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ﬂ”l “\“ Address:
535 Yonge St.
Toronto, Ont.
R A D \“ VY 175

Phone: (416) 922-1818

ELECTR ON’cs No collect calls please.

KITS TTL (DIGITAL) IC’s
LIGHTING EFFECTS AUDIOKITS 7400 . . . W45 7623 . . . W55 7472 . .. .55 74123 ., . 1.10
*3 channel 500 watt Colour ‘1 watt AudioAmp .......... 17.95 7401 . . . -:5 7625 . . . 22 773 ... .70 74125 . . . .98
organ................... $21.95 *Swatt AudioAmp . ...... $19.95 ;:gg s- '1.3 ;:g‘; e ;:;: ra ;g ;:i:; a ;153
SCC):hanneHsOO watt Colour Bt s BRI 7605 . .. IS5 7630 ... W45 7476 ... .70 74151 . . . .98
PN 04 s ds hoa wnmne o gl $32.95 | 76406 . . . B85 7460 . . . .45 7485 . . . 1.40 74156 . . . 2.50
*16 Channel Light Chaser ... $22.95 *0-24voltslamp........... $39.95 7407 . . . 95 7661 . . . 135 7486 . . . 1.50 74160 . . . 1.75
(up-down-pulse) *#5voltand +12v@ 1amp .. $14.95 7408 . . . .75 7662 . . . 1.35 7490 . . . 1.15 74164 . . . 1.25
16 Channel 8-mode Programmable *+12voltsand +5v@ 1amp. $14.95 ;:oz .y 1;; ;Z:: : ¥ 5 }2; 7491 . . . 1.15 76177 . . . 1.45
; L : ; 10 ... . 7492 . . . .85 764190 . . . 1.65
Light Chaser . . . $32.95 Kits come with etched, drilled and bl Lo s oBb Tl ws AR musl £ oI cragel s ST
plated P.C. boards. 7612 . . . .55 7456 . . . W65 9492y . L, .65 76192 . . . 1.55
76413 . .. .85 7460 . . . 40 76122 . . . .90 74193 . . . 2.95
7620 . . . .45
RESISTORS 4000 SERIES CMOS IC’s
4000 . » . .50 4015 . . . 1.50 4026 o 2,35 4046 . ., . 1.05
Values from 1 ohm to 10 meg. 1/4 or 4001 » . . .45 4016 . . . .50 4027 . . . .BS 4045 . . . 1.78
1/2 watt, Still Only 3%¢ each. 4002 . . . .45 4017 . . . 1,50 4028 . . . 1.50 4047 . . . 1.09
4006 . . . 1.25 4018 . . . .75 4029 . . . 1.25 4049 . . . .65
4007 . . . .20 4019 . . . 1.65 4030 . . . .40 405Q . . 1.50
4008 . . . 1.15 4020 . . . 1.25 & vy 1.9 4069 . . .45
CAPACITORS NiSSEI POLYESTER FILM e o o By b et i BB I e SN
4011 . . . .65 4026 . . . 1.25 4041 ., . 2.05 4511 . . . 1.95
Price uF Price uF Price uF Price 4013 . . . .65 4025 . . . .40 4043 , . 1.30 4516 . . . 1.35
.0010 .20 .012 .20 .0027 .20 .027 .25 4016 . . . .90
.0012 .20 .015 .20 .0033 .20 .033 .25 Micro-Processor IC
.0015 .20 .047 .30 .0039 .20  .039 .25 3
.0018 .20 .056 .30 .0047 .20 .12 .35 SERIES  prICE
.0022 .20 .068 .30 .0056 20 .15 .40 JALSOO . , . .85 741832 . . . .80 74LS109. . . .80  BOBO . . .+ 8.95
.0068 .20 .082 .30 .018 .25 .18 .45 J4LS04 . . . .60 741833 . . . .60 74LS125. . .1.00 8212 . . . 3,00
.0082 .20 .10 .30 .022 .25 .22 .50 74LS08 . . . .65 741538 . . . .80 7415132. . .1.40 8216 . . - 3.50
010 .20 JOLS10 . , . 1.50 741874 . . . .70 74LS151. . .1.60 8224 . . . 8.95
JALSIT L, . .75 74LS75 . . o1.10  74LS155. . .1.10 8228 . . + 6.25
J4LS20 . . . .70 741586 . . . .70 74LS247. . .1.18 8255 .+ . . 8.95
SxN 74LS30 . ., . .65 74LS90 . . . .95 z80 e e 216,95 4116 .+ o+ 7.95
CAPACITORS ELh2 o vric AnD 1 Watt zener diodes
TANTALUM CAPACITORS TYPE # VOLTAGE WATTAGE
P BZx61-C75 3.3v 1w IN758A 10 It
%’ mse23 4.3 1w IN759A 12v 1w
AXIAL LEAD DIPPED SOLID TANTALUM ug IN751A 5.1 v IN964B 13 =5
+/-209 INGT33A 5.1 ™ 3E216D5 14 1w
WV(SV) WV(SV) WV(SV) Capacltance Tolerance +/-20% i 3 i ] e g
uF  16(20) 25(32) 50(63) WU(SV) WV(SV) WV(SV) 14-515-04 6.2 1w BZX61-C18 18 I
= gg UF  16(20) 25(32) 35 (46) 114574 6.2 o) HzZ20C 20 w
5 52 53 IN753A 6.2 1w B2ZX61-C20 20 1™
7 53 033 INTS4A 6.8 1w GES5028 20 Bt
10 .25 25 30 047 .35 IN752A 5.6 1w 14-515-31 22 .5
22 .30 .30 .35 0.68 .35 17-515-35 6.8 1w INGT51A 30 W
33 gg gg 3 g :.o gg Hz7B 7 1w BZX61-C30 30 w
. . . -5 i IN755A 7.5 1w BZX79C36 36 W
e 5 a4 20 g 5 IN74738A 7.5 " BZX61-C56 56 1
330 20 :50 65 a7 35 ‘35 IN7S57A 9.1 W IN5045 56 SW
470 45 .55 .75 6.8 .35 .35 INGTI9A 9.1 .5 BZX61-C68 68 1w
1000 .60 .70 1.00 10 45 50 .55 BZX61-C9V1 9.1 1W INGT764A 100 1w
2200 ,75-% %gg 15 gg gg l.gg INTS57A 9.1 1w IN55938 183 1w
3300 . 3 22 : i . 2
o 183 133 B 85 120 2.25 so Vransistor replacement list %
g; ;_:?g ’ REPLACE BRICE |apl61 - ECG - 155  4.95|25C940 - ECG - 283  11.95
RADIAL LEAD 100 3.50 2N2906 - ECG - 159 1.79 | 25€1025- ECG - 175 2.95]25€C939 - ECG - 163A 12.95
BF-245 - ECG - 133 1.99 | 25C1304- ECG - 124 2.59{BF245A - ECG - 133 2.25
2N3391 - ECG - 199  1,15]25C1104- ECG - 126  2,59}25C945 - ECG - 199 .89
b= ‘?’;’(‘250‘;’ "2”5"(‘352‘;) :’O"(g‘)” POWER SUPPLY BF-199 - ECG - 161  1.59 [25D24Y - ECG - 124  2.59)|25C1685- ECG - 199 .89
¢ o 100 16 65 d800 e 25  [ovols TIS 92 - ECG - 128 2,40 |AD162 - ECG - 131  3.99|25C456 - ECG - 289  1.59
22 :25 1600 16 .65 15000 RPE 10 4,50 BD136 - ECG - 185 2.99 | AD139 - ECG - 104 1.89]25C839 - ECG - 123a 1.59
33 .25 2200 16 .75 12000 COM 40 6.95 BD135 - ECG - 184 2.79 |4sC1160- ECG - 175 3.50 |2N6558 - ECG - 191 4,25
a7 .25 .25 2500 10 .65 14000 COM 40 7,50 25C1505- ECG - 198 2,95 283614 - ECG - 121 3.95]/25C458 - ECG - 289 1.49
10 .25 .25 .25 1000 Can 16  1.50 15000 RPE 10 4,50 2SC1520- ECG - 198 3,00 |25C1106- ECG - 162  9.95|2SB77 - ECG - 102a 1.99
22 .25 .25 .25 RN NN W s 15000 Can 16 4.90 25C1507- ECG - 198  2.95|BD182 - ECG - 130  4.79|2N1613 - ECG - 128  1.99
& 22 B 1 e : o 2 230 |asclase- ECG - 198 2.95|BU205 - ECG - 165  9.95[AC-187 - ECG - 103a 2.30
100 ‘30 30 35 4700 CoM 100 8.95 44000 Com 35 14.98 MJE2370- ECG - 242  3.59 |BUIOB - ECG - 165  9.95
220 .30 .35 .45 6800-RPE. 25 629} 80000 Com 20 14.9% * All Semiconductors prime stock
330 35 40 .60 * Use DRE quality components for optimum results
470 ool 20 85 * First grade components at surplus pricing
;288 1,00 -75 * ThisIs only a partial listing of our semiconductor line

* Catalogue available upon request
* Minimum order $10.00

PRICES SUBJECT TO CHANGE WITHOUT NOTICE




Electronics Today

January 1981

High Performance Stereo
Preamplifier. . ......... 71
Moving Coil Preamp. . . .. 13
Two projects to take care of
the front end of our Series
4000 system,

LogicProbe . ......... 39
A useful piece of test gear for
digital circuitry.

Power Supply......... 18
Suijtable for the Series 4000
stereo system,

wiivee

60W Amplifier Module. . .21
Really excellent specificat-
ions and the output stage for
the Series 4000,

Series 4000 Amplifier. . . .27
How the individual projects
mate together to give you
an excellent Hi-Fi system.

Rumble Filter. . ....... 34
How to eliminate unwanted
Jow frequencies from your
Hi-Fi system.

Dynamic Noise Filter. . . .36
Provides significant improve-
ment in the perceived signal-

to-noise ratio of your tape
deck.

e TIen |ane mazmus

Battery Condition Indicato&

batteries with this handy
checker.

Cable Tester. ......... 46
Of considerable interest to

those who are continually
using mobile equipment.

Function Generator . . . . . 49
Several different waveforms
can be produced over a wide
range of frequencies.

RainAlarm .......... 54
Produces an audible warning
as soon as it begins to rain.

Egg Timer . .......... 56
Hard or soft — this kitchen
gadget will time your break-
fast.
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Patch Detector . .......59
Will unearth the dents in an
automobile that has been
filled rather than reshaped.

Tl

Two Octave 0rgan. ]

A neat little, inexpensive,
monophonic organ.

"

n"
A

»-—-oﬁv—--;, Lo -{ s,
18 BEE, 65 5oe

Digital Yachometer . . . . .61
Gives you an accurate indicat-
ion of your engine speed.

Light Chaser. .........79
Make your own light flashing
unit.

Variwiper. ...........64
Converts your single speed
wipers to intermittent operat-
ion.

Test Bench Amplifier. . . .83
A well designed and useful
addition to your test gear.

Porch Light . .........67
Automatically switches on
your porch light when the
sun sets,

Spirit Level ..........70
Doesn’t stop you drinking
but does show you the effect
on your reactions.

Shutter Speed Timer . . . .88
Accurately test the shutter
speed settings on your
camera.

Ni-Cad Charger........92
A constant current charger
for use with Ni-Cad cells.

Party Grenade. . .......74
An electronic version of the
cld ‘hot potato’ party game,

ETIWet.............95
Our automatic waterer to

keep your plants in peak
condition,

COPYRIGHT

All material is subject to worldwide copyright protection. All
PCB patterns are copyright and no company can seil boards to
our design without our permission,

LIABILITY

Whilst every effort has been made to ensure that all
constructional projects referred to in this magazine wili operate
a5 Indicated efficientty and properjy and that il necessary
components té manufacture the same are avaliable, no
responsibliity whatsoever Is accepted in respect of the falture
for any reason at ait of the project to operate etficiently or at
all whether due to any fauit In design or otherwise and no
responsibility Is accepted for the fallure to obtain component
parts in respect of any such project. Further no responsibliity
Is accepted In respact of any Injury or damage caused Dy any
fault in the design of any such project as atoresald.

COMPONENT NOTATION AND UNITS
y specify using an

stmdam Many readers will be unfamlitar with this but It s
simple, less likely to lead to error and will be widely usad
everywhers sooner or later, ETI has opted for soonar!

Firstly gecimal points are dropped and substituted with the
multipller, thus 4. 7uF Is written 4u?. Capacitors also use the
muitiplier nano {(one manofarad is 1000pF). Thus 0.1uF I3
100n, 5600pF Is 5n6. Other examples are 5.6pF=5p6.
0.5pF=0pS.

