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NOW IMPROVED

OSCILLOSCOPE HM 203-3

The new HM203 is a 20MHz bandwidth
general-purpose Dual Trace Oscilloscope.
The stable sweep triggering (to 30MHz) and
the relatively high measuring accuracy
(£3%) are particularly impressive. The
useful display area is approximately 8 x
10cm. With the aid of the electronic stabiliza-
tion of all operating voltages and the ther-
mically favorable arrangement of the drift-
sensitive components, an outstanding
display stability is obtained. The brightness
and display definition of the cathode-ray
tube are excellent.

Price includes two dual x1—x10 Probes
For further information on Scopes or Probes, call or write:

We service all makes of Oscllloscopes:
TEKTRONIX ® HEWLETT-PACKARD ©

From coast 1oakD ¢ T e - nextume | Rectangular CRT [ Internal Graticule
[0 Bandwidth DC-20 MHz [J Dual Trace Oscilloscope
(J 8 cm x 10 cm Display [J Triggering up to 30 MHz

980 Alness St., Unit 35, Downsview,
® Ontario (416)661-5585 M3J 2S2
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Simple unit converts single beam CRO
Dua to dual beam operation.

Beam

Adaptor =

THE oscilloscope, next to the
multimeter, is perhaps the most useful
test instrument. Indeed, for any
serious experimental work an
oscilloscope is indispensable.
Unfortunately they are expensive
beasts, and whilst an experimenter
may well afford a simple,
low-frequency single-beam type, a
dual-beam version (4900 or more) is
usually beyond his means.

Nevertheless a dual-beam facility is
most convenient, for it allows
comparison of two different signals,
for wave-shape or timing, and makes
obvious differences which other wise
would not be discernable.

The simple dual-beam adaptor
described here, whilst not providing a//
the capabilities of an expensive
dual-beam ’scopes, will however,
cover most experimenter's require-
ments.

It is a low cost unit which allows two
inputs of similar amplitude to be
displayed simultaneously on separate
traces. Frequency response of the unit
is sufficient to allow observation of
signals up to about 1 MHz.

SPECIFICATION

Input Level
de 1 4 volts max
ac 2 volts RMS max
dc insula-

tion on ac  +400 volits max
dc level shift + 1.5 volts

Frequency Response
— 3dB point > 1 MHz

Chopping Frequencies
A 60 Hz
B 35 kHz

input Impedance
100 kHz

Switches SW2 and SW3 select dc or
ac coupling, or input shorted, for
channel A and channel B inputs
respectively. The signals are applied
to the sensitivity potentiometers
RV1 and RV2 and then passed to
1C2/1 and IC2/2 which select one of
the signals as an input to source
follower Q1.

Transistor Q1 is supplied with a
constant current (approximately 2.7
mA) by transistors Q2 and Q3.
Hence, there is about 3 volts across
RV3 and RV4, and this is unaffected
by changes in input signal level.
These  potentiometers  therefore
provide a levelshift facility. When
channel A is selected by IC2/1, IC2/3
selects RV3, and when channel B is
selected by IC2/2, IC2/4 selects RV4.
Thus as each signal has an
independant level shift the two traces
may be separated when chopped.

The CMOS gates of IC2 are driven
by the outputs, A and B, the
circuitiy associated with 1C1. The
drive circuit mode of operation is
selected by SW1, a four position
switch, such that channel A only,
channel B only, A and B chopped at
60 Hz or, A and B chopped at 35

HOW IT WORKS

kHz may be selected. The operation
is as follows.

Integrated circuit IC1 forms a
multivibrator which can run at 60 Hz
or 35 kHz, or be locked in A-high
B-low, or A-low B-high output states.
For example, if SW1 selects —7 volts,
IC1 pin 10 will be at +7, IC1 pin 11
will be at —7, IC1 pin 3 will be at +7
and IC1 pin 4 will be at —7 volts. The
CMOS switches of IC2 will be ‘“on” if
the control voltage is at +7 volts and
‘“off” if the control voltage is at —7
volts. Thus when —7 volts is selected
by SW1, “A” will be at +7 volts, and
IC2/1 and IC2/3 will select channel
A. Similarly if +7 volts is selected by
SW1, IC2/2 and IC2/4 will select
channel B.

If C2 and R2 are selected by SW1
the multivibrator will be free to run
at 60 Hz and channels A and B will
be alternately selected at this
frequency. Similarly if C1 and R1 are
selected, channels A and B will be
alternately selected at 35 kHz.

The power supply is a simple
full-wave bridge type which uses two
Zeners to provide the +7 and -7
volt supplies required.

4—ETI CIRCUITS FILE

-



Fig. 2a Two signals, correctly displayed us-
ing the dual beam adaptor.

Fig. 2b Use of incorrect chopping frequency
for particular input signal (chop frequency a
harmonic of signal) results in the effect,
shown right. To cure use other chop fre-
quency.

Fig.1. Circuit disgrem of complete unit. USING THE ADAPTO R
—® Connect the output of the adaptor to
! the input of the ’'scope.. The two
adaptor inputs now become A and B
' ~® trace inputs to the 'scope. A trigger-

Ing signal should be applied direct
to the trigger input of the 'scope as
otherwise the 'scope will tend to
synchronize to the chop frequency

NOTES: and not to either input signal.
IC1 4001AE CAOS o .
IC2 401GAE CMOS It is preferable that the two input

signals have approximately the same

amplitude as there is no input

CHANNEL w2 IV ) amplifier or range selection provided

A'NPUT"W—T on the adaptor. However there is an
o .

attenuator provided on each input so

that some adjustment may be made.

If only one input is to be applied it is
best to switch to that input only thus
eliminating the second trace and any
cross tatk which may occur due to the
high input impedances.

Two chopping frequencies are used,
having widely different frequencies, so
that if the input signal is a harmonic of
the chopping frequency, choosing the
other chop mode will prevent the chop
frequency being visible.

0.22.F
400V

CHANNEL A
8 |NPU'|'°'$°
c4
0.22.F
400V

Normally CHOP 1 would be used for
high frequency inputs, and CHOP 2
for low frequency inputs. An
ALTERNATE mode has not been
included (entails obtaining an output
from the ’scope of unknown level
and availability) as the CHOP 1

mode is similar and almost as effec-
tive.

By means of the two shift controls
traces A and B may be separated by up
TS to +1.5volts. O

OmA

S

sV
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Flash

THIS device will set off any
standard electronic flash unit a
pre-determined time (adjustable
between five milli-seconds and 200
milli-seconds) after a sudden
change in ambient light or sound
The magnitude of the change
required to trigger the unit is also
adjustable.

The light triggering facility en-
ables the trigger unit to be used as a
slave flash.

To use the unit in the sound
operated mode simply plug the
microphone into the socket provid-
ed and connect the unit’s flash lead
to the camera.

Switch on SW1 and adjust RV1
so that the flash is not triggered by
ambient noise, but will be triggered
by the event to be recorded — ie
gun firing, hands clapping, glass
breaking, etc.

In most circumstances the stop
action photography must be done in
a dark room with the camera shutter

Trigger

Working from either a sound or light stimulus this easily constructed pro-
ject should prove versatile enough to be of use to most photographers.

Assume for example that you
wanted to photograph a bottle at
the instant it is broken by a stone
from a catapult. The equipment,
catapult and bottle are set up
initially in the light and tested to
confirm correct function and

A test film is then shot using an
arbitrary setting of the delay in the
now darkened room. This is done by
opening the shutter, firing the
catapult and then closing the
shutter before turning on the lights.
(Although shooting a bottie in the

sequence. dark may seem difficult — with a
V/
open.
1 ﬁfz'\ —0
SW1 +9V
RV1
2M
~a R2 SENSITIVITY
i R6
10k
R4
100k
C2 A L 3 c3 TO FLASH
INPUT i ' [ \ Y 4u? ’1‘k8 e GUN
V_E:?'_HH 1C1 (o}
I LM301 6 VUe 2N3905
2 e o
b 14 "7 SCR1
+ RS L. C106D1
T 33u IN914 f 1ol0n
! 7 1
R1 R3
R9 R10
&8 o RV2 3k3 3k3
50k
DELAY oV
® ) 0
C106D1
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Basically the microphone triggers the IC
monostable circuit which subsequently-trig-
gers an SCR, and hence the flash, after a
time delay. This delay is adjustable — by
varying a monostable on-time — from 5
milliseconds to 200 milliseconds.

Integrated circuit IC1 is an LM301A.
This is a DC differential amplifier with a
high gain — typically 25,000. The output
swing of the IC with a 9 voit DC supply is
of the order of 6 volts, and this is obtained
with an input swing of only 24 microvolts.
This makes the IC ideally suited for use as a
comparator and is the mode of operation
utilised in our circuit.

Due to the very high gain and the
relatively large output signals normally en-
countered, the IC is almost always either
fully cut off or fully saturated. The linear
region is very narrow and is not utilized in
this circuit.

The two inputs of the IC (pins 2 and 3)
would be at the same potential were it not
for the bias current supplied through RV1.
This raises the voltage at pin 2 of the IC by
10 mV or more above pin 3 depending on
the setting of RV1. The IC will therefore
normally be fully saturated and the output
voltage will be low.

Transistor Q1 is normally held on by
the current through RV2, and its collector is
high.

When an audio signal from the
microphone produces at pin 3 a level ex-
ceeding that set on pin 2 by RV1, the IC will
rapidly change state and its output will go
high.
The front edge of this transition turns
off Q1 via C3. The collector of Q1 will fall,
D1 becomes forward biased and pulls down
pin 2 to about one volt — the IC output is
maintained in its high state.

After a time — determined by the time
constant of C3 and RV2 — QI turns on
again allowing the IC to revert to its normal
low output.

The output signal from QI is differen-
tiated by C4 and R10. The positive pulse
which occurs at the end of the delay period,
triggers the SCR and fires the flash.

When the microphone is pulled out
LDRI1 and Rl are placed in circuit. When
the light falling on the LDR suddenly in-
creases, the resistance of the LDR falls and
the voltage across Rl increases. This in-
crease is passed via C2 to pin 3 of the IC
triggering it if it is above the voltage on pin
2.

B e e e e

HOW IT WORKS

little practice 1t is surprisingly easy.
But do wear eye protection).

A run through the test film will
show whether the chosen delay was
correct. If too short, the bulb or
bottle will be photographed before
actually breaking up — if too late
the action will have progressed

To use the unit as a slave flash
simply unplug the microphone. This
automatically places the built-in
ight sensor in circuit — adjust the
sensitivity so that the unit is
triggered out by the master flash
when it is operated. In this particu-
lar application the delay should be
set to minimum for use as a slave
fiash.

Or some delay may be used to
obtain a time sequence exposure.
Note that the minimum delay 1s 5ms
and hence the unit cannot be used
as a slave flash for extremely fast
action without a double exposure-
occuring. O

Courtesy -
Light Extender

r—=HOW IT WORKS =y

In a car where the negative terminal of
the battery is connecied 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 swit¢h closes (door open)
C1 is discharged via D1 to zero volts and
when the switch opens C1 charges up via
R1 and R2. Transistors Q1 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 choosen 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.

15k
—AAA
D1
- 1 1N4001
R2

- A
T fg\'f IN5819 i

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
artanged 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)

Car interior light stays on
briefly after the door is closed.

after which the
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
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.O

interior  light
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Bass

MANY ECONOMY hi-fi systems have
adequate mid-range and treble
response—but sound as if the bot-
tom has fallen out of the amplifier
when they come to some good solid
bass.

And when you calculate the
amplifier and speaker capacity re-
quired for realistic bass response you
begin to appreciate why.

But all is not lost — for here is a
modification that will reproduce the
very deepest of bass, at levels prac-
tically guaranteed to infuriate your
neighbours for life!

Unlike the higher audio frequen-
cies, bass is largely non-directional,
and because of this, the positioning
of a bass speaker is not at all critical.

The bass booster described in
this project exploits this principle.
While in no way affecting the normal
output or stereo separation of the ex-
isting system the booster effectively
comblnes the bass signals from the
left and right hand stereo channels
and, following amplification,
reproduces them through a common
bass speaker.

The system may be used in
several different ways.

Fig. 2. In this circuit the filter and
amplifier are combined as one unit

470 F T c3
12 O1uF
LEFT s 16 AVl
13 -~ 100k
RIGHT R4
470 R7
FROM SPEAKERS Tk

OF MAIN AMPLIFIER

NOTES:

D1-D3 ARE 1N4001

D5-D6 ARE 100PIV, 1A6
ZD1,2D2 ARE 3V9, 400mW
Q1,Q2 ARE 2N3904

Q3 1S 2N3905

Q4 IS 2N2905

Q5 IS 2N2222A

Q6,Q7 ARE 2N3055
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Booster

Modify your hi-fi system to

some real bass

performance.

an external amplifier.

R1
LEFT+ 470
R5 R6

RIGHT + 470 100k

R2 cl ca

R26
100k

Fig. 1. This filter circuit can be used with

RV
10k

1

470 g3 wf ¢z c3 O1uF
LEFT 470 T ~'uFT .OIyF-]-
—AAA

RIGHT | -,L

R4

470
FROM SPEAKERS
OF MAIN AMPLIFIER

In its simplest form, the combin-
ing filter shown in Fig. 1 is connected
to any spare mono or stereo amplifier
(rated at 20 Watts or more) and played
through a single speaker enclosure
that has a good bass response.

In another form the same ar-
rangement is used together with the
speaker system specifically designed
for bass reproduction.

But as few of us have spare high-
powered amplifiers lying around
waiting for a project like this—we
have designed a very simple yet effec-
tive amplifier especially for this pro-
ject. Note, that for this latter arrange-
ment the design of the filter has been
changed slightly.

LOW—PASS
FILTER NETWORK

0

TO SEPARATE
AMPLIFIER

CONSTRUCTION

If the booster is used in its simplest
form — using a separate amplifier —
the filter should be constructed on a
small piece of perforated board or
tage strips. The circuit is shown in
Fig. 1. The layout is not at all critical.

In the form shown in Fig. 2, the
amplifier and filter are constructed as
one unit. This complete unit may be
mounted within the new bass speaker
enclosure (as we did with our pro-
totype unit) or located in any readily
accessible place.

When you are sure that all com-
ponents have been wired correctly,
set the wiper RV2 centre of its travel.
Do not connect the speakers at this
stage of the operation.

+23V
R11 R18 R24
1k 510 5W DS
> "_N_‘
3 . g
mmy ué
R10 = A S R17 : 0o o
1.5k 25uF 25V 4.7k a6 on|, g o
I 2N3058 = ™
' -1 3
= e 1 gg
= - o~ &
R13 c =
2.2k a4
* MOUNTED -0
ON HEATSINK y
B |8 (8]
Ic1 T Ry2 SPEAKER q
b 1K R20 b—03 60— ?, )1 >
2 Qi . 2
SEE FIGS. 6.7. _L 9 o
= -
—Pt- R14 .
2] 3
pry ol
73 S >
1 38 g
ol j+ <
y az = 3
2N30! =3 l
'3 55 o8 L
e
- Lab
] D7
R9
22k
D6
5102 5W
)
I —23v




Switch on the main 120 Volt sup-
ply and check terminals. This should
be less than 200 mV. If it is substan-
tially higher than this, switch off and
recheck all connections. (If a
voltmeter is not available, connect
one side of the speaker to one side of
the amplifier and momentarily touch
the second amplifier lead to the re-
maining side of the speaker. If all is
well the speaker should remain
prctically silent or al most produce a
slight ‘click’. (If the speaker cone tries
to fly across the room— then switch
off at once and recheck all connec-
tions).

Next, if a milliammeter is
available, disconnect the lead to pin 2
and measure the current in this lead.
Adjust RV2 until the current approx.
40 mA. If no millianfmeter is
available, leave RV2 in mid-position.

Connect the leads from the ex-
isting speakers to the filter input and
connect the bass speaker to the
booster amplifier. The power may
now be switched on and the complete
system checked out. Remember that
the sound from the bass booster will
be grossly distorted if this unit is us-
ed alone — but when mixed with the
sound from the existing two speakers
in your stereo system it sounds just
great.

BASS SPEAKER ENCLOSURE

The enclosure tested for use with this
system is shown in Figs 4 and 5. The
speakers used were two 8 ohm types
connected in parallel, thus having an
effective impedance of 4 ohms.

The inside of the speaker
enclosure was lined on at least three
non-facing surfaces (eg side, top and
rear) with absorbative material such
as felt.O

4111

L1

o 20 30 40 50 00 200 300 500 1000 Ma

Fig. 3. This curve shows the frequency
response of the filter.
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*CRITICAL INTERNAL DIMENSIONS
THICKER MATERIAL MAY 8E USED
BUT INSIDt SIZESMUST NOT ALTER

Fig. 4 Constructional details of recom-
mended speaker enclosure.

N

Fig. 6. How the speakers are intercon-
nected.

The output from each channel of the ex-
isting stereo amplifier is combined by
resistors R1-R4. Resistors R6, R6 and RV1,
together with capacitors C1, C2 and C3
form a low pass filter that has a cut-off fre-
quency around 200 Hz and a final 18 dB per
octave slope.

Capacitor C4 provides a high pass
filter of approximately 30 Hz to protect the
speakers from large transients and de levels.
(The filter shown in Fig. 1 — intended for
use with separate amplifiers — has a 20 dB
attenuator incorporated before the output
potentiometer — this protects the following
amplifier against overloads).

The amplifier shown in Fig. 2 has a

voltage gain of 23x(R9 + R7). a power out-

put of approx. 25 Watts into four ochms and
afrequency response from OHz to approx.

50 kHz. However with the input filter in-
corporated, the frequency response of the
amplifier is that of the filter—shown in Fig.
3.

