a simple matter to
make a sleeve of suitably coloured
material to be dropped inside the jar.

A simple inexpensive project with an
intriguing circuit — and it may save you
a lot of trouble! Make one.

designers.

Full kit includes pre-punched
case, nuts, screws, rubber
grommets, etc. Available ex
stock direct from the

ELECTRONICS

digital tacho kit

ETI 318

Also available:

Transistor assisted ignition kit
ETi 316, as a full kit. See ETI
May ‘77 for details.

10 Stafford Court,
Doncaster East. Vic. 3109
Box 19, Doncaster Esst, 3109

MELBOURNE W ED(RCBEE
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SIMPLE LOUDNESS
CONTROL

This circuit, intended primarily for the experimenter, enables basic loudness control to be added to

simple amplifiers.

C1 0.0033uF
I I R3
INPUT
31 R1

R2 R4
15k 15k

ca
0.001uF
c2 c3
0.033uF o.osau?r

Fig. 1.

OUTPUT

THERE YOU ARE, sitting in the
lounge room enjoying Beethoven’s
Fifth. All of a sudden your enjoyment
is shattered by complaints — the music
is far too loud, the neighbours five
doors up the street can hear it and the
kids can’t get to sleep. So reluctantly
you turn the volume down — only to
find that the music just doesn’t sound
the same, the bass has dropped-off
badly and even the treble seems to be
down.

It is to cater for situations like this,
that amplifier manufacturers include
‘loudness’ controls.

‘Loudness’ is a subjective evaluation,
primarily a function of a sound’s
intensity, but also strongly influenced
by frequency. The keyword is of
course ‘subjective’. That is the
résponse of the ear is non-linear —
both to changes in sound leve! and also
frequency.

This is best understood by reference
to the standard curves for the average
ear. These curves, due to Robinson
and Dadson, are now generally
accepted as being more accurate than
the classical ones generated earlier by
Fletcher and Munsen (after whom the
effect is called).

In essence, loudness controls
compensate for the Fletcher Munsen
effect, producing what is generally
(but by no means universally) agreed
to be a subjectively more pleasing
sound at low listening levels.

Loudness circuits do this by
progressively boosting bass — and to a
lesser extent treble — as volume is
reduced.

The objection to loudness controls is
that the effect is totally artificial — as
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one moves further away from an
original sound source bass and treble
will be attenuated more than midrange
sounds. So if your penchant is
listening to orchestras a hundred
metres or so away then loudness
controls are not for you!

Nearly all modern high quality
amplifiers have loudness controls built
in. In most instances they are
manually switched into circuit when
required — in a few amplifiers the
circuit is switched in at all times.

Nevertheless there are innumerable
older or present-day low-priced
amplifiers that are not fitted with
loudness compensation — and it is for
units such as these that this simple
project has been designed.

The device shown in Fig. 1 is for a
mono amplifier — two are required for
stereo amplifiers. It can be very simply
assembled on tag strips or matrix
board, and, when completed
connected between your pre-amplifier
and main amplifier. If yours is an
integrated unit it should be readily
possible to break into the volume
control circuit — just connect the unit
in series with the slider terminal of the
potentiometer. Screened leads may be
necessary if long lengths are required.

Wg-would like to emphasize that this
is a ‘compromise’ circuit. ldeally a
loudness control must be designed
specifically to suit the amplifier for
which it is intended. Also the degree
of loudness compensation should be
related to the volume control setting.

This latter requirement involves
replacing the existing volume control
by a suitably tapped potentiometer —
a device that is not readily available
"off the shelf”’ — so the circuit shown

PARTS LIST
R1 15k 5% %W
R2 15k 5% %W
R3 15k 5% %W
R 15k 5% WW
Cl  0.0033

¢4 0.001UF
SW1 DPDT Toggle Switch

here introduces a fixed amount of
compensation that is adequate for
moderate listening levels.

This circuit will suit most amplifiers
quite well — and in any case can be
adjusted by minor wvariation of
component values if required.

Switch SW2 should be a double-pole
double-throw type if stereo operation
is required.

Don't let this
happen to you!

Read
Electronics Today

We build our projects and test
them. We take out the tangles.



PROJECT 539

New 240V design offers toggle
action and complete safety.

TOUCH SWITCH

TOUCH switches are fascinating
devices and have been in use for many
years in lift controls. The circuit used
in lifts usually consists of a
high-frequency oscillator which has a
touch plate connected to the tuned
circuit. When the plate is touched the
additional capacitance introduced
either detunes the oscillator thus
changing the frequency, or couples the
oscillation info the detector and
switching circuitry. This approach,
whilst effective, is very expensive and
thus touch switches of this type are
not widely used.

Most of the touch switches published
in electronics magazines to date have
required the sensing element actually
to be touched — usually via a series
resistor of about one megohm or
higher. Such circuits rely on body
resistance to activate the switch, and
are therefore not safe for use in
controlling devices operated on 240
Vac.

In the touch switch described in this
project,it was specified that the action
of the switch should be touch-on
touch-off and that no actual contact
with the circuit be made (for safety
reasons). These constraints led us to
use a capacitive circuit. The touch
plate is in effect a capacitor. When this
plate is touched, the input of the first
stage is capacitively referenced to
earth, however as the supply rails to
the control circuit are floating at
rectified 240 Vac the 50 Hz waveform
effectively appears at the input of the
control circuit and initiates the switch
action. The actual contact plate is a
piece of single-sided printed-circuit
board arranged so that the non-copper
side is touched — the copper on the
other side is connected to the control
circuitt Thus a full 1.6 mm of

insulation is always between the user
and the circuitry at mains potential.

CONSTRUCTION

A touch switch may be constructed
(and used) in many different ways. It
may be mounted within the base of a
lamp; fitted onto a conventional
switch-plate to control overhead lights;
or mounted in a piece of electronic
equipment. It is however unlikely that
the switch would be used as a separate
unit and for that reason housing
details have not been provided.

As stated above the touch plate is
constructed from a piece of
printed-circuit board as detailed in the
drawing. The touch-plate need not be
exactly as shown but can be any
convenient shape or size. However
make sure that the copper surface of
the plate cannot touch any of the
external metal surfaces and that it
cannot be touched by the fingers. If
the unit is to built into a lamp that has
a plastic base a piece of aluminium foil
may be glued to the /inner surface of
the base to act as the pickup plate.

If the plate is too large or the lead

connecting it to the circuit too long,
stray capacitance to ground may be
sufficient to prevent the switch
operating. |f the lead is more than
about 50 mm long shielded cable
should be used (shield connected to '0*
volts not to ground). If alarge plate is
used the gain of the first stage should
be reduced by changing the value of
R2. (Try 3.3 M first and if this is not
effective try 1 M).

The circuit given in the main circuit
diagram supplies the load with
pulsating dc and is therefore suitable
to drive resistive loads (such as light
globes) only. If an inductive load must
be supplied the slightly more complex
alternative circuit (shown in the insert)
must be used. In this circuit the load
must be inserted in the neutral lead if
the switch is to operate correctly.
Thus it is essential to ensure that the
active and neutral are connected

correctly. To make the changes
required for inductive loads it is
necessary to instal a link between

D4/D6 and the anode of the SCR. The
resistor R11 is removed from the
board and D8 and the new R11 are
glued to the board with epoxy cement.

Mode of Operation
Triggering Mode
Power

*alternative circuit for load.

SPECIMCATION

touch-on, touch-off
capacitance

450 VA resistive
450 VA inductive®
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MUST BE ISOLATED FROM THE
MAINS TO PREVENT DAMAGE

ARE CONNECTED TO THE MAINS
AND PERSONAL INJURY.

AND MUST BE CONSIDERED

DANGEROUS.
ANY TEST EQUIPMENT USED

Circuit diagram of the touch switch.

PARTS LIST — ETI 539

R1,34,

5,6 Resistor 1M 5% %W
R2 o oM *
R78,11 “ 100k "
R9,10 " 220k "
R12 " 47« "
C1,2  Capacitor 0.068uF

Polyester
c34 " 0.0047uF
Polyester
C5 " 22uF 10V
electro
D1-D3 Diode 1N914 or similar
D4-07 " EMA404 or similar
ZD1 Zener Diode 6.2V 400mW

1IC1 Integrated circuit 4049 or

4449 (CMOS) (do not use Philips
ICs or the 4009)

Note: 1C1 4049 must be an ‘A’
seriesdevice. Do not use a40498.

47k 1W add D8 — EM404.

SCR C106D
it is recommaended that a 2k2
half watt resistor be fitted
between gate and cathode of the

PCB ETI 539

Case to suit

For inductive loads change R11 to

r ______ |
1
i g
1 -
: la—| SURFACE
| |
| |
[ 4
TOUCH SURFACE
PC BOARD
[ o L — |
COPPER’ ULl

We constructed our touch plate from a
50 mm square piece of printed-circuit board,
The board was etched to leave a 25 mm
square section of copper in the centre. See
text if different sized plate or long connecting

lead is to be used.
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TMK MODEL VF-5
0-1.25-2.5-10-50-250-1,000V at
20,000 ohms/V 0-10 -50-250-
1,000V at 9,000 ohms/V.
0-50uA; 0-10-250 mA; 0-10:
0-5-50-500K, 0-5 M (64-640-
6.4K at centre) 0.0005-0.2uF
(AC 50V range) 0.005-1uF (AC
10V range) —15 to +22db.
(Odb = 1mW in 600 ohms)

TMKMODEL TP-5SN
0-0.5-5-50-250-500-1,000V at
20,000 ohms/V: 0-10-50-250-
500-1,000V at 8,000 ohms/V:
0-50uA; 0-5-50-500mA:0-10-
100K, 0-1-10M (60-600-6 K-6 0K
at centre) 0-0.001-0.1uF: —20
to +36db. (Odb = 1mW in 600
ohms) diodes UM-3 (1.5V) 2
ea: 93 x 133 x 45mm: 420 grs:

TMK MODEL PL-436
0-0.6-3-12-30-120-600V at
20,000 ohms/V: 0-3-30-120-
600V at 8,000 ohms/V: 0-50
uA; 0-0.60-600mA: 0-10-100K,
0-1-10M: (60-600-6K-60K at
centre) —20 to +57db. (Odb =
1ImW in 600 ohms) diodes
UM-3 (1.5V) 2 ea: 150 x 118

X 60mm: 410 grs: 1 pair test

TMK MODEL 500
0-0.25-1-2.5-10-25-100-250-
1,000 at 30,000 ohms/V: 0-2.5
-10-25-100-250-500-1,000 at
15,000V: 0-50uA; 0-5-50-
S500mA; 0-12A: 0-6-60K, 0-6-
60M (35-350-35K-350K at
centre) Bullt in: —20 to +56db.
(0db = 1mW in 600 ohms):

dlodes and fuse UM-3 (1.5V)
1ea: W-10(15V) 1 ea: Capacitor
in series with AC volt ranges:
110 x 160 x 60mm: 630 grs:

1 pair test lead.
INCLUDING TAX $42.32

diodes and fuse UM-3 (1.5V)
20a:95x 145 x45mm: 350 grs:
1 pair test lead.
INCLUDING TAX $31.20

1 pair test lead.
INCLUDING TAX $30.46

mgi.u DING TAX $32.94

SEMICONDUCTOR
MODEL 108
NS108 FEATURES
Ten-digit liquid crystal display shows full
10-digit mantissa or 8-digit mantissa and
2-digit exponent plus sign. Display
prompting alpha characters below the
mantissa signal the calculator mode:
“X10'" helgs interpret scientific notation.
“DEG", "RAD'", or “GRAD indicates
the angular mode. ""HYP' indicates
hyperbolic mode. *'E'’ and "Eout"
shows while performing statistical
summations and the pendln? nature of
the problem. "F’’ or “2nd"’ indicates
secondary function of double function
key will be selected. Direct access
accululating memory: M + M —, MR,
Memory store, Memory-Display

FLUKE 8020A

Specifications:— Sensitivity: 3%
Digit Liquid Crystal Display (10
Maeg all ranges): Dimensions: 180 x
86 x 45mm; Power Requirement: 9
VoIt Battery e.g. 216 Eveready
(Further information available upon
request).

SINCLAIR PDM35
Specifications:—
Sensitivity: 3% Digit
LED Display (10 Meg
Input DC): DC Vol-
tage: 1MV to 1000V
(Four Ranges): AC
Voitage: 1V to 500V

INCLUDING TAX $205.28 (40 Hz-5kHz2): DC exchange. Two levels of parenthesis.
Current: 1 MA to Trigonmetric and logarithmic functions,
200 MA (Six Ranges): inverse trig and log, hyperbolic functions.
Resistance: 1 ohm t N Algebraic logic. Statisticat functions:
ance: 1 o o three accessible, accumulatl‘pg memories
20 Meg ohms (Five for summations. Sum X, X<, and n.
Ranges): Dimensions: Calculates mean and standard deviation,
153 x 76 x 39mm; adding to and subtracting from the
Power: 9 volt Battery summations at wlii. Separate keys for
e.g. 216 Eveready) permutations and combination
RAPAR NellETRe calculators. Mode selection in degrees,
MODEL ub $61.89 radians, or grads Rectangular/polar
200H TAX o coordinates. Degrees, minutes, seconds.

Square, square root anf factorial X!
Reclprocals, powers and roots. Integer/
fraction isolation. Degree, radian, grad
conversion. Complete with vinyl biil-
fold style carrying case and 3 silver
oxide batterles.

$45.90

20K ohms/V DC: 10K ohms/V AC:

DC Volts: 5,25,125,500, 2.5K: AC Volts:
10,50,250,1K: DC Current: 0-50uA,
0-250MA: Resistance: 0-50K ohms, 0-5M
ohms: Decibels: —20 to +22dB.
INCLUDING TAX $15.45

INCLUDING TAX
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HOW IT WORKS

POWER SUPPLY

The 240 Vac is rectified by diodes
D4 to D7. The output of the diode
bridge is then reduced, smoothed and
regulated to 6 volts dc by R11, ZDI
and C5. The load is connected after
the rectifier and has power switched
to it via the silicon-controlled
rectifier, SCR. Note particularly that
the load is supplied with pulsating dc
and therefore the type of load used
with this circuit must be resistive, for
example, an incandescent lamp. For
inductive loads such as transformers
etc, the load circuit must be modified
as shown in the small diagram.

DETECTOR

The detector is formed by one
section of a CMOS hex inverter,
ICla, in which the gain is set by the
ratio of R2/R1. The touch plate is
connected to the input of the
detector and touching it effectively
adds a capacitor to ground. However
the ‘0’ volt line (due to the diodes D4
to D7) when referenced to ground is
effectively 50 Hz 240 volt rectified.
The touch plate capacitance
introduced therefore couples this
waveform into the input of the

Printed-circuit board layout for the touch switch. Full
size 68 mm by 68 mm.

detector and over-drives the amplifier
so that the output is a 50 Hz
squarewave. If the plate is not
touched the capacitance is very much
lower and hence the output of the
amplifier is very much lower in level.
The sensitivity may be altered by
changing the value of R2 (lower value
gives less sensitivity).

LEVEL SHIFTER

The output of ICla is centred about
3 volts, and Cl, R3 and IClb are
used to provide level shift such that
the output of IC1b is normally high
at +6 volts until the plate is touched.

When the plate is touched the output
of IC1b oscillates between +6V and
0V at a 50 Hz rate. The hex-inverter
IC has diodes internally which
connect each input to ground. Thus
these diodes prevent the inputs from
being driven below —0.6 volts.

PULSE STRETCHER

The 50 Hz output from IC1b is not
in a convenient form and must be
converted into a signal which is only
high and stays high whilst the plate is
touched. This is performed by a pulse
stretcher and inverter consisting of
IClc together with R4 and C2. The

ETI539 o

PG

DANGER 240

sl

output of IClc is normally low and

goes high and stays high whilst ever
the plate is touched.

FLIPFLOP

To meet our mode of operation
requirement the circuit needs to be
held on after the finger is removed
from the plate and only switched off
when the plate is touched a second
time. Thus a toggle action is required
and this is obtained by incorporating
a flip flop formed by IC1d and ICle.
Cross coupling of gates normally
provides an RS flip flop which may
take up any state if both inputs are
taken high together. For this reason
the capacitors, resistors and diodes at
the inputs to the flip flop are used to
provide steering logic to ensure that
carrect toggle action is obtained.

BUFFER

To prevent loading the flip flop,
and because a spare section of the
hex inverter is available, a buffer
amplifier is inserted between the flip
flop and the SCR. The SCR used is a
C106D which is a sensitive gate type.
This particular SCR will operate
reliably with the 1 mA gate current
provided. The SCR specified should be
used — don’t try substitutes.

INPUT

How the components are positioned on the board,



WELLER SP40D
240 volt 40 watts

$1

TAX
EXEMPT

A7

WELLER 8100DK

Instant heat soldering gun,

240 volt, 100 watts.

TAX EXEMPT

$22.82

LAR - 12 Volt Mini-Drill & Accessories

o diameter: 33m
e weight: 160g

e length: 150mm
e torque: 105 cmg
°

chuck size: 1/10 to

2.5mm

WELLER
WTCPN
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Slide Switch(4
Selector Switch(1

o

LAR 12 Volt Drill only

LAR 12 Volt Drill with
set of 10 Acc.

LAR 12 Voit Drill with
set of 30 Acc.

LAR Drit Stand

LAR Flexible Driveshaft

RAPAR TR-1

& A&B.
INCL. TAX

Type Switch (2)

Complete Unit

55.35

All spares &

accessories available

from stock.

TRANSISTOR TESTER
Measurement of general
and high power transistors
and diodes. Measures ICO

$29.33

MODEL 14
Miniature 12V,
12 W Soldering

i
. $8.16

exempt

|
|
|
ﬁ PARTS "
|
GROUP
COMPREHENSIVE CATALOGUE ‘ o
A FULLY ILLUSTRATED REFERENCE BOOK | / o
WITH MORE THAN 12.000 LINES DESCRIBED IN DETAIL /

THE CATALOGUE PRICE MAILING SERVICE

Over many years we have developed an effective computerised price service and
catalogue which has become the reference book for the electronics trade. Order your
copy now and increase your product knowledge and efficiency.

For your annual subscription of $20 you will receive:—

B 4 ILLUSTRATED CATALOGUE SECTIONS

| A NEW HEAVY DUTY, LONG LASTING SILVER POLYPROPYLENE COVER
FITTED WITH A MAGAZINE HOLDER WITH 6 METAL RODS FOR EASY
INSERTION OF EACH SECTION AND PRICE LIST.

® UP-DATED COMPUTERISED PRICE SERVICES.

® MONTHLY SPECIALS LISTS, MANUFACTURERS SURPLUS STOCK OFFERS
AND THE LATEST INFORMATION ON NEW PRODUCTS.