Resistors are treated gimilarly: 1.8M ohms Is 1M8, 56k ohms
15 the same, 4,7k ohms Is 4k7, 100 ohms Is 100R and 5.6 ohms
15 5R6,

PCB SUPPLIERS

The magazine doeas not.supply PCB: bu\ these are avallable
from the supply all
boards. Conun these complnles alron for ordering
Information.

B&R Electronics, P.O. Box 6326F, Hamliton, Ontarlo, LSC
6L9

Spsctrum Electronlcs, Box 4166, S5tn "D’, Hamliton, Ontarlo,
L8V 4LS

Wentworth Electronics, R.R. No.1, Waterdgown, Ontarlo LOR
2HO

Danocinths tnc. P.O. Box 261, Westland, M) 48185, USA.
Exceitronix Inc., 319 College St., Toronto, Ontarlo, M5T 152
Arkon Electronics Ltd., 409 Queen St, W., Taronto, Ontarlo,
M5V 2AS.
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February 1977

Features: CN Tower, Blorythm Cal-
culator, VCT, 555 Timer Applications,
Yamaha B1 Review, Scope Test Your
Car.

Projects: 5W Stereo Amp, Philips
Speaker System, Reaction Tester,
Patch Detector, Heads or Tail, SCR
Tester.

May 1977

FeatUres: Projection TV, 741 Cook-
book, Easler Way to Make PCBs,
Choosing a Microcomputer.

Projects: Burglar Alarm, Ceramic Pre-
amp, Ni-Cad Battery Charger, Power
Supply, Fuzz Box, Stereo Rumble
Filter.

July 1977

Features: A Generation Away, |12L Ex-
plained, CB Supplement, Intro to Com-
puters.

Projects: Mastermind, DVM, Overled,
Turn Indicator Canceller.

May 1978

Features: Tools Catalogue, Data Sheet
Special on Memory Chips, Micro-
biography.

Projects: White Line Follower, Add-on
FM Tuner, Audio Feedback Elimina-
tor.

July 1978

Features: Digital Multimeter Survey,
Pinbail Machines, Intro to Amateur
Radio, Tl Programmer.

Projects: Real-Time Analyser, Elec-
tronic Race Track, Proximity Switch,
Accenuated-Beat Metronome,

Back IssuesFromET]

August 1978

Features: Getting Into Shortwave,
Using a ‘Scope, Semiconductor Guide,
Intro To Amateur Radio 2.

Projects: Sound Level Meter, 2 Chip
Siren, Induction Balance Metal Loca-
tor, Porch Light,

October 1978

Features: Personal Computing Com-
mentary, CMOS Quickles, SSB by
Phasing, History of Electronics In
Medicine.

Projects: UFQ Detector, CCD Phaser,
Strobe,

June 1979

Features: Op Amps, Inside Info From
Ultrasound, Computer Catalogue.
Projects: Colour Organ, LCD Ther-
mometer, Colour Sequencer, VHF
Antenna, Bip Beacon.

August 1979

Features: Casing Survey, Smoke De-
tectors, TV Antennas, Reed Switches,
Magnetic Field Audio Amp, Industrial
Electronics.

Projects: Audio Power Meter, Shoot-
out, ET1-Wet Plant Waterer.

December 1979

Features: LM10 Circuits, Police Radar
Speed Meters, Practical Guide to
Triacs, Fiuorescent Displays.

Projects: High Performance Stereo
Preamp, Photographjc Deyelopment
Timer, Logic Trigger.

The back issues shown and described above are available direct from us. Please order by Issue, not by feature. They are
$3.00 each or 5 for $10.00.

BACK ISSUES
ETI Magazine

|
Unit 6, e ———f
25 Overlea Boulevard
Toronto, Ontario
M4H 1B1




High Performance
Stereo Preampilifier

This is designed to complement our 60 watt low distortion amplifier module and forms part of a complete
stereo system, our “Series 4000” project.

< e
*—e s L J g
8
-10 +10
POWER TREBLE
a2 e e
a OFF 8 6 6
8 8
® ® 10 L 10
12 12
SPEAKERS PHONES -14 +1
BASS

SERIES 4000

stereo amplifier

LOW Cut HIGHCUT MUTE LOUDNESS
® ® ® [ ]
on on -2000 on

Phono @
Tuner @
[ J
° Auxi @
Aux2 @ SOURCE
min max.
VOLUME
0
MONO TAPE
[ ] [ ] [ J
A STEREO SOURCE
BALANCE

THIS stereo preamplifier is designed to
drive two 60 watt, low distortion amp-
lifier modules described elsewhere.

The requirements for this preamp-
lifier/control unit were set down after
many hours of office discussion. In fact
it would be fair to say that the final
design was evolved, rather than
conceived.

Amongst the first requirements were
low hum and noise and low distortion —
much lower distortion than the amplifier
modules it would be required to drive.
Low distortion in a preamplifier is
relatively easy to achieve and makes the
subsequent addition of a high quality
class A headphone amplifier worthwhile.

In the final design, we feel we have
achieved performance figures well up
front amongst commercial equipment.

Features considered essential included
loudness, high cut and low cut filters.
These are common in commercial pre-
amp/control units but lacking on most
kit designs. The low cut filter incorpor-
ated in our design will effectively reduce
bass rumble while the high cut filter is
useful for reducing tape hiss or ‘monkey
chatter’ and heterodynes from an AM
tuner.

The disc amplifier stage of a preamp
must be capable of handling very high
input signals before clipping to preserve

dynamic range, especially as moving coil
cartridges with voltage boosting trans-
formers and/or amplifiers are finding
increasing popularity. The disc input of
this design can handle 400 mV peak-to-
peak before clipping, giving it a dynamic
range in excess of 100 dB!

Finally, and by far the most difficult
of our requirements to implement, was
the idea that all switches and potentio-
meters be mounted directly onto the pc
board, with as few links and external
leads as possible. All this, while preserv-
ing an attractive and stylish front panel
layout! The advantage of this is that
assembly is easy, and straightforward
and there is less room for wiring errors
to creep in and, should it be necessary,
the board can be removed for servicing
in its complete, functional form. All
interconnections to and from the board
are via RCA sockets using standard
audio ‘jumper’ leads.

The 60 watt power amplifier module
and this preamp/control unit project
form the basis of our “Series 4000”
high performance stereo amplifier
project, complete details of which we
plan to present next issue.

Construction

All the components, including the pots,
switches and LEDs, are mounted onto
the pc board. The board is then fixed,

ET! PROJECTS BOOK No. 2 — JANUARY 1981

component side forward, behind the
mounting panel of the case using
standard 25 mm spacers and
countersunk screws, A dummy facia —
with the control markings etc on it, is
subsequently held in place by the switch
nuts.

If all directions are followed, then
construction is quite straightforward —
it’s easier to do than describe!

Firstly, the mounting panel and facia
must be cut and drilled to the
dimensions shown on the drawing
(or, you can mount everything off board,
as shown at the end of this article). The
drilled pc board may be used as a
template. Dimensions shown in brackets
refer to the facia panel which must be
cut slightly smaller if you wish to use
the same case for your stereo as we
have.

The holes for the pot shafts are only
7 mm in diameter on the facia panel to
ensure correct knob alignment. Counter-
sunk holes are drilled in the mounting
panel, but not in the facia, for the bolts
securing the pc board through the
spacers.

Once the mounting panel and facia
are drilled, carefully check the
alignment of ' all holes with the
corresponding holes in the pc board.

The drilling must be reasonably
accurate.



HIGH PERFORMANCE STEREO PREAMPLIFIER I —_—

mainly 2nd harmonic).

STEREO PREAMPLIFIER SPECIFICATIONS (Measured on prototype)

Distortion &vmr g q = sfad s b, 0.015% at 1 kHz
0.015% at 10 kHz

Output . . .......
{For all inputs, with 500 mV Tape output. . . ...
RMS output — distortion is

Sensitivity . .. . ...

Hum and Noise. . . ....... 83 dB unweighted
(With respect to 10 mV
phono input).

Tone controls. . . ..

from 20 Hz to 20 kHz
(Follows new IEC curve).

Other inputs:
20Hz to 20 kHz £ 0.5 dB

Subsonic rolloff:
6 dB/octave below 20 Hz

...... 7 V p-p before clipping
...... 150 mV RMS
...... For 500 mV RMS output

Filters:iss = s alets

other: 150 mV RMS
(Phono overload level
is 400 mV p-p).
...... Bass: + 13 dB at 50 Hz
Trebte: + 11 dB at 10 kHz
...... High: 6 dB/octave,
—3 dB at 5 kHz
Low: 6 dB/octave,

...... 8 dB boost at 15 kHz

...... 20 dB attenuation

phono: 3 mV RMS

-3 dB at 100 Hz

and 10 kHz,

Once this mechanical work is
completed the components may be
mounted on the pc board. Start with
the RCA sockets. Take care not to use
too much force on the nuts and check
that electrical contact has been made to
the ground plane of the pcb using an
ohm-meter. Join the centre pin of the
RCA sockets to the pc board pads using
lengths of tinned copper wire — refer to
the overlay.

Mount the potentiometers next so
that their terminals are directly above
the pads on the pc board. The lower
pot terminals can be cut, bent down
and soldered directly onto the pads.
Connect the upper pot terminals to the
pc board, as shown in the overlay, using
tinned copper wire.

All switches are mounted on the

type commonly available almost any-
where. When mounting switches on the
pcb, make sure all switch and pot
bushings are in the same plane.

Once the major parts are assembled
onto the pc board, all the minor com-
ponents may be loaded and soldered in
place. Make sure that any large
components (electrolytics particularly)
are less than 25 mm high, otherwise
they will foul the front panel. Check
that all transistors, tantalums and
electrolytics are correctly oriented.
Refer to the overlay as you proceed.

The switches and LEDs must be
mounted and spaced correctly off the
pc_board. Solder 50 mm lengths of
unpcd copper wire onto each of the
switch terminals and LED leads (see
illustration). Pass the wires through the

corresponding pc board holes for these

Above: The switches and LEDs have lengths
of wire soldered on to them so that they
can be inserted into the pcb before being
attached to the front panel. They can then
be soldered in place. This procedure ensures
that there is no strain on the joints. Below:
The completed unit.
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Potentionmeter connections to the pcb
are made via lengths of tinned copper wire.
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B8Y DOTTED LINE.}
ALL DIMENSIONS ARE IN MILLIMETRES
DO NOT SCALE DRAWING

HOLE SIZES IN BRACKETS ARE FOR FACIA PANEL ONLY

FOR HEIGHT OF FACIA PANEL TRIM 4mm FROM TOP AND
BOTTOM OF FRONT PANEL DIMENSION. {AS INDICATEO

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, CMQS, Linear,
ICs, Computer Interface, Support Chips
and CPUs.

SIEMENS
DISK DRIVE xSALE*

FDD 1005 Single 5. . .. . ... .$425.75

FDD 2005 Double 5 . . . .. .. .$597.75

FDD 1008 Single 8. . .. ... ..$649.75

FDD 2008 Doubie8” . . .. .. .$1175.75
Visa/Master Charge add 3%

[JPlease send more information on

Siemens disk drives.

lets you create and
play video games and
generate graphics ! 111!
@ Easytooperate ® Easy o program
@ A challengs for the sericus hobhyist
AND [t's Expandable ! ! ¥
ViP-Hobby Computer An assermbled micro-
computer. Bullt-in cassett® interdace. video inter:
tace, 18-key keypad. 2K AAM, ROM opersting
system, CHIP-8 languaga and power supply. Out
drives wdeo monfor or ff madulator. o
VP-711 (COP18S711) $259.,75
V1P Color Board Dispiavs color Program control ot
four background colors and eight foreground colors. CHIP-8X
., lenguage adds color commanda Includes two sockets for VP-580
Expansion Keyboards
VIP-590 . .

Electronic SuppliesInc.

ELECTRONIC DISTRIBUTOR
INDUSTRIAL — EDUCATIONAL — COMMERCIAL — HOBBYIST

VIP Simple Sound Bosrd Praviues
258 difterant trequencies In place of
VIP single-tons output, idesl for ussé
with VP-590 Color Board for skmuttan-
sous color and sound. Great for simple
music or sound eftects! Includes speaker.