The main voltage gain of the amplifier
circuit is provided by IC1, Q2 and Q3. Q4
and Q5 provide the necessary current gain
to drive the output transistors Q6 and Q7.
Transistor Q1 compensates Q4. D2 and D3
compensate Q5 and Q7.

Zener diodes ZD1 and ZD?2 protect Q2
and Q3 by limiting the output voltage swing
of the IC.

The amplifier descrived in this project
may also be used — without the filter — as
a straightforward 25 Watt mono
amplifier—in this case diode D2 or D3 (but
not both) should be removed from its loca-
tion on the printed circuit board and
relocated on the heat sink.
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A general purpose preamplifier using a
simple LM382 IC which can be used with
magnetic pickups, tape recorders or
microphones by changing a few com-
ponents.

THIS IS a simple preamplifier

module suitable for fitting into an

existing system. Many people re-

quire a module to amplify a

eneral Purpose
Preampilifier

POWER SUPPLY
+10V TO +40V

+
magnetic pickup, whilst others may .,,%3
want a unit that can be used for a I
tape recorder or microphone. %0“ =
While these requirements
usually require different circuitry, a 0—"‘"—1 1 ‘1:(‘); LEFT
preamplifier based on the LM382 IC BPUT n e~ " bl
can be made to do any one of these 3 .,.lJ
jobs simply by changing a few com- 2 4
ponents around the basic amplifier 3 + + R3
circuit. c5 c7 100k
As a straight preamplifier the c3
frequency response extends to well »—-l
beyond 20 kHz and gains of 40, 50 = ~
and 80 dB can be selected by means
of simple components changes. R1 co
1L
A% 1t
FUNCTION C3,4 | C5,6 | C7,8 | C9,10 Rl 2 To use the preamplifier for your
Phono preamp 330n 10u 10u 1nb5 1k application, select the appropriate
{R1AA) component values as detailed in
1 1 - = Table One.
(T!\alpAeB;))reamp v i i The input cables must be
Flat 40dB gain = ] 10u —= - shielded as the signals at the input
gal are at very low levels. If trouble with
Flat 55dB gain - 10u = = = hum pickup is encountered it may
Flat 80d8 gain e 10u 10u = - be necessary to mount the whole

HOW IT WORKS

Not much can be said about how the
LM382 works as most of the circuitry is
contained within the IC. Most of the
frequency-determining components are on
the chip - only the capacitors are mounted
externally,

The preamplifier may be pow-
ered by any dc voltage between 10 and 40
volts, the output automatically biased to
about +6 volts. Due to this bias the output
must be decoupled from the following
stages and this is done by C11,12 and
R5 4.

The. LM382 has the convenient
characteristic of rejecting ripple on the
supply line by about 100 dB, thus greatly
reducing the quality requirement for the
power supply.

Thus the power rails of the main
amplifier may be used.

10—ETt CIRCUITS FILE

preamplifier in a metal box to shield
it. O

RIGHT
OUTPUT

R4
100k
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Stereo

Simulator

Make more of poor old-fashioned
monophonic sound with this design
to make use of both speakers in such
a way you’d never know the dif-

ference!

IF YOU ARE a member of that iljust-
rious band — the hi-fi enthusiast —
read no further. The suggestions con-
tained below are not for your eyes.

The stereo simulator is designed to
take a mono signal, from a mono
cassette recorder or, via an isolator
please, your TV set, and turn it into a
pseudo stereo signal.

It does this by splitting the input
into two signal paths and then
filtering each signal. The high
frequencies are fed to the left input of
your stereo amplifier and the low
frequencies to the right hand channel.

HOW IT WORKS

The circuit is based on two second
order filters built around IC1(b) and
IC1(d).

IC1(b) is a low pass filter with
component values chosen to give a break
point of about 2kHz IC1(d) is a high pass
filter with, again, a break point of 2kHz.

Thus the output at SK2 will consist
of the low frequency portion of the input
(bass) and SK3’s output will consist of the
high (treble) portion of the input signal.

The mono input from SK1 is fed via
unity gain input buffers to each filter
element. This is to avoid loading the filters
which might degrade their performance.

Connect up the stereo simulator to
your stereo amp and to a mono
signal source. The effect of the cir-
cuit can be modified by use of the
amplifiers’ tone controls (giving a
sort of width control) and the
balance control. O

E ICHat

IC1=LM348

R2
c1 100k

ICHe)

R9
100k

1IC1iby
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Anti-Theft
Auto Alarm

THIS UNIT OPERATES from the
vehicle supply, and is a real deterrent
to the unauthorised opening or taking
away of the car to which it is fitted.
This, in itself, can scare away an in-
truder as it is clear that some elect-
ronic means of protection is present.
When this tone is heard, the owner
has a few seconds in which to operate
a master switch, the location of which
is known only to himself. A pre-set
control allows this ‘‘delay” to be
adjusted. f the master switch is not
operated, after thjs delay interval the
vehicle horn is switched on -- and
closing the door, with the would-be
thief either in the car or outside, will
not stop the horn.

The whole circuit is quite straight-
forward and for convenience can be
divided into three sections. The whole
circuit is shown in Fig. 1.

1. CAR WIRING

This is shown in thick lines in Fig. 1.
The 12V battery supplies the interior
light, which has its integral switch
S1. The two door switches, S2 and
S3, are in parallel, and operate
automatically when a door is opened.
None of this wiring has to be disturbed
in any way.

2. TONE OSCILLATOR

Apart from its deterrent effect, this
warns the legitimate user that the
circuit is in operation. He can thus
remember to operate the master switch
S4 if he wishes to keep the door open,
or to use the interior light during
darkness. The tone also reminds him
that the circuit is in use, when getting
out of the car.

-Q1 and Q2 fqrm the tone oscillator,
operating a small speaker contained in
the case. When S2 or S3 are closed
by a door being open, 12V appear
across the interior light, and leads A
(negative) and B (positive) make this
available for the oscillator.

3. HORN SOUNDER

Q3 and Q4 operate in this part of the
circuit. When the 12V supply is pre-
sent across A and B, C2 commences to
charge through R2 and RV1. When
Q3 conducts, the base of Q4 is moved
positive, causing Q4 to conduct, and

12—ETI CIRCUITS FILE

drawing on the relay. Relay contacts
RC1 close. The relay is then energised
from circuit B (positive) through R5
and circuit C (chassis and negative) so
that the relay remains locked on even
if the door is closed, opening S2 or S3.
The second set of contacts RC2 com-
pletes the circuit to the horn.

If the door is closed before the
relay locks on, the charging of C2
ceases, and the horn is not operated.
This is necessary in order that the
owner can get out of the car without
starting the sequence.

When S4 is opened, this prevents
the warning circuit working. The delay
is adjustable, as mentioned, but RV1
can be set to give about 5 seconds or
so. S4 is placed in an inconspicuous
position, and it is unlikely that anyone
could find this switch and operate it in
the short time available.

The rectifier in the negative lead A
is requiredbecause if the horn sounded
when the owner entered the car, and
the door were closed opening S2 or S3,
and S4 were also opened, a path for
positive supply would then exist thro-
ugh the interior light itself, holding on
the relay. (Eg., with S1, S2 or S?

SPEAKER

75R

Q2
2N3904

D1

closed, circuit point A is negative. But
with S1, S2 or S3 open, point A is
positive via the lamp filament.)

EXTERNAL LEADS

These are most readily arranged by
using three separate cords -- a twin for
the horn switch circuit, a twin for the
master switch S4, and a 3-core for the
circuits A, B and C. The latter is best
made from thin single bell wire, or
line coloured wire, as this will result in
a thin cord which can be incon-
spicuously run up to the interior light.
Black is best for A (negative), with red
for B (positive)} and green or some
other colour for chassis connection C.
Chassis connection C could be taken
to some other part of the vehicle
chassis, but as it is available at S1, it
is felt that the 3-core cord is more
convenient.

RELAY

This is bolted to the end of the case.
Numerous other contacts will be found
on some relays, especially surplus ty-
pes. Only two sets of “On’’ contacts
are needed. These close when the relay
is energised. It should pull on at a
current of about 30—40mA or s0.0

Fig. 1 Complete circuit of the Auto Alarm
DOOR
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While full scale synthesisers
are hideously expensive, one
can cheaply create single
sounds, in this case, bongos!

THE TOUCH plates may be made of
any electrically conductive material
— copper, brass, stainless steel,
aluminum, etc. Size and shape is not
critical — they need to be at least
50 mm across but they may be much
larger than this is desired — and round,
square, triangular or whatever you
will!

The finished unit may be
housed as you wish in a box —
built into another instrument — or
even made up as a full-size or
miniature replica of a bongo drum.
But if you use a metal case you
must have the touch plates
insulated from the case and spaced
away from any metal surface by at
least 25 mm.

Potentiometers RV 1 and RV3
are used only in the initial setting
up procedure — easy access is not
essential. Potentiometer RV2
controls the level of sound output
and is required if the unit is to
drive an amplifier which has no
built-in volume control. If desired
this potentiometer may be omitted
from the board and replaced by a
larger rotary potentiometer located
away from the circuit itself. If you
do this you'll need a 50k half watt
rotary device (logarithmic curve).
Connect it as if you were using the
original potentiometer — except
that now you're doing it via three
bits of wire

Setting up

Connect the unit to a suitable
amplifier and loudspeaker. Connect
the battery and then switch on the
amplifier — keeping the volume
control at a low setting.

Rotate RV1 to minimum setting
and RV2 to about mid-way

Transistor Q1 should now be oscil-
lating and you should hear a sound
the loudspeaker. Now turn RV 1 until

Electronic
Bongos

0
1

bt
ol

'f&mo
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é
o
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the oscillation just stops and touch the
associated touch plate momentarily.
This should cause the circuit to pro-
duce a ‘bong’ sound which then decays
away. Continue to adjust RV 1 until
a realistic bongo sound is
reproduced.

Now repeat the operation for the
second oscillator by adjusting RV3.
Turn the amplifier up loud and
play away!

The components specified will
result in frequencies of about 290
Hz and 400 Hz. These frequencies
are determined by C1, C2 and C4

a whole series of oscillators of
ditferent frequencies. The circuit is
totally symmetrical except for the
capacitor values mentioned above,
so all you do to build up half
circuits” — all connected to the
common battery -— and with their
outputs connected to the point on
the circuit which is the junction of
R8. R9 and R6.

It is also possible to build the
circuit using a range of switched
capacitors to provide the tonal
range you require.O

R8
10k

—A—]
4

Ql, Q2 ARE MPS-A18

R9
10k

I
L1}

c1z
10, |

+

4208 R12 RIS
an? 330k

—\

c
68n RE

R3 10k
a7 a7k

c2 c3
150 15n

e L

TQUCH
PLATE

{for the left hand part of the circuit}
and the corresponding C9, C10
and C11. The frequency produced
is inversely proportional to the
values of these capacitors. Thus
doubling their value will halve the
‘bong’ frequency. If you change
the frequency maintain the same
approximate ratios between
capacitor values.

if you are ingenious and/or
have some knowledge of
electronics it is quite possible to
extend this circuit so that you have

TOUCH
PLATE

HOW IT WORKS ===

The circuit consists of two twin-T type
sine-wave oscillators. Each is virtually
identical - there is one per touch plate.

Each oscillator has a filter in the
feedback loop. If the loop gain is greater
than unity the circuit will oscillate. In
this application the gain is adjusted to be
just less than unity. Touching ‘touch
plate’ force starts the oscillator but the
moment one’s finger is removed from
the touch plate oscillations will die away.
The rate of decay is of course a function
of circuit gain and this is controlled by
RV1 (and RV3).
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Push
Button

Dimmer

Simple circuit allows light con-
trol from a number of loca-

tions.

MANY CIRCUITS for light dimmers
have been published over the years
(including some by us) which are of
very simple construction, and which
use a rotary potentiometer. While such
circuits are adequate in most
respects — especially in terms of cost,
there are some strong reasons for a
more sophisticated dimming system.

The first objection to simple
dimmers is that they usually have an
unsightly knob by which light level is
adjusted. A second objection is that
the light level can only be adjusted
from the position where the dimmer is
mounted.

The dimmer described in this project
can be operated from one or more
remote positions — e.g. doors on
opposite sides of a room, top and
bottom of a long flight of stairs,
bedside tables — or even from a
control point beside your armchair.

The unit has an on/off switch and
two (or more) sets of push buttons,
one of which causes the light level to
increase, smoothly from minimum to
maximum in about three secs, and one
which does the reverse. The
adjustment may be stopped at any
particular level, and that level will be
maintained without change for periods
up to 24 hours.

The dimmer will handle incandescent
or fluorescent lamps up to 500 VA
with the specified heat sink but, with a
larger heat sink, may be used up to
1000 VA,

Wind the choke and transformer in
accordance with the details provided
in Tables 1 and 2. Be particularly
careful to provide adequate insulation
between the primary and secondary of
the pulse transformers.

A small piece of aluminum (30 mm
x 15 mm) bent at 909 in the centre of
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HOW IT WORKS

As with most modern dimmers, we have used a phase-controlled triac for power control.
The triac, which may be regarded as a switch, is turned on by a pulse at a pre-deter-
mined point in each half cycle, and automatically turns off at the end of each half cycle.
Most conventional dimmers use a simple RC and diac system to generate the trigger
pulse, but this dimmer is in effect voltage controlled. The 120 volt ac is rectified by D1-
D4. This full-wave rectified waveform is clipped at 12 volts by R7 and ZD1. As no filtering
is used, this voltage will fall to zero over the last half millisecond of each half cycle.

To provide the correct timing, and the energy required to fite the triac, a program-
mable unijunction transistor (P.U.T.) Q3 is used together with capacitor C3. A PUT also
acts like a switch in the following manner. If the anode (a) voltage is higher than the
anode-gate voltage (ag), the anode to cathode (k) path becomes effectively a short circuit.

The voltage on the anode-gate, is set by RV2 and, will be between 5 and 10 volts.
Capacitor C3 is charged, via R6, and when the voltage across it exceeds that on terminal
ag, the P.U.T. fires discharging C3 through the primary of pulse transformer T1. This
induces a pulse in the secondary of T1 which gates on the triac.

As the voltage supply to R6 is unsmoothed the rise of voltage on capacitor C3 will
follow what is called a cosine modified ramp. This gives a more linear change in light level
versus control voltage.

Once C3 is discharged the P.U.T. may either stay on or turn off depending on the
individual device. If it turns off it may well fire again if C3 charges quickly enough, but
the operation of the dimmer is unaffected by either situation.

If C3 does not charge to the ag voltage before the end of the half cycle, the ag voltage
will fall at the end of the cycle and the PUT will fire. This is an essential part of the oper-
ation as it ensures synchronization of the timing to the AC, It is for this very reason that
the 12 volt supply is not filtered.

To control the charge rate of C3 (and hence the timing of the turn on of the triac
within each half cycle) an auxiliary timing network of RS and D6 is used. As the value
of RS is much less than that of R6, C3 would charge much quicker via this path. If we set
the input of RS at, say, 5 volts, the capacitor C3 would charge to about 4.5 volts quickly
and then at the slower rate set by R6. This is called a ramp and pedestal type of charging.

As a result of the initial start given by RS, the PUT would fire earlier, and the triac
will turn on earlier, delivering more power to the load. Hence by controlling the voltage at
the input of RS we may control the output power.

Capacitor C2 is used as a memory device, It can be discharged by R1 via PB1 (up)
or charged by R2 via PB2 (down). The capacitor C2 is connected from the positive side of
the 12 volt supply and hence when the capacitor is discharged the voltage actually goes up
with respect to the zero volt line,

Diade D5 is used to prevent the voltage rising above that set by RV1. The capacitor
C2 is connected to the input of Q2 by R3. Transistor Q2 is a field effect transistor FET
which has a very high input impedance, Hence the input current is virtually zero and the
source tracks the gate voltage but at several volts level. (The exact voltage difference de-
pends on the individual FET).

Therefore if the gate voltage is changed, ie, the voltage on C2, the voltage applied
to R5 will also vary. By pressing either PB1 or PB2 the capacitor voltage and_ hence the
triac firing point and the power delivered to the load may be varied.

Upon releasing the push buttons the capacitor will ‘hold’ this voltage — EVEN WHEN
THE POWER IS SWITCHED OFF - for extended periods of time. The memory time is
dependent on a number of factors as listed below.

1. A capacitor with a leakage resistance is excess of 100,000 megohm is required,
}’Jse : good quality capacitor, preferably rated at 200 volts. If necessary try different

rands,

2. The pushbutton switch should be rated for 120 Vac operation. These types have
greater separation and hence insulation between the contacts. By physically disconnecting
the pushbutton it is easy to determine whether this is a cause of low memory times.

3. The FET itself does have a finite input resistance. We tried many FETs without
finding any that would not work. Nevertheless do not overlook this possibility.

The dimmer can be controlled from any number of stations simply by paralleling
sets of pushbuttons. No damage will result from pressing both up and down buttons at
the same time. However adding many stations increases the likelihood of leakage and
consequent loss of memory time., The dimmer should be mounted in a dry dust-free
position — as should the pushbutton. Do not try to use the dimmer or pushbuttons in a
bathroom or kitchen as moisture will render the memory virtually useless.




LIVE /o-o(}

SW1 LIVE
o]} A2
c1 SC141D

0.033:F SC146D
630V
.
120V
INPUT
u
LOAD
500W
MAX,
. NEUTRAL
NEUTRAL 7
ALL PARTS OF THIS CIRCUIT
ARE CONNECTED TO THE LINES
AND MUST BE CONSIDERED
DANGEROUS.
USE PLASTIC TOOLS TO ADJUST
THE POTENTIOMETERS AND ANY
TEST EQUIPMENT MUST BE
ISOLATED FROM THE LINES AND
HANDLED WITH CARE.
TABLE |
CHOKE WINDING DATA
CORE

30mm long piece of (3/8" dia.)
ferrite aerial rod. (see main text),

WINDING

40 turns 0.63mm dia (26 swg)
wound as two layers, each 20 turns,
close wound using the centre 15 mm
of the core only,

INSULATION
Use two layers plastic irisulation tape
over complete winding.