B CURRENT VALVE AND SEMI CONDUCTOR AVAILABILITY LISTS.

Prices listed above are current at printing date but are subject to change
without prior notice.

To:
Radio Parts Group, L} boankcard
562 Spencer Street, West Melbourne (02) 329-7898. weicome here

1103 Dandenong Road, East Malvern (03) 211-8122.

Please send me

cheque [:]
Or please debit my Bankcard — Number

$1 P&P in Aust. Outside Aust. freighton . . . . ... ..........
Write for our comprehensive Semi-Conductor price list.

{ am enclosing

Signature: . . . . . L L e e e e e e e e e e e e e e e e e e e
Name:



m PROJECT 232

COURTESY LIGHT
EXTENDER

Car interior light stays on briefly after the door is closed

ALL MODERN CARS are fitted with
door-switch operated courtesy lights.
Useful devices, but not quite as useful
as they might be because they are so
arranged that the light is extinguished
as soon as you close the door — just
when you need light to find the
ignition switch, do up your seat belt
etc. How much better if the internal
light stayed on for a few seconds after
the door is closed.

This little project does just that. It
provides a four-second delay (approx)
after which the interior light
slowly dims — being finally
extinguished after 10 or 12 seconds.

The unit is very simple to construct
and once tested and properly insulated
it may be wired across one of the car

HOW IT WORKS

Most car door switches are simply
single-pole switches, with one side
earthed. When the door is opened the
switch earths the other line thus
completing the light circuit.

In a car where the negative terminal
of the battery is connected to the
chassis the negative wire of the unit
(emitter of Q2) is connected to
chassis and the positive wire (case of
2N3055) is connected to the wire
going to the switch. In a car having a
positive earth system this connection
sequence is reversed.

When the switch closes (door open)
C1 is discharged via D1 to zero volts
and when the switch opens Cl
charges up via R1 and R2. Transistors
Q! and Q2 are connected as an
emitter follower (Q2 just buffers Q1)
therefore the voltage across Q2
increases slowly as C1 charges. Hence
Q2 acts like a low resistance in
parallel with the switch — keeping
the lights on.

The value of C1 is chosen such that
a useful light level is obtained for
about four seconds, thereafter the
light decreases until in about 10
seconds it is out completely With
different transistor gains and with
variation in current drain due to a
particular type of car the timing may
vary, but may be simply adjusted by
selecting C1.
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door switches. In operation, after a
short delay the lights will gradually
dim until they are completely
extinguished. There is no battery drain
in the off-state as the unit only
operates during the delay period after
the door is closed.

CONSTRUCTION

In our prototype, as shown in the
photograph, all the components are
assembled directly onto the 2N3055
transistor. This only requires two
“mid-air’’ joints to be made.

After checking that the unit works
correctly the assembly may be placed
in a small plastic pill box which is then
filled with epoxy. Alternatively merely
wrapping the unit in insulation tape
will be sufficient.

Due to the fact that the 2N3055
only conducts for a few seconds every
so often, a heatsink is not required for
cars fitted with a single lamp courtesy
light. If your car has more than the
usual amount of interior lighting
operate the unit a number of times in
fairly quick succession. Then, if the

R1 +VE

2N3055 gets too hot to touch, use a
small piece of aluminium as a heatsink.
This need should however be rare. @

PARTS LIST
ETI 232

resistor 15 k ¥ watt 5%
_t 820 ¥ watt 5%

capacitor 47LF 16 volt
electrolytic

diode EMA401 or similar

transistor 2N3638 or similar
" 2N 3055




Project 317

REV. MONITOR -
COUNTER

This design uses lights to indicate the upper and lower limits of ideal rev

ranges, and also includes an optional analogue tachometer.

WE HAVE HAD many requests to
publish the design of a digital tacho-
meter for use in cars. However, a
couple of factors make this less than
a practical proposition.

The most important drawback is
difficulty of reading the digital display.
Many cars can rev out over a 5000
rpm range in less than two seconds;
even with 100 rpm resolution this
would have the second digit changing
every 0.04 seconds.

Additionally, the simplest design
principle — counting the number of
pulses from the distributor over a
period of time — would not offer
acceptable resolution for a reasonable
sampling rate. On a four-cylinder car,
a two-digit readout, i.e. 100 rpm
resolution, calls for a sampling time of
0.3 sec, while 3 sec is needed for a
three-digit readout.

Analogue meters are easier to read
but may be a little sluggish with cars
which can rev out quickly in first gear.
We therefore decided to design an
analogue tacho and add three indicator
lamps to give an instant indication or
warning of engine speed. One of these is
on below a set rpm indicating that the
motor is below the ideal minimum, a
second which is on between certain
limits indicating the working range of
the engine and the third comes on above
a set rpm indicating too high an engine
speed. All the limits are adjustable and
by overlapping the limits five bands of
engine speed can be indicated.

Where the vehicle is already fitted

with a tacho, or one is not wanted, the
lights can be used by themselves. This
reduces the cost considerably, while the
lights still give an indication of engine
speeds and when to change gear.

Construction

The electronics can be assembled on
the printed circuit board with the aid
of the overlay in Fig 3. Due to the
number of components, the use of
the printed circuit board is recommen-
ded. The value of R4 should be selected

from Table 1.
The mechanical arrangment for the

lights and meter we have left to the
constructor as variations in style
required make it difficult to give any
details.

Adjustment

The potentiometer RV1 should be
adjusted to give stable readings over the
entire rpm range. Calibration of the
meter is done by RV2 and this should
be done against a known instrument.
The lights are adjusted by RV3, RVE,
RV4 and RV5 (from the lowest to the
highest limit) to whatever levels are
required.
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REV. MONITOR - COUNTER
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Fig. 1. Circuit diagram of the rev. monitor - counter.
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How It Works — ETI 317

The pulses from the spark coil are used the output of the comparator will high.
to trigger a 555 timer IC1. This is The output of the LM339 is an open
connected as a monostable where the collector transistor and can only sink
pulse width is 1.1 x R4 x C2 seconds. current and therefore appears as an
Pin 2 is normally at about 4 volts and open circuit when high.
the input pulse causes this to drop to The outputs of IC2 control the
less than the 2.7V trigger point. The transistors Q1 to Q4 which handle the
supply voltage for this IC is regulated current required by the lamps. If the
to 8.2V by ZD1. The output of this IC pm is below the lower limit Q1 and
is a positive pulse on pin 3 and this is Q3 will be on lighting LP1 but as Q2
used to drive the meter to give a is oft LP2 will be off. Above the first
readout of rpm. limit Q2 wili be turned on and so LP2.

The output is also filtered by R7 Above the next limit Q1 and LP1 will
and C3 to give an output voltage which turn off, above the next Q4 and LP3
is proportional to rpm. IC2 is a quad will turn on, and finally when the
comparator which compares this upper limit is reached Q3 will turn off
voltage with four preset levels. If the LP2 leaving only LP3 on.
input voltage is lower than the set level Fig. 2. Printed circuit layout.

Full size 80 x 75 mm. )
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v PARTS LIST — ETI 317
Resistors all ¥W 5% Capacitors
R1-R3 10k C1,2 47n polyester
R4 see table 1 Cc3 10u 16V electro
R5 180 Cc4 100n disc ceramic
R6 4k7 * Cs 100u 16V electro
R7 10k Cc6 100u 25V electro
R8 5k6 Semiconductors
R9 3k9 1C1 555
R10 2k7 1C2 LM339
TO POINTS R11 10k Q1 8D139
—_——
o R12 e Q2 8D140
« R13 10k Q3 8D139
R14 6k8 Q4 8D140
‘ R1B17 2k D12 1N914
R18 3290 ZD1 8.2V 300mwW
Miscellaneous
5 Re® A PC board ETI 317
o« LP1-LP3 12V lamps {max. 260mA)
Potentiometers Meter TmA FSD *
RV1 1k trim
RV2 Sk trim * * Delete if tacho is not needed.
RV3-RV6 10k trim

TABLE 1
Value of R4 Number of cylinders
Max. RPM 4 6 8
= +
. - 5000 100k 68k 47k
Fig. 3. Component overiay. Note the iink TO METER 6000 82k 56k 39K
between RV4 and RVE. This link is on the 3ok
ide of the pc board. 7000 68k 56k
coppereE ' 8000 68k 39k 33k
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AUTO-AMP

Boost portable radio output in your car.

PROJECT
314

———O+v
R1 E
c 10k c2
25 uF
2v_[+
INPUT T
D —— c3
“To.033 uF
F
>4 Oov

Fig. 1. Circuit diagram of the booster amplifier.

MOST portable radios and cassette
players have a power output which
seldom exceeds 100 milliwatts. Whilst
this is entirely adequate for normal
listening, many people find that it is
entirely inadequate when such
equipment is used in a car. There the
extremely high noise level effectively
drowns out such radios and one is left
with the choice of buying a proper
(and quite expensive) car radio, or, of
forgetting about the whole deal.

However this problem can be
overcome by using a small
booster-amplifier to provide the

additional power required. Such an
amplifier should be powered from the
12 volt car supply and should accept
an input from the earphone, or
external speaker socket of the radio or
cassette player.

The ETI booster amplifier has been
designed to suit such applications and

*IC1, IC2 LM380
1 PIN3,45,7,10,11,12

uses the inexpensive LM380 ICs. Two
ICs are connected in a bridge
arrangement which provides an output
of around five watts RMS (12 volt
supply and 8 ohm speaker}). The
amplifier may be used to drive an
eight-ohm speaker permanently
mounted in a suitable position in the
car.

CONSTRUCTION

The components should all be
mounted on a small printed circuit
board (or Veroboard etc) as shown in
the component overlay diagram. If
Veroboard construction is used it is
preferable to mount the ICs, in line,
such that a common heatsink may be
attached to both ICs on each side.
Each heatsink should be at least
25x50mm and be constructed from
copper or tin plate.

PARTS LIST ETI 314

Resistor
”

Potentiometer

Capacitor
”

”

10k %W 5%

2.7 ohm %W 5%
2k2 Trim

1M Trim

0.1uF polyester
25uF 25V electro
0.033uF polyester

IC1, IC2 Integrated Circuit LM380

PC Board ETI 314

* The value of these components may vary for different input

requirements.

ETI 314

©

Fig. 2. Printed circuit board.
Full size 50 x 65 mm.

Two preset potentiometers are
provided for setting up the amplifier.
The preset-volume potentiometer,
RV1 should be adjusted to suit the
output voltage available from the radio
or cassette. Sensitivity of the booster
is such that 5 watts output will be
obtained (with RV1 at maximum
sensitivity) with an input of 50 mV.
This should be entirely adequate as
most radios will provide in excess of
200 millivolts.

The balance potentiometer should be
set for minimum dc through the
speaker as detailed in the ‘How It
Works’ section.

The compactness and simplicity of
the amplifier enable it to be mounted
in any convenient position, eg, even on
the rear of the speaker itself! However,
care should be taken to position it
such that mechanical damage is
unlikely to occur, and that adequate
ventilation of the heatsink is obtained.




TO SPEAKER
HOW IT WORKS - ETI 314

The LM380 is an integrated audio
amplifier which has a fixed gain of 50 o l . A l o
dB and can be connected in either —
inverting or non-inverting mode (ie F B m '
output ‘out of phase’ or ‘in phase’ +H2V . - o
with the input respectively). :

Two of these ICs have been used in POWER
a bridge arrangement which allows a INPUT
higher power output to be obtained fo Y m—
with the low supply voltage (12
volts) available from the car. To do B
this we drive both amplifiers with the
same signal, but connect one for SIGNAL
inverting, and the other for INPUT
non-inverting mode. The speaker is
now connected between them and
thus receives twice the output voltage
that would be available from a single
IC. Fig. 3. Component overlay.

The input required for full power
output is about 50 millivolts. Hence
we have provided an input attenuator
to increase the input requirement to T I

21
7
|

about one volt which will enable
preset adjustment to suit most radios
or cassettes.

We used a trim potentiometer on i
the board to adjust sensitivity such J

that full volume is obtained with the

volume control of the source about

half way up. If desired, a separate I 7 |

potentiometer may be used in place -— | MATERIAL:

of the preset as a volume control. _.l ’ TINPLATE OR
Output voltage of the ICs is about 13 THIN COPPER

half of the supply. However since the 3 N _" |

speaker is direct coupled, any slight i
difference in amplifier outputs will fa-— -3
result in a dc current flow through g

the speaker. Potentiometer RV2 o4 ™
should be adjusted, with the aid of a
multimeter, for zero volts across the Fig. 4, Heatsink (two required) to be
speaker (or minimum current from attached to either side of both IC’s as
the supply). Altematively, if a shown in main picture.

multimeter is not available, make and
break one speaker connection and
adjust RV2 for minimum ‘clicking’

sound from the speaker. SPECIFICATION

POWER OUTPUT
12.6 volt supply 8 ohm load

DISTORTION
12.6 volt, 8 ohm, 1 kHz
at 5 watts 3%
at 3 watts 0.5%

BATTERY TRAP

When soldering leads to AA size cells
(the size used in pen torches) it is most
important to remove the metal disc at
the bottom of the cell, and solder
directly on to the zinc case. These cells
are designed to be wused under

SUPPLY VOLTAGE
Nominal 12 volts

MAX SUPPLY VOLTS

Speaker load
LM380 8 15 volts

16 22 volts
compression, by the spring in a torch,
and they depend on the compression
to ensure good contact between the
metal disc and the cell itself. Without
the pressure — such as when a cell is
soldered into circuit, it's easy to get a
very poor contact or an actual open

SPEAKER IMPEDANCE > 7 ohms

FREQUENCY RESPONSE 0
10 Hz — 100 kHz i3 dB

SENSITIVITY
Maximum (no input attenuator) 50 mV

circuit into 75 k ohm

AJ. Lowe
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roecr s GAR ALARM

12v EXTERNAL KEY
OPERATED SWITCH EITHER SYSTEM
OF SWITCHING
EXTERNAL INTERNA MAY DEARED
SWITCH SWITCH
o—o/._—.‘\o— i
12V —
HORN
14)
iy HORN
N2 ‘U\'W.m BUTTON b
al1) willen
12V GLOBE] v
) NUMBERS IN
OPTIONAL BRACKETS ARE
t\ FOR +Ve EARTH
EARTH
0 :xtl;.ml.tm
SWITCHES IF REQUIRED
Fig. 2

Protect your car with this simple effective circuit.

ONE OF LIFE'S more devastating
experiences is to walk out of your
house in the morning and find that
your car has disappeared!

But this need not happen to you, for
an effective alarm system, as described
here, may be quite easily constructed
and installed at low cost.

The ET! 313 car alarm uses one
single IC and a minimum of other
components. It will, when actuated,
blow the horn at one second intervals,
and will continue to do so until
deactivated by means of a key switch
etc.

The alarm is triggered by any drop in

s12v 3
10- ns o
20— 100 IN914
A1 NOTE.
* [ A1 NOT USED FOR
. ~ EARTH CARS
1 14 R2 NOT USED FOR
L. + EARTH CARS
30 vwl 2 |
b AA 3 12 '
- R3 1 b ]
cs "r 10K 556 JI7 Swe
0.1uF -1 s | = S
-
RV1
gnf 2.2m P 1 8 LIS} RELAY
. h—ob
ﬁ,T l_ D2 0.1uF
4C + —d + 6
_Fg1

52

the battery supply voltage caused by
an increase in loading on the vehicle’s
electrical system. Thus, if a door is
opened, the interior light will be
activated and the increase in electrical
load will trigger the alarm.

This operating principle simplifies
installation, for practically all vehicles
have courtesy lights activated by
switches on at least two of the doors —
and it is a fairly easy task to install
further switches on the other doors if
required.

Both the boot and under bonnet
areas may be protected in a similar
manner — indeed many vehicles have
lights already fitted in these areas, if
not, it is a simple matter to fit them
into the circuit such that they come
on when the boot lid etc is opened.

These lights are of course very useful
apart from their alarm function, but
remember — they must operate at all
times, not just when the ignition is on.

The alarm is sensitive enough to be
activated by anyone pressing the brake
pedal — or even by opening the glove
box (where a lamp is fitted of course).

The unit is designed for use with cars
having 12 volt electrical systems. It
may be used with either positive or
negative earth systems without
modification,

In addition to the power sensing
alarm mode other precautions may be



taken by adding further alarm
microswitches. For example
microswitches may be fitted to the
suspension such that if anyone tries to
lift the car, in order to tow it away,
the alarm will go off. If such switches
are used they should be connected
between terminal 2 or 3 or the alarm
{see Fig 1 and 2), depending on
whether the vehicle has a positive or
negative earth system, and earth.

CONSTRUCTION

Construction of the alarm is
extremely simple and anyone capable
of using a soldering iron should not
have any difficulty. All components,
including the relay, are mounted on a
small PC board as shown in the
component overlay diagram.

Note the polarity of electrolytic
capacitors, the IC and diodes. In

the correct position and with the
correct orientation. When soldering
use a small, light-weight iron and
preferably small gauge solder. Solder
quickly and cleanly. Only apply the
iron for sufficient time to cause the
solder to flow around the joint. These
precautions will ensure . that
components are not damaged by
excessive heat. The unit should then
be mounted ina small plastic, or metal,
box.

Two different switching systems may
be used to enable the alarm. Use either
an external key switch mounted in a
convenient, but not obviously seen
location, or a two way system of
concealed switches — one inside and
one outside. The switch inside is used
to enable the alarm (after opening the
door) and the external one to disable
the alarm before entering the car. This
latter system has the advantage that
anyone watching will not see where
the external disable switch is located.

particular make sure that the
germanium diode D2 is mounted in
PARTS LIST -
"R1,2 Resistor 1k Vawatt 10%
R 8 10k awatt 10%
*R4.5 - 100k Vawatt 10%
*R6 e 1M lawatt 10%
*RV1 Potentiometer 2.2 meg
» C1 Capacitor 25 25 volt
ectrolytic
c2,3 u” l}lF 25 volt
electrolytlc
»C4.5 - 0.1UF polyester
e IC1 Integrated Circuit NE556

ETI1313

‘D1 Diode IN914 or similar

D2 Diode OA95 (must be germanium)

*RL2 Relay 12 voit 280 ohm coil, 6A
contacts. Associated Controls type
E3201 or similar.

PC board ET! 313

SW1 Switch  SPST key operated

sw2,3 SPDT toggle (see text)
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metal or plastic box to suit.

Q
O eti313 4‘

PLEASE NOTE

-When this project was originally published, some constructors experienced incorrect

ON/OFF timing relay latching.

This may be caused by diode D2 in that, in some cases, it does not adequately limit the
reverse voltage generated across the relay This reverse voltage may trigger the IC. This

can be cured in one of two ways.