$39.75

VIP Super Sound Boerd Tum your VIP into & music synthes:-

ant Provides two indapsndant s04nd channels. Frequency. dur-

stion 3nd smplitude snvelope (voice} of sach-channel undet pro-
aram control. On-board temgo comtrol. Provision for mubti-track
recording or slaving VIP's Outout drives sudio praamp. Does not per-

mit simultanecus video dieplay. 55 7.50

VIP Super Sound &-Channel Espander Peckage VP-551 provides tour (4] independant
& Tnude

AP d t " quency a 3 Package
¥ r o u c s includes moditied VP-S50 super sound boerd. VP-576 two boerd expandser. data cesaette

. PIN-8 program, and inatruction manual. Requires 4K RAM system and your
The all-new line of ACE

All-Circuit Evaluators

WITH POWER

viP P
sbillty. 18-key keypad with cabe. Connects 1o sockats provided
on VP-590 Color Bostd or VP-685 Keyboard interface Board,
VPBBO ..uyisansinenssanive
VIP Keyboard Interface Board
Interfaces twa VP-580 Expansion Key- '+
bosrds directly tothe VIP. Notrequited
whaen VP-8590 Color Board is used. iy
. Al

POWERACE 102

The complete digital
it lab  with
FREE logic probe built
inf

POWERACE 103|POWERACE 101

Tripte-output  powee] The
swpply for p model for
both linesr and ‘digit®l il types ‘of circuits.
circuits.

$159.00 | $107.93

e e eers s s e ves e 0000 s ¥

general  purposs)
d ;

$22.50

VIP Memory Expansion Boerd Plug-in 4K
stotic RAM memory. Jumper locates RAM In sny 4K block
in firsi 32K of VIP memory apace.

VP-570 ...... PP R, $128.70

ASCH Keyboard fully encoded. 128:character ASCIl

=

New! V [ 1 29 . 50
Microcomputer.... Assembled® and tesfed.
Feaures. « Video output to monitor of modulator

$159.00

e RCA 1802 MiCroprocessor,

® 1K Bytes static RAM.
Expendable on-board to 4K
Expandable 10 32K Bytes total

s 512 Byte ROM operating system.
* CHIP 8 inlerpretive language or
machine language programmate.
* Hexdecimal keypad.

* Audio tone generator.

« Single 5-vort operatiod

« Cassette mterface —100 Bytes/sec

® Instruction Manual with S video game:
Iistings, schematics. CHIP-8, much more
Igeal for low-c0st conlrol applicatons.
Expandabie 10 full VIP capabiitty wiih
VP-114 Kit

“User need only Connect cabies incuded) 3
5-vOh power supply. and speakex.

Orion Electronic Supplies Inc.
40 Lancaster Street West
Kitchener, Ontario N2H 489
(519) 576-9902

Master Charge & Visa, COD, Cheque,
Money Orders accepted. CODs, shipping
& Insurance extra. Write for our FREE

catalogue!

Prices subject to

change without notice.

alphanumenic keyboard. 58 tight touch keys (2 user de-

ASCHl/Numeric Keyboard ASCH

Keyboard identical 10 'VP-801 plus

16 key numeric entry kevboard for
easier eniry of numbers.  VP-611 $129.95
Cable: ASCII Keybonrds to VP-711 Flat nbbon cable. 24 in. length, 1or con
necting VP-601 or VP-611 and VP-711, Includes matching connector on both ends
VP.620 ... 27.5
Cable: ASCII Keyboards Flat ribbon cable, 36 in. length wih matmg connector
for VP-601 or VP-611
VP-623

ds. Other ‘end is un




B | COMMUNITY

YOUR
NEEDS

eeeeeeeeeeeeeeeeeeeeee

NEIGHBOURS
WILL THANK




Series 4000
Moving Coll

Preamp

Designed

to, or better than, top quality commercial preamps currently available.

KT 577

POWER suppy - ¢ 12y

OVER THE LAST several years there
has been a dramatic increase in the

number of moving coil cartridges
released. The design of this type of
cartridge results in a number of
advantages over the more usual phono
cartridge which works on a moving
magnet principle.

Modulations on the wall of the
record are tracked with a diamond
stylus attached to a long arm called a
cantilever. In the moving-magnet
cartridge a small magnet is attached to
the cantilever so that stylus movement
causes movement of the magnet. Two
pick-up coils are mounted close to the

magnet so that the windings of the coils
intersect the lines of magnetic flux
from the magnet. As the stylus moves
the magnetic flux seen by the pick-up
coils varies in direct proportion to the
stylus movement, and small electrical
signals are generated in the coils.

The moving-coil cartridge works in
a similar way but inverts the roles of
the pick-up coils and magnet. The
magnet assembly is held stationary
while the pick-up coils are mounted on
the cantilever assembly and move with
the stylus modulations (hence the name
‘moving coil’).

The pick-up

coils are reduced

ETI PROJECTS BOOK No. 2 — JANUARY 1981

to complement our popular Series 4000 stereo amplifier, this project features performance equal

drastically in size and weight compared
to the coils used in moving magnet
cartridges. This results in a total canti-
lever weight that is much smaller than
in the typical moving magnet cartridge.
Since the weight is greatly reduced the
ability of the stylus to react to transients
is increased and an overall improvement
in signal accuracy results. Moving coil
cartridges generally have superior
frequency response characteristics and
improved phase response at high
frequencies. But they also have
disadvantages.

The small pick-up coils have a very
low impedance resulting in much lower

13



SERIES 4000 MOVING COIL PREAMP |

signal levels than available from normal
phono cartridges. In fact, the voltages
present on the typical moving-coil
cartridge at a recording velocity of 10
cm/sec can be in the order of 150 uV!
This is generally insufficient to drive
an amplifier to anything like full power.
Furthermore, since the output level
is some 30 dB below that expected by
the amplifier then a great reduction in
the signal-to-noise ratio will result. An
amplifier with a short circuit signal to
noise ratio of 80 dB for example, which
is quite a good figure, will end up with
a signal noise ratio of about 50 dB —
which is distinctly bad.

The internal impedance of moving-
coil cartridges is around 5 ohms and to
achieve the low recommended load
impedance required it is clearly not
satisfactory to simply load down the
input of the average phono input with
a resistor since this does nothing to
overcome the signal-to-noise ratio
problems.

The solution to these problems is
to insert some voltage gain between the
output of the cartridge and the phono
input. This can be done in two ways.
Firstly, it is possible to use a trans-
former to boost the voltages up to the
desired level and they are capable of
very good results. But, transformers
are still limited in transient performance
and noise. To obtain the necessary
voltage gain the turns ratio must be
relatively high. Since the impedance
ratio is related to the square of the turns
ratio, the output impedance must, of
necessity, be high also — usually around
30 k for a 50 §2 input impedance. This
is substantially higher than the output
impedance of normal phono cartridges
and degrades the noise figure of the
phonc input stage. A solution to this is
to use a pre-preamplifier instead of a
transformer to achieve the necessary
voltage gain.

Performance Features

The total equivalent input noise of this
unit was measured at 0.3 nV/A/Hz. With
respect to a noise bandwidth of 20 kHz,
this corresponds to an input noise of
42 nV, giving a signal to noise ratio with
respect to an input signal of 150 nV
(0.15 mV) of 71 dB. At this level, the
noise generated by the cartridge itself
will be one of the dominant noise
sources.

The circuit uses a symmetrical
configuration with NPN and PNP
transistors set up in such a way that
asymmetrical distortions tend to cancel.
Normally distortion products are
generated differently for positive and

14

SPECIFICATIONS
Gain.......¢oiiiienennanns 28 dB (x 25 approx).
Frequency response. . . . . ...... 29 Hz to 48 kHz +1 dB.
Input impedance. . . .. ........ Adjustable 3.3 to 100 ohms.
NGISER . 1o o B et o e oy W Total equivalent input noise 0.3 nV+/Hz.Over

a 20 kHz noise bandwidth—42nV. Signal-to-
noise ratio, with respect to an input level of
150 uV: -71dB.

Total Harmonic distortion. . . . . . . With respect to an input level of 0.2mV,
unmeasurable (below noise). Calculated to
be 0.0015% (see text). Rising to 0.015% for
a 30 mV input signal at 1 kHz.

The input stage consists of Q1 to Q8
plus associated circuitry. Q1 to Q4 and
Q5 to QB8 are in parallel to reduce the
current density providing a low input
impedance stage having very low noise.

Capacitor C1 and C2 fix the upper
frequency roll-off characteristics as well as
shunting the input with the desired load
capacitance for the moving-coil cartridge.
The configuration of R1 and R2, C1 and
C2 was found to give the best loading for
a variety of moving-coil cartridges.

The potentiometer RV1 allows the
input impedance to be varied over the
range most commonly recommended by
cartridge manufacturers.

Negative feedback is applied via the
network consisting of R28, capacitors
C5 and C6 and resistors R5 and R6.
Some degenerative feedback for the input
stage is applied to the first stage by the
emitter resistors R7 and R8. Capacitors
C9 and C10 are coupling capacitors to the

Channel separation . .......... Better than 61 dB.
input overload margin . . . ...... better than 80 dB.
HOW IT WORKS

second stage while bias for this stage is
determined by R11, R12, R13 and R14.

The power supply consists of a series
regulatar Q13 and Q14. The potential
dividers R21/R23 and R22/R24 divide
the voltage present at the output of the
regulator and drive the transistors Q15 and
Q16, and the LEDs. The transistor base-
emitter junction in series with the LED
will drop 0.6 + 1.65 voits. Therefore,
whenever the voltage present at the centre
of the potential divider tries to increase
above 2.3 volts the transistor increasingly,
conducts decreasing drive to the pass
transistors Q13 and Q14.

This is a relatively low noise regulator
since the voltage reference is LED and not
a zener diode which is a noisy device.
Resistors R19 and R20, together with
capacitors C12 and C13 form 6 dB per
octave low-pass filters on the supply rails
to further reduce noise that may be
generated by the regulated supply.

negative signal excursions and this tends
to produce second harmonic distortion
products. The configuration used in this
circuit results in very low second and
third harmonic distortion. This has
enabled a total harmonic distortion
figure of around 0.0015% to be
obtained.

The problem with quoting distortion
figures of this order is that they are too
low to be measured directly, being well
hidden under the noise level. The only
way a figure can be obtained is to
remove the overall negative feedback,
measure the distortion and then divide
by the gain difference when the feed-
back is reapplied. Unfortunately, feed-
back does not affect all the distortion
products equally, but the figure is still
meaningful.

Another advantage of the sym-
metrical design of the input stage is that
it does away with the need for an input
capacitor. This is a definite advantage

when dealing with low input impedances
since the value of the capacitor would
have had to be very large to obtain a
flat frequency response at low
frequencies.

The signal voltages present in the pre-
amplifier are naturally extremely low
and for this reason the power supply
has been kept as a separate unit to
reduce the possibility of 60 Hz
induction from the power transformer.

A voltage regulator supplies the
necessary +6 volts. As it is critical to
achieve low noise it is important that
the regulator does not put noise onto
the supply rails which would degrade
the noise performance of the unit.
Normally the voltage reference used for
regulators of this type is a zener diode
but, as the zener is reverse biased, it
generates a comparatively large amount
of noise. In this design an LED was
used as the voltage reference. A red
LED operated in the forward-biased

ETI PROJECTS BOOK No. 2 — |ANUARY 1981



mode drops a constant 1.65 volts and
generates very little noise.

Construction

Construction is relatively straight-
forward since most components are
on the mounted pc board. Other
construction methods are possible but
performance may not match that of

our prototype.

Mount the resistors and capacitors
first, followed by the transistors. Since
there are quite a few transistors on the
board placed close to each other, don’t
make the mistake 1 did and get them
mixed up! Cut the necessary lengths
of shielded cables and solder them onto
the board keeping the ends as short
as possible. Solder the necessary lengths
of hookup cable to the board and after
checking all components mount the
board in the chassis.

I used a diecast aluminum box and
quite frankly wish 1 hadn’t. The
shielding to external magnetic fields
really isn’t good enough. I found I had
to be careful where the preamp was
placed or it would pick up hum from
the magnetic field produced by the
power amp’s transformer. Use a steel

monumental hum loop (and I still don’t
really understand why!). The final
method tried is shown in the wiring
diagram and this works very well. The
shielded cables coming from the outputs
on the board have only one of their
shields connected to the output RCA
sockets which are wired together and
connected to the chassis at the ground
terminal. This type of terminal is
supplied with the necessary hardware
to insulate them from the chassis. In
this case however, we want the terminal
to connect firmly to the case to provide
the necessary ground connection. It is
important that the RCA sockets be
insulated from the case and that the
ground connection made to them is
according to the wiring diagram. If the
unit is going to be used with the
recommended power supply there
should be no hum problems. This power
supply, ETI 557, is described later in
this issue. It is wired so that the O volt
line is not connected to the chassis of
the power supply. This is important,
otherwise a hum loop around the units’
line grounds will result. If you wish
to use a power supply other than the
577 then it will be necessary to ensure

box if you can, if not, just be careful
where it is placed.