MOUNTING

Use a rubber grommet (3/8 1.D.)
over each end and join to pc board
using tinned copper wire in the holes
provided,

TABLE Il
PULSE TRANSFORMER WINDING
DATA
T1
CORE

30mm long piece of (3/8" dia.)
ferrite aerial rod.

PRIMARY

30 turns 0.4mm dia (30 swg) close
wound on the centre 15 mm of the
core.

INSULATION
Use two layers plastic insulation tape
over primary winding.

SECONDARY

30 turns 0.4mm dia (30 swg) close
wound on the centre 15 mm of the
core. Bring wire out on the opposite
side of the core to the prirhary.

INSULATION
Use two layers of plastic insulation
tape over complete winding.

MOUNTING

Use a rubber grommet (3/8° dia.}
over each end and join to pc board
using tinne;i copper wire in the holes
provided.

Fig. 1. Circuit diagram of the dimmer.
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6M8
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X %

the long side, is used under the triac as
a heatsink. The pulse transformer and
the choke are mounted by means of
rubber grommets and secured by
tinned copper wire around the
grommets and soldered into the hoies
provided.

All setting up, adjustments should be
made using plastic, or well insulated
tools. This circuit is live at line poten-
tial and therefore dangerous to
handle. BE EXTREMELY CAREFUL.

am2 )
20
gc\,/k'l 12v
D1-D4 n SET
MAX
IN4004
LIGHT | iNg14 28’.(:
P82 N,
DOWN LOW LIGHT  +2v ak7 LIGHT
HIGH LIGHT  +6V
R4 R9
7 % 15k 47
Potentiometer RV2 should be
adjusted to obtain the desired
minimum light level setting, (with the
down button held). Adjust
potentiometer RV1 for maximum

light level (with the up button held) to
just past the point where maximum
light level is obtained.

If the lamp load is fluorescent more
care must be taken with these
adjustments. Additionally the setting
up must be redone if the fluorescent
loading is changed.

When adjusting the maximum light
point on a fluorescent load, slowly
increase the light level until the lights:
just start to flicker. Then turn RV1
back until there is just a noticeable
drop in light level. This increased
setting difficulty is due to the
inductive nature of fluorescent loads.

If the required minimum light level
cannot be obtained within the range of
RV2, increasing R6 will provide lower
light level range, and decreasing R6
will provide a higher level range. O

LATEST
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INTRODUCING *
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Alarm

A simple burglar alarm with
superior performance.

THE INCREASE in crime rate is
common to the entire western world,
and seems to be related to affluence
rather than to poverty as was
previously thought by many.

Hence, these days, the chances of
your home being burgled are high
indeed, and getting higher. Each
householder should therefore give
serious consideration to protecting his
home by an effective alarm system.

In the ETI Alarm the CMOS IC
has sufficiently low power drain (less
than 1 mA) to make battery operation
feasible. And by virtue of the high
noise immunity of CMOS (half supply
voltage) the unit is not susceptible to
false alarms due to lightning flashes
etc. Add to this the inherent reliability
of integrated circuits and you have the
basis of a very simple, but very
effective, system.

Three modes of operation are built in
to the unit which functions as follows:

ALARM MODE

Microswitches or reed relays fitted to

Intruder

have closed contacts when the door,
etc, is shut. All contacts are wired in a
series laop such that if any door or
window is opened, the loop will be
broken activating the alarm. The series
loop should be wired between points
A and E on the circuit.

SILENT ENTRY

This mode of operation allows the
owner, when leaving the premises, 30
seconds to open and close the front
door before the alarm mode is
activated. Additionally it allows the
owner 30 seconds to disable the alarm
after entering through the front door.
Thus the front door microswitch is not
included in the normal alarm loop but
to its own ‘silent entry’ loop. The
silent entry switch should be wired
between point B and E on the circuit.

EMERGENCY
In this mode, any contact closure
from a switch or sensor (eg fire, smoke

will

detector)
sound the alarm. Wire switch(s) across
points F and D.

The completed alarm 'unit should be
located in a reasonably well concealed
position close to the ‘silent entry’
door.

or gas immediately

The alarm bell is best located in a
high, well concealed and not readily
accessible position. As very high
voltages are generated across the bell
‘make and break’ contacts it s
preferable to use a separate bell
battery of suitable voltage rather than
to connect it across the main system
battery. O

SPECIFICATIONS

12 volts

1mA

30 seconds approx.
Normalily closed

Normally open

Relay change over contacts

Power requirements
Current consumption
Silent entry delay
Alarm circuits
Emergency circuits
Alarm output

c1
— 10uF
16V

]t

e —
1 AUX. RELAY b, Bl
IN9 14 CONTACT 1 c
G R6
am? SILENT o c7 e
ENTRY RS 10uF
100k 16V
NORMAL NOTE
. f . . GUARD LOOP PIN 14 OF IC1 1S <
Fig. 1. Circuit diagram IN 140 S ®
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—HOW IT WORKS

The alarm has three different modes
of operation as described in the text.

When power is first applied, i.e.
normal alarm mode enabled,
capacitor C2 initially has no charge.
This momentarily lifts the inputs of
IC1/1 to +12 volts. The capacitor
then charges slowly via R1 and the
voltage presented to IC1/1 falls
exponentially to zero. The output of
IC1/1 will be zero if the input is over
7 volts, and at +12 volts if the input
is less than 5 volts. There is a small
linear region, around 6 volts, in
which the output changes from zero
to +12 volts. With the values given to
C2 and R1 a delay of 30 seconds is
provided which may be altered, if
required, by changing C2. During this
delay opening or closing the silent
entry door will not affect the level
presented to pin 6 of IC1/2.

An RS flip-flop is formed by IC1/2
and IC1/3 in which the control
inputs (pins 6 and 9) are normally
low (zero volts). On first switch-on
pin 9 is pulled up momentarily to
+12 volts by C4 before returning to
zero. This presents a “1” to the input
of IC1/3 and therefore its output will
be low (see Table 1). Since pin 7 is at
-zero, and pin 5 is also at zero,
(connected to pin 10) the output of
IC1/2 will be high. Since this is
coupled to the input of IC1/3 the
flip-flop will be locked into the state

where IC1/3 output is low.

The only way the flip-flop can be
reversed is for the input to pin 6 to
go high. However during the first 30
seconds, as explained above, the
output of IC1/1 is low. Hence,
opening or closing the silent entry
door during this time will not set the
flip-flop and activate. the alarm.

After this 30 second period,
opening the silent entry door will
present a “1” to pin 6 which will
cause the flip-flop to change state.
Closing the silent entry door will now
have no effect and the flip-flop will
remain set.

The high output of IC1/3 will allow
C6 to charge slowly to +12 volts via
R9. When this voltage reaches 6 volts
(about 30 seconds) it will cause the
output of IC1/4 to go low (assuming
the normal alarm loop is closed). The
low output of IC1/4, via emitter
follower Q1, pulls in relay RL1

INPUT OUTPUT
A B
0 0 1
1 0 0
0 1 0
1 1 0

activating the alarm. When the relay
closes contacts RL1/1 cause it to
latch on, and only removing power
by pressing PB1 will reset it.

If at any time the normal guard
loop #& broken, when the alarm is
activated, a *“1” is presented to pin
13 of the IC1/4 causing the output to
go low and the relay to close.

When the emergency switch is
closed the base of Q1 is taken to zero
and the relay closes and latches. This
action will take place regardless of
whether the alarm is enabled or not.

Diodes D1 and D2 discharge
capacitors C2 and C6 respectively via
SW1 when it is in the “off” position,
thus ensunng that the 30 second
delay is always obtained. Resistors
R6, 7 and 12 protect the CMOS IC
against voltages in excess of the
supply rails. Capacitors C3, 5, 7 and
8 add further protection against false
triggering due to lightning etc.

TRUTH TABLE FOR

2 INPUT NOR GATE

4001 (CMOS)

NOTES

INPUT

1 means > 55% supply voltage
0 means < 45% supply voltage
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Garden
Watering

Some methods of keeping things
blooming in your plots without really

trying!

THIS ARTICLE is really intended for
use by wives, to get their
electronically-oriented men out of the
workshop and into the garden!

The project provides an arrangement
for checking comparative moisture
levels in soil, and an arrangement
responsive to a predetermined level of
moisture. Further development allows
for automatic watering or sounding of
an alarm. A particularly attractive
application takes the form of
automatic watering of valuable indoor
plants.

The circuits are almost ridiculously
simple, and yet provide considerable
interest in their preparation,
construction and use.

OPERATING PRINCIPLE

Soil conductivity varies with
moisture content, so that an absolute
or a comparative measurement of
conductivity can be translated into a
corresponding measurement of
moisture content. Elaborate
instrumentation has been used for
years in places like agricultural
research stations to provide very
accurate’ determination of soil
moisture content and to control plant
environments. However, intelligent use
of a very simple arrangement providing
only comparative indications can be
very useful.

One arrangement to be described
generates a tone, the frequency of
which is dependent on soil
conductivity, that is, on moisture
content. Another arrangement triggers
an external function when the soil
conductivity falls below a
predetermined level. The reader can
gain useful experience to facilitate use
of these arrangements by researching
his own soil conditions.

SOIL CONDUCTIVITY

If an ohmmeter is connected to two
wires pushed a few centimetres into
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the ground, a resistance reading will be
obtained. This resistance varies with
the dampness of the soil. However,
this is an over-simplification, as will be
found if the ohmmeter connections
are reversed almost inevitably a
different reading will be obtained.

The situation becomes even more
interesting if a high impedance
voltmeter on a low range is connected
to the wires, as a reading will usually
be obtained. This potential may arise
in various ways or in a combination of
ways. Stray currents will usually be
found, particularly near dwellings,
arising from ground returns of power
reticulation systems, galvanic ac-
tion at buried waterpipes, and so on.
Furthermore, because the soil almost
certainly will not have a neutral pH
balance, but will be either acidic or
alkaline, two electrodes will
themselves produce a battery action.

In addition to all this, soil
characteristics vary a great deal. In the
author’s case, resistance {reciprocal of
conductivity) readings which formed
part of a preliminary exercise to get
the ‘’'feel’”” of things varied
considerably in apparently similar soils

GARDEN
WARIERER

measured at the same time. For
example, comparatively thin wires,
about 18 gauge tinned copper, showed
readings varying between 15k and
200 k for what appeared to be a
reasonable range of dampness in good,
“imported” garden soil. The use of
thin wires was found less reliable and
consistent than the wuse of flat
electrodes or substantial rods.

Flat electrodes with effective surface
areas of, say, 34 square centimetres in
similar conditions produced a range of
10k to 25 k. In an open yard with a
heavy clay sub-soil and little dirt on
top, two 8 gauge rods about 25 mm
apart gave readings of 800-2000 ohms
the day after a good rainstorm, and up
to 15 k {on average) after a few dry
days.

Indoor plants are a special case as
they have only a finite amount of
water available, that is, the soil being
restricted to a pot, cannot call up
sub-surface moisture as happens in the
open garden. Potting soils can dry out
to produce quite high resistance
values, say several hundred thousand
ohms even when substantial electrodes
are used. Of course this represents a

o— @
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TO PROBE

condition in which a plant will already
have permanently wilted.

THE PROBE

The probe can take a variety of
forms, being basically two spaced
electrodes inserted into the soil.
However, the most successful form
comprises at least two flat electrodes,
rather than wires, although wires
become more acceptable over 12 gauge
and merging into rods. In either case a
reasonably substantial exposed surface
area of, say, 3-4 square centimetres
produces acceptable operation in most
soils.

For permanent insertion and for use
with soft, friable soils, flat electrodes
will probably be found most
attractive, whilst for portable use with
heavier soils, rod electrodes are
probably best. Whilst the details are
optional and dependent on the
constructor’s workshop resources,

The electrodes should be made of
material which will not corrode. Monel
metal or stainless steel are suitable,
Short term experiments with tin plate
are fine, but something better is
needed for long-term use.

THE MOISTURE Mo0Q

In rather light-hearted vein the first
arrangement to be described has been
given a fancy name to make up for the
fact that it really needs no description
at all! One example using junk-box
parts and two re-cycled 2N270 Ge pnp
transistors is seen from Fig.1a to be a
simple multivibrator, with the addition
of a small speaker. Alternatively a low
impedance ear plug could be used in
lieu of the speaker.

With the probes in air, the circuit
delivers a continuous low-pitched
tone, which then increases in pitch as
the probe is inserted in the soil. The
higher the pitch the higher the
moisture content. In cases of very high
soil conductivity the note may rise
above the level of hearing; in this case
increase the 0.22 mfd capacitor until
the highest audible pitch is obtained
with a saturated area of soil.

THE WATER TRIGGER

The second device is shown in Fig.2.
Its function is primarily the
continuous monitoring of soil
moisture content responding to a fall
below a predetermined level to initiate
an action. This circuit comprises a
simple trigger, which operates the
relay RL for values of soil
conductivity below a level preset by
the 5k variable resistor. The soi
conductivity is sensed by a probe
connected to the terminals shown.
the circuit is very simple and
reliable, and will operate anywhere
between 6 and 12 volts or more, pro-
vided the supply voltage provides
sufficient energisation for the relay.
If a very low current relay is used, an
appropriate limiting resistor can be
inserted in the common emitter
leads of Q2, Q3.

The only point really requiring
attention in this circuit is the base
circuit of Q1, here comprising the
probe terminals, two fixed resistors
(47k and 6.8k) and a 5k variable
resistor. There are two possible ap-
proaches. One can insert a large
value of variable resistor (say 250k
— 500k) in place of the 6.8k fixed
and 5k variable shown. This pro-
duces a circuit which will accept a
wide range of values across the pro-
be terminals, but will in general
result in the adjustment of the
variable resistor being far too wide,
and all cramped at one end. The
alternative is to decide the probable
range of values across the probe ter-
minals, based on tests of the kind
described earlier, and then select
values to suit. To see how this is
done, the author’s case will be work-
ed through.

The triggering point of the cir-
cuit is with about 1.25 volts at Q1
base, but do not try to measure it
with a low impedance voltmeter.
This voltage corresponds to a supp-
ly voltage division at Q1 base of
1.25:7.75, so that the voltage bet-
ween Q1 base and the positive supp-
ly rail is 6.2 (7.5 + 1.25) times the
voltage between Q1 base and the
negative rail. Therefore the
resistances in the two parts of the

circuit need to have the same relation-
ship. This ignores Q1 base current,
which has fallen to a negligible value
near the triggering point.

Initially a range of 500-25,000
ohms across the probe terminals
was chosen as being correct for the
application intended, based on test
plus a margin. For the 500 ohm
case, therefore, 47k + 50 = 6.2x,
where x is the resistance Q1 base to
supply negative. This produces x =
7661 ohms. Similarly for the 25k
case, 47k 4+ 25k = 6.2x, so that x =
11613 ohms. this shows a variation
in x of 11613 ~ 7661 = 3952 ohms.
However, this is an awkward value,
the nearest reasonable value being
5k. Then 11613 — 5k = 6613, the ob-
vious choice for the fixed resistor
being 6.8k. Checking back then with
these values, for 5k + 6.8k = 11.8k,
sothat + 47k = 73.16k (11.8 x 6.2),
so that the probe resistance is
73.16k — 47k = 26.16k. For 6.8k
alone and the 5k variable all out of
circuit, the probe + 47k = 42.16k
(6.8 x 6.2), giving a negative value
for the probe resistance (42.16 ~ 47
= 4.84). Thus the chosen values pro-
vide for a probe variation of zero to
26.16k ohms, slightly wider than re-
quired. Similar simple calculations
will provide values suitable for any
other range of probe values.

WATER TRIGGER
APPLICATIONS

One of the circuits of Fig. 1, less the
probe connections, can be con-
nected into the circuit of Fig. 2 in
place of the relay and protective
diode. A resistor of about 1k would
also be needed in the common emit-
ter lead of Q2, Q3 and Fig. 2. This
combination draws about 8-10 mA in
the alarm condition.

However the most important
application of the trigger circuit is
as an automatic waterer. Consider
the case of an indoor planter box.
The probe will indicate water con-
tent in the soil and trigger the circuit
at a preset point. The relay is used
to operate a low-voltage water
pump, such as an aquarium pump,
to pump water from an available
supply into the plant container. If
the water is well distributed over the
surface, for example using a
meandering tube with many small
holes, the soil moisture content will
be increased fairly evenly until the
probe decides the minimum level
has been left behind. At this stage
the circuit resets and awaits further
transpiration and evaporation. O
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Graphic Equalizer

7% o
ey )

ANN K.

A unit that compensates for speaker and room deficiencies.

MANY audiophiles are discovering the
advantages of graphic equalizers in
domestic as well as professional sound
systems. Unfortunately the costs of
such units have preverited them
becoming as popular as warranted by
the many advantages they offer.

The advantages of an equalizer are
not generally well known but are as
follows.

Firstly an equalizer allows the
listener to correct deficiencies in the
linearity of either his speaker system
alone, or the combination of his
speaker system and his living room.

As we have pointed out many times
in the past, even the best speakers
available cannot give correct
reproduction in an inadequate room.
It is a sad fact that very few rooms are
ideal, and most of us put up with
resonances and dips, sadly convinced
that this is something we have to live
with,

Whilst the octave equalizer will not
completely overcome such problems,
it is possible to minimize some
non-linearities of the combined
speaker/room system.

In a concert hall it is also possible to
use the unit to put a notch at the
frequency where microphone feedback
occurs, thus allowing higher power
levels to be used.