1. Replace diode D2 with an EM401 or similar. Break the track between resistor R6
and diode D2 and place a second EM401 diode across this break such that its cathode

and the cathode of diode D2 are together.

2. Add a 200 ohm 1 watt resistor between the +12 volt line and the output (pin 9) of

the IC.

HOW IT WORKS

ofthkupﬁwph;qhhm
supply is dependant on the size of
the lamp used but is of sufficient
nmplmdomwith-ulﬂobu.to
trigger an alarm circuit.

The NES56 IC contains two NESSS
timer ICs in a single case. One of the
timer sections is used to detect the
supply spike and to gate on the
second timer which produces a one
Hz output to the relay and horn.

Each timer section contains two
comparators, a LOW comparator set
at 1/3 supply and a HIGH
comparator set at 2/3 supply. These
comparators set a which
provides an output.

When the power is first applied, the
voltage at pin 6 (input to the low
comparator) is initially low for about
half a second whilst C2 charges via
RS. This sets the output of the
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Project 131

General purpose power supply

This versatile general purpose supply produces up to 2.5 amps from zero to 20 volts
— or up to 1.25 amps from zero to 40 volts. Current limiting is adjustable over the
entire range for either output option.

54

POWER
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SPECIFICATION - ETI 131

20 VOLT VERSION
VOLTAGE
Output
Regulation

Ripple and noise

CURRENT
Output

Limit
Regulation
40 VOLT VERSION
VOLTAGE
Output
Regulation

Ripple and noise

CURRENT
Output
Limit
Regulation

0—20 volts
<20 mV (0-2.5A)
< 1mV at2.56A

0-2.5A (up to 18 V)
0—2.0A (up to 20 V)
0-2.5A

<10 mA (0-20 V)

0-40V
<20 mV (0—1.25A)
<1.5mV at 1.25A

0-1.25A
5

0-1.25A
<10 mA (0-40 V)

In both versions LEDs indicate voltage or current modes and the meter

is switchable to read voltage or current.

CURRENT

( ® eti1z1
- g POWER
C SUPPLY

OUTPUT

3 @((. s

|

SRR

AN IDEAL POWER SOURCE

should supply a voltage which is adjust-
able over a wide range, and which re-
mains at the set voitage regardless of
line voltage or load variations. The
supply should also be undamaged by a
short circuit across its output and be
capable of limiting the load current

so that devices are not destroyed by
fault conditions.

Two such supplies have previously
been described in ETI. The first was a
simple supply providing O to 15 volts
at up to 750 mA. The second was a
dual tracking supply providing £ 20
volts at up to one ampere. Both these
supplies have been extremely popular,
especially the simple one, and are still
being built by many people. However
there have been many requests for a
supply having a greater output current
capability than either of these previous
designs could provide.

This project describes a supply that
will provide 2.5 amperes at up to 18
volts (up to 20 volts at lower currents).



Alternately a few simple changes can
make the supply provide up to 40 volts
at 1.25 amperes. The supply voltage is
settable between zero and the maxi-
mum available, and current limiting is
also adjustable over the full range.

The mode of operation of the supply

is indicated by two LEDs. The one be-
side the voltage control knob indicates
when the unit is in normal voltage-
regulation mode and the one beside the
current limit control indicates when
the unit is in current-limit mode. In
addition a large meter indicates the
current or voltage output as selected
by a switch.

DESIGN FEATURES.

During our initial design stages we
looked at various types of regulator and
the advantages and disadvantages of each
in order to choose the one which would
give the best cost-effective performance.
The respective methods and their
characteristics may be summarized as
follows.

The shunt regulator. This design is
suitable mainly for low-power supplies
— up to 10 to 15 watts. It has good
regulation and is inherently short-circuit
proof but dissipates the full amount of
power it is capable of handling under
no-load conditions.

The series regulator. This regulator is
suitable for medium-power supplies up
to about 50 watts. It can and is used
for higher power supplies, but heat
dissipation can be a probiem especially
at very high current with low output
voltages. Regulation is good, there is
little output noise and the cost is
relatively low.

SCR regulator. Suitable for medium

to high power applications, this regulator
has low power dissipation, but the
output ripple and response time are not
as good as those of a series regulator.
SCR preregulator and series regulator.
The best characteristics of the SCR and
series regulators are combined with

this type of supply which is used, for
medium to high-power applications. An
SCR pre-regulator is used to obtain a
roughly regulated supply about five
volts higher than required, followed by
a suitable series regulator. This min-
imizes power loss in the series regulator.
It is however more expensive to build.
Switching regulator. Also used for
medium to high-power applications,
this method gives reasonable regulation
and low power dissipation in the re-
gulator but is expensive to build and
has a high frequency ripple on the
output.

Inside view of the completed 40 volt power supply. Note how the heatsink is mounted to the

rear of the unit,

Switched-mode power supply.

The most efficient method of all,
this regulator rectifies the mains to run
an inverter at 20 kHz or more. To
reduce or increase the voltage an in-
expensive ferrite transformer is used,
the output of which is rectified and
filtered to obtain the desired supply.
Line regulation is good but it has the
disadvantage that it cannot easily be
used as a variable supply as it is only
adjustable over a very small range.

OUR OWN DESIGN
Our original design concept was for

Rear view of the
heatsink showing
how it and the
transistor are
mounted.

a supply of up to 20 volts at 5 to 10
amps output. However, in the light
of the types of regulator available, and
the costs, it was decided to limit the
current to about 2.5 amps. This allowed
us to use a series regulator — the most
cost-effective design. Good regulation
was required, together with variable-
current limit, and it was also specified
that the supply would be useabie down
to virtually zero volts. To obtain the
last requirement a negative supply rail
or a comparator that will operate with
its inputs at zero volts is required.
Rather than use a negative supply
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HOW IT WORKS - ETI 131.

The 240 volt mains is reduced to
40 Vac by the transformer and,
depending on which supply is being
built, rectified to either 25 or 5
Vdc. This voltage is only nominal as
the actual voltage will vary between
29 volts (58 volts) on no-load to 21
volts (42 volts) at full load. The
same filter capacitors are used in
either case. They are connected in
paralie! for the 25 volt version
(5000 uF) and in series for the 50
volt version (1250uF). In the 50
volt version the centre tap of the
transformer is connected to the
centre tap of the capacitors thus
ensuring correct voltage sharing
between the capacitors. This
arrangement also provides a 25 volt
supply for the regutator 1C.

The voltage regutator is basicaily a
series type where the impedance of
the series transistor is controlied in
such a way that the voltage across
the load is maintained constant at
the preset value. The transistor Q4
dissipates a lot of power especially
at low output voltages and high
current and is therefore mounted
on the heatsink on the rear of the
unit. Transistor Q3 adds current
gain to Q4,the combination acting
as a high-power, high-gain, PNP
transistor.

The 25 volts is reduced to 12 volts
by the integrated-circuit regulator
1IC1. This voltage is used as the
supply voltage fér the CA3130 ICs
and is further reduced to 5.1 volts
by zener diode ZD1 for use as the
reference voltage. The voltage
regulation is performed by IC3
which compares the voltage as
selected by RV3 (0 to 5.1 volts)
with the output voltage as divided
by R12 and R13. The divider gives
a division of 4.2 (0 to 21 volts) or
eight (0 to 40 volts). However at
the high end the available voltage is
limited by the fact that the
regulator loses control at high
current as the voltage across the
filter capacitor approaches the
output voitage and some 100 Hz
ripple will also be present. The

output of IC3 controls transistor
Q2 which in turn controls the
output transistor such that the

output voltage remains constant
regardless of line and load
variations. The 5.1 volt reference is
supplied to the emitter of Q2 via
Q1. This transistor is in effect a
buffer stage to prevent the 5.1 voit
line from being loaded.

Current control is performed by
1IC2 which compares the voltage
selected by RV1 (0 to 0.55 volts)
with the voltage generated across
R5 by the load current. If say 0.25
volts is set on RV1 and the current
drawn from the supply is low, the
output of 1IC2 will be near 12 volts.

This causes LED 2 to be
illuminated as the emitter of Ql is
at 5.7 volts. This LED therefore
indicates that the supply is
operating in the voltage-regulator
mode. If however the current
drawn is increased such that the
voltage across R5 is just above 0.25
volts (in our example) the output
of 1C2 will fall. When the output of
1C2 falls below about 4 volts Q2
starts to turn off via LED 3 and D5.

The effect of this is to reduce the
output voltage so that the voltage
across R7 cannot rise further. When
this happens the voltage
comparator IC3 tries to correct for
the condition and its output rises to
12 volts. 1C2 then takes more
current to compensate and this
current causes LED 3 to light,
indicating that the supply is
operating in the current-limit mode.

To ensure accurate regulation the
voltage sensing leads are taken to

the output terminals separately
from those carrying the load
current.

The meter has a one milliamp
movement and measures the output
voltage (directly across the output
terminals) or current (by measuring
the voltage across R5) as selected
by the front panel switch SW2.

Fig. 4. How the supply is wired for
the 20 volt 2.5 ampere version.

TRANSFORMER

COLLECTOR Q4

Fig 3. Component
overlay for the

o) printed-circuit
board assembly.
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Fig. 1. Circuit diagram of
the complete power supply

20 volt 2.5 ampere
version.

Fig. 2. Alternative
rectifier and filter
capacitor connections
required for 40 volt,
1.25 ampere version.
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General purpose power supply
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rail we chose to use a CA3130 IC

operational amplifier as the comparator.

The CA3130 requires a single supply
(maximum of 15 volts) and, initially,
we used a resistor and 12 volt zener to
derive a 12 volt supply. The reference
voltage was then derived from this
zener supply by another resistor and a
5 volt zener. It was felt that this would
have given sufficient regulation for the
reference voltage but in practice the
output from the rectifier was found

to vary from 21 to 29 volts and some
of the ripple and voltage change that
occurred across the 12 volt zener, as a
consequence, was reflected into the 5
volt zener reference. For this reason

58

TO TRANSFORMER
PRIMARY

the 12 volt zener was replaced by an
IC regulator which cured the problem.
With all series regulators the series-
output transistor by the nature of the
design, must dissipate a lot of power
especially at low output voltage and
high current. For this reason an
adequate heatsink is an essential part of
the design. Commercial heatsinks are
very expensive and sometimes difficuit
to mount. We therefore designed our
own heatsink which was not only cheaper
but worked better than the commercial
version we had been considering —
being easier to mount. However at full
load the heatsink still runs hot as does
the transformer, and under high-current

COLLECTOR Q4

Fig 5. How the supply is wired for the 40 volt 1.25 ampere version.

-

TN LED 1
e / . O ?CATHODE

Fig 6. Front panel
wiring diagram.

EARTH
LUG

low-voltage conditions the transistor
may even be too hot to touch. This

is quite normal as the transistor under
these conditions is still operating within
its specified temperature range.

With any highly regulated supply,
stability can be a problem. For this
reason in the voltage-regulation mode
of operation, capacitors C5 and C7 are
incorporated to reduce the loop gain
at high frequencies and thus prevent the
supply from oscillating. The value of
C5 has been chosen for best compromis
between stability and response time.

If the value of C5 is too low the speed
of response is greater — but there is a
higher chance of instability. If too high



the response time is unduly increased.

In the current-limit mode the same
function is performed by C4 and the
same remarks apply as for the voltage
case.

As the supply is capable of fairly
high current output there is inevitably
some voltage drop across the wiring to
the output terminals. This is overcome
by sensing the voltage at the output
terminals via a separate pair of leads.

Whilst the supply was primarily
designed for 20 volts at 2.5 amps it was
suggested that the same supply could
be used to supply 40 volts at 1.25 amps
and that this would be of more value
to some users. This may be done by
changing the configuration of the
rectifier and by changing a few
components. Some thought was given
to making the supply switchable but
the extra complication and expense
were such that it was not considered
to be worthwhile. Thus you should
simply decide which configuration
suits your need and build the supply
accordingly.

The maximum regulated voltage
available is limited either by the input
voltage to the regulator being too low

{(at over 18 volts and 2.5 amps) or by
the ratio of R12/R13 and by the value
of the reference voltage.

R12+R13
R13

Due to the tolerance of ZD1 the full
20 volts (or 40 volts) may not be
obtainable. If this is found to be the
case R12 should be increased to the
next preferred value.

Single turn potentiometers have been
specified for the voltage and current
controls because they are inexpensive.
However if precise setability of voltage
or current limit is required ten-turn
potentiometers should be used instead.

(Output = V ref)

CONSTRUCTION

The recommended printed-circuit
board layout should be used as con-
struction is thereby greatly simplified.
Printed-circuit board pins should also
be used for the 20 wire connections to
the board. These should be installed
first. The rest of the components may
now be assembled onto the board mak-
ing sure that the polarities of diodes,
transistors, ICs and electrolytics are

eti 131

~ =

o @NEBULA ELECTRONICS o

ImA FSD

Fig. 7. Printed-circuit board layout for the power supply. Full

size 100 x 75 mm.

full size.

correct. The BD140 (Q3) should be
mounted such that the side with the
metal surface faces towards IC1. A
small heatsink should be bolted onto
the transistor as shown in the photo-
graph.

If the metalwork as described is
used the following assembly order
should be used.
a) Mate the front panel to the front
of the chassis and secure them together
by installing the meter.
b) Fit the output terminals, potentio-
meters and meter switch on to the
front panel.
c) The cathodes of the LEDs (that
we used) were marked by a notch in
the body which could not be seen when
the LEDs were mounted onto the
front panel. If this is the case with
yours, cut the cathode leads a little
shorter to identify them and then
mount the LEDs into position.
d) Solder lengths of wire (about 180
mm long) to the 240 volt terminals of
the transformer, insulate the terminals
with tape and then mount the trans-
former into position in the chassis.
f) Install the power cord and the cord
retaining clip, wire the power switch,

NEBULA ELECTRONICS

Fig. 8. Scales for the alternative meters for the unit shown
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General purpose power supply
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Fig 9. Artwork for the front panel. Full size 224 x 82 mm.

insulate the terminals and then mount
the switch onto the front panel. PARTS LIST — ETI 131A
g) Assemble the heatsink and screw
it onto the rear of the chassis via two
bolts — then mount the power trans-
i§t_er using insulation washers and Resistors Transistors
silicon grease. R1 — 1k %W 5% Q1 - BC559
h) Mount the assembled printed- 2;2; - 1k " . gg = gg?‘:z)

. ey - 1 kS " © —
t1:|(;cuut board to the chassis using R4 - 10k " . Qa4 B 2N3056 (with
0 mm spacers. RS - 0.22 chm 5 W insulation kit)
i) Wire the transformer secondary,
rectifier diodes and filter capacitors. R6 - 10k %W 5% Diodes
The diode leads are stiff enough not to 2; - : : . 8;'2 - mg?g“
need any additional support. R9 B 1k o @
j) The wiring between the board and R10 = 1k . " Other Semiconductors
the switches may now be made by con- a Eg{’) i 2 Egrgf 2(5)05’; 5-1): 400 mwW

i i i i 1 — 47 “ “ ' or similar

'nectlng pon:tsfwnth corre:sp_ondmg R12 B 18 k " " IC1 Integrated Circuit LM341P-12
etters on the front panel diagram and R13 _ 5 k6 “ " 12,3 " *  CA3130
component overlay diagrams. R14 - 15 k " " .

The only setting up required is to anésgellageé:# .

. . 0ar
calibrate the meter. '?onnect an acc PO Transformer 40V CT 2A A&R 5755
urate voltm'eter to the output term- RV1 < 10 k lin rotary SW1,2 switch DPDT toggle
inals and wind up the voltage control RV?2 _ 1k trim Meter 1 mA FSD scaled 0-20V, 0-2.5A
of the power supply until the external RV3 = 10 k lin rotary Chassis to Fig. 11
meter reads 15 voits {or 30 volts on Rv4 - 10 k trim ﬁg‘;fs'i;ﬁ fc:gi::g:’ 10
the f«llternate arrangement). Switch Front panel to Fig. 9
the internal meter to read volts and Capacitors Two terminals
adjust RV4 to obtain the same read- c1 - 2500 UF 35V electro Power cord & clamp
ing Cc2 - 2500 (F 35V electro :wo k1r(\)obs '
g Q . - 1 o] mm

To set up the current reading first gz B 128 g'; ceramic 20 PC board p?:sg spacers
wind the supply voltage down to zero cs — 820pF ** Four rubber feet
and connect an accurate ammeter gg — g pi nuts, bolts, washers etc.

- p— p 0
across the output. Wind up the voltage c8 - 47 JIF 50V electro
control and observe that the current PARTS LIST — ETI 131B
limit LED is on. Now adjust the cur- . All for ET1 131A
rent limit control so that the external Complete kits of components for AT ek
meter indicates two amps (or one this project can be obtained from Change R3 o 1k8
q q A RS to 0.47 ohm

amp on the alternative unit). Now Nebula Electronics Pty Ltd, 4th R12 o 39k
adjust RV2 so that the same reading Floor, 15 Boundary St, Rushcutters R14 to 33k
is obtained on the internal meter when Bay (telephone 33-5850). RVA to 25k
it is switched to the current position.
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NOW THAT the Novice Licence has
finally been introduced, many young
readers will want to learn the Morse
Code. This is so because one of the
Novice Licence requirements is the
ability to send and receive Morse at
the rate of five words per minute.

The first step in learning Morse is to
obtain a means of practicing the code
and the ETI 236 Code-practice set is
specifically designed for that purpose.
It may be used for practicing alone or
with a friend. Practice with a friend is
strongly advised as it is not much use
knowing the code but transmitting it
in a way that no-one else can
understand.

An excellent way of learning is to
purchase the "Archer’” code record or
cassette. These are available from any
Tandy store and take you step by step
through from simple character-code
groups and gradually extends to
include all characters. Both tape and
record offer speeds of from 7 to 15
words per minute and, of course, these
speeds will be entirely adequate to
obtain the requisite 5 words-per-
minute.

An important aid to learning is to
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PROJECT 236

ODE

PRACTICE
OSCILLATOR

Essential equipment for gaining Novice Licence

memorise the way a code group
sounds. For example the letter A is
represented by the code group e =m,
this should be learned as the rhythmic
sound didah — not as dot dash, or
even as dit dah!

Finally there is no substitute for
practice. Try to do at least half an
hour to an hour a day. Don’t worry
about speed, this will come naturally,
concentrate mainly on accuracy.

CONSTRUCTION

The oscillator is built onto one
section of the ETI experimenter board
as shown in the component overlay
diagram. Take particular care to
correctly orientate the |[IC, the
electrolytic capacitor and the diode.
The whole unit was built into a
100 x 165 x 300 mm plastic box
which had an aluminium lid. Almost
any box will do of course, but make
sure that it is large enough to house
the speaker you intend to use. We
mounted our small 50 mm speaker to
the back of the aluminium front panel.