Once the board is mounted in the
chassis, the pots and rear panel hardware
can be mounted and the wiring
completed according to the wiring layout
diagram shown. Here again I came
unstuck. The first system I used to

that the O volt line from the supply
does not connect to the power supply
chassis. Do not ‘cure’ the problem by
disconnecting the ground wire at the
120 volt plug as this will remove any
ground connection from the power

»

9 R3 R9 R11 R1S
ground the shielded cables caused a o ar . W L
10R
Q1-04 J\N\/\—j
2N5086
e e e cg
b b b 10u e
11 ) Q9,210
e c c - 1 2N5086
(4
| L 1L g
R2
INPUT 10R H o7
232 -= 22001
+ R13 cn
cs L R28 10k 101 QUTPUT
2T L L L 220R 4
ce 1+ +
22 1 l R14 R18 =
R6 .
22 toes
L —2200u
> - c10
10p <
C c c A 20 ] Q11,Q12
b b b ra IMPS 6515
R8
& e = 10R
MPS 6515 [ [ J )
Ra R10 R16
1K 270R 390R
R27
1K

>
Ll
NOTE
ONLY ONE CHANNEL IS SHOWN.
= COMPONENT NUMBERING ON 2nd CHANNEL
STARTS AT 101e.g R101,R102, C€101,C102

—Ve TO OTHER CHANNEL ."J
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SERIES 4000 MOVING COIL PREAMP

supply chassis. This is not only
dangerous, it’s illegal.

Powering Up

Before turning the unit on make a
final check of the board. Check the
orientation of the transistors, electrolytic
and tantalum capacitors and the LEDs.
If all is right, turn down the volume
control completely and switch the
power supply on. The LEDs in the

——

FLAT OW SIDE OF
CASE OR SHORT.
(a0

PARTS LIST

RESISTORS all W, 5%

R1,R101 ., . .3R3

R2,R102 ., . .10R

R3, R4, R103,

RINOA S 5 = 1

R5, R6, R105,

R106 .. ... .2k2

R7, R8, R107,

R108. ... .. 10R

R9, R10, R109,

RO S5 ¥ = 270R

R11, R12,

R111, R112 . , 2k2

R13, R14,

R113,R114 . . 10k

R15, R16,

R115, R116 . . 390R

R17, R18,

R117, R118. . 18R

R19,R20 .. .10R

R21,R22 . . .560R

R23,R24 . . .330R

R25, R26 .. .220R

R27,R127. . .1k

R28, R128. . . 220R
CAPACITORS

C1,C101. . . . 3n3 ceramic

C2,C102. . . . 4n7 ceramic

C3, C4, C103,

ci104 ... ... 470p ceramic

CS5, C6, C105,

C106 ...... 22uF 16V tantalum

C7,C8,C107,

ci108 .. .... 2200uF 25V electro

C9—-C11,

C109—C111 . . 10uF 16V tantalum

C12,C13. . . . 100uF 25V electro

C14, C15. . . . 1000uF 25V electro
TRANSISTORS

Q1-04,

Q101-Q104. . 2Ns086

a5-Q8,

Q105-Q108. MPS 6515

Q9, Q10,

Q109, Q110. . 2N5086

Q11, Q12,

Q111,Q112. .MPs 6515

Q3. ...... TIP 29C

Q4. ... ... TIP 30C

Q16....... MPS 6515

Q16. ...... 2N5086

LED1, LED2 . standard red LED

POTENTIOMETERS
RV1, RV101 . 100R wirewound linear

MISCELLANEOUS
SK1,SK2 . . .5 Pin DIN socket
Four RCA sockets {insulated from case),
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preamp’s regulator should come on
immediately. I used standard RCA to
RCA cables from the output of the
preamp to the phono input and had
some trouble with hum induction into
the leads. Fortunately, we had been sent
a set of Audio-Technica type AT620
cables for evaluation several days before
and these cured the problem completely.

Perhaps 1 am biased, but the sound
quality of this preamp is extremely
good! Using a Nakamichi MC1000
cartridge, this preamp showed distinct
improvement over the transformer I was
using previously. There is an openness
that never existed before and the bass
end showed a great improvement being
firmer and much more defined. I trust
you'll be as satisfied with your project
as 1 have been.
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General Purpose

Power Supply

Whilst this supply was designed specifically to power the Series 4000 moving-coil cartridge preamp it should

find application in many electronic projects.

THIS POWER SUPPLY provides the
+/-12 volts needed by the Series 4000
moving coil cartridge preamplifier. We
intend designing a range of hi-fi system
‘add-ons’ like the M.C. preamp and
rather than have a power supply in each
unit they will be powered from this
supply. This decreases the cost of
of building the units and just as import-
antly removes the major source of hum
from within the chassis.

The supply delivers positive and
negative 12V dc at 1A while the IC
series regulators provide short circuit
and temperature protection. These regu-
lators have a tendency to oscillate at
around 3 MHz and for this reason must
have their output pins bypassed to
ground through an appropriate capaci-
tor. If they are allowed to oscillate the
device quickly overheats and its thermal
protection cuts in.

The regulators are mounted onto the
chassis which acts as a heat sink, If the
recommended power transformer is
used, the voltage after rectification is
approximately 17 volts. The regulators
must drop 5 volts at a worst-case
current of one amp, so they are dissi-
pating a. maximum of five watts which is
well within their ratings.

Assembly of the pc board is not diffi-
cult as it has relatively few components.
If you are using the same box we did it
is easier to solder pc board pins onto the
board, slot the board into place, bolting
the regulators down, and then make the
necessary wiring interconnections. Both
regulators must be insulated from the
case using the appropriate mounting
hardware. The case of these regulators is
connected to pin 2. For the 7812 this is
the ground connection, and accidental
connection to case will cause a hum
loop when the unit is connected to the
moving coil cartridge pre-amp. In the
7912, pin 2 is the input to the regulator
and as such has 17 volts directly from

18

Our prototype was in a diecast box to match that used for our Series 4000 moving-coil cartridge
preamp, although any suitable box may be used if the power supply is intended for another

application.

the bridge rectifier connected to it.
Accidental connection of this to ground
will probably damage the rectifier
diodes, so check with a multimeter that
the case of this regulator is well insul-
ated from the chassis before powering
up.

The LED is mounted onto the front
panel with a standard LED mounting
grommet and connected to the board by
two short lengths of hook-up cable.

Make absolutely certain that all 120
volt connections are secure and that the
line cable ground lead is connected to
chassis as shown in the wiring diagram.
The line cord must be secured to the
chassis, either with a clamp-type

grommet where it enters the box or
with a cable clamp on the inside.

Go, Caution, Stop!

Before applying power to the unit make
a final check of the board and all con-
nections to the power transformer.
Check the 120 volt connections and
ensure that the regulators are satisfac-
torily insulated from the chassis. If all is
correct, turn the power supply on. The
LED on the front panel should come on
immediately. Check the voltage present
on the output DIN socket which should
be very close to 12 volts (certainly
within 0.25 V). Make sure the positive
and negative supply connections ter-
minate on the correct DIN socket pins.®
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2200 + oD 330n =
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L

11 0 ~12 VOLTS | AMP MAXIMUM

Rear view of the power supply.
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GENERAL PURPOSE POWER SUPPLY

ETI577

HOW IT WORKS

Line 120VAC Is applled to the primary of the
transformer via a 1A fuse. The transformer secondary
consists of two 15 V windings with tappingsat 12V. The
12 V tapping of one Is Joined to the O V of the other —
this junction (effectively a centre-tap) forming the O
Volt rail.

A bridge rectifler D1-D4 rectifies the ac voltage from
the transformer and supplies around 17 volts to the
inputs of the regulator ICs. Capacltors C1-C4 filter the
Input to the reguiators while C5 and C8 ensure high
frequency stabliity of the regulators.

The IC regulators provide a stable, reguiated output
very close to the specified 12 Vdc and can supply up to
one amp of dc current. Overload and thermal
protection Is provided Internally on the IC chip. These
regulators are convenient, inexpensive and require the
minimum number of components.

Resistors all .W, 5%
R1T ....... 470R
Capacitors
- (&2, 8 2200uF 25V electro
PG e 100n
CS,[CEw @ - * 330n

Semiconductors

D1-D4. ... 1N4004, or sim
LEEB e Red led, TIL220R or sim
G 7 i = 7812 or LM340-12 voit-

age regulator (positive)

IC2L. LR . oy 7912 or LM320-12 volt-

age regulator (negative)

Miscellaneous

Ml s (8wt transformer, 15V-0-15V,
1.3 amps

SWVlaRs i s DPOT switch

F a4 atiieg ..o 1A, 3AG type fuse

SKilvime 3 "5 Chassis mounting 5 pin
DIN socket

Chassis mounting 3AG fuse holder,
S pin DIN plug, Dlecast aluminum
box 190 x 60 x 110 mm.

HAMMOND
MANURACTURING

w HAMMOND MANUFACTURING CO. LTD.

394 Edinburgh Rd. Guelph Ontarlo N1H 1E5 (519) 822-2960 or (416) 456-3770
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The problem with custom fabri-
cated enclosures is the cost of
tooling and the cost of making
changes.

We offer you an alternative; one of
the largest selections of small
enclosure designs, shapes, sizes
and colours available in Canada
today. We have IN STOCK,
miniature enclosures, small en-
closures, meter housings, desktop
component and keyboard
consoles; in steel, aluminum and
plastic. In all, over 750 models
available in many different colours.
No stocking, tooling or manu-
facturing problems for you.

Investigate the alternative, call your
local Hammond distributor and
have a hard look at cost, availability
and design freedom. We think you
will like what you find.
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Simple 60W Low

Distortion
Amplifie

The popularity of our first 50W ‘universal’
amplifier modules has been very high since
they were published. This project, designed
by Phil Wait from an original circuit
by Trevor Marshall, is intended to replace
the ETI 480 and features simpler mech-

anical construction, low
(particularly) TID)
perfomance.

MANY DIFFERENT amplifier circuits
have appeared in popular electronics
magazines over the years.

While these seemed to have satistied
a large demand, our attention has been
drawn to the need for something a ‘step
up’ from there — something that app-
roaches the current ‘state of the art’ for
hi-fi equipment. Lower distortion than
previously obtained, better bass per-
formance and flexibility was the mess-
age we received from reader’s letters and
kit and component suppliers ("“Why
don’t you . . ."”, “What I'd like to
see...”,"Ineeda...”, etc.).

Late last year we set in motion the
‘wheels’ necessary to bring this project
into fruition.

A great many factors place some-
times quite severe constraints on project
design — particularly component avail-
ability and ease of construction; not
forgetting that this design had to
perform significantly better than those
that came before it.

There is clearly little point in desc-
ribing a project that includes comp-
onents that are impossible to get or one
that is difficult to construct.

A strong point that came across to us
from reader feedback and from the
popularity of our 480 series of ampli-
fiers was that constructors favoured a
modular concept. It seems that the days

distortion
and generally better

of the single-board stereo ampilifier
project have come and gone.

This power amplifier offers a sig-
nificant improvement in specifications
and ease of construction over most kit
amplifiers offered to date. It has been
designed particularly with low transient
intermodulation distortion in mind.

Although a difficult parameter to
measure, transient intermodulation dis-
tortion is an inherent characteristic of
many amplifier designs — especially
those which incorporate large amounts
of feedback to even out frequency
response and reduce harmonic dis-
tortion. The heavy feedback ‘school’
of design produces an impressive list
of specifications — but the difference
to the ear between such an amplifier
and one designed for low TID has
to be heard to be believed.

Choice of Power Supply
The design of the power supply can
mean the success or failure of an other-
wise well-designed amplifier. The supply
voltage should be well-regulated, varying
less than 10% from no load to full load,
and be able to supply high peak currents.
However, if a voltage regulator is
employed it too must be capable of
delivering the very high peak currents

ETI PROJECTS BOOK No. 2 — JANUARY 1981

occasionally demanded. This necessit-
ates an expensive regulator device and
large, expensive filter capacitors.

The alternative is to use a fairly large
transformer and large value filter capac-
itors on a capacitor-input bridge rectifier.
This is what we chose.

The circuit given here shows a power
supply suitable for supplying a stereo
amplifier using two of these modules.
The filter capacitors C8 and C9 consist
of two 2500 uF, 50 volt electrolytic
capacitors connected in parallel. This is
the minimum we would recommend.

In general, the largest value filter
capacitor one can afford is a good rule
of thumb! /t has been suggested to us
that values as high as 20 000 to 50 000
uF makes an audible difference in
performance.. (Watch the rectifier
specifications though'!).