Thirdly, for the serious audiophile,
an equalizer is an exceedingly valuable
tool in evaluating the deficiences in a
particular system. One adjusts the
equalizer to provide a uniform
response, the ‘settings of the
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Fig. 1. Circuit diagram of the equalizer power supply.
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potentiometer knobs then graphically
display the areas where the speaker etc
is deficient.

There is a snag, however, one must
have an educated ear in order to
properly equalize a system to a flat
response. It is not much use equalizing
to your own preference of peaky bass
etc in order to evaluate a speaker.

Ideally, a graphic equalizer should
,have filter at 1/3 octave intervals, but
except for sound studios and wealthy
pop groups, the expense and size of
such units are too much for most
people.

Due to tolerances of resistors
variations in V. of Q2 and Q3 etc,
the steady-state output of IC11 may be
anywhere within plus or minus one
volt of zero.

Hence it is desirable to determine the
polarity of the steady state voitage at
pin 6 of IC1 in order to ‘determine
which way round C15 should be
inserted. If the output is positive insert
as shown in Fig. 1. Alternatively C15
should be a non-polarized type. O

Fig. 2. Circuit diagram of one channel of the equalizer.

Frequency Response
Equalizer out
Equalizer in
and all controls at
zero

Range Of Control
Individual filters
Level control

Maximum Qutput Signal
at < 1% distortion

Maximum Input Voltage
Distortion
at 2 volts out, controls
flat

Signal to Noise Ratio

Input Impedance

Output Impedance

MEASURED PERFORMANCE (of Prototype)

at 2 volts out (unweighted)

Flat
10Hz-10kHz %% dB
1.5 Hz—-30kHz + % -3 dB

+13d8
+14 -9d8
> 6 volts
3 volts
100Hz 1kHz 6.3 kHz
<0.1% <0.1% <0.1%
69 dB

50 k
4.7 k
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HOW IT WORKS

GRAPHIC EGUALIZER

The equalizer stage is a little unusual in
that the filter networks are arranged to vary
the negative feedback path around the
amplifier. If we consider one filter section
alone, with all others disconnected, the
impedance of the LCR network will be 390
ohms at the resonant frequency of the
network. At either side of resonance the
impedance will rise (with a slope dependant
on the Q of the network which is 2.5) due
to the uncancelled reactance. This will be
inductive above resonance and capacitive
below resonance. We can therefore represent
the equalizer stage by the equivalent circuit
below.

Ra

AMPLIFIER

RVa

Rb

Fig. A

It must be emphasized that this equivalent
circuit represents the condition with one
filter only, at its resonant frequency.
Additionally letters have been used to
designate resistors to avoid confusion with
components in the actual circuit.

With the slider of the potentiometer at the
top end (Fig. A) we have 390 ohms to the
OV line from the negative input of the

ouTt

amplifier, and 1 k between the two inputs
of the amplifier. The amplifier, due to the
feedback applied, will keep the potential
between the two inputs at zero. Thus there
is no current through RVA. The voltage on
the positive input to the amplifier is
therefore the same as the input voltage since
there is no current through, or voltage drop
across resistor Ra.

the amplifier consists of IC1, Q2 and Q3.
The transistors help to reduce the effect of
the noise in the IC and add gain at the
high-frequency end. This additional gain is
required because the negative feedback, due
to the potentiometer between the two
inputs, causes high-frequency roll off. This
does not affect operation of the unit
provided the open-loop gain is above 60 dB
over the entire audio range. An overall

closed-loop gain of about 15 dB is
Ra
VE R
AAAA- - 2
IN ouT oNMNA VE
AMPLIFIER —o IN ouT
—VE AMPLIFIER
—~VE
Rc
ANAN~
AAN
RVa
; Rva
Rb
Rb
Fig. B < Fig. C

The output of the amplifier in this case is
approximately the input signal times (3300
+ 390)/390 giving a gain of 19 dB. If the
slider is at the other end of the
poientiometer, (Fig. B), the signal appearing
at the positive input, and thus also the
negative input, is about 0.11 (390/(3300 +
390) of the input. There will still be no
current in the potentiometer and in RC,
thus the output will be 0.11 of the input.
That is, the gain will be -19 dB.

If the wiper is midway, both the input
signal and the feedback signal are attenuated
equally, and the stage will have unity gain.

With all filter sections in circuit the
maximum cut and boost available is
reduced, but *14 dB is still available.

Reverting back now to the actual circuit,

maintained by R20/R19 with the filter
potentiometer at mid position.

The output of the amplifier is decoupled
to the output of the unit via Cl15, and
C16/R22 provide a cutoff above 30 kHz.

The input signal is buffered by Q1 because
the equalizer stage requires a low impedance
signal - source for correct operation,
Potentiometer RV 1 provides level control
with 0 to -23 dB range which, combined
with the equalizer characteristic, results in
an overall level range of + 14 to -9 dB.

The power supply used is a simple,
full-wave bridge ‘filtered by C17. Plus and
minus supplies are derived by means of two
15 volt zeners in series fed via R24. The
front-panel power indicator is an LED
connected in series with the dropping
resistor R24.
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Touch

Switch

New 120V design offers toggle
action and complete safety.

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
ground, however as the supply rails to
the control circuit are floating at rec-
tified 120Vac the 60 Hz waveform ef-
fectively 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 the the non-copper

side is touched — the copper on the
other side is connected to the control
circuit.

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. 1t 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

L
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TOUCH SURFACE
PC BOARD

L
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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

COPPER

r——HOW IT WORKS

lead is to be used.

POWER SUPPLY

The 120 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, ZD1
and CS. 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.

OETECTOR

The detector is formed by one
section of a CMOS hex inverter,
IC1a, 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 60 Hz 120 volt rectified.
The touch plate capacitance
introduced therefore couples this
waveform into the input of the

detector and over-drives the amplifier
so that the output is a 60 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 IC1a is centred about
3 volts, and C1, 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 60 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 60 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
IC1c together with R4 and C2. The

output of IClc is normally low and
goes high and stays high whilst ever
the plate is touched.

FLIP FLOP

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
correct 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 will be
used — don’t try substitutes.
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Fig. 1 The complete circuit,

R1
™

T0
TOUCH

PLATE
SEE TEXT

ALL PARTS OF THIS CIRCUIT
ARE CONNECTED TO THE LINES
AND MUST BE CONSIDERED
DANGEROUS

ANY TEST EQUIPMENT USED
MUST BE ISOLATED FROM THE
LINES TO PREVENT DAMAGE
AND PERSONAL INJURY.

Jdrawing. 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 piate is too large or the lead
connecting it to the circuit too long,

PIN 16 +6V
AND 1

OPERATION OF THE SWITCH.

stray capacitance to ground may be
sufficient to prevent the switch
operating. If 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
puisating dc and is therefore suitable

bulbs) only.

NOTES
D1.03 IN914
0407 IN4004
2ZD1 6.2V 400/
1C1 4009, 4049 or 4449 {CMOS}
SCR1C106D
THE +5V IS REFERENCED TO THE
0V. BOTH THE +6V AND OV ARE
AT A POTENTIAL OF UP TO 120V
ABOVE GROUND.

D8

1N4004

LOAD

b—ON
120V INPUT

ov

to drive resistive loads (such as light
If an inducive 1oad 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. O

Simple
Stereo

Amplifier

Ideal beginner’'s amplifier
suits simple record players.

THIS SIMPLE stereo amplifier uses
two LM380 IC's and a minimum
of external components, it can
easilv. be assembled in only one
or two evenings. It is designed to
match the crystal cartridges found
on most simple record players and
gives surprisingly good results. O
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18 RIGHT CHANNEL
PUT

0
SPEAKER

"
SPEAKER

T
S

LEFT CHANNEL
2 OUTPUT

REALVAN
rd

IC1 and 1C2 ARE LM380

#4.5101112 COMMON

SPECIFICATIONS
Input Sensitivity: 200mvVv
Input impedance: 150k
Output power: 2.5W RMS/channel
Distortion: 0.2%
Bandwidth: 100kHz (tone
controi flat)
8 ohm of 15

ohm

Loudspeaker impedance:



Drill Speed
Controller

Variable speed control
(adjustable)

MOST HANDYMEN own a power
drill.

There are tens of millions of them in
use around the world — and they
continue to be used for an ever greater
variety of tasks.

Despite their popularity, many
power drills have one major drawback
and this is that their speed is often too
high for many applications.

This is so even with dual-speed
models where even the slow speed,
typically 300-750 RPM, is too fast for
such jobs as drilling masonry or using
fly-cutters on sheet metal etc.

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
norma!l full-speed operation without
disconnecting the drill from the
controller. The controller has built in
compensation to maintain
substantially constant speed regardless
of changes in load.

CONSTRUCTION

It must be emphasized that the
controller is connected directly to the
lines without the use of an isolating
transformer. Care must therefore be
taken with the construction to ensure
that there is no likelihood of any
dangerous conditions arising.

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 insert a piece
of aluminum (about 25 mm x 15 mm)
between the SCR and switch lug to act
as a heatsink. '

Remember that, since the unit
operates at 120 Vac all external parts
must be grounded. We used a plastic
box with a metal lid. But we also used a

maintains
speed regardless of load.

INCREASE

VARIASLE % m

constant

cable clamp with a metal screw
through the side of the plastic box. This
screw must be grounded, along with
the lid and the ground terminal of the
output socket. The ground wire should
be continuous that is, it should go from
one ground point through to the next
and not be separate links. Two ground
wires may be soldered to one ground
{ug. But under no account should two
wires be secured under a single screw.
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.

10k 1
w
a FULLJSLOW
swi

.
LIN DI:“T‘
GROUND ggg?g;
USING THE CONTROLLER

Plug the controller into the wall and
the drill 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.

At very low speeds it may be found
that drill runs jerkily under no load.
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 entirely normal
and is due to different drill
characteristics and component
tolerances within the controller.

However as load is applied the speed
will smooth out.

When using the drill at less than full
speed the cooling of the motor will be
considerably 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. O

HOW IT WORKS
A universal motor, when running,
produces a voltage which opposes the
supply. This voltage, called the back EMF,
is proportional to the speed of the motor,
The SCR drill speed controller makes use
of this effect to provide a certain amount
of speed versus-load compensation,
This controller uses an SCR (silicon
controlled rectifier) to gate half-wave
power to the drill motor. The SCR will
conduct only when a) anode (terminal A)
is positive with respect to the cathode
(terminal K), b) when the gate (terminal
G) is at'least 0.6 volts positive with respect
to the cathode, and, ¢) when about 10 mA
gate terminal. By controlling the level of
the voltage waveform to the gate we
effectively control the time at which the
SCR turns on in each forward half cycle.
By this means we effectively control the
amount of power delivered to the drill.

Resistor R1, R2 and potentiometer
RV1 form a voltage divider which provides
a half wave voltage of adjustable
amplitude to the gate of the SCR, If the
motor is stationary the cathode of the
SCR will be at zero volts and the SCR
will turn on almost fully., As the drill
speed increases, a voltage develops across
the drill thus reducing the effective
gate-cathode voltage. Thus as the motor
speeds up, the power delivered decreases
until the motor stabilizes at a speed
determined by the setting of RV1,

Should a load be placed on the drill,
the drill will tend to slow down, but as the
voltage across the drill also drops, more
power is delivered to the motor since the
SCR firing-time is automatically advanced,
Hence the speed, once set, is maintained
relatively-constant regardless of load.

Diode D2 is used to halve the power
dissipated in R1, R2 and RV1 by limiting
the current through them to positive
half-cycles only. Diode D1 protects the
SCR gate against excessive reverse voltage.

In the full speed position the SCR is
simply shorted out by SW1, Thus RV1
loses control and full power is applied to
the drill.
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ON MANY occasions it is useful to be
able to determine the frequency of an
audio signal. Often, the accuracy and
expense of a commercial frequency
meter is not justified.

This little circuit, using only a few
components will provide an indication
of frequencies from 50Hz to 10kHz
with an accuracy primarily determined
by the calibration of the instrument.

The audio signal — of which the
frequency is to be established — is fed
into the input terminals of the unit
and the calibrated dial adjusted until a
‘null’ is obtained whilst listening to the
signaf through a pair of headphones, or
even a single crystal earpiece.

We suggest that the components be
mounted in one of the small
aluminum miniboxes which are
available readily at low cost. Our
prototype unit had a 4" x 2%" front
panel, but a larger box will enable a
larger frequency scale to be used hence
providing better resolution. Apart
from this a larger box will allow input
terminals and output socket to be
mounted on the front panel together
with the frequency-null controls.

Note that the dual potentiometer is a
logarithmic type and is wired such that
the frequency scale increases with
anti-clockwise rotation. This results in
a more linear scale (less cramped at the
high end) than if wired conventionally.

Any type of earpiece or headphone
may be used to detect the null but
best efficiency will be obtained with
those having an impedance of around
one thousand ohms.

The best way to calibrate your meter
is to compare it with a good quality
oscillator and mark your scale to suit.
Remember .that most potentiometers
have a manufacturing tolerance of
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Freguenc
Meqer Y

Simple unit measures frequencies from 50 Hz to 10 kHz.

+20% and hence our front panel
drawing may not be correct for your
potentiometer.

If an oscillator is not available, but
you do have an ohm-meter, then
calibration may be carried out by
measuring the settings of RV2
(disconnected from the circuit) and
marking the scale as shown in Table I.

INPUT RV2 25k LOG
DUAL GANG

RV1
1Kk
HEADPHONES
(HIGH IMP.);

C

To use the meter, couple the audio
signal into the input terminals and
adjust RV2 to a point where the signal
drops off. Adjust RV1 to increase the
null and .RV2 again for the final
setting. The frequency of the incoming
signal is then read from the front scale.
What could be simpler? O

1.2k

HEADPHONES

25k LOG & 2.2k 1k LIN
DUAL GANG
R2
INPUT X 0.1uF
FREQUENCY
700 520 350 250 NULL
\ [ VOLUME
1% \\
1.2k 100
1.5k e,
2K e
3.5k~
5k 7,
10k/ \ 50

Fig. 3 Front panel of our meter shown for information
only — calibration may not suit all potentiometers



HOW IT WORKS 1\ same phase angle. The signal at point
The circuit is that of a Wien bridge A"V ) B will therefore be in phase with the
which when used for frequency input level, but attenuated to 1/3 of
measurement has the form shown a that level. If Rb = 2Ra the signal at A
below:— - will also be attenuated to 1/3 of the
IfCy =Cs, Ry=Rsand R, - =, input. Thus the bridge is balanced
then 1 106 o and the signals at A and B will be
f= Fsks or, R, =Rg=0.628 f Y Ab equal in amplitude and phase and a
null will occur at that frequency.
where ¢y, = Cg = O0.luf. Our At any other setting of the
calibration chart was calculated from Eb potentiometer the phase angle and
i la, itud ill .
mzl\stlas:}f:rmi“jre:uency where the P Cs ?:::F:lasl;decs)ut\;ut isb:bt:lilr(l::d. il
reactance of ds equals Rg and also Cy 2 The respective sections of the dual
= Ry, the series network has an gang potentiometer never track each
impedance of 1.414R and phase R, Rs other perfectly and hence RVI has
angle of 45%. The parallel network been included to obtain best null at
has an impedance of 0.707R and the any point on the scale.

o
BaSIC Simple regulated supply provides 4.5-12 volts at 400 mA maximum.

THIS little power supply provides a
range of switch selectable output
regulated voltages from 4.5 to 12
volts, selectable by a switch. The
supply wiil provide up to 400 mA

s -0
R8 LCZ
R

and the output can withstand a short Z01
circuit without damage. It is there- 8133\/ . e
fore ideal for the experimenter or for '
use with high drain appliances. O
‘;ngo F OUTPUT
™ 55V
| Lt
12VINPUT |
] O
o—0 "
SW1 T
ojnouc /15V @ 1A A1
= -0

The 120V line voltage is reduced
to 15 volts by transformer T1, and this
secondary voltage is then fullwave
rectified by rectifier bridge D1-D4.

The output of the bridge rectifier is
filtered by Cl1 to provide approximately
20 volts dc.

The series combination, of Zener
diode ZD1 fed by resistor R1, provides a
stabilized voltage of around 13 volts which
is applied across the voltage divider R2,
R3, R4 and RS. Thus a series of reference
voltages are generated for the regulator,
where the positive rail is fixed and the

HOW IT WORKS

negative rail is the one that is varied.

Transistor Q3 1Is an emitter fol-
lower where the output (emitter) is about
0.6 V higher (more positive) than the base.
The base voltage is selected by SW2 from
one of the tappings on the
reference-voltage divider. Since Q3 cannot
handle the required output current, it
drives Q2, a power transistor, which can
handle the required load.

When the load exceeds 400 mA
(approximately), the voltage drop across
R6 forward biases Q1 which turns on and
shunts current away from the base of Q2.

Thus the regulator loses control and the
output voltage falis, limiting the current to
400 mA. As the power dissipated in Q2
under short-circuit conditions is around 10
watts, Q2 must be fitted to a heatsink.
Additionally, resistor R7 limits the current
supplied by Q3 to a safe value (for Q3)
under short circuit conditions.

If a fully variable supply is required,
a 10 k potentiometer should be used in
place of the voltage divider. The wiper of
the potentiometer is then fed directly
to the base of Q3.
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PERHAPS THE MOST used of all the
various guitar effects is that of the

‘Waa-Waa’' unit. The sound of this
circuit has been screaming from speak-
er stacks for many a decibel-ridden
year now, and no doubt will continue
to do so for a while yet.