Drill holes in the end of the box,
for J1, 2 and 3, and fit them. Drill
holes to mount the speaker, the phone
and tape sockets and RV 1 on the front
panel. Note that we used two of the
screws which secured the speaker to
also secure the printed circuit board
and that some holes must be provided
for the sound from the speakzar. Mount
the components to the front panel and
the printed circuit board and
interconnect them as shown in Fig. 2.
Note that the aluminium panel is
connected to zero volts via the phone
socket, the tape socket and the screw
supporting the board, and that this
screw is part of the connection
between pin one of IC1 and zero volts.
The battery is held into the bottom of
the box by a piece of adhesive tape.

Practically any speaker may be used
that fits your box. It is recommended,
however, that 3 or 4 ohm speakers not
be used unless the supply battery is
changed to 6 volts instead of 9 thus
not exceeding the output stage rating
of the IC.

The International Morse Code.
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HOW IT WORKS -~ ETI 236

The oscillator is constructed around
a 555 integrated-circuit timing chip.
To better understand how we make
this chip oscillate we must refer to
the block diagram of the chip, Fig.
3. The two circuit blocks labelled as
comparators each give either full
output or zero output depending on
which of the two inputs is greater
than the other.

One of the inputs of each
comparator in the 555 is connected
to a voltage divider consisting of 3
equal-value resistors, connected in
series between Vcc and zero volts.
Thus when the voltage at pin 2 rises,
so that it exceeds one third of Vcc,
comparator 1 will change state.
Likewise comparator 2 will change
state when the voltage at pin 6 rises
above two thirds of Vcc. The outputs
of both comparators will of course
revert to their original states when
the voltages at pins 2 and 6 fall below
the thresholds set by the divider
chain.

Both comparator outputs are fed to
a flip flop which is forced into one
state when the voltage at pin 2 falls
below 1/3 Vcc and into the other
state when the voltage on pin 6 rises
above 2/3 Vcc. The output of the flip
flop drives both a transistor and a
high-ievel output stage in such a way
that the transistor is turned off when
the voltage at pin 2 is below 1/3 of
Vcce. and on only when the voltage at
pin 6 exceeds 2/3 of Vcc.

In our oscillator pin 2 and 6 are
connected together and to capacitor
C3 which charges via RV2, R3 and
R2. When the voltage across C3 goes
above 2/3 Vcc comparator 2 and the
flip flop will change state turning on
the discharge transistor. Capacitor C3
will be discharged (via RV2, R3 and
pin 7) and when its voltage falls
below 1/3 Vcc comparator 1 will

PARTS LIST — ETI 236
R1 Resistor 10ohm
R2 o 10k
R3 = 33k
R4 - 390k
RV 1 Potentiometer 2.2k
RV 2 Potentiometer 50k trim type

C1 Capacitor 10UF 16 volt electrolytic
c2 - 0.1UF polyester
0.0ZZ#F polyester
o.lél -
0.033uF "
D1 Diode EMA401 or similar

IC1 Integrated Circuit NE5S55

Speaker 50 or 75 mm 8 ohm (to

suit case).
J1,2,3 Binding posts 3 mm, RCA tape
socket, 3Imm jack socket, 9 voit
battery, box to suit.

Internal view of
the completed practice
oscillator.

change the state of the flip flop
turning off the discharge transistor
thus allowing C3 to charge again.
Thus the voltage across C3 will
alternate between 1/3 and 2/3 Vcc
with a frequency which depends on
the values of 'RV2, R3, R2 and C3.
With each change in state of the flip
flop the outputstage also changes state
and since this is a relatively high
current output we can extract
sufficient power to drive a
loudspeaker directly. Volume is
controlled by RVI1 and a phono
socket is provided for private
headphone listening.

Capacitor C2 provides filtering for

the reference divider via pin 5 and an
output for a tape recorder is taken
from pin 7 and filtered and
attenuated by R4 and CS5 to produce
a sawtooth output. Diode D1 is used
to protect the oscillator from
reversed battery connections when
the unit is connected to other units
operating on different supply
voltages over a two wire circuit. If
you intend to use your oscillator by
itself only D1 may be omitted.

The Morse key is a normally-off
switch. When it is pressed the Vcc
circuit is completed and the oscillator
functions. An ON/OFF switch is not
included as power is only drawn
when the Morse key is depressed.

i
»- O MORSE
TO MORSE - | ~
D1 KEY KEY
EM401 20
+9v . -~
1 8
R2
10k
BATTERY ) :
VOLUME
o R3 ca
A ¥ 8 7 33k 0.1uF
ov —
c1
el RV2
. 104 F 555 2 Bok J .
SPEAKER . PITCH $390k
. TO TAPE
SOCKET
c2 c3 c5
SOCKET 01uF 0.022uF 0.0334F

Fig. 1. Circuit diagram of the code practice oscillator.
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Fig. 2. Component overlay and interconnections.

? Vce
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O PHONE
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TO
SPEAKER

S
TO J2

Fig. 3. Internal arrangement
of the NE 555 timer IC.

=

MORSE KEY

EXTERNAL
BATTERY
6-12Vv

Fig. 4. Method of connecting an external battery to operate the oscillator.
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DISCHARGE FLRrLor 4 board, shown full-size.
0_7 -} |
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3
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GROUND ouTruT |
[91]
] . MORSE
22 KEY
STATION 1
MORSE 73 . —
e e | SUEUEN
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71}
AN |
J EXTERNAL
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KEY B
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BﬂgCFTEELATOR J3 STATION 2
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- 1
I L |
3) w2) +V BATTERY
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Fig. 5. For two way communication with a friend two oscillators

are required connected as shown.
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Project 240

Emergency flash

Truly portable battery-operated unit generates immensely bright flashes about

fifty times a minute for up to 20 hours.

A COMPLETELY PORTABLE
emergency flash unit has many
applications — particularly as a rescue
aid when boating or hiking in isolated
areas.

For such purposes it is essential that
the unit be self-contained, compact and
light in weight. |t must above all
produce a brilliant powerful flash that
will attract attention over long distances,
yet be capable of operating for at least
eight hours from a couple of torch
batteries.

The two requirements of high power
and battery economy preclude the use
of incandescent globes. However a
xenon flash tube is capable of producing
about fifty 0.6 joule flashes per minute
for 20 hours or so if energised — via
suitable circuitry — from a pair of
alkaline ‘D’ celis.

CONSTRUCTION

This may take any number of suitable
forms. One approach is shown in the
drawings and photos in this feature.
No doubt readers will be able to
construct individual housings to suit
their own requirements.

Our unit was based on a metal-cased
torch powered by two ‘D’ cells. We
discarded the torch globe and reflector
but retained the switch mechanism.
Regardiess of the form of housing,
construction should be based on the
printed circuit board shown. All
components should be mounted on the
board as shown in the overlay drawing
taking care that the diode, SCR, power
transistor and pulse transformer are the
correct way round.

The trigger lead of the pulse transformer
is connected to a spiral of copper wire
wound around the body of the flash
tube to ensure reliable triggering. The
inverter transformer is mounted to the
board with a 4 BA or similar screw.
This also secures the special bracket

that contacts the positive terminal of
the battery. This bracket is made from
a piece of 18 gauge aluminium as shown
in the side view diagram. The brass strip
in the torch housing which normally
makes contact with the reflector is
soldered to the large pad provided for
this purpose. This connection, as well
as forming the negative battery
connection, also holds the board down
into the torch body.

We discarded the torch glass and the
threaded flange which retains the glass,
trimmed back the torch housing a little
with tin snips, and then soldered the lid
of a jam jar to the torch housing. The
jar lid had previously had a hole cut
through it to allow the electronics

to protrude through into the jar. The
jar should be kept over the unit when-
ever it is being operated as some parts
of the circuit are at 400 volts or so and
a nasty shock could be received.

The capacitor used for Cl is not rated
at 300 V but has been found to be
entirely suitable for such intermittent
pulse operation. A capacitor rated at the
full voltage would not only be much
bigger and much more expensive, but
would not add anything in the way of
reliability.

SPECIFICATION ETI 240

INPUT
Voltage
Current
Power
OUTPUT POWER
FLASH RATE
EXPECTED BATTERY LIFE
(2 D size cells)
Alkaline
Normal

3 volts (nominal)

400 to 450 mA at 3 volts
1.25 watts

0.6 joules/flash

1.2 seconds per flash typical

20 hours
8 hours

Nickel cadmium 10 hours
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Emergency flash

( ) TABLE 1
& ) Winding details transformer T1.
N\ CORE FX2240 (2 halves) plus
} ~— single section bobbin to suit
i ’ SECONDARY (wound first) 150 turns of 0.315 mm
{ e wire
PRIMARY 4 turns 0.5 mm wire
{or two 0.315 mm in
parallel)
FEEDBACK 4 turns 0.315 mm wire

Mark the start of all windings clearly as polarity is important
Add a layer of Sellotape over the secondary for insulation.

Note that for six volt operation primary should be
wound with eight turns of 0.315 mm.

PARTS LIST — ETI 240

Resistors Transformer
R1.,2* - 220 %W 5% T1 See Text
R3,4 - 2M2 & a2 TR-4 KN
Sfp.c;t.,,,' 10k LP1, LP2, Neon Lamps NE2 (75 v)
Cc1 - 10uf 250V LP3 Flash Tube MPF 1210
polyester
c2 - 0.1uF 200V PC Board ETI 240
Transistor
1 - TIP 3055 Torch, Battery etc.
Diode g .
D1 EM408 For 6v operation change R1 to 470 ohm.
SCR1 C106D
L ~
L gl
D1
EMA08 R3
2M2 c2
Pl T 0.1uF
. ]
A ar 1507 —
220 PRIMARY SECONDRY
+ LP1
s PS SF R4

] 3v 2M2
BATTERY IN ouT §
LP2
v
01 SCR1

]
R
[, ]

Fs TIP3055 w3 Tr—akn| MPFi1210
T (3 _1-?1 .
FEEDBACK Op COM.
R2
220 RS5
w1 10k
/F . <

Fig. 1. Circuit diagram of the portable emergency flash.
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TORCH
CASE
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f ETI 240
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Fig. 4. Printed-circuit layout for the flash.
Full size 73 x 47 mm.

Fig. . Side view of the flash unit showing how
board is secured into the torch body. Note
particularly the bracket which connects to the
battery positive terminal.

COMPONENT
I

—{ 1 " SIDE

+Ve CONNECTION
TOBATTERY

Fig. 2. Component overlay. Note
copper wire spiral around flash tube.

— HOW IT WORKS — ETI 240

The flash tube requires about
300 to 350 volts to supply the flash
energy, and about 4000 volts to
trigger it into conduction. The
300 volts is generated from a
three-volt battery supply via a
blocking oscillator. The oscillator
works as follows.

On switch-on, the transistor Q1
is biased on by Rl and R2 and a
small voltage is generated across
the primary transformer T1. Due
to the action of the transformer a
voltage is induced in the feedback
winding of the transformer which
turns on QI hard. The current in
the primary therefore increases
sharply until the transformer
core-material saturates. At this
time normal transformer action
stops, the feedback voltage
disappears and the transistor turns
off. The polarity of the voltage on
the primary reverses and the energy
stored in the core must be
dissipated. In effect the energy is
dumped into capacitor C1 via the
diode D1 causing C1 to charge to
the 300 volts or so required. If
the capacitor was not present the
voltage on the collector of the
transistor would be high (60 volts
or more) and the secondary voltage
would be well over 1000 volts.
Therefore it is essential that the
oscillator never be run without the
load connected. It is also essential
that the polarity of the windings
be correct as marked on thecircuit
diagram (PS for primary start etc).

When the energy in the core has
been dumped into Cl1 the
transistor turns on again and the
cycle is repeated. The repetition
rate depends on the voltage across
C1 but is typically within the
range 8 to 15 kHz.

When the voltage across Cl
reaches 300 to 350 volts the
voltage across the SCR is about 150
volts and at this point the two neon
lamps conduct thus triggering the
SCR. The SCR now discharges C2
via the primary of the pulse
transformer thus generating a pulse
of about 4000 volts amplitude on
the secondary. The pulse is applied
to the trigger electrode of the
xenon tube causingit to strike. The
flash tube thendischargescapacitor
C1in about 10 microseconds giving
a very intense and high-speed flash
of light. The peak current in the
flash tube is about 350 amps.

The SCRturnsoff automatically
due to ringing of the pulse
transformer and the low amount of
current available through R3.
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& DRILLS UP TOIAMPS ¢

DRILL SPEED
CONTROLLER

Variable speed control maintains constant (adjustable) speed
regardless of load.

THE SPEED controller described here
allows infinite variation of speeds from
zero to about 75% of full speed, and is
provided with a switch to allow normal
full-speed operation without disconnect-
ing the drill from the controller. The
controller has built-in compensation to
maintain substantially constant speed
regardless of changes in load.

It must be emphasized that the
controller is connected directly to the
mains without the use of an isolating
transformer. Considerable care must
therefore be taken with the construction.
As there are relatively few
components used, no supporting tag
strip or pc board is necessary. Only two
"mid air’’ joints need to be made, and

o

O m 525 DRILL SPEED CONTROLLER O

INCREASE

~ A
FULL

VARIABLE

O

O bpriLs up To3ampes O
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these should be carefully insulated to
prevent any possibility of short circuits.

The SCR used is a stud mounting type
and is mounted by using the solder lug,
supplied with it, soldered onto the centre
lug of the switch. For loads up to 3 amps,
no other heat-sinking is required. If a
plastic-pack SCR is used, a hole may be
drilled through the switch lug and the
SCR bolted directly to it. However in
this case it is advisable to inset a piece
of aluminium (about 25 mm x 15 mm)
between the SCR and switch lug to act
as a heatsink.

Remember that, since the unit
operates at 240 Vac a// external parts
must be earthed. We used a plastic box
‘with a metal lid. But we also used a cable
clamp with a metal screw through the
side of the plastic box. This screw must
be earthed, along with the lid and the
earth terminal of the output socket. The
earth wire should be continuous. That is,
it should go from one earth point
through to the next and not by separate
links. Two earth wires may be soldered
to one earth fug. But under no account
should two wires be secured under a
single screw.

The aluminium lid on the (type UB3)
box used is not strong enough for this
application, especially when the hole for
the output socket is cut. A new lid
should therefore be made from 18 gauge
steel or 16 gauge aluminium.

To further improve safety, it is
suggested that a small amount of glue,
lacquer or even nail polish, be used to
secure each screw inside the unit.

With some SCRs it may be found that
the trigger current supplied by R1 and
R2 is insufficient. If this is the case an
additional 10 k resistor should be placed
in parallel with each resistor.

USING THE CONTROLLER

Plug the controller into the mains and
the dritl into the controller. Select either
full speed or variable as required. Note
that there is no ON/OFF switch provided
on the unit and the normal switch on the
drill is used for this purpose. When full
speed is selected, the drill will run
normally and the speed control on the
controller will have no effect.

When variable speed is selected, the
control will adjust the speed anywhere
between zero and about 75% of full
speed. There may be a dead zone at both
low speed and high speed ends of the
control. This is due to different drill
characteristics and component tolerances
within the controller.

At very low speeds the drilf may run
jerkily under no foad. However as load
is applied the speed will smooth out.

When the drill is used at less than full
speed the cooling of the motor will be
reduced as the cooling fan is on the
armature shaft and also runs slower.
Hence the drill will get hotter when
used at low speeds, and extended periods
of use in this mode should be avoided.



PARTS LIST ETI 525

R1,2 Resistor 10k 1W 5%
RV1 Potentiometer 2.5 k lin
rotary

D1,2 Diodes EM404 or
simitar

SCR1 S.C.R. 2SF 28 or
similar (400V,
10A, max 20ma
gate trigger)

SW1 Switch McMurdo type
475 or similar.

Box type UB3 or simtlar.

3 core flex and plug,

cable clamp

3 pin power outlet clipsal 415 or

similar,

* Some SC Rs used may have a

higher than average trigger current

and the unijt may not operate, Ifso

paraliel the two 10 k resistor with

adaditional 10 k resistor to increase

the available trigger current.

R1
10k
w
R2
10k 1
w
A FULL ASLOwW
240V a.c. SW1
INPUT scr1 Y

RV1 G/1K

2500

LIN D1

EM404
Fig. 1. Circuit diagram
of controller.
D2 OUTPUT
EM404 TO DRILL
No- > %..
Eo }
OUTPUT E
SOCKET
240V INPUT

Fig. 2. Component layout — compare this drawing with photograph above.
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THREE

SIMPLE
RECEIVERS

a PROJECT
705

(A,B&C)

Biased diode,; voltage multiplier; or solar powered — three simple but unusual receivers.

D1

P

Ryl
j’j-

J

TUNING GANG, 10 TO 400pF APPROX.
OR ROBLAN TYPE RMG-1

0.1uF

L

TO CRYSTAL EARPIECE
OR HIGH IMPEDANCE
HEADPHONES

D1 —~ ANY SILICON
SWITCHING DIODE
i.e. IN914

Fig.1

VOLTAGE MULTIPLIER CRYSTAL SET

THE DIODE detector, as in a
crystal set, is basically a special use of
a rectifier circuit. Borrowing from
rectifier circuitry, a ‘voltage-multiplier’
can be used to increase the output (the

0.0033uF

0.022uF

loudness in the headphones) of a
crystal set. The circuit in Fig. 2 uses
what is known as a ‘Cockcroft-Walton’
multiplier (after the original
designers).

4 x 0A91
OR 0A95

0.022uF
EARPIECE OR
HIGH IMPEDANCE
HEADPHONES

O
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BIASED DIODE CRYSTAL SET

THE CLASSIC “"beginning beginner’s"
project is the crystal set — the
workhorse of the pioneers and first
popularised in the 1920’s. For utter
simplicity there is nothing to beat it.
However, one can make various
improvements and refinements on the
basic circuit. One such refinement is
shown in Fig. 1. In this version, a
biasing voltage is impressed across the
diode detector.

One failing of a basic crystal receiver
(in which a diode is used as a detector)
is that the diode will not commence
conducting in the forward direction
(from anode to cathode) until the
anode-cathode voltage exceeds a
certain (small) value. For germanium

Here, a voltage multiplication of four
is obtained. You may wonder ‘why
not use a higher multiplication?’. The

answer is that one runs into the
ubiquitious ‘law of diminishing
returns’. For this application, a

multiplication of four is all that is
practicable as any further increase
results in excess load being placed on
the tuned circuit, reducing sensitivity
and the ability to separate stations
(selectivity).