Improved performance can be
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SIMPLE 60W LOW-DISTORTION AMPLIFIER MODULE [

obtained for a modest increase in cost
by having a separate supply for each
channel module. This improves the
regulation, reduces crosstalk and
increases the amount of power
available before output clipping
commences.

The choice of transformer will deter-

mine power output. A 28-0-28 volt,
2A transformer will power a module
to 60 watts (RMS) power output,
while a26-0-26 volt, 2 A type will
permit 40 watts.

The power supply output should be
limited to a peak DC voltage of about
40 volts (for 60 W output). A C-core
transformer will generally improve the
hum and noise output figures apart
from having a reduced field, thereby
reducing possible hum pickup problems.

If the amplifier module is to be used
with a 4-ohm speaker system the supply
voltage must be limited to about 30 volts
maximum, otherwise the output devices
will attempt to deliver over 100 watts
followed by rapid self destruction!

Adventurous constructors may wish
to try adding a second set of Darlington
output devices, with their own emitter
resistors as per the circuit, connected in
parallel with the original pair. This
combination may supply 100 watts or
more into a four ohm speaker load.
This technique is also recommended if
you are contemplating driving highly
reactive loads such as electrostatic
loudspeakers.

Construction

All components are mounted on a pc
board — including the output devices.
This method of construction is recom-
mended. The module has been designed
so that it is mechanically simple to
assemble, much simpler than our ETI
480 module. Wiring errors are also
avoided when a pc board is used.

Firstly, assemble and solder all the
components on to the printed circuit
board with the exception of Q12, Q13
(the output Darlingtons) and Q8. Care-
fully observe the polarity of all the
electrolytic capacitors and orientation
of the transistors.

The board is then mounted hard
against the heatsink using small right-
angle brackets. Be careful to avoid
shorting the ends of the one ohm
emitter resistors, R15-19 and R20-24,
to the brackets.

Once the board is attached to the
heatsink the output Darlingtons, Q12
and 13, and Q8 may be mounted. Insert
them in the pc board and then press
them back against the heatsink to form
their leads to the right shape. Do not
solder their leads yet

22

SPECIFICATIONS

st
PowWErOULRULS | ol = o ahel = s =imBl - B = s 60 watts into 8 ohms (¥40V supply)
Frequency Response . . .. ................ 10 Hz to 100 kHz ¥0.5 dB
Input Sensitivity . . . . ... ............... 500 mV rms for 60 W output
Humand Noise ................. better than —110 dB on full output
(dependent on power supply)

EEedbackRATIO) afisie o s bl = il BMEETs = S A A8 b 0 I Bh = s B 35d8B
Distortion's . « k'a g <y bt Mwles vu at 1 kHz, 30 V p-p output into 8 ohms,
Closed ' Loop] r; v 5@ 116 521 = - Somis B0 o w > ¢ & - 0.04 %

(open loop 1 %)

Stability: The amplifier was found to be completely stable when operated into
reactive loads consisting of R + C, L + C and pure L

Intermodulation (calculated values) . . at 1kHz, 30 V p-p output into 8 ohms,
Brdiorder’ &+ el v aNETs & Dielti sis less than 0.015 %

Sthorder ............... less than 0.0023 %

(Intermodulation reduces with reduced power)

sw1 T
ON/OFF 4 x 1N5408
O—o 28V
120v |
ac I
I
o 28V
‘ 1
o e [ |
- +]+co
120/ TO OTHER = 5000u
= POWER SUPPLY 50V
IF REQUIRED *SEE TEXT
4 O -38V
r WHY LOW TID?

Looking at the circuit and a quick fed into this low impedance is close
glance at the specifications, there's to unity, so almost all the gain of the
little in the circuit that looks out- amplifier is concentrated in Q10 and
standingly different from others. So Q1.
what makes this amplifier special? Provided the phase shifts in the
The difference in concept that differential pair and the gain stage
makes this amplifier unique is the are negligible the feedback loop is
use of a very linear, high gain driver  unconditionally stable.
stage (Q10, Q11), with a constant There are two other design
current source (Q6, Q7), so that the features which result in low TID.
gain of this stage is dependent upon The total open loop (feedback
the input impedance of the output  disconnected) distortion is only 1%
transistors. However, their input at 30 V p-p output. So, very little
impedance is dependent upon their feedback is necessary to reduce this
gain, and therefore the gain ‘of the  to an acceptable level.
amplifier stage is dependent solely Protection of the output transis-
upon the characteristics of the out- tors is done by fuses, rather than
put devices. electronically, and very high trans-
Series and shunt feedback is used ient currents can be fed to the
with Q10 and Q11 which results in a speaker without being affected by
highly linear stage with a very low the (inevitably) non-linear impedance
input impedance (about 28 ohms). of an electronic protection circuit.

The gain of the differential pair when
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HOW IT WORKS

The input stage of the amplifier consists of
an emitter coupled differential pair (Q4,
Q5) with a constant current source (Ql,
Q2 and Q3). The use of a constant current
source reduces distortion, as well as the
possibility of high frequency oscillation
and prevents any ripple on the positive
supply from unduly affecting the input
stage. Unequal emitter resistors (R1, R2)
allow the currents in Q4 and QS to be
optimised. Input lag compensation is
provided by C3, limiting the slew rate of
the amplifier to reduce high frequency
intermodulation. The gain of the differ-
ential pair, driving Q10 and Q11 is very
low.

Almost all the gain of the amplifier

is obtained from the parallel pair Q10
and Q11. They are operated with series
(R13, R14) and shunt (R12) feedback,
and a constant current source (Q6, Q7).
This results in a highly linear stage.

Q9 protects Q10 and Q11 from high
peak currents or damage should a fault
occur. When the current through R13
exceeds the safe limit, Q9 conducts and
shorts out the drive to Q10 and Q11.

Bias from the output stage is set by
RV1 and a shunt regulator (Q8). Q8 is
mounted on the same heatsink as the
output stages and stabilises the output
bias current against heatsink temperature
rise. Resistors R15-R24 in the emitters
of the output Darlingtons, Q12 and Q13,

maintain operation in their safe region
as well as reducing the chance of thermal
Tun away.

Protection against ultrasonic oscillation
is provided by C7 and the network consist-
ing of R25-R28 and C5, C6.

Both DC and AC feedback is taken
from the output, via R8, to the negativc
input of the differential pair, the amount
of feedback being set by the ratio of R8
to R7. C4 increases the feedback, and
therefore decreases the overall gain, at
very low frequencies. The feedback also
automatically holds the DC output voltage
at close to zero volts.

ETI PROJECTS BOOK No. 2 — JANUARY 1981
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SIMPLE 60W LOW-DISTORTION AMPLIFIER MODULE |

BRACKETS FOR

MOUNTING

HEATSIN!(S

‘ (see . side PCB) OUTPUT

HEATSINK

o~

%c b
b 5
s o

Check pinouts of your TO-92 transistors before using.
Follow e-b-c lettering on positioning diagram,

TO126

2N4923
2N4920

Darlington
\ transistor

a washer

insulator bush

(Co

TO 3 PACKAGE
Insulator and bolt
assembly diagram

(@e

N—~
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OISTORTION

Smear heat conducting compound on
either side of the mica insulators (don't
use too much though) and insert these
between the devices and the heatsink.

Assemble the washers and mounting
bolts for these, finally checking with an
ohm meter that there is not a short
circuit between the metal tags(collectors)
of the devices and the heatsink.

- nE mwe

=

b

DISTORTION MEASURED
AT VkH2

°

HH - 4

N

0.01 1 1
T 10 50 10
POWER OUTPUT IWATTS INTO B OHMS

[ ] .
Above: Close-up view of the output stage showing how the Darlington transistors are mounted
and how the pc board attaches to the heatsink.

Components However, Darlington transistors are
Most semi-conductors are available hard to temperature stabilise and should
from Future Electronics and similar be run as cool as possible. This is why
suppliers. we have opted for a fairly large heatsink
The only difficulty might arise compared to other designs. The tran-
finding the 2N4920 & 2N4923 trans- sistors should be bolted directly to the

istors. These are available from Elect-
rosonic. The TIP 29 & TIP 30 will

’ : r work the leads are backwards.
Operation into severly reactive loads was Remember, it is imperative that
examined by looking at the ac component . ‘ .
of the Vbe of Q10 as a measure of the Q8 is mounted -on the heatsink.

heatsink, not through a steel chassis. A
slitcould be cut in a chassis large enough

to slide the assembled amplifier through
the rear. Heatsink fins should always be
vertical to provide the most efficient

‘overshoot’ of the loop and to see if transient _In tl:\i's respect the lead geometry convection cooling.

A e TR iRl The heatsink used with the
f=1 kHz. CRO is 0.2 mS/div. Output is _1eTe are two varieties of TO 92 output devices in this project is a flat-
30 V into 8 ohms. small signal transistors available. We

sided type with radial fins, 75 mm in
length. Other flat-sided types are avail-
able with straight fins, and these too

Upper trace 10 V/div. Output into 8 ohms. have given drawings for both. Verify

Lower trace 10 mV/le Vbe of 010, 011 the |eads before Soldering them in.
gain stage. No evidence of transient overload

was visible. Heatsinks would be suitable. A similar length.
The input connection to the module Heatsfnks on any amplifier are a com- should be used. In gene(al the heatsink

is via a single-hole mounting RCAsocket. promise between cost and temperature, §hou|d have a thernjal resistance, mognt-

This is mounted directly on the pc rise. ) ing surface to ambient, of around 1~ C

board. The centre pin connects to C1 Unless you are going to play long per watt. -

via a short length of tinned copper wire. passages of organ music, ar run a disco, A small “flag® heatsink is attached to
I this facility is not required the you will pr_obably flnq that relatively Q7, aV2N'4-920 fl‘atpack transistor. A

RCA socket may be omitted and a small heatsinks run quite cool. commercial heatsink may be employed

length of shielded cable soldered directly
between C1 and the pc board common.
The power supply and speaker con-

oy
s w2 w2 TREBLE
}=S5
Hin)
3
I
+UF

AAAA
VA
+
Lk )

Sme? v 100k

’ +EEDBALY
1000

nections are soldered directly to the iy
appropriate copper lands on the under-  o— o 3| b . o
side of the pc board. PR s 3 PoweR s e

The ground side of the speaker must i

ourPuT T0
POWER AN

18
ns nPuT
FROM

be returned directly to the zero volt o

connection of the power supply, as | 1 9 I — = R

close to the filter capacitors as possible -—MM—I
(preferably direct to the negative Two suggested tone control circuits for a preamp to suit this module. Low output impedance is
terminal). Do not connect this side of an important consideration. Choice of discrete or IC circuitry is given. All transistors, 2N3904.

the speaker to the amplifier board.
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SIMPLE 60W LOW-DISTORTION AMPLIFIER MODULE

Resistors all %W, 5%, except

R16—R24 . . . 1R 1 watt
R26—R28 . . . 22R 1 watt

Potentiometer

100R mini trimpot
{vertical)

220u 16V electrolytic
470p ceramic

Oud47 35V tant

220u 16V electrotytic
470n mylar

2u2 mylar

{they‘re only about 60 cents) or a small
strip of aluminium may be bent up,
drilled, and bolted to the transistor. See
that the metai area of the 2N4920 and
a face of this heatsink are in contact.
Heatsink compound should be used.

Setting-up

Once the amplifier has been assembled
and carefully checked, the bias current
for the output devices must be set.
Remove the fuses, F1 and F2 and
connect a 100 ohm resistor across each
fuse holder. Remove any input signal.
Connect the power supplies and measure
the voltage drop across each of these
resistors. Adjust the trim pot RV1 for
a reading of 2.5 volts across each resis-
tor. This corresponds to a bias current
of 256 mA. The reading should be nearly
the same across each resistor. Nextcheck
that there is no DC voltage across the
output terminals.

If the reading across ‘each of the
resistors cannot be adjusted, or if there
is a DC voltage across the output greater
than one volt then there is a fault and
the fuses should not be inserted.

If all is well, remove the two resistors
and insert the fuses, Connect the
speaker and away you go,
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PARTS LIST =

Semiconductors

Miscellaneous
single hole, panel mount
ing RCA socket.
2 Amp 3AG Fuses.
Fuse holders, heatsink for Q7, mica
insulating kits (for Q8, Q12 and Q13),
fiat sided heatsink (75mm x 110mm),
angle brackets, pcb.

Parts List for Power Supply
IN5404 or sim
5000u 50V electro {see
text)
120V DPDT switch
28V0V-28V, 2 amp
transformer

Preamp Considerations

The input impedance of this amplifier is
relatively low, falling at very high freq-
uencies. Consequently, it must be fed
from a low impedance source.