Our unit described here will, we
hope, contribute to this longevity!
Basically the characteristic sound of a
Waa-Waa unit is produced by sweep-
ing a band-pass filter across the audio
spectrum of a guitar, a frequency
range of approx. 70Hz—6kHz. This
can be done in various ways, but is
usually tailored to be operated by a
foot pedal. However, these pieces of
hardware are both expensive and hard

BACK PEDALLING

Since our design was to be for the
home constructor, we decided against
the use of a pedal, and instead we have
substituted two foot switches. These
are much cheaper and should be easy
to get hold of. _

By avoiding the pedal, we created
a problems for ourselves, in that we
could no longer operate the filter with
a variable resistor. Instead it is made to
sweep across the range by the switch-
ing into circuit of three capacitors,
which alters the resonant frequency of
the filter.

ON THE LEVELS

The input impedance of the unit is
about 2k and the first stage gain such

that the device operates best with an
input of around 10-20mV. Signals
much higher will cause the stage to
distort the incoming signal. If you
wish to cause distortion of course,
then go ahead (did someone mutter
‘Fuzz to you too'?) If not then a vol-
ume contro! of at least 2k is a good
idea if the input exceeds 50mV. Out-
put impedance is low and will match
any amplifier.

USE AND ABUSE

Using the unit should pose no real
problems, and there is no setting up to
be done. Operating the single switch
will result in a ‘waa’ on the next note
played through the circuit. 1t is best
not to hold the switch closed, but to

to obtain other than full of
electronics.
R1
47k
0.1uF
30uF 5
{o I c2

C1

R2
39k

3900pF

L1
180uH

C16
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100uF

+9V  TR2,3,4,6,7 ARE MPSA6515
Q1,Q5 ARE MPSA18
Q2,3,4,6,7 ARE MPSA6515




HOW IT WORKS

release it quickly. After a short while
it becomes easy (relatively!) to add
the effect to any required note or
chord. Depressing the auto switch
couples the filter to the oscillator,
and thus produces a ‘Waa-Waa'sound
independent of the input, at a rate set
by RV1, for as long as the switch is
held down.

With no controls operated, the
section of the filter which remains in
circuit means that a ‘treble boost’
occurs on the signal. If you don’t want
this effect, then a third switch wired
to take the signal away from the waa-
waa is needed, and should not be diffi-
cult to add. O

L and C4 form a band-pass filter
with res]onant frequency equal to

f=onvTcs
With the values shown here this
value is about 6kHz. The R-C net-
works R5—-C6 R6—C8 R7—C10 act
as time delays to switch on Q2,3,4
respectively in sequence following
the depression of SW2.

This switches CS, C7, C9 across
the filter in turn, pulling the re-
sonance point across the audio
band. The time constants are such
that the order of switch on is Q2,
Q3 and Q4.

This resonance changes from
6kHz—2k7Hz—950Hz—to  400Hz

when Q4 switches on. Upon releas-
ing the switch the electrolytics dis-
charge through the 100k resistors
to ground, switching off the
transistors.

Automatic switching is provided
by the multivibrator, the freq-
uency of which is set by RVI,
When the ‘auto’ switch,SW1, is
depressed a slow square wave of
about 8V is applied to the charg-
ing resistors. Thus the transistors
are pulsed on and off. C13 is to
decouple the supply to the osc-
illator to prevent problems with
variations as the oscillator switches
state.

HEADPHONES have impedances
which range from 8 ohms to 2 k ohms
or -more and handle a typical
maximum power of 500 mW. To limit
the power that may be delivered into
the 8 ohm types, commercial amplifiers
generally supply the headphones from
the amplifier output via series resistors
of around 220 ohms.

Although this technique allows the
use af practically any type of
headphones without fear of damage
the series resistor drastically reduces
the amount of damping the amplifier
can apply to the phones.

A further problem with headphone
listening is that the stereo separation is
unnatural in that there is little right
channel information fed to the left ear
and vice versa.

This simple little adaptor is inserted
between the amplifier and the leads to
the speakers. It restores damping, by
supplying the phones from a 10 ohm
source, and has a blend control by
which the separation between channels
can be varied to obtain a more natural
sound. O

Headphone
Adaptor

Most headphone connectors take away
damping from the phones by inserting
resistors of around a few hundreds of
ohms in value. By use of a ten ohm
source this unit restores damping and
improves sound quality.

-~
o«
LY w w »n
= o |5
2|z £1
= = 2 <
b= W
b= a
=ls 3(2
g =
w
HEADPHONES Fig. 1 The headphone
adaptor circuit
10 10 diagram. Note that the
“live connections only
LEFT LEFT are shown to head-
O— & y Q phones themselves. The
COM(r;VL?TN C::zm?r" ground comes from the
RI amplifier earth connec-
~ O -O < tions.
COMMON COMMON
NOTE

SW1A AND SW1B ARE PART OF THE
SOCKET USED FOR THE HEADPHONES
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Headlight
Reminder

Electronic ‘reminder’ safeguards
against flat batteries.

A CAR’S headlights cost very little to
run while in use. Until you forget to
turn them off.

Then you are up for recharging
the battery, tow starting, apologising
to the managing director who has just
waited two hours to discuss your
future with the company, placating
uptight parents whose daughter
you’ve returned just after they realis-
ed it was now daylight, or whatever
combination of circumstances are
least favourable to your immediate
situation.

To avold such predicaments ‘is
relatively simple and a number of cir-
cuits have been published that pro-
vide an audible warning if the ignition
is switched off while the headlights
or sidelights are still burning.

These circuits are simple and ef-
fective but invariably fail to cater to
those occasions when one requires
light to be on while the ignition is
switched off.

Here then is a slightly more com-
plex circuit that provides a ‘headlight
on — ignition off’ warning as the
driver opens a door to leave the vehi-
cle. The alarm ceases as soon as the
drivér closes the door.

As shown in Fig. 1, the circuit is
suitable for vehicles with a negative
ground electrical system. To convert
the circuit for use with positive
ground vehicles replace the 2N3905
by a 2N3904 (the connections are the
same) and reverse the dlodes and the
25 uF capacitor.

Figure 2 shows how the basic cir-
cuit is wired into the car’s electrical
system. The alarm unit may be a
buzzer, bell or even a flashing light.
The existing door-operated interior
light is used to extend a ground to the
relay thus obviating the necessity to
instal any additional switches.

30—ETI CIRCUITS FILE

Normally capacitor C1 is discharged via R1
and the closed switch contacts of an ac-
cessory wired via the ignition switch. If the
ignition is now switched off, C1 will charge
rapidly via R2 thus producing a negative
going pulse at the base of transistor Ql.

If the vehicle’s headlights (or side and
tail lights) were switched on at this time,
this pulse will turn on QI1, and close RLA.

The relay contacts RLA (1) and RLA
(2) now close and contacts RLA (1) connect
the base of Q1 to ground via R2 and R3
thus causing the relay to ‘latch on’.

If either front door of the vehicle is
opened with the relay in the latched condi-

HOW IT WORKS

tion a ground will be extended to the audi-
ble alarm device via the now closed contacts
of RLA (2) and the closed door light switch.

The audible warning will cease im-
mediately the door is reclosed. Q1 will of
course be cut off and the relay reset when
the lifhts are turned off (thus removing the
positive voltage from the emitter of QI1).

If at any time it is requd to disable the
alarm circuit all that is necessary is — hav-
ing first switched off the ignition — to
switch the lights off and then on again. The
circuit will revert to the status quo next time
the ignition is switched on.

Fig. 1 The basic clrcuit.
+12V

RLA — 100R min.

TAIL LIGHT
CIRCUIT

(ETEES A | s e e B T Cniea o

! !

' |

: |
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Qi1
(2:51, £t IN3905
/Y

25V !
TO SOME === |
ACCESSORY ! nl
CONTROLLED! R2 R"qA(_ZL}_
BY IGN. ! ( D2
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Fig. 2 The warning circuit s wired into the TAIL LIGHT
vehicle’s electrical system. CIRCUIT
———————————— e 12v
: ALARM
|
]

The lead marked ‘tail light cir- Q005 1 ﬁ:(.ll.g:;'l%%
cuit’ should be connected to the live I LIGHT(S)
side of the tail light wiring. (If a Tl dcinie |
headlight only warning is required, ACCESSORY ! RLA(2)!
this lead should be connected to the g?'fé:?“m: ggou - D2 . Qne Ay
live side of one of the headlights). SWITCH : ;ou“].’puf
Further leads connect the unit to GROUND  meged> )

ground, the 12V vehicle supply and
tot he live side of any accessory that
is wired through the ignition switchQ

"7 EXISTING DOOR ‘[

SWITCHES

4

Auto
Lume

THIS UNIT is automatically operated
by the level of general illumination, or
the strength of light falling upon it.
The most frequent uses of such a
device include operating a child’s night
light, or switching on a light in a room,
when darkness falls, as a deterrent to
burglars, when leaving the house
unoccupied.

The unit is operated from the
a.c. lines and is adjustable to
operate over a wide range of light in-
tensities. It switches on an external
circuit when light fades below a set
level, as in the evening and switches
off this circuit when light increases,
as with the arrival of morning.

AUTO-LUME CIRCUIT
This is shown in Fig. 1. The resistance
of the light-dependent resistor LDR
rises as the illumination reaching it
falls. This allows the base of Q1 to
move positive so that it conducts. Q1
emitter and Q2 base also move posi-
tive, so that Q2 collector current rises.
This current flows through the reflay
windings, closing the relay contacts.
RV1 is the sensitivity control, so
that the device can be set to work at
the desired light intensity. Spare-con-

tacts on the relay close to bring RS
into  circuit, providing additional
current through the winding. This
means that the relay release current
through Q2 is lower than the pull-on
current, and avoids vibration or flick-
Fig. 1. The circuit. R

SORAH \

equipped with a 6V 3 watt or similar
bulb. By changing the connections to
T1 secondary, 3V or 8V may be
obtained instead, if required.

To switch on a 110 Volt lamp, it
is necessary either to use a line

ads
=

=

1000 F

MPS6514

2N2222S

R3
1k

y 120v/12v
Centre
¢ Tapped

D1 T

LDR has light resistance of 100k, dark
resistance of 10 Meg.

ing on and off of the relay when dark-
ness slowly comeés and light has fallen
to a level where the unit is about to
operate.

A bell transformer or similar
transformer T1 provides current, and
the operating voltage is not very
critical. The second set of relay con-
tacts result in 5V a.c. being available
at the extension sockets EX, which
does ‘well for a child’s night light

voltage relay here, or to employ the
extension circuit to control a relay
which in turn switches on the AC
powered equipment. Normally,
however, a 3 watt or 6 watt low
voltage lamp will provide enough
light for the purposes for which the
unit will be used. O
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Marker

tion troubles.

Generator

A LIMITATION of most low priced
communications receivers and

conventional radios is that tuningf

accuracy cannot be guaranteed. This
means that when waiting for a
short-wave station to come on the air
we may well miss the beginning of the

transmission because we have been |

tuned to the wrong frequency. The
traditional method of overcoming this
problem has been to use a marker
generator or crystal calibrator. Such
instruments generate a series of
accurately known and harmonically
related signals which are tuned by the

receiver in order to determine the
accuracy of the dial. The marker
generator may also be used to perform
the periodic calibration and alignment
required by most sensitive receivers.

Using the Generator

Say for example, that we wish to
tune a signal that we know to be on
13 250 kHz. First select 4 MHz on the
marker gengrator and connect its
output to the aerial socket of the
receiver. Tune the receiver to the
marker which will be found at 12 MHz
(third harmonic of 4 MHz). Once
located confirm that it is indeed
coming from the marker generator by
switching it on and off. Now switch to
the 1 MHz markers and tune the
receiver upwards to locate the 13th
harmonic at 13 MHz. Now select
100 kHz markers and tune upwards
through two markers to locate
13.2 MHz. Finally select the 10 kHz
markers and tune up through a further
five markers to locate 13 250 kHz.
Note that if this tuning procedure is
carefully carried out it is quite simple
to locate any position on the dial with
great accuracy.

Employing an easily obtained 4 MHz crystal this
unit forms an invaluable tool to those with calibra-

The Crystal

Crystals are supplied to work within
specified tolerances. The tighter the
tolerances the more expensive the
crystal. However the crystal oscillator
may be placed exactly on frequency
(within small limits} by varying the
amount of capacitance in parallel with
It.

When purchasing a crystal you must
tell the manufacturer what capacitance
it will be working with and he will
grind your crystal to be within the
specified limits when it is used with
that particular capacitance. This
marker generator has been designed to
work with crystals that are ground for
30 pF capacitance.

The marker generator is a
constant-frequency oscillator driving into
a CMOS divider chain, Switchable outputs
from the divider chain are selected to drive
a pulse generator.

The oscillator is ICla in which
R1 biases the IC into linear operation.
The crystal determines the basic frequency
of operation at 4 MHz in conjunction with
Cl, 2, 3 and 4 which appear to the crystal
as one parallel capacitor. The capacitor C2

HOW IT WORKS

Calibration

The marker will be sufficiently
accurate for most people with C2 set
to half value. For those who want
greater accuracy the generator must be
calibrated against a signal of known
accuracy.

The generator may be aligned
against one of these frequencies by
the zero-beating technique. First
tune in the signal and then connect
the generator. A whistle wili now be
heard and C2 should be tuned to the
point where the beat frequency has
dropped so low that it cannot be
heard. The generator Is how spot on
frequency and it should be noted
that this callbration Is independent
of the generator.©

is used to tune the oscillator exactly to
frequency as explained in the text. The
resistor R2 adds extra phase shift but also
reduces the gain. Thus if the oscillator is
slow in starting reducing R2 may help.
The output of the oscillator is buffered
from the rest of the circuit by IC1/b.

IC2 is a CMOS dual type D flip flop
that divides the 4 MHz by four to provide
an output of 1 MHz, the 2 MHz also being
brought out.

A further dual division by 10 is
provided by IC3 which therefore provides
outputs of 100 kHz and 10 kHz.

The required output is selected
by SW1 and applied to C5 and R3 which
differentiate the squarewave output of the
divider. The waveform is then amplified
and squared by IC1/c to provide an output
train of narrow pulses, the amplitude of
which may be varied by means of RV1.
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Now NRI takes youinside the
new TRS-80 Model lll microcomputer
fotrainyouathomeasthe

new breed

NRI teams up with Radio Shack
advanced technology to teach
you how to use, program and

service state-of-the-art

microcomputers...

It's no longer enough to be
just a programmer or a technician.
With microcomputers moving
into the fabric of our lives (over
250,000 of the TRS-80™ alone have | 8
been sold), interdisciplinary skills ~ *
are demanded. And NRI can prepare
you with the first course of its kind,

covering the complete world of the e L RO O

vanced programming skills, the techni-

microcomputer. cian can test and debug systems quickly
Learn At Home i
] : and easily.
in Your Spare Time

Only NRI gives you both kinds of
training with the convenience of home
study. No classroom pressures, no night
school, no gasoline wasted. You learn
at your convenience, at your own pace.
Yet you're always backed by the NRI
staff and your instructor, answering
questions, giving you guidance, and
available for special help if you need it.

You Get Your Own Computer
to Learn On and Keep

NRI training is hands-on train-
ing, with practical experiments and
demonstrations as the very foundation
of your knowledge. You don’t just pro-
J gram your computer, you go inside
it...watch how circuits interact. .. inter-
face with other systems. .. gain a real
insight into its nature.

You also work with an advanced
liquid crystal display hand-held multi-
meter and the NRI Discovery Lab, per-
forming over 60 separate experiments.
(TRS-80 i a trademark of the Radio Shack division of Tandy Gop)  YOU Jearn troubleshooting procedures

With NRI training, the program-
mer gains practical knowledge of hard-
ware, enabling him to design simpler,

Training includes new TRS-80 Model III micro-
computer, 6-function LCD Beckman multimeter,
and the NRI Discovery Lab with hundreds of
tests and experiments.

omputer specialist!

and gain greater understanding of the
information. Both microcomputer and
equipment come as part of your training
for you to use and keep.
Rush Card
for Free Catalog

Get all the details on this exciting
course in NRI's free, 100-page catalog.
It shows all equipment, lesson outlines,
and facts on other electronics courses
such as Complete Communications with
CB, TV/Audio and Video, Digital Elec-
tronics, and more. Keep up with the
latest technology as you learn on the
latest model of the world’s most
popular computer. If card has been
used, write to:

NRI Schools
NB McGraw-Hill Continuing
"I Education Center
€ jel’ 330 Progress Avenue
| Hi l. Scarborough, Ontario MIP 2Z5
or telephone 416-293-1911
we'll give you tomorrow.
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NOTES

1C1 (4007) PINS 7.4 AND 9 ARE GROUND

1C2 (4013) PINS 6.4 8,10 AND 7 ARE GROUND

1C3 (4518) PINS 8.7 AND 15 ARE GROUND

1C1 PINS 14, 2 AND 11 ARE +12V
1IC2 PIN 14, 1S +12V
1IC3 PINS 2,10 AND 18 ARE +12V

+12v
BATTERY

Circuit diagram for the marker generator.

Light

Dimmer |

The circuit for a light dimmer is
not complex, as will be seen from
Fig. 1, nor are the components all that

‘expensive. The circuit overcomes a
drawback In many of the commer-
cial models: the Triac is protected
against line transients. Many ver-
sions do not come on until the con-
trol is rotated over half way, yet cur-
rent is still being drawn; in our cir-
cuit the light comes on almost at
minimum setting.

An unusual facility is also incorp-
orated in the design which some
readers might wish to take advantage
of. A light dimmer is perfect for use
with a TV set as neither viewing in
full light or complete darkness is very
pleasant. The circuit is so arranged
that the switch can also handle a load
which is not controlled by the dimmer
circuitry. Thus, the TV can be
switched on using the unit, but only
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the light will be controlled. The
same arrangement also makes it poss-
ible to control only one light, leaving
others unaffected.

The unit will handle 500W as
shown, but with some modifications
can easily be adapted to control 1kW.