The coil details are the same as for
Fig. 1 in the Biased Diode Receiver
(see Tables 1 and 2 on page 13). See
also the comments in the project
concerning use of the taps on the coil.
The best diodes to use in this circuit
are OA2 or OA5 germanium diodes as
they have the lowest forward
conduction voltage and are thus the
most sensitive.

Construction is also simple, matrix
board and pins may be used here
again. This tuning capacitor was
salvaged from an old broadcast
receiver {only one gang being used).



diodes, this is between 200 and 400
millivolts (0.2 to 0.4 V), for silicon
diodes it is between 0.6 V and 1.0 V.
However, if the diode detector has a
voltage almost equal to its forward
conditioning voltage impressed upon it
(called ‘bias’) then it becomes a more
sensitive and efficient detector. This
arrangement also reduces distortion.

Construction is simple and not
critical. The unit may be builtup on a
matrix board as in our prototype — or
assembled on tag strips.

Coil details are given in Table 1.
Find the best tap for the
diode and the aerial by experiment.
The aim is to find the combination
which gives the clearest signals for the
best rejection of unwanted stations.

For short length aerials, say three to
six metres of wire, tap high up the coil
or across the full turns. Make the
diode tap about half-way to
three-quarters of the way up the coil
in this case. For a long aerial, use the
lower taps and tap the diode between
one-quarter and half-way up -the coil.

The tuning capacitor used was salvaged
from an old valve-type broadcast
receiver (only one of the three gangs is
used) but any unit having a range of
about 10 to 400 pF may be used.

The best headphones to use for a
crystal set are the high impedance type
— having an impedance between 1000
ohms and 5000 ohms or more (if

SOLAR-POWEREO RAOIOD

TABLE 1
For coils wound
on cardboard former.

NUMBER OF TURNS
FOR WIRE GAUGE

COIL DIA.
1%"

1%"

195"

2

2%"

2%"

22 SWG

24 SWG

TAPS

at %, % and

% of the turns.
You may tap
every ten turns
if you wish

26 SWG

96
80
68
60
54

2%13

for more range
of adjustment.

TABLE Il Coil wound on ferrite rod
| ——130mm———— e e
|
‘ r-—&!mm—.—
8mm DIA L FERRITE ROD
*1 %2 +3
T
coiL s
60 TURNS 26 SWG (28 B & S) 10 ERRTH e —
TAPS (COM) CAPACITOR
*1.5 TURNS FIXEDPLATES
2.12 TURNS
+3.20 TURNS

obtainable). Crystal earpieces may also
be used but are not as sensitive as good
headphones.

With the control potentiometer set at
minimum, tune in a station that is not
too strong but can be clearly heard.

OFF
ﬁ'J.\

10 TURNS AROUND ON
ONE END IF REQUIRED SWITCH
ni 2.2k +12V
I} AEGIS
111 SA515 + 11
n
i TO CRYSTAL
S i EARPIECE O
' OR HIGH
It JMPEDANCE
" HEADPHONES O
L o
ROBLAN il O
AMG-1 ||: SOLAR CELL
OR SIMILAR ” ik 0.01uF spc(-)}‘ooz O
10.415pr/:_ ::| EQUIVALENT] O
|

0A95

0A91

OR ANY GERMANIUM
DIODE

0.01uF

Fig.3. Solar powered reflex receiver.

—- -

Q1 ~ BC107, BC547 RFC1 — RF CHOKE' ANY

BC108, BC548 VALUE BETWEEN
BC109, BC549 1mH AND 3mH.
2N 3565, 2N3564

2N5770

Advance the potentiometer slowly and
an increase in volume and a reduction
in distortion will be noticed. The point
at which this occurs will vary from
station to station but is not critical,
there being some range of adjustment.

SOLAR CELLS are dropping rapidty
in price. They will continue to drop in
price as they gain acceptance and use
in more and more applications. Solar
cells require no maintenance and the
energy source (being the Sun) is free
and presumably almost everlasting.
Modern solar cell arrays will deliver
over one watt in bright sunlight from a
single array, or about 200 milliwatts in
cloudy conditions. A representative
unit is the Solar Power Corporation’s
(USA) SPC-1002 (available from
Joseph Lucas Pty. Ltd. in Australia).
This consists of five wafers mounted
on a printed circuit board, wired in
series, and encapsulated. Output is
about two volts. Similar units are
available from other manufacturers.
The solar array can be used to drive a
low-voltage radio receiver or to trickle
charge rechargeable batteries such as
the small nickel cadmium (Nicad) cells
that are commonly available. These
cells can be used to run a low voltage
radio. Mercury cells, such as used in
cameras, also make good low voltage

power sources.
{Continued on page 73).

A



ONE-TRANSISTOR

ere is a simple one-transistor
U o 2 to +9V Hreceiver that will bring in

broadcast stations with surprising
clarity and strength. It can be made
SWITCH from readily  available, cheap
1.5k components, requires no adjustments,
5.F/10V and will work straight off!

10 TURNS WIRE i

ON ONE END The circuit of the complete unit is
IF REQUIRED O shown in Fig. 1. A single transistor is
CRYSTAL used to amplify both the radio
EARPIECE frequency signal picked up by the
OR ferrite rod and coil antenna, and the
= ) < HIGH IMPEDANCE audio signals recovered by the detector
HEADPHONES (OA 91 diode). This results in
—O excellent sensitivity and selectivity
ensuring that radio stations can be
11.415.pF/= received at good strength and without
interference.
ROBLAN
RMG-1
CONSTRUCTION
The receiver can be constructed on a
ov small piece of circuit board — as
O shown in Fig. 2. This can be mounted,

together with the ferrite rod, tuning
condenser, and battery and headphone
Fig. 1. Circuit diagram. connectors, on a piece of wooden
board to which a panel has been
screwed. This panel can be made from
m plywood, fibre-board, bakelite etc.
Two rubber grommetts should be
PROJECT fitted over the ends of the SA515
ferrite rod. These can then be fitted
406 into the brackets (illustrated in Fig. 3)
which are then screwed to the
baseboard.
ANTENNA 4y LU Take care when soldering the
g)orgég'ﬁns Fransisto_r into the circuit — leave this
IF REQUIRED HEADPHONES ONJOFF item until fast.
SWITCH

0.01uF b
ANTENNAE
TO BATTERY The AEGIS SA 515 ferrite rod acts
+9V Lo .
as a built in antenna — and — if you
live in the metropolitan area of a city,
T the local broadcasting stations will be
heard at good strength with this
\ 1% antenna alone. At night some
+ interstate stations may even be heard!
o |13 In fact an external antenna will
[ I g probably be a disadvantage in city
( 1 }___ e é areas, because the received signal
g strength from nearby stations may be
so powerful that distant stations will
TUNING be swamped.
CAPACITOR However if you live in a country
c K area, then an external antenna may
b@ —aC]}— well be necessary.
8C108 a ’lk Figure 4 shows the general idea. A
UNDE:NEATH 0A81 length of wire, from 20 ft. to 100 ft.
VIEW long should be erected, preferably in
line with the nearest broadcasting
stations, and as high as possible.

OA9
100k
330k

N

g

Fig. 2. The receiver may be built on tag
strips or a piece of circuit board.
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Fig. 3. The ferrite antenna rod
and coil should be supported
by two grommetts and small
metal brackets.

Insulators should be used at either
end. The type of wire is not important
as long as it is strong enough to
withstand wind forces etc.

An earth connection may also
improve reception of weak signals. Use
a length of metal rod or pipe, about
two or three feet long, hammered into

EGG
INSULATOR |4

RADIO

the ground. The surrounding soil
should be kept moist. If mains water is
available the water pipe will make a
good earth — but ensure that it is a
metal pipe. Many water systems are
now being constructed using plastic
pipes, and plastic water pipe is a
remarkably poor conductor! ®

20 TO 100" —

LEAD IN

EGG
INSULATOR
POLE
20" TO 30°
OR HIGHER

Fig. 4. How to make a simple antenna.

resistor 1.5k % watt, 10%
resistor 100k % watt, 10%

capacitors 0.01uF
capacitor 0.015uF

== = NN =

2N3564, 2N3565, 2N5770.

RF choke, TmH — 3mH

pointer control knob

b o B i

PARTS LIST ETI 406.

capacitors 5uF 10 volt electrolytic

transistor (Q1) BC107, BC108, BC109, BC547, BC548, BC549,

diode (D 1) 0A91, 0A95 or any germanium diode

ferrite rod and coil — AEGIS type SA515 or similar

tuning capacitor 11-415 pF, Robland type RMG-1 or similar
nine volt battery and connectors

toggle switch — single pole single throw

crystal earpiece or high impedance headphones

ubber grommetts, screws, plywood etc.

THREE
SIMPLE
RECEIVERS

{Continued from page 71).

The circuit in Fig. 3 is a simple one
transistor ‘reflex’ receiver that can be
run from any of the above power
sources, or a combination of them. It
has been especially designed for
maximum sensitivity using a low
voltage collector supply. This supply
may be of any voltage from two to
four volts — but no more — it
oscillates above that.

The transistor, Q1, amplifies both
the radio frequency signal picked up
by the ferrite rod antenna coil and the
audio signals recovered by the diode
detector. Thus both RF amplification
and audio amplification are achieved
using the one transistor. Surprising
sensitivity is obtained, no external
antenna is necessary in metropolitan
areas — it even receives 2JJ in inner
city Sydney suburbs!

If you live in the country, an
external antenna may be necessary. A
length of wire 10 m or more long,
mounted 5 m to 10 m high is usually
adequate. An added winding, as shown
in Fig. 3, provides coupling for the
external antenna. An earth connection
may improve reception also.

CONSTRUCTION

Construction is straightforward and
non-critical. Matrix board and pins, or
tag strips are used to support the small
components. Two rubber grommets
are slipped over the ends of the ferrite
rod and the assembly tied down to the
matrix board with short lengths of
insulated hook up wire around the
grooves in the grommets.

As we said at the beginning of this
article, solar cell arrays are still
expensive. However, like so many
other electronic components the price
may realistically be expected to fall
dramatically as soon as demand
increases. At present, the cost of an
array varies from $20 to $50 plus —
but this may well fall by a factor of
ten.

In the meantime, why not build it
and run it from Nicad or mercury
cells. These have terminal voltage of
about 1.2V to 1.3V per individual
cell, so two or three in series may be
used to power this receiver. Current
consumption from a two volt supply is
about 0.5 mA. Alternatively, ordinary
dry cells may, of course, be used. @
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Project 602

ETI MINI-ORGAN

With all the electronics on one pc board this organ is easy to build yet has features
like touch keyboard, variable tremolo, two voices and a full two-octave range.

AN ELECTRONIC ORGAN IS A
fascinating instrument which these
days seems to be rapidly assuming the
position in the home once occupied
by the piano. Modern organs are,
however, very expensive, ranging
from around $1000 to $4000 — a
price which puts them beyond
the reach of most people. Lower
down the scale in cost and per-
formance are chord organs which
although still polyphonic are fairly
limited reed type instruments operated
by a small blower. The name chord
organ comes from the fact that the
bass accompaniment is by means of
buttons which generate the appropriate
chord. Such instruments still may cost
several hundred dollars.

The cheapest possible organ is the
so called monophonic organ (only
one note can be played at a time) which

74

is usually little more than pocket sized
and is played with a stylus.

Such an organ was described in the
May 1974 issue of ETI| and was
enormously popular with our younger
readers. So popular that we have been
asked to update and improve this
instrument without adding to the cost
too greatly.

The first obvious improvement
required is to devise a better keyboard
arrangement as the stylus operation
can only be described as somewhat
of a nuisance. However the $100 of
a full keyboard cost cannot be justified.
As can be seen from the photographs
the new keyboard is still of the touch
type but has now been designed so
that the organ is played simply by
touching the appropriate key, as in a
full scale instrument. Tremolo is also
provided and this too is switched on and

off by means of touch switches and a
control is provided to adjust tremolo
depth.

The next improvement is in the
accuracy of the tuning, which in the
previous instrument varied over the
keyboard due to the one-only resistor
used to increment between each note.
In our new version tuning over the
keyboard is much improved by using
two resistors, where necessary in series
or parallel, to obtain the nearest possible
to the correct value of resistance.
Finally the instrument is provided with
two voices or stops which add greatly
to the variety of the music which can
be produced.

This little organ is relatively inexpen-
sive to build, should provide a great deal
of enjoyment and is musically and
electronically educational.

{Main text continues on page 80).






ETI MINI-ORGAN

+9V am7

R2
100k

-

R3
+9v  4M7
R4
100k

m

R5
4am7

+9V
R16
A# 100k
R17
v am7

R26
F 100k

76

N

D1-D27 ARE 1N914

D1

R113
100k

5

R27, 6k8

+9V

1C2/4 1

R55 R68
220k <, 390k < 22k
R56, 4k7
R36, 270 R57, 15k
R37, 10k

R61, 3k3

R62, 12k

D

R49
120k

R63
220k

R72
15k

14,
} Ica/2
i

Fig 1 Circuit diagram of the monophonic organ



R106
5k6
r-’v\/W -
I100n
+9V
= T R107
820k
2 1
7 8 3} AMA—S 3
SwW1
R97
6k8 VOICE3
1C10

N

T‘;ﬂ T 1000 [spEAKER

POWER RAILS NOT SHOWN

IC1-IC7 ARE 4011
PIN 7 IS OV
PIN 14 1S +9V

IC8, 11 AND 12 ARE 301
PIN 4 1S OV
PIN 7 1S +9V

IC10 1S 555
IC9 IS 380

8-16Q

df

R1o2 ™PINS2 3 4,57 10,11 AND 12
am7 ARE CONNECTED TO 0V

+9V
R103 OFF

swz/v'
-

How it works ETI 602 T

Operation of the organ will be
described by considering separately
the five sections of which it is
composed. These are:—

(a) Keyboard

(b) Oscillator

(c) Filter

(d) Output amplifier

(e) Tremolo circuit
(a) Keyboard. Unlike the previous
organ the keyboard is operated by
the contact resistance of the finger
and not by a probe. Each key has
a CMOS gate associated with it
where both inputs to the gate are
connected together and to the
positive supply via a 4.7 megohm
resistor. When the key is touched
the inputs of the gate are pulled low
(0V) via the 100 k resistor causing
the output of the gate to go high.
This pulls the corresponding point
in the resistor chain high via the
diode. Thus by selecting and touching
different keys we connect various
amounts of resistance between pins
2 and 6 of the 555 oscillator and
the positive supply, thus enabling
it and varying the frequency
determining time constant circuit.
(b) The Oscillator. The oscillator
is based on a 555 timer IC, The
capacitor C1 is charged up viaa
section of the resistor chain (as
by the keyboard) together with the
resistor R113, When the voltage at
pins 2 and 6 reaches that set at pin
5, the capacitor is discharged rapidly
via R97 and an internal transistor
connected to pin 7 of the 555. When
the voltage across C1 has dropped
to half that set at pin 5, the internal
transistor turns off and the capacitor
is allowed to charge up again — thus
repeating the cycle and generating
a sawtooth waveform across the
capacitor. This waveform has a high
harmonic content but is generated
at a high-impedance point. A unity
gain buffer is therefore used (1C8)
to prevent this output from being
loaded by the following circuitry.
A second output of a narrow pulse
waveform is available at pin 3 of
the 555 and this is used to generate
a second voice for the instrument,
(c) Filter. A number of different
filters were tried but from a cost
point of view it was difficult to
justify anything more than a simple
RC filter on the sawtooth which
gives quite a pleasant flute-like
effect. As the narrow pulse train
sounds somewhat similar to strings

{Continued on page 79).
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Project 602

RZ7
1E=)
Gz}
R30
{ras
R31
R46
R3
R
=)
i
e
<
[R107]
-
Ic8
-
{ R3a
4 Ra7
R35
{R36
O —
R37

- ~ o
i | P4 ~ S 0 v &
||z 3 T « -3 g

' IC5 44

p—
R39
R48
R40
R41

4 R4z
R43

R113

N
D

N L Ics “j
1 [ [=4
N
'
. I
(-4 [T
=
[ Rez ] ma

R84 R76

Fig 2 Component overlay and interconnection diagram

Parts List ETI 602
Resistors all %W 5% R56 ak7 Potentiometers
R1,3,5,7 am7 R57 15k RV1 47k log rotary
R9,11,13 am7 RV2 47k log rotary
R15,17,19 am7 R58 120k RV3 2k trim
R21,23,25 am7 R59 470k
R60 150k Capacitors
iy e R61 3k3 c1 22n polyester
R1 6'1 8'20 100k R62 12k Cc2 100n polyest.er
R22.24.26 100k c3 o g e
- R63 220k c4 100n polyester
R27 6k8 R64 33k Cc5 33p ceramic
R28 330 R65,66,67 27k
R29 6k8 R68,69 22k Cc6,7 4u7 25V electro
R30 390 R70,71 18k c8 33p ceramic
R31 10k c9 100n polyester
R72 15k c10 1004 16V electro
R32 8k2 R73,75,77 am7 c11 100n polyester
R33 1k2
R34,35 10k R79,81,83 am7 c12 447 25V electro
R36 270 R85,87,89 4M7 Cc13 100n polyester
R37 10k R91,93,95 am7 c14 100U 16V electro
C15 33p ceramic
R38 1k R74,76,78 100k
R39 12k R80,82,84 100k Semiconductors
R40 10k R86,88,90 100k D1-D27 1N914 or similar
R41 2k2 R92,94,96 100k 1IC1 —1C7 4011 (CMOS)
R42 8k2 R97 6k8 1c8,11,12* LM301 or 741
1C9 LM380,SL60745
R43 4k7 R98,99,100 100k 1C10 NES555
R44 15k R101 820k *if 741s are used delete C5,8,15
R45 8k2 R102 amM7
R46 68k R103 100k Miscellaneous
R47 220k R104 am7
SW1,2 single pole, 2 position
R48 330k R105 100k slide switches
R49 120k R106 5k6 PC board ETI 602
R50 180k R107 820k Two knobs
R51 560k R108 2782 6 way AA size battery holder
R52 270k R109 22k Small 8 or 16 ohm speaker
battery clip
R53 180k R110 330k case 10 suit
R54 22k R111 10k
R55 390k R112 15k
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TO SPEAKER

{How it works, continued from page 77).

It is merely attenuated to match the
level of the filtered sawtooth,
(d) The Output Amplifier. The
loudspeaker is driven by an LM380.
Volume control is provided by
means of potentiometers RV 1 and
the required voice is selected by
means of switch SW1, The LM380
should be fitted with heatsink fins
as detailed in the construction.
{(e) The Tremolo Circuit. Tremolo
is produced by means of a low
frequency oscillator running at
approximately 8 Hz (IC11). The
oscillator can be turned on and off
by means of the flip flop formed by
gates IC7/3 and I1C7/4. This flip
flop is set to the ‘on’ or ‘off’ mode
by means of touch switches which
operate in exactly the same manner
as the main keyboard. To increase
tremolo frequency decrease R101
and vice versa.