When driving the amplifier with a
preamp-tone control unit, the output is
best taken from an emitter follower
circuit (to provide the required low
source impedance) or directly from the
output of an operational amplifier. In
either case, it must be taken from the
point where the output is fed back to
the tone control circuitry.

Two suggested tone control circuits
suitable for the application are
illustrated in Figure 5. Both use a
‘Baxandall’ type tone control network
with feedback derived from the output
point.

The circuit at right uses discrete com-
ponents which may suit some
constructors better. The left circuit,
using a commonly available op-amp, has
higher distortion than the discrete
circuit.

A preamp-control unit project to suit
the amplifier module will be described
in a forthcoming issue along with details
of how to construct a complete stereo
amplifier system of high quality. @

People
Development

OXFAM supports small, self-
help projects In developing
communities around the world.
OXFAM projects stress self-
reliance and seek maximum
participation by the Ilocal
population. OXFAM is more
than a charity. It is a movement
for social justice.

YOUR CONTRIBUTION CAN

MAKE THE DIFFERENCE
OXFAM-CANADA

BOX 18,000 BOX 12,000

TORONTO WINNIPEG

OTTAWA REGINA

HALIFAX CALGARY

ST. JOHN'S VANCOUVER

HERE IS MY DONATION OF $
FOR YOUR WORK.

NAME

ADDRESS

ALL DONATIQNS ARE TAX-DEDUCTIBLE




Series 4000
Stereo Amp

fier

—

How to combine our 60W power amplifier and single board preamp into one unit.

The complete stereo amplifier is shown here mounted in a handsome rack-mounting case.

HAVING DESCRIBED suitable
amplifier modules and preamplifier, we
now turn our attention to tying the
whole thing together.

We chose to build the amplifier into
a single box, being the most economical
method as only one box and power
supply is used for the preamp and both
power amplifiers. However, this method
has several drawbacks. Firstly, since the
preamp and power amp share the same
power supply, the regulation for the
preamp must be very good, otherwise
low frequency instability can occur,
caused by the drop in supply line
voltage when the outputs draw high
current getting back into the preamp-
lifier.

Hence we have chosen IC regulators
for the preamplifier supply lines.

Secondly, the magnetic field from

the large transformer and associated
AC wiring required to supply the power
amplifier modules is quite large and
almost impossible to keep out of the
sensitive preamp stages. Therefore you
will notice that the specification for
hum in the completed amplifier is
lower than that of the individual units.
We took this measurement using a
standard EI lamination transformer
after rotating it for minimum hum.

The hum induced by the transformer
can be further reduced by using a C-core
type, or better still a toroidal trans-
former, which have a contained field,
but these are often hard to get and
expensive to the hobbyist.

We feel that the specifications of the
amplifier are very good, however the
purist (with plenty of money) may like
to do it this way:
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The two power amplifier modules,
together with individual power supplies
using say, 30 000 uF capacitors, could
be mounted in a separate box to the
preamplifier, which could then be
powered from the ETI 581 regulated
supply.

This would no doubt improve the
power output and transient performance
of the amplifier but the cost would
be much greater.

Construction

Construction details for the preamplifier
and power amplifiers have been
described previously, all that remains
is to house them together, with the
power supply, in a suitable box. As
we said before, many variations are
possible — here is how we did it.

Assemble the power supply board
first, taking care to correctly orientate
the semiconductors, IC regulators and
capacitors. To simplify construction we
used pc pins for all terminations to the
boards.

The photo of the rear panel shows
the position of the input and output
connections. Slots are cut in the panel
for the connector blocks and a large
cut running across the back panel is
used to inset the power amplifier
modules from the rear. Holes then must

be drilled for the ground terminal,
external power socket, power cord,
mounting screws for the terminal
blocks and holding screws for each
power amplifier — which pass through
the top of each heatsink fastening it to
the panel.

The case measures approximately 420

x135x285mm. and was constructed
from aluminum angle stock with
anodised aluminum sides. This gave
us a rigid chassis suitable for rack
mounting. If you use any kind of
anodised chassis be sure to break
the finish in order to make good
electrical contact.

27



SERIES 4000 STEREO AMPLIFIER INEGTERGEGEGEEEEE

One thing to watch though is that
anodised aluminum does not conduct
electricity and, after assembling the box,
the various metal parts will probably
not be connected to each other, causing
a multitude of problems. To overcome
this, strap the rear and side panels to
the common ground point at the head
phone jack on the'front panel. (Yes,
we found this out the hard way).

After the preamplifier/front panel,
power amplifiers and power supply
have been mounted in the box and the
input/output sockets mounted onto
the rear panel the unit can be wired
as shown in the wiring diagram.

Common to all amplifier designs, the
ground wiring is very critical. Most
instability and hum problems can be
traced to ground “loops” or incorrect
wiring.

The common lead from each channel
speaker is returned directly to the OV
point on the power supply. A wire is
then taken from this point and fed to
one power module, to the other, and
then to the preamplifier. To avoid a
ground loop the braid of the shielded
cables from the preamplifier to the
power amplifier is not carried through
the connector block on the rear panel.
OV leads for the LEDs and external
power are also returned to the power
supply common. The common is then
grounded to the chassis at the headphone
socket together with the transformer
shield and lines ground. This is the
ONLY ground point onto the chassis.

All the ac and speaker wiring is fed
along the back and down the left side
of the case as shown, well away from
the sensitive parts of the amplifier.
The dc wiring from the power supply
to the preamplifier is carried along the
front.

Lengths of shielded cable with RCA
plugs on one end are used to connect
the input sockets to the preamplifier.
These can be made by cutting RCA
patch cords to the appropriate length,
one cord making two leads. The shields
of these cables should not be connected
together or to the case at the input
sockets.

All that remains is to solder the 330
ohm resistors from the speaker switch
to the plugs on the headphone socket.

Check that all wiring is correct and
there are no frayed ends. The procedure
for setting the bias current for the out-
put transistors is given in the Nov. issue.
As soon as this is done insert the 2 A
fuses and the amplifier can be switched
on.

If you have the older 50 watt ETI
28

Poweroutput. . .........

Distortion

Other inputs:

Tapeoutput. . .........
Sensitivity . .. ... ......

Tonecontrols. . . ........ Bass:

Eilters: re W pirad slike =

loudness. . ...........

Muteswitch. . . ... ... ..

SPECIFICATIONS

.High:

60 watts @ 0.1% THD
one channel driven
65 watts @ 0.1% THD
both channels driven

0.05% THD

@ 30 V p-p output across
8 ohm load, both channels
driven.

—70dB on full output
using standard transformer

—80 dB on full output

57 (measured at 100 Hz,
1 kHz and 10 kHz).

Phono:

Within 0.5 dB of RIAA
from 20 Hz to 20 kHz
(Follows new IEC curve).

20 Hz to 20 kHz £ 0.5 dB
Subsonic rolloff:
6 dB/octave below 20 Hz

.1560 mV RMS

.For 500 mV RMS output

phono: 3 mV RMS
other: 150 mV RMS
(Phono overload level
is 400 mV p-p).

+ 13 dB at 50 Hz

* 11 dB at 10 kHz
6 dB/octave,

—3 dB at 5 kHz

6 dB/octave,

—3 dB at 100 Hz

Treble:

Low:

.8 dB boost at 150 Hz

and 10 kHz.
.20 dB attenuation

480 modules these could probably be
used in place of the ETI 470 module,
though we haven't tried it.

Power Supply

The power supply for this amplifier
uses a 28V-0-28V transformer rated at
2 A to provide +/- 40 Vdc rails for the
power amplifiers. Two regulators, IC1
and IC2, supply very stable +/ 15 V
rails for the preamplifier.

Current limit resistors are mounted
on the pc board to power the front
panel LEDs. This permits some flexi-
bility to allow us to think up other
things to do with the LEDs later.

Fuses are also provided on the board
to protect the power supply from a
short circuit in the dc output lines. If
the dc output facility on the rear panel
is not used the fuses can be short

circuited, as each power module is
protected by its own fuses.

When an amplifier is first switched
on,the two supply lines rarely come up
to full voltage simultaneously. This
causes a loud ‘thump’ in the speakers
which may damage them.

To avoid this an ‘anti-thump”
circuit connects the speakers several
seconds after the amplifier is turned on.

It works this way; as the power
rails come up to voltage a capacitor,
C7, charges via R3. Transistor Ql
conducts pulling in the relay, RL1,
and connectiong the speakers after the
power rails have had enough time to
stabilise.

At first we tried mounting the
power supply board in front of the
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PARTS LIST

7815, LM340-15, 16V
7915, LM320-15, -15V

33n 120VAC metalized

28-0-28 VAC, 2A

pap .
2500u 50V electro
474 50V electro
10p 25V tantalum

. 2 amp fuses (if used)
2PST 12Vrelay

2 pole 120VAC minl-
ature toggle switch.
IN5404 or sim

tN4004, or sim

LERT RIGHT OC DUTPLT

SPEANER

SPEAKER B U

Headphone socket . . . 6.5 mm jack skt.
Speaker switch . . two pole, two position,
centre of f

min. toggle switch
16 RCA plugs or eight patch leads cut in
half, two short RCA patch leads, power
lead and clamp.
Two, 330R, tW resistors
Two, 3-way plastic terminal strips
Two, 4-way speaker terminals
Two, 6-way RCA panel sockets
One, 4-way RCA panel socket
One, 5-pin DIN socket

& LED
~ SOURCE

3

i ¥

+15V REG

?—CﬁLr'-“*fhvf*%%?

g;;_LED
POWER
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NOTE SHIELD NOT
CONNECTED ON
LEFT AND RIGHT O/P

T

o INPUTS
=) D LEFT
£ 3 P
Ys 92 x5 =2 J o
A B C ® u j I w© \"_"\PHONO
‘rl :'1 :': Ilrn MQ
] o ~
ey ASENERE T pe  FIY V) PO § \N ‘NI\ TUNER
o Yo o ® o [

PRE-AMP QUTPUTS
POWER OUT

oS~ NS«
{MUST BE BRIDGED N\ \\lh AUX 1
DIN SOCKET H-F 1-G)

Vﬁ ‘\\l AUX 2
. spe;&5§ s / \\ \\ TAPE MONITOR

@ \%‘u\ ‘\:a'\ TAPE INPUT

i 1
o)
5

] @ 1
(5]
3 CORE CABLE AC————————— 40
L ZL
/—.;l:\
—40V [— o
F
- T
> i
a ) )
2
< ov
& DV
w y 1
=
o
a
i SUPPLY
S
LED LED x
a0V
D
TAPE INPUT
LEFT RIGHT
7'1 w
3
77 i o
ALL INPUTS CONNECTED TO PRE-AMP D U
HEAD BOARD WITH LENGTHS OF SHIELDED
—— PHONES ETI 471 CABLE WITH 8CA PLUG ON PRE-AMP END
PRE-AMPLIFIER
SHIELDS OF THESE CABLES ARE ONLY
CONNECTED TO THEIR RESPECTIVE LUGS
ON THE INPUT CONNECTOR STRIP AND
NQT TOGETHER @"_ -:R
ALL SPEAKER AND AC POWER WIRING IS s
5:,%?55“ PLACED ALONG THE BACK OF THE BOX @. =
EARTH WIRING AND PRE-AMP POWER (S 1-
TOWARDS THE FRONT -1-
(@- =Q
E o o
@1-o
POWER !
ON/OFF i
ACTIVE LEFT @.- 351 M
OUTPUTS RIGHT EFY H 1 .@). @
PHONO INPUTS;; 1E7 t TR
0} LS BERE B
P N L
AUX 2 AUX 1 TUNER

Internal wiring and interconnection diagram of the stereo amplifier.
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transformer near the preamplifier, but
found the proximity of the speaker
wiring to the tone control stage caused
high frequency instability if the treble
control was advanced. The power
supply board is now mounted at the
opposite side of the case to the trans-
former and the ac secondary wiring
run across the back.

Two three-terminal connector strips
are mounted on top of the transformer,
using the holes in the mounting plates,
to take primary and secondary con-
nections. The shield (green wire) makes
up the third wire on the primary side
and is run together with the 120V
wiring to the front panel. We used

three-core lihe cord for connections
from the transformer to the power

switch and the power supply pc board.
A suppression capacitor (C1)is mo
across the transformer primary o
connector block.