The choke L1 is made up from a

Fig. 1 The circuit of the dimmaer.

-_—r R2 3.3k
a2 =8 LOAD = NMA— v
A B c L1-see text I
E il
= e R1 390k < Rggk
H £ 2
IC1 (4007) 7.4 AND 9 ARE GROUND 75 o fzeiteqtity lin
IC2 (4013) PINS 6,4,8,10 AND 7 ARE GROUND SC141 or <l
IC3 (4518) PINS 8,7, AND 15 ARE GROUND _| _ C1 SC146 I
IC1 PINS 14, 2 AND 11 ARE +12V = = 23)33 D1
IC2 PIN 14, 1S 412V |
1C3 PINS 2, 10 AND 16 ARE +12V BR100  p34 7k I
>
c2 L ca
0.033 = 0.1uF T3
5 600V l 600V I 600V
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plece of ferrite rod, %’ diameter
and 1%” long, wound with 55 turns
of 28 s.w.g. enamelled copper wire,
wound tightly and secured at each
end by a strip of adhesive tape.

For those wishing to use the unit
at 1kW it is necessary, for safety
reasons, to use a separate switch from
that in the pot. A suitable heatsink
will also be necessary on the Triac and
the wire gauge on L1 should be slightly
heavier: 24 or 26 s.w.g. The greatest
drawback when using the higher power
is that RFI can be annoying. When
used with a lower load, the radio
interference is very low and could not
be detected 12’ from the prototype,
even with the radio’s ferrite rod in
line with the choke.

Before fitting the unit, it is worth

testing on the bench, using a table
lamp as a load. Connect this as
follows. Terminal A: power live, Ter-
minals B and C: load, Terminal D:
power neutral.

If all is well, the unit can be fitted
in place of a modern switch fitted in a
box. In very shallow boxes, there
may not be room for the unit but
extension mouldings are available
from the same people who supply the
switch plate itself.

If the facility for switching an
uncontrolled load is not required (i.e.
using it conventionally), a jumper
wire should be fitted between Term-
inals B and C and the two wires
which normally connect to the switch
that the dimmer replaces can be con-
nected to A and D.O

1

HOW IT WORKS
As with practically all modern dimmer
circuits, this one makes use of a Triac for
the power control.

A Triac can be regarded as an
electronic switch that is turned on by a
pulse at a predetermined time in each half
cycle and turns off automatically at the
end of the half cycle.

Control of the Triac is of the simple
resistor/capacitor and diac system. By
varying the resistance of potentiometer
RV1, the time constant of RV1/C4
change the phase,

The pulse at the junction RV1/
C4 is passed to the Diac through limiting
resistor R3. The Diac is connected to the
gate of the Triac and as the Diac is in fact
a bi-directional diode, both the positive
and negative pulses are applied to the
gate,

Capacitor C1 and choke L1 are for
suppressing RFI while R1 and C2 are used
for transient suppression.

Resistor R4 is fitted so as to allow
full control of light while using RV1, The
ideal value for RV1 is 150k ohms but as
this value is virtually impossible to obtain,
it is paralleled by R4 to give effectively
this value,

RF

808

Attenuato

——=HOW IT WORKS

ATTENUATION | R® ACCURATE ACCURATE| CLOSEST
VALUES VALUES PREFERRED
76 OHM 50 OHM VALUE 50 OHM
R1 1304 869.5 820
148 R2 8.6 58 5.8
R3 1304 888.5 820
R4 654 438 470
248 RS 17.4 11.6 12
RE6 654 438 470
R? 3nS 0 220
L) 358 239 12+ 12
448 R9 0 0 0
R 3315 E3l 220
R11 1742 16 120
848 R12 793 528 21+ 7
R13 1742 118 120
R14 1032 (1] 68
18 d8 R15  230.7 154 150
R18 103.2 68.8 68

® Altvalues in ohms.

This RF attenuator works by switching
into the signal path a selected network or
group of networks that reduces the signal
strength by known amounts. The
networks are specially designed so that
they do not disturb the characteristic
impedance of the line. That is, they appear
appear to both the source and the load as
a signal parallel resistor equal in value to
the respective source or load impedance.
In our case networks have bedn calculated
to provide matching to 75 ohm

characteristic shape that hasled to the use
of the name ‘pi network’ for this
attenuator section.

The steps of attenuation are expressed in

decibels. The voltage attenuation in
decibels is equal to 20 log V1' Where V1
v2

equals the input voltage and V2 equals

he output voltage. Thus if the output is
half the input voltage then V2 equals 0.5

and 20 log 0.5 equals —6.02 dB. (the
minus sign indicating atténuation).

The use of decibels is very convenient as
it allows the combined value of two or
more attenuators to be found by simply
adding their separate values rather than by
multiplying the separate attenuation
ratios.

Each succeeding attenunator is chosen to
be twice that of the one previous. This
binary form allows us to obtain a range of
0 to 31 dB in 32, steps with only five
switches. Thus for example if we require S
dB we depress SW1 and SW3 to give us

impedance. V:l 1+4=5 dB.
Rer i R ) (= R i et e = [EEEEE. Tt '\I T N "1|
1 | ] 1
' swi ! sw2 ; w3 ' swWa SwWs
1dB 2d8 4dB 8dB 16dB : f
R2 R5 R12 R15 -
= 8.2 18 82 220
R1 R3 R4 R6 R7 R8 R9 R10 R11 R13 R14 R16
1k2 15 680 680 <330 <18 18 330 180 180 100 100
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Vero has countless
reasons to celebrate
20 years of

Veroboard.

That's how Vero began and many of you started.

Twenty years ago Vero introduced Veroboard to the designer
and hobbyist market.

It was then unique in its concept and is still one of the basic
boards for the electronics industry. Such is the influence that
Veroboard has had, and is still having, that the very name has
become part of general vocabulary. Twenty years is a long time
in a new industry and Vero have been in the forefront with their
standards, quality control and customer service throughout that
time.

From Veroboard through Card Frames to Vero Cases, we are
proud to be of service and hope that you will agree that sales
of millions of Veroboards is a suitable cause to celebrate our
twentieth birthday.

Electronic Packaging Systems Ltd.

P.0.BOX 481, KINGSTON, ONTARIO, K7L 4W5
PHONE (613) 384-1142 TELEX 066-3243

TRS-80
SOFTWARE

Fully supported software for the Radio Shack computer
TRS-80. Available for models L,ll,IIl and coming soon for
the Colour Computer. Games as well as serious
business programs. Examples listed below. Over 100
programs available for now but more are being written
all the time!! All programs are written in England and

are distributed exclusively by J. & J. Electronics Ltd.
ttttttpttttttttttttttttttttttttttttttt

*Time Machine Adventure®Asteroids*Space In-
vaders*AJEDIT*Golden Baton Adventure*Instant Sort

Search*Kubik*Loan*Arrow of Death Adven-
ture*Index*Dark Void*Cube Hunt*Accel 2—Com-
piler*Level | in Level I|*Quagmire *Sort*Pascal*Space
Shuttle*Nuclear. War*Morse Code Communicator*Data
Base Management*Reference Basic*Submarine
Chase*Wonder-land Adventure*Protext*Prodata
*Prozap*Yi-Ching*PLUS MANY MORE

(2222 SRR SRR R RSS2l i il st i sl R

All software distributed. in England by Molimerx Ltd. and distributed ex-
clusively in Canada by J. & J. Electronics Ltd. For prices and more nforma:
tion contact us at the address below. Dealer inquirles Invited.

J. & J. Electronics Ltd.

P.O. Box 1437, Winnipeg, Manitoba
R3C 2Z4 Phone (204) 943-6916

troller (VLC) chip into an advanced 4-channel colour organ

® ok kR kKK
* * % * * Unidentifi=d Flashing Obsurdity
* k% * %
EREEE ST T T
* * K * * P& TY HAaT CIRCUIT
*x k% * %
Wk * Aok
(
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TIMER SUEEF
INVERT SLEEP

MODE® LAMPL
0sCi LAMP2
osc2 LAMP3
MODE { LAMP4

Uss —l +
I

After the Halloween party, put the Versatile Lamp Con.

e
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or lamp sequencer. It's a powerful one-chlp microcomputer
wlith custom application software in ROM. Just jumper the
inputs for the lighting effects you want. Control 1000 watt
lamps with simple additional circuitry.

For data, more circuits, and other information, send SASE
to:  FIRELIGHT ELECTRONICS

P.0. BOX 729, STATION LA CITE
MONTREAL, QUEBEC H2W 2P3







ORION

Electronic SuppliesInc.

ELECTRONIC DISTRIBUTOR
INDUSTRIAL — EDUCATIONAL ~ COMMERCIAL — HOBBYIST

START WITH ORION FOR
A NEW ERA IN THE WORLD
OF ELECTRONICS

We have the most complete selection
of electronic components.
Full line of TTL, CMOS, Linear, .
ICs, Computer Interface, Support Chips
and CPUs.

What can you
honestly expect
from an
interactive data
terminal that
costs only $475.95

Waell, to begln with, color graphics.

RCA's VP-3301 has unique color-locking circuitry that
glves you sharp, jlItter-free color graphics and ralnbow-free
characters.

Plus much more: Microprocessor control. Resldent and
programmable character set. Reverse video. State-of-the-
art LS| video control. 20 and 40 character formats. RS232C

“and 20 mA current loop. Six baud rates. Elght data for-

mats, ASCIl encoding. Light-touch flexlble-membrane key
switches for reliablilty and long life. CMOS clrcuitry and a
splll-proof, dust-proof keyboard for hostile environments.

The VP-3301 can be used wlith a 525-line color or
monochrome monitor or a standard TV set through an RF
moduiator.** It serves a wide varlety of industrlal, educa-
tional, business and individual apdpucatlons including
communication with time sharing and data base networks

such as those provided by Dow Jones News/Retrievai Ser-

INTERACT COMPUTER

16K LEVEL 1l

o

Write for our

flyer on Interact

Computer T3
A powertul microcomputer with 8 full standaid 53 key typewriter
style keyboard and built-in cassette recorder for use in entering
27d storing pregrams, Ulilizing (he versatile Intel 80804 micto.
processor, the Interact computer has 16K of RAM and 2K of ROM
at ts disposal. Output Is in color on your own TV screen. Sound
is also generaisd through your TV set and can consis! of ex-
hilarating computer beeps o is

» powerful computer capable of deve 2

variety of programs, and with available software prov
educational stimulus (sxamples; Star Track, Chess. Concentra-
tion, stc.). The Interact computer offers the ideat opportunity to
fearn BASIC, the most popular computer anguage for small busi-
ness and hobbyists. and with the use of the 84 page manual, you
jearn at your own pace.

IMSTALLATION: Attach to sntenna terminals of your color TV
set 8nd plug Into 120 VAC wall cutlet. Computer includes built-in
RF modulator, FCC approved and UL snd CSA listed.

words we @ narily u : N ]

{For go to), END, cow‘. J0Y, INPUT, etc. To halp you leam pro-
graming we have Included s 84 page instruction manual, plus
2 20 page book of program examples

Educational and Entertaining

ASCII Keyboard Fully encoded, 128-character ASCt
alphanumernc keyboard. 5B light Touch keys |2 user ge-
fined). Setectable. “Upper-Case-Onky™
vP.601 $109.75
UGG Tl ASCI/Numeric Keyboard ASCH
T Kevboard identical to VP-601 plus
16 key numernc entry keyboard for
@asier entey of Aumbers
Cabte: ASCH Keyboards to VP-711 Flat nbbon cable, 24 m. 1engta, for con-
necling VP-601 or VP-611 an VP-711, Includes matching connector on both ends.
VP-620 I
Cable: ASCHt Keyboards Flat nbbcn cable, 36 in. lenath with maing connectar
lor VP-601 or VP-611 Key . Other end 5 L
VP62 ... .icieeirnrcrccccsssonsesscocnsonns .- $27'50

vice, CompuServe and Source.
All this—for the low price of $475.95. And it's made by
RCA.

mm~:$ ]39 50

Assembiled® and tested.

® Video output 10 monitor or modulator
® Cassette miertace —100 Bytes/sec

o Instruction Manuai with 5 video game
histings. schematics. CHIP-8, much morel
Igea for low-Ccost Control appiications.
Expandabie 10 ful VIP capabiity with
VP-114 Kit

“Usev need onfy connect cabies jnChioeal 8
5-vOR power supply ang speaker

Features

® RCA 1802 MiCroprocessor.

o 1K Byles static RAM
Expandable on-board 10 4K
Expancble to 32K Bytes Iotal

® 512 Hyte ROM operating system
o CHiP’ - mterpretive language of
machine Inaguage programmable
® Hexwgecimal keypad

® Aucho 10ne generator,

® 3ingle 5-voil operation.

RCA PRICE LIST

58-Key Typewriter Format for Alphanumeric Entrg
VP-801 - 8-blt parallel output $109.75
VP-606 - Asynchronous serial output 139.75

58-Key Typewriter Format Plus Separate 16-Key
Caiculator-Type Keypad for Fast Numeric Entry
VP-611 - 8-blt parailel output $149.75
VP-616 - Asynchronous serlal output

VP-3301 - Video output & bulit in audlo

VP-3303 - Connects directly to TV set 98.
VP-3501 - With built In modem & RF modulator 548.95

VP—3501 Videotex Data Terminal

For time shar!n? applications vla telephone. Connects to
standard TV set for display. Bullt-in 300 baud direct connect
modem, includes: numeric keypad, color graphics, tone and
noise generator, RF and video/audio outputs, expansion In-
tertace, resident and user-definable character sets, cursor
control, reverse video, pius many other features. (includes
connecting cables.)

VP—3303 Interactive Data Terminal (RF & Video/Audlo)

General purpose terminal. Simiiar to the VP-3501. Does not
Include modem or numeric keypad. Six switch selectable
?aud rates to 19.2k. RS-232C and 20 mA current loop Inter-

Sinclair ZX81 Computer
ASSEMBLED $159.95

Kit s109.95

mmEmmmmamnese
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Hardware

$185.95

The ZX81's advanced
capability.

The ZX81 uses the same fast
microprocessor (Z8CA), but in-
corporates a new, more power-
ful 8K BASIC ROM — the
“trained Intelligence" of the
computer. This chip works In
decimals, handles logs and
trig, allows you to plot graphs,
and bulids up animated
displays. And the ZX81 Incor-
porates other operation
retinements — the facility to
load and save named programs
on cassette, or to select a pro-
gram off a cassette through
the keyboard.

New, improved specification.

*Unigque ‘one-touch’ key word
entry: eliminates a great deal
of tiresome typing. Key words
(PRINT, LIST, RUN, etc.) have
thelr own single-key entry.
*Unique syntax-check and
report codes Identify program-
ming errors immediately. *Full
range of mathematical and
sclentific functions accurate

inclair's new 8K

to elght declmal places.
*Graph-drawing and animated-
display facllities. *Multi-
dimenslonal string and
numeric arrays. *Up to 26
FOR/NEXT loops. *Randomize
function. *Programmable in
machine code. *Cassette
LOAD and SAVE with named
programs. °*1K-byte RAM ex-
pandable to 16K, *Full editing
taclilties. *Able to drive the
new Sinclair ZX Printer (to be
avallable shortly).

if you own a ZX80. . .

The new 8K BASIC ROM as us-
ed In the ZX81 Is avallable as a
drop-in replacement chip.
(Complete with new keyboard
template and operating
manual). With the exception of
animated graphics, all the ad-
vanced features of the ZX81
are now available on your ZX80
— including the abllity to drlve
the Sinclalr ZX Printer.

18K Memory. Expansion Kit
No P.C. Board

tended Basic offers features found

LX81Printer

Designed exclusively for use with the ZX81 (and ZX80
with 8K basic ROM), the printer ofters full
tnlghanumerlcs and highly sophisticated graphics.

PY command prints out exactly what Is on screen. At
last you can have a hard copg of your program iistini
and results. Printing speed Is 50 characters per second,
with 32 characters per iline and 9 lines per vertical inch.
Connects to rear of ZX81 — using a stackable connector
SO you can use a RAM pack as well. A 65 ft paper roll, in-
structions Included. Requires 9 volts, 1.2 amp power
supply (option extra).

ZX81 Assembled
ZXB1 Kit

ZX Printer 169.95
64 K-RAM 249.95
16K RAM 169.95
16K RAM Kit 89.95
Power Supply

(forZX81 + 18k memory)

Softw_are

149.895

MulmllesData
Storage Syste)
Dictator m
Constellation

only on computers costing three or four times as much,
*Continuous display, Including moving graphics. *Multl-
dimensional string and numerical arrars. *Math and
scientlfic functions accurate to 8 decimals. *Unique one
touch entry of “key words"” (i.e. basic and system com-
mands). *Automatic syntax error detection. “Randomize
function. *Bullt-in interface for ZX Printer. *Connects to
standard TV and cassette recorder. *164 page manual
included. *Power supply (9V at 650 ma) optlonal for
$14.95. *1K of memory Is inéluded. *Easy-to-bulld.

64K 5249+

MEMOTECH 64K MEMOPAK

The Memopak is a 64K RAM pack which extends the
memory of the ZX81 by a further 56K. Designed to be in
the price range expected by Sinclair owners. Plugs
directly into the back of the ZX81 and does not Inhibit
{he use of the printer or other add-on boards. There is no
need for additlonal power supply or cables. The
Memopack together with the 81 glves a full 64K,
which Is nelther switched nor paged, and is directly ad-
dressable. The unlt is user transgarent, and accepts
such baslc commands such as 10DIM A(S000).

With the Memopak extenslon-the ZX81 is transformed
into a powerful computer, sultable for business, leisure
and educatlonal use, at a fraction of the cost of com-
parable systems.