The output from the tremolo

oscillator is filtered by C12 and
R109 to give a smoother waveform
and the resultant waveform buffered
by IC12. The gain of 1C12 is ad-
justable by means of RV2 and this
control therefore adjusts the depth
of the tremolo modulation, The
potentiometer RV3 is a trim poten-
tiometer which effectively sets the
output from IC12 to pin 5 of the
555 and thus the frequency of the
oraan. If it is required to shift the
keyboard up or down an octave or
so this may be done by changing
the value of C1 by a factor of two.
I1f the keyboard tuning is found

to be skewed (when tuned correctly
at the centre one end of the key-
board is low whilst the other is
high) this may be cured by changing
the value of R97. If it is sharp at
the low end decrease R97 while if
flat at the low end increase R97.

oy
'}

¢
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Project 602

Design Features

As said earlier the major improvement
in the organ is in the implementation
of the keyboard by means of a finger
touch system rather than the probe
type used in the previous organ. This
means that some electronics must be
associated with each key to detect that
it has been touched. Touch control is
usually effected by the capacitive,
resistive or 50 Hz injection methods,
Whilst the capacitive method is the best
of these it is also the most expensive
and for this reason is not used. The

50 Hz injection method is also complex
and thus the resistive method was
considered to be the only practical way
from a cost point of view.

As the keyboard is now played by
the finger it also needs to be larger than
in the original organ although still not
quite as large as a full-size keyboard.

In the original organ an OM 802 was
used as the tone oscillator. This was re-
placed by a 555 timer IC as this is
cheaper and easier to use. The 555 has
two outputs which can be used, a saw-
tooth wave and a narrow pulse. Both
of these outputs are used in our design
to provide different voices for the
instrument. The sawtooth is filtered
by means of a simple RC filter to
remove some of the harshness due to
the harmonic structure and the result-
ant voice has a rich flute-like sound.
The pulse output is matched in level
to the sawtooth by means of a resistive
attenuator but is otherwise unfiltered.
This voice has a string-like sound.

Filtering has been kept very simple,
again from a cost point of view. If the
constructor desires he may experiment
with different filters in order to achieve
different sounds. With conventional
organs the stop-filtering is done for
every octave of the organ to prevent
undue tone and level changes at different
frequencies. With the two octave span
of this organ some change in tone and
level must be accepted over the range
of the keyboard when using simple
filters.

As attenuating filters are used in the
organ plenty of gain is required in the
audio stage and for this reason an
LM380 is used in the audio output
stage to drive the loudspeaker.

Construction

The keyboard pattern is etched directly
onto the printed-circuit board which
also carries the rest of the electronics.
As the copper of the keyboard would
rapidly tarnish when continuously being
touched with the finger it is necessary
for the board to be either tinned or
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protected with some other plating
process that will prevent tarnishing.

Commence construction by mounting
the LM380 into position and then fit
small heatsink fins, as shown in the
photograph, to either side of the IC.
Solder them to pins 3,4,5 on one side
and pins 10,11 and 12 on the other.
This should be done first as there is
little room in this area of the board once
other components are in position. Fit
the two wire links and assemble the
low-height components to the board
as shown on the overlay.

Mount the remaining ICs last of all
and take particular care not to handle
the CMOS ICs excessively before
insertion. Check the polarities of
polarised components such as ICs,
capacitors and diodes before soldering
them into position.

To avoid having screws showing on
the keyboard we glued the two switches
into position with five-minute epoxy.
Use a piece of printed-circuit board
or metal behind each mounting hole
to obtain extra glueing surface and extra
strength. Mount the potentiometers
and wire the complete board as detailed
in the overlay diagram.

The complete unit should now be
tested to ensure that all notes and
functions are operating correctly

before mounting into a suitable cabinet.
[ ]

Playing the organ.

Although the new organ is played with
the fingers as with a full instrument
there are a few small playing differences
which should be kept in mind.

Firstly the instrument is monophonic.
That is, if two notes are touched
simultaneously only the higher note
will sound. Secondly, the fingers must
be kept dry, as any moisture across a
key will hold that note on when the
finger is removed. If this does happen
then the keyboard should be wiped
with a clean dry rag. In stubborn cases a
little methylated spirits on the rag
will help.

Finally, it should be remembered that
unlike a piano there is no ‘touch’” to
the instrument and hitting the key hard
will not alter the sound. In this respect
it is similar to a real organ and the
player should get used to touching the
keys smoothly and firmly with the flat
part of the finger — not the extreme tip.

|

Frequency of
Notes used

698.5
659.3
622.3
587.3
554.4
523.3
493.9
466.2
440.0
4153
392.0
370.0
349.2
329.6
3111
293.7
277.2
261.6
246.9
233.1
220.0
207.7
196.0
185.0
174.6

gogm'n

TOAPPOO
* % #*

#* 3

OQO>PPWOOOOMTM
H* *

mm
H#*:

| —

Fig 3

Details of heat sink
shown full size,
two required
material tinplate
or thin copper.



Project 604

ACCENTURTED BEAT
METRONOME

This metronome design accentuates one beat out of every bar to help
with complex rhythms.

IT SEEMS THAT a sense of rhythm is
acquired by aspiring musicians as they
practise, rather than being an inborn
ability. Many people don’t have an
‘easy’ sense of rhythm, and the majority
of people, if left to themselves in
keeping a rhythm, will speed up or slow
down slightly without realising it.

This project is an electronic version
of the familiar mechanical metronome.
However, we have used the potential of
electronics to improve on the old design
and have come up with one which will
always accentuate a particular beat in
the bar, e.g. 3/4 for waltzes. This can be
a great benefit to those starting out in
music, and can also help the more
advanced musician with those awkward

rhythms!
SPECIFICATION — ETI 604
Rate 1/ sec. to 15/ sec.
Beat Ooff, 1-1t0o 1-9
Output power

9 volt supply 8 watts peak
Output frequency 800 Hz, 2500 Hz

Power supply 6 — 15 volts dc
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Project 604

0 ¢—e
1 ¢—@
5 G—=9
6 =9
2 49

Dt

TO swi1

-
ic2f

- O

-y

-

SPEAKER

v

SwW2

Fig. 1. Component overlay and wiring
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On these waveform diasgrams the beat rate has been increased to
show the two different outputs available.

5 between the board and SW1 follow
REAR VIEW the numbers on each end.
OF SW1
PARTS LIST — ETI 604

Resistor all %W, 5% Semiconductors

R1 2k2 IC1 NES55 timer

R2 47k 1C2 4017 decade counter

R3 15k iC3 NES55 timer

2; }‘s‘k Q1 BD140 transistor

R6 4k7 D1, 2 1N4004 diode
Potentiometers Miscelianeous

RV1 1M lin rotary PC board ETI 604

RV2 500 ohm lin rotary Speaker

glastic box
~ way AA size battery holder

Capacitors 6 AA size batteries

C1 1016V 3 knob!

c2 22n polyester SWno‘s - .

c3 100u electro 1 s!ngle pole 11 position switch

SW2 single pole toggle switch
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Design Features

The metronome designs published so far
simply use a dc pulse to drive the
loudspeaker. The only way to change
the sound of this type of output to give
the accentuation required and to
maintain an even beat is to change the
amplitude. As this is not very satisfac-
tory we decided to use a tone burst
method instead.

Initially we tried a pulsed LC net-
work which produced a very good
sound but was a little complex and
expensive so we finally decided on a
pair of 555 timers. With this system we
alter the tone frequency simply by
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Fig. 3. Circuit disgram of the metronome.

varing the control voltage on the 555
driving the speaker. The other 555
timer is used to give the time between
beats and the duration of the burst. A
4017 is used to count the beats and at
the required time changes the control
voltage of IC3.

When designing the PC board we
considered mounting it on the rear of
the wafer switch. However due to the
number of different switches available
we used wires to interconnect the
switch to the PC board. The switch we
used in the prototype was the OAK
type as it was more readily available
and also Australian made.

Construction

The unit is simple to build if the PC
board is used. Assemble the board with
the aid of the overlay diagram taking
care to insert the transistor, ICs, diodes
and the capacitors the correct way
round. Some care should be taken in
handling the 4017 IC; the pins should
not be touched more than necessary
and as well as it being the last compon-
ent installed, pins 8 and 16 should be
soldered first.

We built the unit into a plastic box
with the potentiometers, switches and
speaker mounted onto the aluminium
front panel. The front panel was first
drilled including a large hole for the
loudspeaker then after spraying it
white a Scotchal panel (plastic type)
was fitted. This panel is flexible enough
to allow the sound to pass through it
without needing a special grill cloth.
The speaker itself was glued to the
panel with quick dry epoxy.

The PC board was mounted using
double sided tape onto the rear of the
speaker although it can be mounted in
the rear of the box. The potentiometers,
switches and speaker can be connected
with hookup wire as shown in the
overlay-wiring diagram. When con-
necting the battery ensure the polarity
is correct as the unit will be damaged
if it is reversed.

Late News

In our prototype we used nicad batteries
which have a low internal resistance.
Later we discovered when using standard
dry cells that a slight irregularity
occurred on the accentuated beat due to
battery voltage fluctuations. If this is a
problem with your unit it can be cured as
follows:

1. Cut the PC board track between
pin 8 of IC 1 and the point where the
wire from SW 2 is joined and fit a diode
(1N914 etc.), cathode to IC8, across
the break.

2, Add a 100 uF 16 V capacitor
across pins 1 and 8 of IC 1 (+ve to
pin 8).

3. Add a 10 uF 16 V capacitor across
pins 1 and 5 of IC 1 (+ve to pin 5).

Alternatively, buy some nicads!

o 0V
BATTERY

HOW IT WORKS — ETI 604

The operation of the unit is relatively
simple. IC3 acts as an oscillator which
operates if the output of IC1 ( pin 3 ) is
high; i.e. about 8 volts. The frequency is
determined by RS and C2 and the voltage
set on pin 5§ of that IC. With the values
used the two frequencies produced are
about 800 Hz and 2500 Hz. The output
of IC3 is shown in Fig. 2b and after being
attenuated ( if required ) by RV2, is
buffered by Q1 which drives the speaker.
The diode D2 is used to prevent reverse
voltage from the speaker damaging Ql.

The first IC is used to generate the
tone duration ( about 4 ms. ) and the time
interval between beats. The interval is
adjustable by RV1 while the tone duration
is set by R1. Diode D1 isolates R1 in the
interval period. The output of IC1 is
shown in Fig. 2c.

The output of IC1 also clocks IC2
which is a decade counter with ten dec-
oded outputs. Each of these outputs go
high in sequence on each clock pulse. The
second output of IC2 is connected to the
control input of IC3 and is used to change
the frequency. Therefore the first tone
will be high frequency, the second low
and the third to tenth will be high again.
This gives the 9—1 beat. If the reset input
is taken high the counter reverts back to
the first state. We use this to limit the
sequence length to less than ten by taking
the appropriate output back to the reset
input. If for example the Sth output is
connected to the reset, the first tone will
be high, the second low, the third and
fourth high, then when the 5th output
goes to a ‘I’ it resets it back to the first
which is a high tone. We then have 3 high
and one low tone or a 3—1 beat. Actually
the 5th output goes high only for about
100 ns. while the counter resets.
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 ACTIVE ANTENNA

Simple broadband antenna covers 0.5 to 30 MHz — or can be used to boost single
stations in the broadcast band.

m PROJECT 708

SHORT wave listeners often have
difficulty in installing a suitably
adequate antenna — especially if living
in a flat or home unit. Parents and

neighbours may quite justifiably
complain about large and unsightly
structures. In addition there are

difficulties in building an antenna
which adequately covers the whole
range of 0.5 to 30 MHz and there is
also the problem of antenna
portability if required.

DESIGN FEATURES

An efficient system consists of the
antenna itself together with a
transmission line to carry the signal to

the receiver. The antenna and
transmission line must be matched to
each other if the maximum amount of
signal incident on the antenna is to be
transmitted to the receiver. However
since the size of an antenna is related
to frequency, one particular sized
antenna will only be suitable for a
limited bandwidth. Fortunately very
efficient antennas are not always
needed on the HF band due to the
excellent sensitivity of modern day
receivers,

A rod antenna has an impedance
of less than 50 ohms at its tuned
frequency and can therefore easily

be matched into a 75 ohm
coaxial cable. However if a

quarter-wave rod antenna is used at
frequencies lower than its natural
resonance its impedance increases so
that it cannot easily be directly
matched into a 75 ohm cable.

Our solution to the problem of
obtaining wide band operation with
a simple rod antenna is to feed itinto
an active impedance converter before

the transmission line.

An active impedance converter must
have a very high input impedance and
low input capacitance. At low
frequencies the effective input
impedance is the value of the biasing

resistor, whilst at high frequencies
(above 1 MHz) the effective
impedance is that of the input

capacitance. The converter must have
high linearity but no voltage gain. |f
voltage gain were incorporated the
converter would have to provide a high
power output to avoid the possibility

of inter-modulation occurring.
The number of transistors used have

been kept to an absolute minimum as
each transistor adds its own noise
contribution to the signal coming from
the antenna. Two transistors are used
and these are both low-noise RF types.

One particular application for the
antenna was to boost the level of the
Sydney station 2JJ which is very low
in level and cannot be received by an
average car radio when driving around
the city. When using the converter in a
straight broad-band mode the
reception from 2JJ was greatly
improved but other strong stations
overloaded the receiver producing
some rather unpleasant distortion. For
this reason the alternative circuit was
developed to allow one particular
station to be handled at maximum

efficiency whilst with other stations
away from resonance the converter
impedance is lowered, thus reducing
the output from stronger stations.

It must be remembered that if the
signal level from a station is below the
ambient-noise level it is impossible to
improve the signal-to-noise ratio with
any type of active antenna. For the
short wave listener an occasional burst
of noise is not so objectionable and
the active antenna will give good
results over the entire 0.5 to 30 MHz
band. It must be remembered that
when operating in a car the signal level
from shortwave signals will be
improved but the apparent noise level
may also increase if it is raised above
the masking of the ambient noise level
in the car.

CONSTRUCTION

The use of a printed-circuit will
greatly simplify construction and the
pattern provided will suit the car or
broad-band version by simply adding
some components or deleting others as
required for the particular version.

Broad-band SWL version

After the printed-circuit board is
assembled in accordance with the
respective overlay it is fitted into a
small metal box (a diecast box is best
as it may be more easily sealed against
moisture) upon which a commercial
car whip antenna is mounted as shown
in the photo. Lead was placed in the
bottom of the box so that the unit will
not tip over easily and rubber feet
were fitted to raise it above surface
water when used outside. The coax is
fed in through a hole in the bottom of
one side and a water seal is maintained
by fitting the cable through a rubber
grommet. Once the unit is checked out
it is a good idea to spray the inside of
the unit with clear lacquer to seal
against moisture,

For those who do not wish to
purchase a commercial antenna a
length of ordinary hook-up wire taped
to a light wooden support or even
taped to the wall is adequate. Make
sure however that the wall is
non-metallic and that the antenna is
not close to any electrical wiring or
other metallic structures.

Car or broadcast version
From Table 1 determine the number
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Fig. 2. Circuit for combining supply volts
and antenna signal onto the coaxial feeder
cable. Used with SWL version where long
feeder cable is required.

of turns necessary for L1 and wind it
as detailed in Table 1. The coil L1
must be mounted close to the base of
the antenna so that it can be
connected to the antenna by no more
than 75 mm of wire. The earth
connection to the chassis must also be
kept short and C5 should be mounted
so that it is accessible for tuning.

A good place to mount the antenna
is on the rear mudguard with the base
protruding into the boot. The
converter may then be mounted to an
aluminium bracket which is secured to
the car with the antenna base retaining
bolt.

The converter should be fed with a
12 volts supply obtained from the
accessory fuse in the fuse box.

On cars with generators that produce
hash (interference) on the 12 volt
supply an 820 microhenry choke, in

PARTS LIST —ETi 708
Resistor 18 §) %

" Q -

270 Q)
1k "
470k "
1M "

iomM "

See text
Capacitor 56 pF
- 5-70 pF

Ceramic

0.047 UF Ceramic
0.151.# g

2N5485 (FET) or
simlliar

2N4121
or similar

RFC1 Radio frequency choke 680
RFC2 - W " 560 iﬂ

Ql Transistor

Q2 "

L1 See table 1
SW1 Singie pole single throw toggle
witch

s 5
PC Board ET! 708
coax cable

series with the supply lead, and an 0.15
microfarad ceramic capacitor to
ground (from where the two RFC
chokes meet) should help.

SETTING UP

The transistor Q1 has quite a spread
in parameters from one device to
another and some circuit adjustment
may be required for optimum
performance. The voltage drop across
R7 should be approximately one third
of the supply voltage to the converter.
That is, four volts for a supply of 12
volts. |f necessary adjust this voltage
by adjusting the value of R3. No other
setting up is required on the SWL
version.

In the car version temporarily place a
link across R10, tune the receiver to
the station which needs to be boosted
and adjust C5 for maximum volume.
This is best done when the car is

HOW IT WORKS - ETI 708

In effect the active antenna consists
of a rod antenna followed by a buffer
amplifier which has a very high input
impedance (to match the antenna)
and an output impedance of 75 ohms
to match the lead-in cable.

Signals picked up by the antenna
are coupled to the amplifier via Cl
the value of which has been kept
small to attenuate any 50 Hz pickup
on the antenna. Resistors R2 and R3
set the bias point for Q1 such that a
four-volt drop is obtained across R7.
The voltage gain is maintained at
unity and the linearity improved by
applying feedback from the collector
of Q2 to the source of Ql. The
function of Q2 is to provide a very
low output impedance. Resistor R4 is
used to suppress any parasitic
oscillation which may occur to the
high gain which both Q1 and Q2 have
up to UHF frequencies. Resistor R9
increases the output impedance of
the amplifier to match the 75 ohms
of the coaxial cable.

In the broad-band version the
supply current is fed to the unit via
the coaxial cable — the shield being
at earth, RFCI1 and R11 appear as a
very high impedance to the RF but as
a low impedance of 250 ohm, to the
dc. In effect it forms a low-pass filter
in conjunction with C2. Capacitor C3
prevents the supply voltage from
upsetting the bias conditions of the
transistors. The signal is passed down
the coax to the antenna circuit where
C6 couples the signal to the receiver
whilst blocking the dc, and RFC2
connects the dc supply to the coax
whilst preventing the RF signals from
entering the power supply.