Short patch leads will have to be
made up to connect each of the pre-
amplifier outputs to their respective
power amplifier inputs. ®

acement o

0 e p
transformer. The latter will have to be oriented individually to reduce hum levels to the min-

imum obtainable.

sw1
POWER

ON/OFF &y
O—o

[
330 T~
240V
ac

o
3

—

—————AAA—O POWER LED
R2 R1
26w

— VA (5 SOURCE LEDs

2A FUSE
+40V 7O POWER AMPS

St AND DIN SDCKET
D1 1C1
4 x IN5404
31‘3540 -0 +15V TO PRE AMP
02 c2 + +| c3 +
2500, 2500, E
i I 1 25v
50V s0v T &“NT
Y o -~ - <. —O ov TO POWER AMPS LEDs
SPEAKERS CHASSIS DIN SKT
+ +| cs
10 25V

Tnm

15v TO PRE £ MP

40V TQ POWER AMPS
AND DIN SOCKET

out

T LEFT SPEAKERS
IN

RL1/2

‘\O—OOUT

( RIGHT SPEAKERS
IN

3
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BP1: First Book of Transistor Equivalents & Substitutes $2,80

More than 26,000 transistors with alternatives and equivalents make up this
most complete gui vers transistors made in Great Britain, USA, Japan,
Germany, France, Europe, Hong Kong, and bncludes types produced by more
than 120 different manufacturers.

Br14: Second Book of Transistor Equivalents & Substitutes  $4.80

This handbook contains entirely new material, written in the same style as
the “First Book of Transistor Equivalents & Substitutes™. The two comple-
ment each other and make available some of the most complete and exten:
sive information Tn this field,

BP24: Projects Using IC741 $4.25

The popularity of this inexpensive integrated circuit has made this book highly
successful. Translated from the original German with copious notes, data and
circuitry, 8 “must” for everyone, whatever their interest in electronics,

BP33: Electronic Calculator Users Handbook $4.26

An invalusble book for all calculator users whatever their age or occupation,
or whether they have the simplest or most sophisticated of calculators. Presents
lormulae, data, methods of calculation, conversion factors, etc., with the calcuia-
tor user especially In mind, often jllustrated with simple examples

BP44: IC 555 Projects $755

Every 10 often a device appears that is 5o usetul that one wonders how life
went on before without it. The 555 timer Is such a device. It is manufactured
by almost every semi and is i and very easily
obtainable.

Included in this book are Basic and General Circuits, Motor Car and Model
Railway Circuits, Alarms and Noise Makers as well a3 a section on the 556, 558
and 559 timers.

BP46: Radio Circuits Using ICs $56.90

This book, describes integrated circuits and how they can be employed i re-
ceivers for the reception of either amplitude or frequency modulated signals.
Chapters on amplitude modulated (a.m.) recsivers and frequency modulation
(f.m.) receivers, Discussion on the subjects of sterso decoder circuits, the devices
available at present for quadrophonlc clrcuits and the convenience and versatility
ot valtage regulator devices. An extremely valuabie addition to the library of all
electronics enthusiasts.

BP35: Handbook of IC Audio Pre-amplifier
& Power Amplifier Construction $5.50

This book 13 divided into three parts: Part |, Understanding Audio {Cs; Part II,
Pre-amplifiers, Mixers and Tone Controls; Part 11, Power Amplifiers and Sup-
phes. Includes practical constructional detalls of pure §€ and Hybrid 1C and
Transistor designs from sbout 250mW to 100W output. An ideal book for both
beginner and advanced enthusiasts alike.

NQ,205: First Book of HI-FI Loudspeaker Enclosures $3.55

The only book gwing all data for building every type of loudspeaker enclosure.
Includes corner ieflex, bass reflex, exponential iorn, folded horn, tuned port,
Kiipschorn labyrinth, tuned column, loaded port and multi speaker panoramic,
Many clear diagrams are povided showing all ¢ imensions necessary.

BP37: 50 Projects Using Relays, SCR’s & Triacs $5.50

Relays, silicon controlled rectitiers {SCR's) and bi-directional triodes {TRIACs})
fave a wide range of application in electronics today. These may extend over the
whule fietd of motor control: dimming and heating control; delayed, timing and
light sensitive circuits and include warning devices, various novelties, light modu-
lators, priority indicators, excess voltage breakerss, etc.

The enthusiast should be able to construct the tried and practical working
aweuity in this book with a minimum of difficulty. There Is 8 wide latitude
m component valuss and types,-allowing easy modification of circults or ready
akptation otthem to individual needs.

BP39: 50 (FET) Field Effect Transistor Projects $5.50

The projects described in this book include radio frequency amplifiers and con-
verters, test equipment and receiver aids, tuners, receivers, mixers and tone
controls, as well as various miscellaneous devices which are useful in the home,
This book contains something of particular interest for every class of enthusiast
— short wave listener, radio amateur, experimenter or audio devotee.

BP47: Mobile Discotheque Handbook $5.90

The aim of this book is to give you enough information 10 enable you to have a
better understanding of many aspects of “disco gear”. The approach adupted is
to assume the reader has no knowledge and starts with the fundamentals. The
explanations given are simplified enough for almast anyone to understand.

BP48: Electronic Projects For Beginners $5.90

The newcomer to slectronics, will find a wide range of easily made projects
and a considerable number of actual component and wiring layouts. Many
projects are constructed 5o as to eliminate the need for soldering. The book
is divided into four sections: “No Soldering” Projects, Miscellaneous Devices,
Radio and Audio Fraquency Projects and Power Supplies.

BP49: Popular Electronic Projects $6.25

A collection of the mast popular types of circults and projects which will
provide 8 number of designs to Interest the electronics constructor. The projects
selected cover a very wide range. The four basic types covered are: Radio Pro-
jects, Audio Projects, Household Projects and Test Equipment,

BPS0: IC LM3900 Projects $5.90

The purpose of this book is to introduce the LM3900; one of the most versatile,
freely obtainable and inexpensive devices available to the Technician, Experi-
menter and the Hobbyist. It provides the groundwork for both simple and more
advanced uses,

Simple basic working circuits are used to introduce this IC. Tha reader should
set up each of these tos himseit. Familiarity with these simple circuits is essential
in order to understand many more compticatsd circuits and advanced uses.

BP51: Electronic Music and Creative Tape Recording $5.50

This book scts out 10 show how electronic music can be made at home with the
simplest and most inexpensive of equipment, It then describes how the sounds
ars generated and how these may be recosded to build up the final composition.

For the constructor, several ideas are given to enable him to build up a small
studio including a mixer and various sound effects units. All the circuits shown
in full have been built by the author. Most of the projects can be buiit by the
beginner.

BP42: 50 Simple L ED. Circuits $3.55

50 interesting and useful circuits and applications, covering many different
branches of electronics, using one of the most expensive and freely available
components — the Light Emitting Diode-{L.E.D.). Also includes circults for the
707 Common Anode Display. A useful book for the library of both beginner and
more advanced enthusiast alika.

BP62: BOOK 1. The Simple E! ic Circuit & C: $8.95
BP63: BOOK 2. Alternating Current Theory $8.95

BOOK 3, Semiconductor Technology $8.95
BP77: BOOK 4. Microprocessing Systems & Circuits $12.30

Simply stated the aim of these books is 1o provide an inexpensive introduction
10 modern electronics. The resder will start on the right road by thoroughly
understanding the fundamental principles involved.

Although written especially for readers with no more than ordinary mathe-
matical skills, the use of mathematics is not avoided, and all the mathematics re-
quired is taught as the reader progresses

The course concentrates on the understanding of the important concepts cen-
tral to electronics. Each book is a complete treatise of a particular branch of the
subject and, therefore, can be used on its own, However, latter books assume 8
working knowledge of the subjects covered in sarlier books,

BOOK 1:  This book contains fundamental theory necassary to a develop a full
understanding of the simple electronic clrcuit and its main components,

BOOK 2:  This book continues with alternating current theory.

BOOK 3: Follows on semiconductor technology, leading up to transistors
and integrated circuits.

BOOK 4: A compiate description of the internal workings of microprocessors.

BPES: Single IC Projects $6.55

All the projects contained in this book are simple to construct and are based on
8 single IC. A strip board layout s provided for each project, together with any
special constructional points and setting up information, making this book
suitable for beginners as well as more advanced constructors.
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These books are specially imported from England by us.
All prices include handling and postage.

To order, use the order form in this publication or
write to:

BP66: i Guide To Mi

& C I $7.55

This book [s intended as 2n introduction to the basic theory and concapts of
binary _arlthmetic, microprocessor operation and machine language program.-
ming. The only prior knowledge which has been assumed Ts very basic arithmetic
and an understanding of indicies. A helpful Glossary is included. A most useful

ET1 Magazine, Unit 6, 25 Overlea Boulevard,
Toronto, Ontario, M4H 1B1.

BP75: Eiectronic Test Equipment Construction $7.30

This book covers.in detail the construction of & wide range of test equipment for
both the hobbyist and radio amateurs. Inciuded are projects ranging from » FET
Amplified Voltmeter and Resistance Bridge to a Field Strength Meter and Hetero-
dyne Frequency Meter,

book for students of . engineers and Not only can the home constructor enjoy building the equipment but the
finished project can also be usefully utilised In the furtherance of his hobby.
An ideal book for both beglfiner and advanced enthusiast alike,
BP76: Power Supply Projects $7.30
BP67: Counter Driver & Numeral Display Projects $755 Power supplies are an essential part of any electronic project.

The author discusses and features many applications and projects using various
types of numeral displays, papular counter and driver IC's, etc.

BP68: Choosing & Using Your HI-FI $7.25

The reader 1s provided with the fundamental information necessary to enable
him to make a satisfactory choice from the extensive range of stereo equipment
currently on m. market. This should aid him In understanding the technical
f the he is T in buying. Full of helptul advice
on how to use your stereo system properly so as to realise its potential to
the fullest and also on buying your equipment. A Glossary of terms is included,

The purpose of this book s to give 3 number of power supply designs,
including simple unstabilised types, fixed voltage regulated types, and variable
voltage stabilised types, ‘the latter belng primarily intended for use as bench
supplies for the electronic workshop. The desigrs are all low voltage types for use
with semiconductor cireuits.

There are other types of power supplies and & number are dealt with in the
final chapter, including s cassette supply, Nicad battery charger, voltage step up
clreuit and a simple inverter,

BP78: PRACTICAL COMPUTER EXPERIMENTS $7.30

This book aims to fill in the 1o ibing typi-
cal computer circuits in discreet logic and it is hoped that ﬂm will lorm a use-
ful introduction to devices such as adders, memories, etc. as well as & general
source book of logic circuits.

An essential edition to the library of any computer and electronic enthusiast.

“BP79: Radio Control For Beginners $7.30

The aim of this book is to act as an introduction to Radio Control for beginners

. R to the hobby. The book will commence by dealing with the conditions that are

EREeHE o iEGames $7.55 sllowable for such things as freauency and power of- wamm'won This is followed
S e T

The authorhas designed and d a number of i g electronic game oy @ “block of oW I-devlce an Gl TR G

projects using modern integrated circuits. The book is divided into two sections,
one dealing with simple games and the latter dealing with more complex circuits.
Ideal for both beginner and enthusiast.

BP70: Transistor Radio Fault-Finding Chart $2.40

Author Mr, Chas. Miller has drawn on extensive experience in repairing transistor
radios to design this book. The reader sf"\uld be able to trace most ot the
common faults quickly using the concise chart.

ceiver and actuator{s) produce mation in @ model.

Details are then glven of actual solid state transmitting equipment that the
reader can build, Plain and loaded aerials are then discussed and so is the field-
strength meter to help with proper setting up.

The radio receiving equipment is then dealt with, this includes a simple receiver
and a crystal controlled superhet. The book ends with electro-mechanical means
of obtaining movement of the controls of the model,

BP71: Eiectronic Household Projects $7.70

Some of the most usetul and popular electronic construction projects are those
that can be used in or around the home, These circuits range from such things as
*2 Tone Door Buzzer' and Intercom through Smoke or Gas Detectors to Baby
and Freezar Alarms.

BP80: POPULAR ELECTRONIC CIRCUITS—BOOK 1 $8.25

Another book by the very popular author, R.A. Penfold, who has designed and
developed a large number of circults which are accompanied by & short text
giving a brief inroductlon, circuit description and any special notes on construe-
tion and sening up that may be necessary.

The circuits are grouped under the following headings; Audio Circuits, Radio
Circuits, Test Gear Circuits, Music Project Clrcuits, Household Projects, and
Miscellaneous Clreuits.

An extremely useful book for alt ic vists, oftering va
lue for the number of designs it contains,

BP72: A Microprocessor Primer $7.70

A newcomer tends 1o be overwhelmed when first confronted with ariteles or
books on microprocessors. In an attempt 1o give @ painless approach to compu-
ting, this small book wili start by designing a simple computer that is easy to
learn and understand. Such ideas as Relative Addressing, Index Registers, etc,
will be developed and will be seen as logical progressfons rather than arbitrary
things to be accepted but not understood.