Machine Language Software

ZXAS Machine Code Assembler. A full specification 280
assembler. Standard mnenonics are written directly into
our BASIC program.
XDB Disassembler/Debugger. Perfect complement to
ZXAS, also provides single step, string search, block

transfer, hex loader. $13.95

ZX Chess
Star Trek
Vu-Calc

Viewtext

Books

Not only 30 programs for the ZX81 — $16.95
Understanding your ZX81 ROM —23.95

Getting acquainted with your ZX81 — 16.95

The explorers gulde to the ZX81 — 18.95

The gateway gulde for the ZX81 & 2X80 — 16.85
Mastering machine code on your ZX81 — 24.95
The ZX81 pocketbook — 18.95

Orion Electronic Supplies Inc.

40 Lancaster Street West
Kitchener, Ontario N2H 4S9
; (519) 576-9902
Master Charge & Visa, COD, Cheque,
Money Orders accepted. COD’s, ship-

ping & insurance extra. Wtite for our
FREE FLYER.

Prices subject to change without notice.




UNREGULATED POWER SUPPLY

A single rail power supply is shown in the
diagram above. It has three separate sec-
tions, the power transformer, the full
wave bridge rectifier and the smoothing
capacitor. For safety, the fuse should be
put in the live wire path to the
transformer. The voltages quoted are AC
voltages measured in Volts RMS. This is
the equivalent “DC heating’’ voltage and
is equal to 0.707Vp.

The output of the transformer is 6V
RMS and this is the voltage level “on
load”’. When the transformer is not load-
ed this voltage may increase by about
25%.

The difference between the loaded
and unloaded output voltage is known as
the ‘regulation” of the transformer.
Transformers have power ratings ex-
pressed in terms of VA. A 10VA
transformer will be able to supply 10
watts of power from its secondary out-
put. The AC voltage from the trans-
former secondary is full wave rectified
by the diode bridge D1 to 4 and then
smoothed by capacitor. C1. With no load
on the power supply the output (DC)
voltage will be approximately 11V. But
when a resistive load is presented to it,
the voltage drops and a ripple voltage
appears, this being caused by the load
discharging the capacitor. @

-— NOTE:
FUSE 6V D1—4 ARE 1N4001
250 mA
120V
AC +Ve
ov &
O > (on load}
1000u
16V
ov
¢ —0
TO ANY
O - - EXPOSED METALWORK

Typical Line Voltages

CYYYYYYY 3% ——fvem

170V 120V
(VPEAK)

(VROOT MEAN SQUARE)

‘l[\ [\ [\ [\ H \tpp RIPPLE RULE OF THUMB:
VUULULU_

Vrip T [WT RIPPLE
320Y I load
(V PEAK TO PEAK) ; vrip = —— x (7x10~3

SO IF THE LOAD CURRENT ({ toad) IS 100mA,

THEN vripts 01x7x10-3 _ 50
10-3

AC

REGULATED POWER SUPPLY |

Two transistors and a voltage reference
can be used to make a regulated power
supply. Transistor Q1 is used as the
power control element and so must be
mounted on a heat sink. Q2 provides
negative feeback and so helps to iron out
any changes at the output due to fluc-
tuating load conditions or variations in
the unregulated rail. The circuit opera-
tion is as follows. A current flows
through Q2 and D5 and so sets up a
voltage of 5V1 across D5. The base of Q2
is connected to the output by a set of
resistors, R2, 3, 4 and RV1. If the output
voltage rises, then more current will flow
through Q2. This causes the voltage at
the base of Q1 to fall, which in turn
reduces the voltage at the output. Thus
the output voltage is regulated. RV1 is
used to set up the output voltage to
+9V. If the wiper of RV1 should ac-
cidentally lift off, then the output

12v
17V
UNREGULATED
- D14 + -
ov L
> 4
Q1 MOUNT ON
HEATSINK
—0
+9V
R2
2k7
R3 10k +
RV1 1 ¢z outpPuT
™> 1k0 =e= 40,
16V

R4
Note: ak7
Q1 is T1P31
Q2 is 2N2926 ov
D1-4 are 1N4001 & O

D5 is 5V1 Zener

voltage would instantly rise to that of
the unregulated rail. To prevent this R3
provides a permanent DC path to the
base of Q2. Capacitor C2 helps to im-
prove the reguiation when the load con-
ditions change rapidiy.@
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TRANSISTOR TESTER

This very simple transistor tester
measures DC current gain 'in three
ranges, with full scale values of 10, 100
and 1 000. It will also show whether or
not the device under test has a high
leakage current.

The basic tests for a transistor are
very simple and in order to test for high
leakage, it is merely necessary to con-
nect a voltage across the emitter and
collector terminals of the test device,
and then measure the current flow. In
this circuit 9V is the voltage source, and
ME1 registers the current flow. R4 is a
current limiting resistor which protects
ME1 and the test device from passing an
excessive current.

Silicon devices have extremely low
leakage currents, and if there is any
deflection of ME1 when testing a silicon
transistor, it certainly means that device
is not functional (or is connected incor-
rectly). Germanium devices have
somewhat higher leakage currents, and a
very small deflection of ME1 is accep-
table when testing this type of transistor.

The test for DC current gain (Hfe) is
basically the same as for leakage testing,
except that a current is fed into the base
terminal of the test device. This causes a
larger current to flow in the collector cir-
cuit of the transistor, and the current

R1
820%

R |
82k

2
swi

R3
8k2

gain is equal to the collector current
divided by the base current. If SW2 is
depressed, a base current will be provid-
ed to the test device by whichever
resistor (R1 to R3) is selected by SW1.
With SW1 in the ““10” position, a
nominal base current of 1 mA is fed to
the test device, and it must have a cur-
rent gain of 10 in order to produce a col-
lector current of 10 mA and give full
scale deflection of ME1. Lower levels of

&
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—0 SW2c
P.N.P

DEVICE
UNDER
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Cle e
Swad

current gain give a proportionately lower
meter reading. With SW1 in the “100”
and “1 000" positions, the base current is
reduced to 100 uA and 10 uA respective-
ly, giving the correspondingly high full
scale gain values.

PNP and NPN transistors require op-
posite supply polarities, and SW3 is used
to switch the supply polarity to suit the
type being tested and to connect ME1
with the correct polarity.@

TREBLE BOOSTER

A treble booster circuit can be used with
an electric guitar (and also electronic in-
struments) to boost the higher order har-
monics and give a more “brilliant”’
sound. A circuit of this type gives a fairly
flat response at bass and most middle
audio frequencies, with the upper-
middle and lower treble frequencies be-
ing given a substantial amount of boost.
It is normal to give only a modest
amount of emphasis to the upper-tteble
in order to give good stability and a low
noise level, and this also prevents the
output from sounding too harsh. The fre-
quency response of this treble booster is
shown in the accompanying graph.

The circuit is basically just an op
25

20
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amp (IC1) used in the non-inverting
amplifier mode. The non-inverting input
is biased by R4 and R5 via a decoupling
network which is comprised of R3 and
C3. C4 and C5 give DC blocking at the in-
put and output respectively. With SW1
open there is virtually 100% negative
feedback through R1, R2 and C1, giving
the circuit unity gain and a flat response.
Closing SW1 brings C2 into circuit, and
this decouples some of the feedback
through R1 and R2 at frequencies of
more than a few hundred Hz giving the

741C TOP VIEW
1 8

THE FREQUENCY RESPONSE B
OF THE TREBLE BOOSTER

swW1

BOOST i FLAT

required rising response. Feedback
through C1 at high treble frequencies
causes the response to fall away above
about 5.5kHz, and prevents the very high
frequency harmonics from being ex-
‘cessively emphasised.

As the unit has unity gain at fre-
quencies where boost is not applied it
can simply be connected between the in-
strument and the amplifier.@




ELECTRONIC METRONOME
WITH SYNTHESISED TICK TOCK

An electronic metronome needs three
sections, a variable rate beat generator,
a sound synthesiser to produce the tick
tock noises and a small audio amplifier.
First the beat generator, IC1. This circuit
is a schmitt trigger and an ‘“integrator’”’
all in one. The positive feedback via R1,
2 produces the schmitt action and the
‘integrator’ is made up out of RV1, R5,
C1. Imagine the output of IC1 is low at
about +2V. The non-inverting terminal
of IC1 will then be at +4V75. The
positive end of C1 will be discharged via
RV1 plus R5 towards +2V, unit it
reaches +4V75. When this happens the
schmitt trigger makes the output of 1C1
snap into its ‘igh state: Now the voltage
on the non-inverting terminal is +10V25
and C1 is charged up towards this
voltage. When this voltage is reached by
C1 the schmitt trigger snaps back into its
low state.

Thus square wave oscillations are
produced, the frequency of which is
determined by RV1, R5, Cl1. The
squarewave is fed into IC2 (via C4),
which is a bandpass filter with a relative-
ly high Q. The edges of the squarewave
‘excite’ the filter which rings producing a
percussive, waveform. The pitch of the
percussive waveforms is controlled by
R7, 8 but R8 is only turned on by Q1
when the output of IC1 is high. Therefore
two percussive notes are produced, a
low note when IC1 output is low and a
higher note when IC1 output is high. This
double pitch percussive waveform
sounds just like a. ‘tick tock’ sound. If
you want some really crazy sounds, try
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shorting out C4 or connecting a 5k pot

across it!

The tick-tock waveform can then be

just such an amplifier. The gain is set by
R13, R10. If more gain is required, then
increase R13, if less, then decrease it. @

fed into a small audio amplifier. 1C3 is

MEASURING UNKNOWN
CAPACITORS

This simple circuit will enable you to
find out the value of an unknown
capacitor, it makes use of the 'Bridge’
principle. The interesting part of the
operation is to the right of T1, the rest of
the circuit, including Q1 is simply an
audio oscillator. T1 is a small transistor
output transformer approx. 500R CT to
8R. Connected as shown, the circuit is
known as a Hartley oscillator C2 con-
verts the primary of the transformer into
a tuned circuit operating in the audio
range while C1 feeds back part of the
signal to keep oscillation going. The ef-
fect of all this is to generate an audio
signal into the secondary of T1.

Let us take a case where the two
capacitors are the same value and the
resistance in RV1 between x-y and y-z is
the same; in that case the voltage at y
and at the junction_of the two capacitors

will be the same and nothing will be
heard in the earpiece.

Assume now that our unknown
capacitor is half that of our known. A
larger amount of the signal will pass
through our known component, the
bridge is upset and a signal will be heard
in our earpiece. However, if x-y is twice
y-z, balance will once again be achieved
and nothing will be heard. It follows that
if a pointer knob of RV1 is marked in
ratios, we will be able to calculate the
value of almost any capacitor as long as
we use our reference component one
that is between ten times and one-tenth
of the unknown; this is because it is only
practical to mark out ratios of 10 to 1.
This is not as much of a problem as may
first be imagined as values between 1p
and 100ufF can be checked using four
standards — these are 10p, 1n (100pF),

+9vV

R1
470k

KNOWN
CAPACITOR

T

CRYSTAL
EARPIECE

UNKNOWN
CAPACITOR

Note:
Q1 Is 2N3904 etc

100n (0.1uF) and 10uF. However, measur-
ing low capacitance is likely to be inac-
curate due to strays in the circuit and
note that electrolytic capacitors are not
normally close tolerance components. @
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Stereo Synthesiser

There are two common methods of pro-
ducing a pseudo stereo effect from a
mono signal, playing the mono signal
from the two speakers in antiphase and
the use of frequency selective techni-
ques. The latter normally consists of
directing lower frequency signals into
one channel and higher frequency
signals into the other. This circuit uses
the second technique, but can addi-
tionally give antiphase signals which can
give a better effect, especially when us-
ing headphones.

The two filters are formed by R4
and C3 (low pass), and C6 plus R8 {high
pass). A high roll-off rate is by no means
essential in this application and the 6 dB
per octave attenuation rate of simple RC
filters such as these is perfectly ade-
quate. The —3 dB point of each filter is
at approximately 800 Hz and the com-
bined output of the filter, therefore,
gives a virtually flat response with no
significant peaks or troughs.

Q2 is connected as an emitter
follower buffer stage and this ensures

emitter stage with 100% negative feed-
back (and unity voltage gain) due to R11.
It also provides a 180° phase shift so that
the two output signals are in anti-phase.
An in-phase relationship is needed to
give a good central stereo image and the
use of anti-phase signals tends to give an
impression of increased channel separa-
tion.

In a stereo orchestral recording it is
normal for the violins to come from the
left hand channel, with the cellos and
basses from .the right hand channel.

d sw1 +aV
ON/OFF
R10
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Q3
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Q1 is used as an emitter follower
buffer stage which ensures that the two
filter networks fed from its output are
driven from a low impedance source. If
these were driven direct from the input,
it is quite possible that they would be fed
from a source impedance of a few
kilohms or more, which would be quite
sufficient to alter their effective
characteristics.

that there is minimal loading on the low
pass filter. Q3 similarly. ensures that
there is'minimal loading on the high pass
filter, but this device is used as a phase
splitter. With SW2 switched to take the
output from Q3’s emitter, Q3 effectively
operates as an emitter follower and gives
no phase inversion. With SW2 switched
to take the output from Q3’s collector,
Q3 then effectively acts as a cormmon

Therefore, the high frequency signals are
fed to the left channel and the low fre-
quency signals are fed to the right chan-
nel so that the unit provides a similar ef-
fect (although it will obviously function
properly with the outputs connected
either way).

The current consumption of the cir-
cuit is about 3 mA. @

A LOW FREQUENCY
OSCILLATOR

IC1 is a MOSFET op-amp. Thus its input
bias current is very low, typically 10 pA
as compared with 100 nA for a 741
(10 000 times larger!). This allows very
low current designs to be produced. The
circuit above shows an integrator (IC1)
and a Schmitt trigger (IC2). Imagine that
the output of the Schmitt is high {(+10
V). The voltage at the junction of R4, R5
is approximately +1 V. This pushes a
current of 1 uA through R1 which then
charges C1. Thus C1 (the output of IC1)
ramps down at a rate of 1/C which is in
this case 1 V/Sec. When this voltage
reaches —5 V, the Schmitt trigger flips
over into its low state (—10-V). Now the
current through R1 flows the other way,
and so the output of IC1 ramps up at 1
V/Sec. this continues until it reaches +5
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V (the upper hysteresis level of the
Schmitt). The Schmitt trigger then jumps
to its high output and so the process
repeats itself. The circuit produces a
square wave (£10 V) and a triangle (5

IC21s 741

10k

V) output. Using the components shown
the period is 20 seconds. To get 200
seconds make R1 = 10M. To get 2,000
seconds make R1 = 10M, R5 =1R. @



CMOS LOGIC PROBE

A logic probe is a device which is used
when testing digital circuits, and it shows
the logic state at the selected test point.
In common with most designs this one
can indicate four input states, as follows:
1. Input high (logic 1).

2. Input low (logic 0).

3. Input pulsing.

4. Input floating.

The circuit uses the four 2 input
NOR gates contained within the 4001
CMOS device, and is primarily intended
for testing CMOS circuits. The probe
derives its power from the supply of the
circuit being tested. The first gate has its
inputs tied together so that it operates as
an inverter, and it is biased by R1 so that
roughly half the supply potential ap-
pears at its output. A similar voltage ap-
pears at the junction of R4 and R5, and
so no significant. voltage will be
developed across D1 and D2 which are
connected between this junction and
gate 1’s output. Thus under quiescent
conditions, or if the probe is connected
to a floating test point, neither D1 or D2
will light up. If the input is taken to a
high logic point, gate 1 output will go
low and switche on D1, giving a ““high”
indication. If the input is taken to a low
test point, gate 1 output will go high and
D2 will be switched onto indicate the
“low’” input state.

A pulsed input will contain both
logic states, causing both D1 and D2 to
switch on alternately. However, if the

duty cycle of the input signal is very high
this may result in one indicator lighting
up very brightly while the other does not
visibly glow at all. In order to give a
more reliable indication of a pulsed in-
put gates 2 to 4 are connected as buf-
fered output monostable multivibrator.
The purpose of this circuit is to produce
an output pulse of predetermined length
(about half a second in this case)
whenever it receives a positive going in-
put pulse.

The length of the input pulse has no
significant effect on the output pulse. D3
is connected at the output of the
monostable, and is switched on for

about half a second whenever the
monostable is triggered, regardless of
how brief the triggering input pulse hap-
pens to be. Therefore a pulsing input will
be clearly indicated by D3 switching on.
The various outputs will be:
Floating input — all L.E.D.s off. Logic 0
input — D2 switched on (D3 will briefly
flash on).
Logic 1 input — D1 switched on.
Pulsing input — D3 switched on. or.puls-
ing in the case of a low frequency input
signal (one or both of the other in-
dicators will switch on, showing if one in-
put state prodominates). @
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INSECT REPELLENT

The title of this circuit may at first ap-
pear to belong more in the pages of a
biology or a chemistry book, but we are
not joking. It is possible to make life un-
comfortable for certain types of bugs us-
ing electronics. The theory is quite com-
plex though it is possible to give a rough
outline of what happens.

It seems that mosquitoes only mate
at certain times and except for these
times the two sexes are most unfriendly,
in fact they stay well away from each
other. It has also been reliably establish-
ed that it is only the female of the
species that actually bites. The third fact
that we need to know is that the male
mosquito (and this applies to other bugs
as well) beats its wings at a slightly dif-
ferent rate than the female — this is one
way that they identify each other. From
these gems of information it will be seen
that if one electronically simulates the
sound of a male mosquito, the females
will steer well clear. We are mentioning
mosquitoes here but the same factors
also apply to other bugs.