In the broadcast version L1 and C5
form a parallel-resonant circuit that
appears to one particular station in
the broadcast band as a high
impedance, and to the other stations
as a much lower impedance. Thus the
voltage developed at the input of the
amplifier is a maximum at the
frequency to which L1 and CS are
tuned, whilst the other stations are
attenuated. Resistor R10, in series
with the tuned circuit, sets a
minimum value into which the short
antenna works and so assures some
response to the stations other than
that tuned by L1 and C5. The value
of R10 is best found by experiment
as detailed in the text.

parked in an area where poor
reception is encountered. Resistor R10
is best selected by experimentation. A
good starting value is 1000 ohms.
Adjust R10 so that the stations to
which L1 and C5 are not tuned are
received free of noise. Too large a
value of R will reduce the
effectiveness of the tuned circuit. (see
How it Works).

We found that an antenna length of
two metres was suitable for the HF
version and a one metre length was
suitable for the broadcast band
version.



TABLE 1

Freguency No of turns
below 700 kHz R2
700 to 950 kHz M
950 to 1200 kHz 1
above 1200

CORE Philips potcore P18 series AERIAL
material 387 or 3H1, fle = 220
Part No 4322—022—24280 or
4322—-022—24080
FORMER 4322—021—30270

CLIP 4307—021—20000
one each of core, former and clip c1
required to assemble one complete coit SGpF 2‘74
. L1 -'4:5 I
AERIAL Fig. 3. How the SWL active /;-70pF
antenna is coupled to the
radio receiver via a splitter
box. ]
OUTPUT
SEE R3 R7
ANTENNA TEXT<S R10 2 470k 270
ov
750 COAX O g - e -0
EARTH TO
BATTERY OF CAR
| 2N5485 2N4121
RADIO
RECEIVER 9 09 co
] 50 [ bo
o od eo
g:k‘l:"‘l’g_?l Sg)éligPRLv e Fig. 4. Broadcast version has a tuned
circuit, L1, C5 to attenuate stations
FROM RADIO SIGNALS other than the one tuned.
SHORT LEAD
+12v TO AERIAL
SHORT LEAD

TO AERIAL Q2

Q1
© 9
. @ ay To rRADIO O E m¢_b (?S i
rapio O » é‘s 5 o) % e d
E< EE é >
{Re_ )} l ~
I - da L
o c2 ca

SHORT LEAD O
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{ov)

Fig. 6. The component overlay for the broadcast or car version. Note
that the same printed-circuit board is used for both versions.

a

Fig. 5. Component overlay for the SWL version.

Fig. 7. Printed-circuit layout for both versions. Full size 92 x 46 mm.

d How the finished board for the broadcast version appears.
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ot SIMPLE

INTERCOMS

Three intercom systems using the LM380 audio IC.

AN INTERCOM SYSTEM is not only
one of the most useful projects that
one can build, it is also one of the
easiest.

Commercial intercoms are of course
readily available — often at prices even
lower than one could build the units
for oneself. Nevertheless a project of
this nature is still more than justifiable
for not only does it provide valuable

experience but the system can also be
built to suit one's exact needs.

In the ETI unit, as with most simple
intercoms, a speaker doubles as both
microphone and loudspeaker, its role
being changed from one to the other
by a pushbutton “talk/listen’ switch.

As a loudspeaker is not particularly
efficient when used as a microphone,
we have used a step-up transformer

and LM 380 integrated circuit
amplifier.
The transformer chosen is a

240 V/12.6 V centre-tapped device (of
which only one half of the primary
winding is used). The specification of
this transformer is not at all critical
and virtually any device having
roughly the specified characteristics
will do.

Whilst the circuit of a suitable power
supply is shown (Fig. 4) current drain
is low and battery operation may be
used if the unit is not used very much.

CONSTRUCTION

Construction is very simple indeed
and, as there are very few components,
we suggest that the amplifier be built
onto matrix board or similar. A
heatsink is not required for the
LM380, when working into a 15
ohm, be sure to obtain speakers
having this impedance. Higher
impedances will result in much lower
power output, and lower impedance
speakers (eg 8 ohms) will require the
use of a heatsink.

The internal layout of the prototype
unit is shown in Fig. 5. Note that we
used the system connections shown in
Fig. 2. This system requires (easily
obtainable} single-pole push buttons
but requires three interconnecting
wires between station 1 and station 2.
It also has the advantage that an

p)

+6V TO +18V

PR e P T P

T N/C
SPEAK LISTEN
L sw/1 v
240V
TALK
MASTER T
PF2851

RV1
LOG LM380

T 0.1uF

| I

A I

sw1/2 |

+ OUTPUT TALK I
I

I

|

\

ov *PINS, 3,4,5,7, 10,11, 12

Fig. 1. About the simplest possible intercom, in this arrangement the master station listens to remote station at all times until TALK button is

pressed.
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output is heard only when the TALK
button at either station is pressed.

The system shown in Fig. 1 only
requires two wires to the remote
station but has the disadvantage that
station 1 is always listening to station
2 except when the talk button is
pressed.

If two remote stations are required
the system illustrated in Fig. 3 should
be used. Again this requires three wires
to each of the remote stations. Switch
SW1 is the push-to-talk button and
SW2 selects the required remote
station,

We used a small 9 volt battery to
power our unit but, if continuous use
is expected, it would be wiser to use a
larger battery. For example, the
standby current is about 3 mA which
would result in only about 150 hours
operation from a small battery. The
best battery system would probably be
two 6 volt lantern batteries connected
in series. Alternatively a simple power
supply such as shown in Fig. 4 could
be used. >

HOW IT WORKS ETI 234

The (approximately) 1 millivolt
output from the speaker is stepped
up by transformer TI1. The
transformer is a standard 240/12.6
CT type used in reverse, only half of
the 12.6 volt winding is used.
Alternatively either of the A&R
audio transformers, as specified in
the parts list could be used.

The output of T1 is connected
directly to the non-inverting (+)
input of the LM380 (pin 2) and also,
via potentiometer RV1, to the (-)
input. Since the input resistance of
the IC is about 150 k, the signal level
at the negative input is dependant
upon the setting of RV1.

The IC, as with all differential
amplifiers, amplifies the difference in
signal level between its two inputs,
pins 2 and 6. Thus RV1 effectively
acts as a volume control

With the connections shown on Fig.
1, the remote station speaker acts as
a microphone, applying its output to
T1. The output of T1 is amplified by
the IC and applied to the MASTER
speaker. Thus the master station is
listening to the remote station at all
times other than when SWI1 s
pressed.

When SWI1 is pressed the master
speaker becomes the microphone and
the remote speaker receives the
amplified signal from the IC.

fstavony ~ — ~ — — — ———-~—-—— < o Fig. 2. This system gives
: | privacy to station 2 but
| INPUT | requires three wires
W1 ou | bctw?a.n stations. The
: AMPLIFIER TPUT ¢ 1 amplifier circuit is
- 0 identical to that in
I CoMMON | Fig.1.
(SR N P J
fsamonz|— — 11
| t
| sw2 o
[} |
I |
e o . |
| MASTER
l W 1./1\<>1
l " _INPUT \T
sw2/a ‘
l [COMMON AMPLIFIER -

4 4
Ll =
fsvamont ~ VL L L |
I I'rr [

: s
lsnmouz ! N %
! - ot

Fi.g.3. An extension of tha previous system to s master and two slaves requires three
wires from the master to each slave, and & more complax switching arrangement.

}

1
240V 1SW6
INPUT !

N e—
T2
E 240V/12.6V
° I PF2851
<+ OR SIMILAR

Fig. 4. A simpla power supply for usa with the intarcom.

- +18V
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SIMPLE INTERCOMS

Fig. 5. The method of assembly may readily be seen from this

internal view.

Resistor

circuit

SPDT toggte

Six to 12 volt battery.

Power Supply

Diode
Capacitor
Capacitor
Transformer

Switch

Capacitor
tntegrated

Transformer

Potentiometer
System 1
DPDT pushbutton

Parts List

2.7 ohm 2 watt 5%
0.1UF polyester
47[UF 16 volt-electrolytic

LM380

240/12.6 volt centre tapped

Ferguson type 2851

A & R type 6474

A & R E7/3.5 or E5/3.5

(or any 240/6.3 volt transformer
you may have)

2M log rotary

System 3

SPDT pushbutton ODOPDT pushbutton

SPDT pushbutton OPDT pushbutton
- SPDT pushbutton
- SPDT pushbutton

SPST toggle SPST toggle

System 2

Loudspeakers 15 ohm 3" diameter Magnavox 3T or similar.

Plastic or metal box, piece of matrix board, bolts and nuts etc.
* required for battery versions only.

EMA401 or similar

470UF 25 volt electrolytic

25, 25 volt electrolytic
240/12.6 volt CT Ferguson

PF 2851, A & R 6474 or similar
DPST toggle 240 volt ac 1 amp.

Two outstanding oscilloscopes

G P —

i
b aaA

2 29
=

2299

o @ MEAG

30 MHz
Storage.

video line
selector
option. p

The BWD 845 dual trace
variable persistence
STORAGE oscilloscope has
5 div./pSec. storage writing
speed, auto store and auto
view. Bandwidth is 30MHz
and Sensitivity 1mV/div.

BWD

ELECTRONICS PTY. LTD.

Miles Street, Mulgrave, Victona 3170
P O Box 325, Spnngvale, 3171

Telephone 561 2888 Telex 35115

BWD 540 dual trace - dual
sweep DC to 100MHz - 3db
with 5mV sensitivity and
5nSec. sweep speed.

BWD 701 Video Line Selector
adds precision video mon-
itoring with sensitivity from

25mV to > 100V and a flat

Field Portable AC - DC
or Battery powered.

100 MHz with

response to 10MHz. N
B
N.SW. Amalgamated Wireless (A'asia) Ltd . Sydney Ph 888 8111
QLD. Warburton Franki (Brisbane) Pty Ltd., Phone 52 7255
S.A. Protronics Pty. Ltd., Adelaide. Phone 212 3111
Rogers Electronics, Adelaide. Phone 42 6666
WA, Cairns Instrument Services, Perth Phone 325 3144
TAS. Associated Agencies Pty Ltd . Hobart Phone 23 1843 FC101 A
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CONSTRUCTIONAL

METHODS

ELECTRONIC PROJECTS may be
constructed in several different ways.
The simplest by far is by using a
printed circuit board. Boards, etched
and drilled for specific projects are
readily available from most of the
kitset and component suppliers who

~

advertise in this magazine.
Alternatively, pc boards (as they are
usually called) can be made at home.
Other methods of construction
include matrix board, Veroboard and
tag strips. The pros and cons of each
method are described in this article.

Veroboard, matrix board, printed
circuits — or tag strips.

VEROBOARD
Veroboard is a commercial product
specifically made for rapidly

assembling prototype equipment, or
for building one-off projects etc.

It consists of a high-grade laminated
circuit board upon which parallel
copper strips are bonded. The board is
pierced by a matrix of holes, for
inserting component. These holes may
be at 0.1, 0.15 or 0.2 inch spacing. For
miniature electronic work,
incorporating integrated circuits, the
0.1 inch pitch is most commonly used,
whilst for general electronics, the 0.15
inch pitch is very popular.

USING THE BOARD

To assemble a circuit using
Veroboard, the components are
inserted into the board such that they
are interconnected by the copper
strips in the desired pattern. Where a
break in the copper strip is required a
sharp drill (as shown in the
illustration) or a ‘spot face cutter’,
specifically made for this purpose, is
used.

The components for a simple circuit
may be placed on Veroboard in the
same configuration that they have in
the circuit diagram. This makes circuit

Veroboard — board has copper
tracks bonded to noncomponent
side. Breaks are cut where necessary
Component leaas are solderea

to tracks on copper side of

board.
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checking much easier and any faults
are subsequently easier to find.

Most connections may be made
directly to the copper strip but, where
strong connections are required, or
where many wires are to be terminated
at the one point, Veroboard pins may
be inserted to make secure terminals.

MATRIX BOARD

Whilst Veroboard is very suitable for
one-off equipment that is to be used
permanently, it's rather difficult to
strip and use again.

Matrix board, is more suitable for
re-use in mocking up first prototypes
but may also be used for equipment of
a more permanent nature.

Matrix board is perforated with
holes, in the same way as Veroboard,
but does not have the copper strips.
To use it one inserts the components
through an appropriate set of holes
and makes connections by routing the
component leads at the rear of the
board or, by using tinned copper wire
to link the components. This sounds
pretty messy, but it is surprising how
quickly circuits can be built up and —
how neatly they can be made.

Where component leads or the tinned
hook-up wire cross they should be
insulated by a small piece of insulating
‘spaghetti’. This does not need to be
done as often as one would think and

quite complex circuits may be
assembled neatly, compactly and
speedily.

Matrix board is available in 0.25 inch
or 0.1 inch spacings. The latter is
preferable for miniature electronic
work. Turret pins and eyelets are also
available at low cost if required. Thus
the matrix board system is ideal for
assembling experiments as well as of
one-off special equipment.

PRINTED CIRCUITS

Printed circuit boards simplify
electronic circuit building enormously
— to the extent that some enthusiasts
feel that it is degrading the hobby to
that of ’painting by numbers’ — but of
course you can always make your own
circuits, as explained here.

The boards are made of a phenolic
resin or glass fibre laminated with a
thin copper sheet bonded (generally)
to one side.

Intercomponent wiring is formed by
etching away the unwanted copper —
so that only the required tracks
remain. Holes are then drilled for the
components which are mounted on
the non-component side and their
leads soldered directly to the copper
tracks.

Most component and kit set suppliers
stock printed circuit boards already
drilled and etched for most popular
projects. They also stock printed
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MATRIX BOARD -
Components are
inserted thraugh holes
and leads soldered on
non-component side.
Novices find matrix
board easy to use as
components and wiring
can be positioned
exactly as on the
circuit diagram.

circuit board material for those who
like to make their own boards.

There are very many different ways
of etching printed circuit boards. The
method described here is virtually
identical to that used by our own
projects laboratory at ETI. We use this
method as in our experience it is the
simplest, least messy way of making
professional looking boards.

Although  printed-circuit  boards
can be prepared for etching by
painting the design on the board with

ANTENNA
10 TURNS
OF 26G WIRE
IF REQUIRED

bituminous or other etch-resistant paint
or ink, one of the so called
photo-resist methods is preferable by
far.

Two methods are used — negative
resist and positive resist.

The negative resist method is very
effective, it is commonly used
commercially but requires a
photographic  negative of the
printed-circuit layout, whereas the
positive resist process does not. Hence,
using positive resist, a step which may

TO BATTERY
ov

HEADPHONES

ON/OFF
SWITCH

-

TUNING
CAPACITOR

TO BATTERY
€SV

To_g Strips — construction is quick, cheap and simple. However the method is only reslly
suitable for small scale projects as inter-tag wiring will otherwise be extensive and tedious.
The method also wastes space. (Circuit shown is of a single transistor reflex receiver first

published in our December 1971 issue).



CONSTRUCTIONAL METHODS

The artwork is prepared (full size)
on a piece of transparent film
using opaque PC board tape and
pads. An original master is shown
here together with an etched but
untrimmed or drilled board.

The laminate should be thoroughly
cleaned with paper towel and
abrasive cleanser powder until the
surface is uniformly bright, and wets
uniformly.

The prepared laminate is coated with
a thin film of ‘resist’ and allowed to
dry.

Excess resist should be drained off and
the board dried in a dark and dust
free place.

The artwork is placed on top of the
copper side of the board and sand-
wiched between a piece of faam and
a sheet of glass. The board should
then be exposed to light with a high
ultra violet content for a time as
detailed in the text.

After exposure the resist is developed
{see text) the board allowed to dry and
then etched in ammonium persulphate
or ferric chloride solution. The board
here is seen when partly etched.

be difficuit for some experimenters is
eliminated

The process described here is based
on the CCPR12 positive resist and
associated developer available in NSW
from Circuit Components or from
suppliers of printed-circuit board
materials in other States.

HOW IT WORKS

The copper surface of the board is
coated with resist and then exposed to
light through a piece of translucent
film upon which the desired circuit
pattern has been layed out with
opaque artwork tape and/or ink. When
subsequently developed the resist that
has been exposed washes away leaving
an etch-resistant pattern of the
required circuit. The exposed copper
may be etched away with ferric
chloride or ammonium persulphate.

THE ARTWORK

Materials are available from suppliers
for making the .so-called ‘artwork’.
This is the required pattern laid-out
full size with opaque tape onto Mylar
film. Tapes of various widths are
available, together with stick-on
transistor and IC pads. Such materials,
although relatively expensive, greatly
facilitate making artwork.

1. LAMINATE PREPARATION

(a) Allow an 8 mm border beyond the
finished board perimeter to
simplify handling.

(b} Scrub laminate thoroughly with a
powdered abrasive cleaner using a
new Scotchbrite pad or clean
paper towelling and water. (Do
not use sponge type kitchen pads
or steel wool, due to their
susceptibility to grease retention).

(c) Hold scrubbed laminate under
running water and check that the
copper surface ‘wets’ evenly all
over. If a break appears, rescrub
and retest.

(d) Dry with a clean piece of paper
towelling, being  particularly
careful not to touch the prepared
surface of the laminate with the
fingers. (Skin oils will
contaminate the surface and
nullify the preparation). Then
brush the surface with a ‘soft’,
clean brush to remove lint, dust
etc.

2. COATING THE LAMINATE

{a) Pour a small pool of resist in the
centre of the prepared laminate
and thinly smooth over the
surface with a %" to 1" paint
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(b)

brush. (Use a new brush and keep
for use with CCPR 12 Resist only.
Wash brush in methylated spirits,
then in soap and water). A
“streaky’’ appearance when wet
usually settles evenly during the
drying process.

Place coated laminate in a
preheated oven at 80 to 900C
(176 to 1940F)} for 10 minutes.
This will dry the resist sufficiently
for exposure.

It is recommended that ovens
using exposed or infra red
elements not be used as the red
light may prevent the
photo-sensitivity from
functioning. Where these and gas
ovens are employed, bring the
oven up to temperature and
switch off, then place the
prepared laminate in the upper
section of the oven for 15 to 20
minutes.

EXPOSING
Now place the artwork in intimate
contact with the prepared board by
sandwiching the board and artwork
between a sheet of polythene foam
and a piece of thoroughly clean glass.
The sandwich must now be exposed

to

light. This can be done in several

ways — two of which are described
below.

(a)

(b)
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Direct sunlight may be used — the
exposure time should be four to
five minutes.