The circuit shown is a simple audio-

oscillator whose frequency of operation
can be varied over a wide range, in fact
from about 500Hz to 10kHz and this will
take in the range of all the common
bugs. The circuit is a straightforward
multivibrator with RV1 altering the audio
frequency. This produces a square wave
which is applied across the small crystal
earpiece connected between the collec-
tor of Q2 and the negative line. Crystal
earpieces have a very high impedance
and it will in no way affect the operation
of the circuit. Pretty well any transistors
can be used in this simple circuit but if
PNP types are used the battery supply
should be reversed. The values of the
capacitors are not too critical either and
if others are used and it is found that the
frequency range is not adequate, R1 can
be altered to bring it back to the right
sort of range. The current consumption is
low at 2-3mA. This varies slightly with
the frequency, but a 9V transistor bat-
téry will last quite a while; after all the
unit will have to be left on for long
periods. None of the components need

2k2

c2
3n0

a1 Q2
2N2926G  2N2926G

be large and the unit can be built in a
small box to fit into a jacket pocket
with the components arranged so that
the earpiece is external. The preset
RV1 should be a small skeleton preset
with a facility for adjusting from out-
side.

As to adjusting for the right frequen-
cy this is a matter of trial and error. @
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Flash Slave Unit

The photocell used in this circuit is a
photo-Darlington transistor. This gives a
fairly fast operating speed and high sen-
sitivity. In fact the sensitivity is rather
too high, making it likely that the cell
would saturate in only moderately light
conditions. Its base terminal s,
therefore, connected to the negative
supply rail to give a suitable reduction in
sensitivity. R1 and RV1 form the coliec-
tor load resistance for photocell Q1 and
RV1 acts as a sensitivity control. With
RV1 at a low resistance, the increase in
the current passed by Q1 when it picks
up the pulse of light from the primary
flashgun will produce a fairly small
voltage spike across the load resistance.
With RV1 set at a high resistance, a
similar current pulse would produce a
much larger voltage spike across the
load and high sensitivity is obtained.
One problem with equipment of
this type is that under bright conditions
the photocell can saturate, preventing
the circuit from functioning. When used
indoors, saturation is unlikely to occur
even with RV1 set for maximum sensitivi-
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ty. The sensitivity of the unit should be
so high that it will trigger reliably even if
the primary flashgun and Q1 are aimed
in opposite directions. When used out-
side in bright conditions it would be ad-
visable to back off RV1 and the aim of
Q1 and the flashgun will inevitably be
more critical (there will probably be less
reflected light to trigger the unit in addi-
tion to the reduction in sensitivity).

C2 couples the output from Qi’s
collector to the input of a common emit-
ter amplifier using Q2. This is biased by
R2 so that there is a quiescent collector
voltage of only about 1V. Q3 is an emit-

ter follower buffer stage which is used to
drive the gate of SCR1 from Q2’s collec-
tor. The quiescent voltage at Q3’s emit-
ter is insufficient to activate the
thyristor, but when Q2 receives the
negative voltage spike from Q1 it swit-
ches off and the emitter potential of Q3
rises to a high enough level to trigger
SCR1 and fire the second flashgun. R4 is
a current timiting resistor which prevents
Q3 from passing an excessive current.

The current consumption of the cir-
cuit is about 2 mA. Note that the flash
lead must be connected to SCR1 with the
correct polarity or the unit will not
operate. ®

HOME INTERCOM

This intercom uses a straightforward
three transistor amplifier which gives
quite.a good quality output (by intercom
standards) and an adequate output
power of a few tens of milliwatts.

As is normal practice with intercom
designs, the loudspeaker in each station
also doubles as a sort of moving coil
microphone when ‘sending’. The position
of SW2 determines whether the slave
unit is ‘sending’ and the master station is
receiving, or vice versa. lIdeally this
should be a spring loaded switch which
automatically returns to the ‘receive’
position when released. This enables the
remote unit to call the master one if the
operator closes SW1 so as to connect
power from B1 to the amplifier, and then
talks into the microphone in order to at-
tract the attention of the person at the
master station. If SW1 is not a spring
loaded switch, it could be left in the
‘send’ mode, preventing the remote sta-
tion from calling the main one. SW3 is
the ordinary on/off switch at the master
station.

The amplifier is a three stage unit
capacitive coupling between stages. A
common base input stage (Q1) is used as
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this gives a low input impedance. This is
desireable as it minimises stray pick-up
of line hum and radio interference in the
connecting cable, and it also gives a
good match to the microphones.. The
following two stages are both straightfor-
ward common emitter amplifiers. C4
rolls off the high frequency response of

MASTER UNIT

the circuit and this aids stability. It can
also help to prevent RF breakthrough.
The prototype was tried with con-
necting cables up to about 10 metres or
so long, and gave perfectly good results.
It should work with considerably longer
connecting cables if necessary. A three
conductor connecting cable is required@



RIAA STEREO PREAMPLIFIER

There are two types of record player
pickups, ceramic and magnetic. The first
type is the cheapest and generally gives
a large output voltage (0.5V). This type
of pickup does not usually require any
frequency response correction, but the
sound quality produced is not as good as
that which can be achieved with a
magnetic pickup. Records are cut with a
frequency response such that when they
are replayed with a magnetic pickup and
a preamplifier with a RIAA equalisation
(Recording Industry Association of
America). the reproduced sound will be
as similar to the original as possible.

PLAYBACK RESPONSE
(RIAA EQUALISATION)

+30
+20

\

+10 \
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FREQUENCY

The disc is cut at constant
amplitude, except from 500 Hz to 2120
Hz where it is cut at constant velocity.
When this disc is replayed with a
magnetic pickup, the relative output
voltage rises with frequency, this being
due to the fact that the magnetically
generated voltage is proportional to the
velocity of the stylus as it moves
sideways in the groove. To restore the
original sound quality, a preamplifier
with a frequency response that gives
decreasing output with increasing fre-
quency is required. This response curve
is known as the RIAA equalisation and it

PHASE SHIFT
OSCILLATOR

A single transistor can be used to make a
simple phase shift oscillator. The output
is a sinewave with a ‘lump’ in it, which
means that the distortion content is
rather high, about 10%.This is not always
a problem, quite often when generating
audio tones a high harmonic content will
make a more interesting sound. The sine
wave purity can be increased by putting
a variable resistor (25 ohms) :n the emit-
ter lead of Q1 (x). The resistor is adjusted
so that the circuit is only just oscillating,
then the sinewave is relatively pure.
However, if the power supply level
varies, the oscillation may cease
altogether. The operating frequency may
be varied by putting a 10k variable resis-
tor in series with R3, or by changing C1,

TO MAGNETIC PICKUP
(LEFT CHANNEL)

c3
1u0

R1
47k

RV1

470k
BIAS: SETPIN 7
TO +4VS

TO MAGNETIC PICKUP
{RIGHT CHANNEL)

"'J.l_o

LEFT OUTPUT

B

Ry2
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is tailored accurately to fit the cutting
and replay processes. The signal level
from a magnetic pickup is low, generally
20mV pp and so a low noise preamplifier
is needed.

The circuit shows a realisation of
this requirement. The low noise amplifier
is the LM381 made by National Semicon-

R1
3k3 250 Hz

OUTPUT
O

Ql
2N2925

2, 3. Making C1,2,3 equal to 100nF
will halve the operating frequency. Also
Also, the operating frequency can be
voltage controlled by a FET in series
with R3, or optically controlled by an
LDR in series with R3.@®

RIGHT OUTPUT

1n0

ductor. A DC bias control is included
(RV1, 2), and the feedback components
generate the RIAA curve. Use screened
cable for the wiring to the pickup, keep
the circuit away from transformers (and
the pickup and its wiring) and connect all
the grounds shown in the circuit diagram
together, near the IC.@
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QUICK TRANSISTOR CHECKER

This very simple and inexpensive circuit
is not designed to measure any transistor
performance figures, but is intended for
quick testing to show whether or not the
test device is functional. The basic
method of testing a transistor is to first
connect a supply to its emitter and col-
lector terminals and check that no
significant current flows. If the base ter-
minal is then given a small forward bias,
this will be amplified in the form of a
large collector-emitter current.

This circuit is based on a CMOS
quad 2 input NAND or NOR gate IC.
Either type is suitable as each gate has
its two inputs connected together so that
it acts as an inverter. The first two in-
verters are used in conjunction with R1
and C1 as a conventional CMOS
oscillator operating at a frequency of a
few hundred Hz. The other two inverters
are connected in parallel, and fed from
the output of the oscillator so that they
provide a complementary output. In
other words, one output will be positive
and the other will be negative except
during the brief periods when the out-
puts change state.

The collector and emitter of the
transistor are fed from the outputs via
D1 and D2, and the base is fed from one

SINGLE IC POWER SUPPLY

Although variable voltage power sup-
plies having good regulation and elec-
tronic overload protection used to be
fairly complex pieces of equipment, us-
ing modern circuitry it is possible to
build such a unit using just one IC and a
few passive components. The unit
described here has an output voltage
which is variable from 5 to 15 volts, and
a maximum output current of 500mA,
can be provided. The output is extremely
well stabilised and the output noise is
well below 1TmV.

The line supply is connected to the
primary winding of isolation and step-
down transformer T1 through onjoff
switch SW1. The centre tapped secon-
dary of T1 feeds a standing fullwave rec-
tifier and smoothing circuit which uses
D1, D2 and C1.

IC1 is the voltage regulator chip,
and this has four terminals. the
unregulated input voltage is applied to
the “IN”” and ““COM” terminals, while
the stabilised output is taken from the
“OUT” and “COM” terminals. The
fourth terminal is the “CONT” one, and
if this is fed from the output via a poten-
tial divider, a negative feedback action
will stabilise the voltage at this terminal
at a nominal level of 5 volts. In this case
the potential divider is formed by RV1
and R1. If RV1 slider is at the top of its
46—ETI CIRCUITS FILE
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output via R2. If we assume that an NPN
device is being tested, when gate 2 out-
put is positive and the other output is
negative, the transistor will not be for-
ward biased by R2 (it will be reverse bias-
ed in fact) and it should pass no signifi-
cant collector current. If it is a short cir-
cuit device and does pass such a current,
this will pass through D2 which will light
up and indicate the fault. When the out-
puts are in the opposite states, the tran-
sistor will be forward biased by R2 and
should conduct heavily, causing D1 to
pass a current and light up. Failure of D1
to come on indicates an open circuit or
very low gain device. PNP devices
operate with the opposite polarity, and

uA78MGUIC

O ~Ve
so when testing one of these it is D2 that
should switch on, and D1 which should
remain off.

summary

One LED on = functional device, type
(ie PNP/NPN) as indicated.

Both LEDs on = short circuited device.
No LEDs on = open circuit or very low
gain device.

Diode or rectifier testing (anode to col-
lector, cathode to emitter).

D1 on = functional device.

D2 on = connected with wrong polarity.
Both LEDs on = short circuited device.
No LEDs on = open circuit device. @
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track the output will be stabilised at 5
volts. A higher voltage would take the
“CONT” terminal (which is directly con-
nected to the output) above 5 volts,
causing the error to be sensed and cor-
rected. Similarly, a lower voltage would
take the “CONT” terminal below 5 volts,
causing the output to swing more
positive and correct the error.

If RV1 slider is moved down its
track, the voltage fed to the “CONT” ter-
minal will decrease, sending the output
higher in order to return this potential to
5 volts. Thus RV1 can be used to vary the
output voltage, with a maximum poten-
tial of about 16 volts or so appearing at
the output when RV1 slider is at the bot-
tom of its track. The feedback action ac-
curately stabilises the output at the

potential set using RV1, but only at out-
put levels up to about 15 volts. Above
this level, at high output currents, there
will be insufficient input voltage from
the rectifier and smoothing circuit to
properly maintain the output voltage.

The regulator device has built-in
foldback current limiting which prevents
the output from much exceeding 500 mA
in the event of a minor overload.
Stronger overloads result in decreased
output current, the short circuit current
being only about 200 mA!

Decoupling capacitors C2 and C3
should be mounted physically close to
IC1. IC1 must be mounted on a substan-
tial heatsink which can be the metal
case of the unit. @



TRANSISTOR POWER
AMPLIFIER

Most of the Hi Fi amplifiers in use are
based on circuitry similar to this design,
although they are much more
sophisticated. The circuit uses a ‘com-
plementary’ output stage, with one NPN
and one PNP power transistor, which
eliminates the need for an output
transformer found in old amplifier
designs.

Output power is close to 1W, with
reasonably low distortion. The input
signal is passed through the volume con-
trol RV1 and then via C1 to the base of
Q1. The collector load for Q1 is compos-
ed of R1, R5 and the loudspeaker and the
voltage at the collector will be about
half the supply voltage, i.e. 4V5. The
bases of Q2 and Q3 are also at the same
voltage (very nearly) as the collector of
Q1 because the value of R1 is so low
(68R).

At the junction of the emitters of
Q2 and Q3 the voltage will also be very
nearly 4V5, R3 and R4 and very low
value resistors to limit the current
through Q2 and Q3. When the amplified
input signal is less than 4V5, Q2 is turned
off (as the base will be at a lower voltage
than its emitter), but Q3 will conduct the
signal. When Q1 amplifies the signal to
above 4V5 the reverse happens, Q2 con-
ducts and Q3 is turned off.

The signals are combined at the the
common emitter junction of Q2 and Q3,
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and passed to the loudspeaker through diodes to prevent thermal runaway’

the large electrolytic capacitor C2. Small
values of C2 result in a poor low frequen-
cy response. Negative feedback is pro-
vided by R5 and R2, these ensure stabili-
ty by reducing the gain slightly. R1 is in-
cluded to provide a small amount of
base bias for Q2 and Q3; more
sophisticated designs use thermistors or

which can destroy the output pair.

A disadvantage is the DC coupling
of the transistors, if one transistor alters
its characteristics the result can be
catastrophic! For this reason, the output
pair should be a ‘matched pair’, other
types can be tried as long as they are
also “matched pairs”. @

LOW BATTERY VOLTAGE
DICATOR

This circuit can be used to monitor a sup-
ply voltage of between about 5 and 25
volts (30 V absolute maximum) and will
switch on a warning light if the supply
falls below some predetermined
threshold level.

Although only five components are
used, the circuit is actually quite
sophisticated, giving good reliability and
precision. This is due to the use of an In-
tersil 8211 voltage detector IC. A com-
parator forms the heart of the device,
and a highly stable internally generated
reference voltage is fed to the inverting
(=) input of the comparator. its non-
inverting (+) input is available at pin 3,
and in this circuit it is fed from the supp-
ly lines via the potential divider circuit
which consists of R1 and RV1. The out
put of the comparator is available at pin
4, but is obtained by way of a constant
current generator which limits the out-
put current to a nominal figure of 7 mA.

If the voltage at the non-inverting
input exceeds the reference voltage, the
output assumes the high state and LED
indicator D1 is not switched on. If the
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the reference level, the output then goes
low and power is applied to D1. The con-
stant current source limits the LED cur-
rent to a suitable level. In practice RV1 is
adjusted so that with the supply voltage
at its minimum acceptable level the non-
inverting input is at a potential just
marginally higher than the reference
voltage. In other words it is adjusted for

D1 to be switched on. A tall in supply
voltage below the threshold level then
takes the non-inverting input below the
reference voltage and switches on the
warning light. C1 decouples any stray
pick-up which could otherwise cause
spurious triggering of the circuit. The
quiescent current consumption is
typically only about 50 uA. @
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TWO TONE ALARM

Audio alarm generators are needed in a
number of applications, such as fire and
burglar alarm systems. This circuit
generates a penetrating two tone alarm
signal having an output power of bet-
ween about 250 mW and 4 W RMS
depending on the speaker impedance
and supply voltage used. For low power
applications a 9 volt supply and a
speaker impedance of about 64 to 80
ohms will give a nominal output power
of 250 to 300 mW for a current consump-
tion of around 55 to 70 mA. Where high
volume is needed, a 12 volt supply and 8
ohm speaker will give an output power
of about 4 W RMS at a mean current
consumption of about 700 mA.

The circuit is based on two of the
four Norton amplifiers contained in the
LM3900N IC. A Norton amplifier is in
many ways similar to an ordinary opera-
tional amplifier, but it is the comparative
input currents rather than the input
voltages that determine the output
voltage. IC1b is used in a type of relaxa-
tion oscillator which generates the audio
tone. Initially the bias current flowing in-
to the non-inverting input takes the out-
put high, and C2 begins to charge via R9.
This causes the current flowing into the
inverting input through R6 to gradually
increase as the voltage on C2 builds up,
until it exceeds the non-inverting input
bias current. The output of IC1b then
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goes low, causing C2 to discharge which ensures that once |C1b output

through R9 until the inverting input cur-
rent becomes less than that flowing into
the non-inverting input. IC1b output then
goes high, and the procedures starts
again from the beginning, giving con-
tinuous oscillation. Note that when IC1b
output went from the high to the low
state this resulted in R8 draining off
some of the non-inverting input bias cur-
rent where it had previously added to it.
This makes it necessary for C2 to con-
siderably discharge before the current in-
to the inverting input drops below that
applied to the non-inverting input. This
effect is a form of “hysteresis”, and is
essential to the operation of the circuit.
R8 also provides positive feedback

starts to change polarity it rapidly and
reliably switches from one state to the
other.

The squarewave output of IC1b is at
quite a high impedance, and so the
loudspeaker is driven by way of a com-
mon source amplifier using VMOS tran-
sistor Q1. IC1a is used in a second
oscillator circuit, but this has component
values which give oscillation at a fre-
quency of only a few Hertz. Its output is
loosely coupled to C2 by R5, and it fre-
quency modulates the tone generator to
produce a sort of warbling effect. This
gives a much more noticeable and less
easily masked signa!l than a straight for-
ward audio tone. @

ZENER DIODE TESTER

This circuit is an add-on unit for a
multimeter -having a sensitivity of 20k/V
or better, and it enables a rough check to
be made on zener diodes having
operating voltages <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>