Using 2 x 20 watt Sylvania type
F20T12-BL fluorescent tubes (or
Philips Actinic Blue Fluorescent
tubes, both makes being 3900
angstroms) mounted on a twin

batten unit at a distance of 250
mm. A master made on single
matte film typically requires an
exposure time of four minutes.
The time will vary depending on
the film used (clear, single matte
or double matte) and the distance
between the tubes and the work.
Clear film typically halves the
exposure.

DEVELOPING

(a)

(b)

(c)

(d)

To 1 litre of water add 40 grams
of CCPD16 developer crystals.
Place the solution in a glass or
plastic tray. (Do not use
aluminium containers as this
solution is alkaline and will be
contaminated by the aluminium).
Immerse the exposed laminate in
the developer and rock gently,
avoiding splash. Another very
satisfactory method is to lightly
brush over the surface, while fully
immersed, with a clean paint
brush.

The exposed areas should dissolve
completely within two minutes.
This developer is not flammable,
but should be treated with care.
Always wash hands and other
exposed skin areas as soon as
possible.

Rinse the developed laminate
under running water and dry off
with a soft cloth, then allow to
stand in free air to stabilise for
approximately 30 minutes.

Where a very hard finish is
needed, post baking at 1000C
(212OF) for five to 10 minutes is
recommended. Allow laminate to
fully cool before etching.

SOLVING PC BOARD PROBLEMS

PROBLEM

Resist will not “"take’ in
spots (breaking surface
tension),

Resist will not wash off
exposed areas during
development.

Resist washes away during
development.

PROBABLE CAUSE

Laminate not cleaned properly.

(1)
(11)
(111)

(1)
(11)

(111)
(1v)

resist under-exposed
developer too weak
oven temperature too high

board baked at too low a
temperature

baking time too short
developer too strong

board overexposed or has
been exposed to ultra-violet
light prior to development.

ETCHING

{a)

(b)

Two suitable etchants are:

Ferric Chloride:  Yellow lump
(hydrated). Mix 1 kilogram with
each litre of water. To speed
dissolving, heat the water to
between 75 and 85°C (1670 —
1850F).

Ferric Chloride: Anhydrous. Mix
500 grams with each litre of cold
water. Important, add the powder
to the water slowly stirring
continuously, as this process
generates extreme heat.

An ideal etching method for one
or two small boards is to use a
plastic paint roller tray and plastic
handled nylon bristle hand
broom. Place the board on the
draining board, and the co/d ferric
chloride in the reservoir, then
sweep the ferric chloride up and
brush over the surface of the
resist. This should be done at
approximately one stroke per
second. This should give an etch
time of four minutes with a fresh
solution of etchant.

Ammonium Persulphate: Dissolve
200 grams in half litre of water.
This solution should be heated to
400C (1000F) but not above
500C (1250F) for etching. Form a
"basket’’ of plastic tubing and use
a continuous ‘‘dunking” action
until fully etched. Constant
agitation is essential and a fresh
solution should etch in five to
seven minutes. This is a
particularly clean etchant, but
does not etch as much area as the
same volume of ferric chloride.
Note that this particular etchant is
extremely slow when used cold.

Warning: Avoid spillages. If spilt
or splashed, wash from affected
areas immediately  otherwise
damage will occur.

When etching is completed, wash
off in running water, then strip
the resist off with methylated
spirits or lacquer thinners.
However if required this resist
may be left on the finished board
as it does not greatly impede
soldering.

The resist is not a flux, therefore
an electrical grade cored solder
should be used in final assembly.

Warning: Exercise caution when
using all chemicals, do not smoke,
do not use the resist, thinners or
methylated spirits near naked
flame, and on no account use any
utensil which has been used with
chemicals for food or drinking
purposes. Good housekeeping is
essential for good results — keep
all utensils clean and dust free. @



RESISTOR
COLOUR CODE

(standard carbon series)

To read the colour code, hold resistor with code ring
nearest to end at left hand side.

s Colour 1st ring; 2nd ring 3rd ring 4th ring
P roj e ct 1st figure 2nd figure multiplier  tolerance
black - 0 1 -
= = brown 1 1 10 1%
uilding o 1 . b, 2R
- orange 3 3 103 =
u I e yellow 4 4 104 =
green 5 5 105 =
blue 6 6 106 -
violet 7 7 107 =
RESISTORS of 1% tolerance some- grey 8 8 108 =
times have a five band code. The same s 5 5 109
colour codes are used but the first e v > 102 o
tl_1r.ee bands represent the first three gold - _ 10-1 +5%
digits and the fourth band is the
multiplier. With these resistors only a No fourth colour indicates £ 20% tolerance

Grade 1 (‘high-stability’) resistors are distinguished by a

few of the standard values coincide salmon-pink fifth ring or body colour.

with those of the four band coded
resistors. For example 220 k is cC »

. Example: Resistor coded as A — grey, T -
standard in four band code but 221 k Bored, et (Dt AT # I I .
is standard in five band code. a value of 82 kilohms t5%. 3

STANDARD VALUES

This table shows the preferred
series of values in a decade.

>
e
SIS

AN

VALUES IN A DECADE

RESISTORS and capacitors are

generally made with the values and 20%| 10% |5 or 2% 1%

tolerances shown. For example 20%

tolerance resistors are usually made in 10 1 10 :? 100 133 178 237 316 422 562 750

values of 10, 15, 22, 33, 47 and 68 — 12 12 [102 137 182 243 324 432 576 768

whether ohms, kilohms or megohms. 13

Thus a nominally 47 k 20% tolerance 15 | 15 15 105 140 187 249 332 442 s90 787

resistor may have an actual value 16

anywhere between 37k6 and 56k4. 18 18 | 107 143 191 255 340 453 604 806

Note that International Standards now 20

call for the suffix to be used in place 22 22 22 110 147 196 261 348 464 619 825

of any decimal point. Thus a 4700 24

ohms resistor would in the past have e :23(7) 113 150 200 267 357 475 634 845

been described as 4.7 k. Nowadays it

should be described as 4k7 howyever 33 33 33 115 154 205 274 365 487 649 866

. H b ' 36

many earlier circuits have not been 39 39 | 118 158 215 287 383 511 681 909

changed and not all publications have 51

adopted the new Standard. 56 66 |[124 165 221 294 392 523 698 931
Closer toleranceresistors such as 10% 62

or 5% are not necessar”y aetter 68 68 68 127 169 226 301 402 536 715 953

q " 75

it is merely that the manufacturers 82 82 |130 174 232 309 412 549 732 976

have weeded out projects falling outside 91

the tolerance limits.
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POTENTIOMETERS

POTENTIOMETERS are made in
many different forms for a wvast
number of applications. Factors which
affect design are, for example, wattage
and resistance range, whether the
control is to be continually or
intermittently adjustable, the ‘law’ of
resistance and the variety of
mechanical arrangements required.

POWER RATING

The maximum power which may be
dissipated is specified for the
condition where a voltage is applied
across the end terminals continuously.
However under certain conditions
power dissipations much lower than
this can cause damage. This is because
the resistive element also has a
maximum current limitation. Thus a
potentiometer set to its lowest
resistance could be damaged if
excessive current were drawn via the
slider terminal.

LAW

Potentiometers are constructed
with various relationships of resistance
versus rotation. Those most commonly
used in Australia are;—

A linear

J linear

C logarithmic

E anti-log

The type of relationship (law) used
is indicated by stamping the
appropriate letter symbol on the body
of the potentiometer, eg 10 kCis a 10
k ohm logarithmic potentiometer.

LOG OR LINEAR?

Most human perception is of a
logarithmic nature (eg hearing, where a
doubling of power is just perceivable).
Hence logarithmic potentiometers are
frequently used for volume controls as

-

PERCENT RESISTANCE
8

Resistance/rotation
curves for commonly 0
used potentiometers.

the logarithmic change in resistance
(versus rotation) is ‘heard’ as a linear
level-change versus rotation.
Logarithmic — potentiometers are not
accurate, so, where an accurate
mid-point setting is required, {for
example in tone controls) they are

seldom wused except in cheaper
equipment.

TAPPED

POTENTIOMETERS

Tapped potentiometers are generally
used where some form of frequency
compensation versus rotation s
required. They are often used in
‘loudness’ controls, (bass and treble
frequencies boosted at low volume
levels). Tapped potentiometers are
usually specially made for a specific
application. Because of this they are

PERCENT EFFECTIVE ROTATION

not generally available from hobbyist
supply sources.

BALANCE CONTROLS

Balance controls are built with two
separate elements connected such that
each alters resistance in the opposite
sense. Such controls are used where it
is required accurately to balance the
gain of a pair of amplifiers. Such
accurate balance is not required in
domestic stereo amplifiers and hence
in this application a single gang
potentiometer is generally used.

GANGING

Potentiometers may be obtained
with two or three resistance elements
driven by a common shaft. These are
commonly used for volume and tone
controls for stereo amplifiers.

Resistors in series
Rtotal & R1 1 R2+R3+...

Resistors in parallel

Rtotal = R1 xR2
R1 + R2

SERIES AND PARALLEL CONNECTIONS

Capacitors in series

Capacitors in parallel

(N T R
Ctotal C1°C2°C3" -

Ciotal = C1+4C2+C3+.....

TAG TANTALUM CAPACITORS

WORKING VOLTS CAPACITANCE RANGE
AVAILABLE
3 10— 100 uF
6.3 68 — 47uF
10 b 47 - 334F
16 22 - 22uF
Because of their small physical size tag tantalum 25 33 — 10uF
capacitors are ideal for miniature electronic work. 35 01 - 6.8uF

They are more expensive than standard electrolytics

though.
96

Tolerance + 20%




PROJECT BUILDING GUIDE

CAPACITANCE IN ufF D.C. WORKING
TAG VOLTAGE |
1st 2nd POLARITY and } |
TANTALUM coLour | RING RING MULTIPLIER COLOUR  VOLTS |
Biack - 0 x 1 White 3
R Brown 1 1 x 10 Yellow 6.3
Red 2 2 Black 10
Orange 3 3 Green 16
Yellow 4 4 Blue 20
Green 5 5 Grey 25
Blue 6 6 Pink 35
Violet 7 7
Grey 8 8
White 9 9
L
I~
~
N.B. — The above sketch shows the position of the coloured spot
which serves both as multiplier and anode indicator.
EXAMPLE ) BLUE 6
GREY g 6.8uF
6.81F /25 volts WHITE 4
GREY
] 25 Volts
capaci- capaci- capaci- Beos
tance tance tance
(pF} marking (pF)  marking (pF) marking 4
0.68 p68 5.6 5p6 47 47p °
0.82 82 68 6p8 56 56p 27P | =
1.0 1p0 8.2 8p2 68 68p
1.2 1p2 10 10p 82 82p
15 1p5 12 12p 100 n10
1.8 1p8 15 15p 120 n10
2.2 2p2 18 18p 150 n15
27 2p? 22 22p 180 n18
3.3 303 27 27p 220 n22
39 3p9 33 33p 270 n27
4.7 4p7 39 39p
POLY-
4
= Ist figure of cap value
c T 2nd figure of cap salue -
multiplying factor )
A R B N A E capacitance tolerance T
working voltage - =3
colour .
body colour —
CAPACITORS |.. .. - -
brown 1 1 10 13 Ll
red 201 102 250V
orange 3 3 10}
yellow 4 4 10* 400 V || A
green 5 5 10°
blue 6 6 630 vV i =
violet 7 7 4 d
grey 8 8 LA
white 9 9 +10°, e =
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TRANSISTOR

CONNECTIONS

TRANSISTORS
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Note — Case 4 is used for various transistor configurations and the different connections
are indicated in the table on the right of the case. For example, if connections 4c are
indicated in the transistor list consult row c (far left on chart). The connections
corresponding to pins 1, 2 and 3 are as follows, pin 1 is collector (¢}, pin 2 is base (b)
and pin 3 is emitter (e).

Kits for ETI Projects

Several companies sell kits for the projects in this book.

Listed below are some names of companies we suggest you contact if
you are seeking a kit for any particular project. Different companies
specialize in different types of equipment so you may need to try
several before you find the kit you want.

8@ Applied Technology Pty Ltd, 109-111
Hunter St, Hornsby, 2077. NSW,

8 All Electric Components, 118 Lonsdale
St, Melbourne, Vic, 3000.

B Dick Smith Pty Ltd, PO Box 747,
Crows Nest, NSW. 2065.

B Nebula Electronics Pty Ltd, 15-19
Boundary St, Rushcutters Bay, 2011.

8 Townsville Electronics Centre, 281E, Charters Towers Rd, Rising Sun Arcade,
Hermit Park. 4812.




KITS KITS KITS
APPLIED TECHNOLOGY

PROJECT ELECTRONICS—EDUCATIONAL KITS
The PROJECT ELECTRONICS publication (Modern
Magazines 1977) describes a wide variety of fascinating
projects ideal for the new comer to electronics. We have
selected the following popular projects. All come complete
with printed circuit board, solder, hook up wire and all
specified components (batteries are not included).

Before starting you will need a copy of PROJECT
ELECTRONICS, a soldering iron and a few simple hand
tools. All are battery operated (batteries not supplied).

“PROJECT ELECTRONICS”BOOK . ............. $4.75
041 CONTINUITY TESTER-—very useful test instrument . . 3.00
043 HEADS AND TAILS—a funpartygame . . . . ... ... 3125
044 TWO TONE DOORBEL L—useful forhome . . . .. . .. 3.50
045 500 SECOND TIMER-—ideal for many applications . . . 4.00
047 MORSE PRACTICE SET—master the Morse Code in

your own time (MORSE KEY NOT SUPPLIED) . . . .. 3.25
048 BUZZ BOARD-—an electronic game of skill . . . . .. .. 3.50
061 BASIC AMPLIFIER—a simple useful amplifier puts

out 500mW into 8 ohmspeaker. . . . ... .. ...... 5.50
063 ELECTRONIC BONGOS—a rewarding musical project . 5.00
065 ELECTRONIC SIREN—earsplitting output fully

adjustable (Horn load speaker not supplied). . . . .. . . 5.50
066 TEMPERATURE ALARM-—adjustable 20°C to 95°C

ideal for fish tanks, ovensetc.. . . . ... .. .. ..... 5.00
067 MOISTURE METER—novel tool for gardens elimin-

atesquess work . . . ... L. Lo Lo 475
068 LED DICE—A most popular project using 6 light

emitting diodes and a CMOS counter

(Highly recommended). . . . . ... ... ......... 5.50
072 TWO OCTAVE ORGAN-make your own simple

keyboard and impress your friends . . . .. ... ... .. 8.25
084 CAR ALARM—why pay $200 or more!! Has flashing

LED and hornrelay output . . . . .. ... ........ 11.50
085 HOME ALARM-—protect your home and valuables

with this simple effectiveunit. . . .. .. ... ...... 15.00

SPECIAL EXPERIMENTERS COMBINATION PACKAGE

Build any of the following—

041,043, 044,045, 047, 048,

061, 063, 065, 066, 067, 068
project kits with this bulk pack. Kit includes all PCB, resistors,
capacitators, speaker, 1 x 2N2646,1 xBD139, 1 x BD140, 3 x BC548,
1 x BC558,6 x LEDS, 2 x PUSH BUTTONS, 3 x DIODES, 3 x 555,
1 x 4017, 1 x THERMISTOR, 1 x MJ2955 SOLDER, HOOK UP
WIRE. Reuse key components to save $29.50

APPLIED
TECHNOLOGY
PTY. LTD.

LEADERS
"IN THE |
KITSET GAME

By the 1980's the Electronic technological era will impact
onh all our lives. If you want to learn more about electronics
then the APPLIED TECHNOLOGY LEARN AS YOU
BUILD PROJECT KITS are ideal.

The wide selection of kits ranges from simple educational
kits to state of the art micro computers. Our professional
engineers are continually evaluating new kits to include
in this range.

ADVANCED PROJECT KITS

EIT 533 3 DIGIT DISPLAY —a very useful module for counting
applications. Can be connected for 6, 9 or more digits
and also adapted to digital voltmeter and frequency
counter details with each kit. . . . .. ... .. $19.75
(ETI AUGUST, 1976)

CROSSHATCH GENERATOR—updates earlier project
with this, simple easy to use $19.75
(ETI MAY, 1978)

1.C. PREAMP—a low noise stereo pre amp that can
be used for any HI F| application 6.50

— S50W POWER AMPLIFIER MODULE—an econom-
ical HI FI module for do it yourself enthusiasts
$19.50

ETI 717

ETI 445

ETI 480/50

(ETI DECEMBER, 1976)

ETI480/100 — 100W. . . . .. ... ... . ... ...... $24.50
ETI 480/PS - POWER SUPPLY MODULE—full PCB and com-
ponet kit includes speaker de-thump relay
(TRANSFORMER EXTRA). . . ... ... $17.50

MICROPROCESSOR DOORBELL—plays 8 times:
easily assembled—mounted in an attractive picture

ETI 639

POST & PACKAGING . . . . $2.00 all orders
CERTIFIEDMAIL . . .. .. 0.50 extra

REGISTERED MAIL. . . .. 2.00 extra welcome here
POSTAL ADDRESS—P.O. Box 311, Hornsby 2077

HEAD OFFICE/SHOWROOM—109-111 Hunter St.,
Hornsby (9.00—5.00, MON. to SAT.)

PHONE: (02) 476 4758 General Enquiries—(02) 476 3759 (Technical Information)
PRICES & SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE



Now available
_ from ‘
silic@n walley

SPECIAL COMPLEX
SOUND GENERATOR KIT

-...SN76477N
contains chip plus PC board

Silicon Valley now has more
than 7000 active and passive
components with off-the-shelf
availability

Fill in coupon for the following

o o | Silicon Valley Customer Services |
. Tick l
| 0O Active Components Price List ]
- 0O Passive Components Price List
0O M.P.U. Price List
S4Y.DNEY‘ 0O Literature/Data Price List 1
Silicon Valley, 23 Chandos Street, St. Leonards. l 0 #lail Grder kilovmation .
Tel: (02) 439 2965
Bfe(ISBANE: B 0O Complete List of Stockists. i
Silicon Valley, 22 Ross Street, Newstead
MELBOURNE: : l NAIE. o : . S e TRt e Mo asl B . o I
Silicon Valley, 380 Bridge Road, Richmond Add
Telv (03) 429 4780 . IESSLow: e M Em1m - LB TR e o SO R .
ADEEAIDES ) [el, 0 o= 0 s Gl Sl R R oo B B D AT
Silicon Valley, 170 Sturt Street, Adelaide. Tel: (08) 51 4080 | Sthi Post Cod l
NEW ZEALAND: IS W5 e— . G oS e w. . ... . 1. B
Silicon Valley, 7-9 Kirk Street, Grey Lynn, Auckland B Post to Silicon Valley, P.O. Box 898, Crows Nest, H
Tel. 76 1169 N.SW. 2065.