NO.213: Electronic Circuits For Model Railways $4.50

The reader is glven constructional details of how to build a simple model train
controller; controller with simulated inertfa and a high power contralfer. A signal
system and lighting for model trains is discussed as is the suppression of RF
interterence from model railways. The construction of an electronic steam
whistle and @ model train chuffer is slso covered.

NO.215: Shortwave Circuits & Gear For Experimenters
Radio Hams $3.70

Covers constructional details of a number of projects for the shortwave enthu-
siast and radio “Ham”, Included are: an add-in crystal filter, adding an "S"
meter in your receiver; crystal locked H.F. Receiver; AM tuner using phase
locked |oop; converter for 2MHz to 6MHz, 40 10 BOOMHz RF amplifier, Aerials
for the 52, 144MH2 bands, Solid State Crystal Frequency Cafibrator, ete.

8P 73: Remote Control Projects $8.58

This book is aimed primarily at the electronics enthusiast who wishes 10 @xpefi-
ment with remote control and many of the designs are suitable for adaptation
to the control of other circuits . Full have been
given so that the reader can fully understand how the circuits work and see
how to modify them, Not only are Radio control systems considered but also
Infra-red, Visible light and Ultrasonic systems as are the use ot Logic ICs and
Pulse position modulation etc.

NO.221: Tested Transistor Projects $5.50

Author Mr. Richard Torrens has used his experience as an electronics develop-
ment engineer to design, develop, build and test the many useful and interesting
circuits in this book, Contains new and innovative circuits as well as some
which may bear resemblance to familiar designs.

NO. 223: 50 Projects Using IC CA3130 $5.50

R

Einctronic
oo In this book, the suthor has designed and developed a number of interesting and

- : - Progects useful projects using the 130, f th ed
BP74:Electronic Music Projects $7.70 projects using ca3 one of the more advanced operational amp-

Adthough one of the more recent branches or amaeteur electronics, electronic
music has now become extremely popular and there are many projects which
fall into this category, ranging in complexity from a simple guitar effects unit

o a sophisticated organ or synthesiser,
The purpose of this book is to provide the constructor WIlh L] ﬂumbtl of
In-

practical circuits for the less complex items of mus
cluding such things as Fuzz Box, WaaWaa Pedal, Sustain Unlt Reverberation
and Phaser-Units, Tremelo Generator etc.
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litlers that is available to the home constructor. Five general categories are
covered: Audio Projects, R.F. Projects, Test Equipment, Househald Projects
and Miscellaneous Projects.

NO.224: 50 CMOS IC Projects $4.25

CMOS 1C's are suitable for an extraordinary wide range of applications and are
now alsa some of the most inexpenslve and easily available types of ICs. The
author has designed and developed a number of interesting and useful projects.
The four general categories discussed in the book are: Multivibeators, Amplifiers
and Oscillators, Trigner Devices and Special Devlces
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Stereo

Filter

Rumble

Active filter design improves
clarity of bass reproduction,

IN BYGONE DAYS rumble filters
were very popular because even the
best of turntables, used then,
generated considerable vibration due
to bearing and motor deficiences.
These vibrations, mechanically
transmitted 1o the pickup cartridge,
resulted in an audible output. Hence
high-pass  filters were often
incorporated in amplifiers to reduce
this objectionable rumbling sound to
an acceptable level, and as bass
response seldom extended below 50
Hz, a simple RC filter with 6 dB per
octave roll-off below 50 Hz was
considered adequate.

Modern turntables have far smoother
bearing and drive arrangements than
their early counterparts — and for this
reason many amplifier manufacturers
no longer include a rumble filter
facility.

Those that do are rarely satisfactory.
Their slope is generally inadequate and
the main effect of switching them in is
to roll off the low-frequency response
to the detiment of programme
content

At first sight it would seem better to
exclude the rumble filter altogether
and just make sure that our turntables
do not generate any appreciable
rumble.

Surprisingly perhaps, a rumble filter
is still very much required and if
designed correctly can make an
appreciable improvement to
reproduction — even when used with
turntables that generate no rumble at
alll

The reason why will be clearly
apparent. if you take the front grille
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This internal view shows how the rumble filter is assembled

the filter must be situated before the
preamplifier. This also poses problems
as the signals at this point are very
low-level, and there is a danger of
introducing hum which would be
merely replacing one fault by another.

The Solution

To maintain reésponse down to at
least 50 Hz, whilst obtaining 30 dB or
more attenuation to LF noise, we
must use a filter which has a sharp
knee and an ultimate attenuation slope
of 24 dB per octave. The most
satisfactory (and cheapest) method of
doing this is to use an active high-pass
filter — and this is the approach we
have used. To obviate the possibility
of hum-pickup, the unit uses a battery
power supply, one each for left and
right channel filters. The use of
separate batteries prevents ground loops
and ensures that channel separation is
maintained. As current drain is very
low the batteries may be expected to
last their shelf life (12 months or so)
and for that reason an on/off switch
has not been included.

The unit fits between the turntable
and the amplifier, cuts any frequency
below 35 Hz and has a total
attenuation of 37 dB at 10 Hz

increasing at 24 dB/octave below that.
Construction

We built our unit onto a small
printed circuit board, but layout is not

critical and other alternative methods,
such as matrix or Veroboard, may be
used successfully.

The signal levels involved are
extremely small (about 100 uV at 50
Hz) and for this reason a metal box is
a must if hum pickup is to be
minimized. And, as said before, two

separate battery supplies should be
used in order to avoid ground loops.

We wused a conventional four-way
battery holder to hold the two sets of
batteries. These holders normally
connect all four. batteries in series.
However it is a simple matter to snip
the connection between the two sets
of two cells.

The phono sockets for both input and
output should be insulated from the
metal case. When connecting the unit
we found minimum hum was
introduced by grounding the turntable
to the metal box and then, by taking a
separate ground from the metal box to
the amplifier. However experimentation
in the positioning of grounds may well
show that some other configuration is
best for your particular setup. ®
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SPECIFICATION
Input Impedance

(rises below 50 Hz) 47k

Output Impedance

Input voltage
(maximum)

Cut-off Frequency
(—3dB)

Cut-off Slope
{maximum)

Attenuation
at 10 Hz

Gain
at 1 KHz

+3V
R3
470k
C1 c2 Cc3
0.12uF 0.039uF 0.039uF < a1
— | e 2N2586
R2 C4
1 -
INPUT < 56k i |
R4 R5 R6
™ 12k 12k
- . - ov

Fig. 1.(Above right) Circuit diagram of the rumble filter. Two required

for stereo.

Fig. 2.(Bottom left) Printed circuit board layout for the rumble filter 40mm x

70mm.
Fig. 3.(Above)The finished Stereo

Rumble Filter.

Fig. 4. (Left) Characteristics of the rumble filter.

<5k
250mV

36 Hz
24dB/octave

37 dB

. Exercise regularly.

Give Heart Fund QI)
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Dynamic Noise

Filter

Annoyed by tape hiss? Save yourself sanity with this

project.

THE HUMAN BRAIN 1S a funny
thing really! Its connections to the
outside world are via the five senses
and it relies on these senses to
transmit reliable and accurate
information about the outside world.
However, as you are probably aware,
this information can quite often be
distorted (think of the countless
optical illusions).

Missing Links.

It is not so often that audio illusions
are in the news, probably because
they are harder to detect, but that
doesn’t mean they don't exist, eg.
The fact that the ear cannot-detect
small gaps, say 5 mS, in a passage of
music allowed us to build a click
eliminator. Every time a click (which
always have a duration of less than 5
mS) is detected, the sound is
automatically cut out for about 5 mS.
The final effect being one of apparent
continuity of music without the gaps
or clicks,

Hissed Up

Our tape hiss reduction system
tunctions on the principle that on a
continuous passage of music the
difference between the music and the
hiss (signal/noise ratio) is so great
that we cannot hear the hiss for the
music. All well and good. On a more
spasmodic piece of music, where
there are gaps of more than say 50
mS between signals, then these gaps
have (apparently) a much lower
signal/noise ratio, not because the
noise level has gone up, but because
the signal level has gone down. This
means that the hiss is more
pronounced.

During these time intervals our
device filters out the high frequency
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tape noise using a current contrqlled
filter (CCF) — immediately allowing
high frequency sound through again
when a signal comes along. (The
illusion of one type of sound covering
up another of about the same
frequency is called masking.)

Construction
Printed circuit board construction
should be relatively straightforward.
We suggest a step by step approach
be adopted and testing of each stage
be undertaken before construction of
the following stage. The main reason
for this is that the circuit, although
having few components, is quite
tricky in operation and this makes
fault-finding difficult in cases of
malfunction.

First, build up the on-board power
supply section (D3, D4, C17, C18,
IC3, R28 and LED 1). Check with a

voltmeter for 12 V DC at its output ie,

between the output of IC3 and
ground. If the LED lights up it is a
good indication that the supply is
working correctly.

Next the buffer amplifiers and
associated components (C1, C2, R1,
R2, R3, R4, R20, R21,C11, Q1 and
Q2) should be inserted. If a signal
source and scope are available put
signals at the inputs to the circuit and
observe the signals at the emitters of
Q1 and Q2. They should be the same
as the transistors are operating as
non-inverting buffers.

Following this, the control
circuitry (consisting of R5, R6
through to Q3, R17 and C10 on the
circuit diagram) should be soldered
in place and this tage now tested.
With RV1 at mid-position and a high
impedance voltmeter or a scope in

DC mode connected across C10, it
should be seen that the voltage
across the capacitor varies with
varying signal input. If an audio
waveform from, say, a cassette deck
is used as a signal, then the voltage
should be seen to increase with the
higher frequencies (above about 7
kHz) but stay quite low for
frequencies below this. Adjusting
RV1 should adjust the overall voltage
range across the capacitor.

Finally, IC3 and the rest of the
components can be inserted and the
complete board tested and set up.
The signal at the output should be of
the same amplitude as that at the
input.

Setting Up

Once you are sure that everything is
working correctly, then setting up is
a very simple job. Erase a section of
tape and play it back through the
unit. Take the output from the unit
and amplify it.

Turn RV1 completely
anti-clockwise and listen. Slowly turn
the preset clockwise until there is a
barely perceptible increase in hiss
noise. Then, step it back just a
fraction, so that the hiss just goes.
The device is now set for the tape
unit and use with any other tape will
require resetting.

A final setup test can bé carried
out, if necessary, with a signal
generator plus an oscilloscope. With
an input of about 500 mV, the
bandwidth of the device should be
up to about 25 or 30 kHz. However,
an input of 50 mV should give an
output bandwidth of only 6 kHz.
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'\523 & ':1:’ LS The device consists of two buffer applies a fixed current to control pins 3
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g g Q= T pass filters and control circuitry to detect bandwidth at 1 kHz. The greater the
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RIGHT O/P

LEFT O/P

Fig. 1. Circujt diagram of the dynamic tape

noise reduction system,

H

12 0 12

Fig. 3. (above) The component overlay for the Dynamic N?ise Filter system. )
Note that the power supply circuit as shown in Fig. 1 is included on this board, and the input
12-0-12 comes straight from the transformer, )

As the system is mainly based onr just two IC’s sockets are heavily recommended|
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DYNAMIC NOISE FIL TER SR
————-

LEFTUP Qmm  ~ SUFFER

CURRENT
CONTROW-
€D FIL

F—— =71

RIGHT 1P SUFFER

[sAmPLE OF
LEFT CHANNEL

-——=

LEFTOF

conyROL
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MIXER BANDPASS

|
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FILTER AMPLIFIER

PEAK
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SAMPLE OF
RIGHT CHANNEL

!
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e

[y

CONTROL
CURRENT

CURRENT
CONTROL~

Fig. 4. (above) Block diagram to the Dynamic Noise Filter project.
Not shown on this simplified diagram is the infout (bypass) switching. This operates by
grounding the output from the first stage.
Such operation will thus prevent the peak detector from operating the filter stage and thus
leave a full bandwidth at the output regardless of input level.

LED FIL TE RIGHT O

-

ET1

DYNAMIC TAPE

NOISE REDUCER

ey PARTS LIST s——

RESISTORS ‘all aW 5%
R1, 2 47k
R3,4,8 3k3
RS, 6, 10,

11,24,25 22k
R7 100k
R9 330k
R12 1k
R13 10R
R14 100R
R165, 16 12k
R17 27R
R18 3k9
R19 180k
R20 18k
R21 8k2
R22, 23 68k
R26, 27 3k3
R28 330R
POTENTIOMETERS
RV1 47k
CAPACITORS
C1,2 1u0 electrolytic
C3 470p ceramic
C4,5. 6 10n polyester
Cc7 2n2 polyester
C8,9,16 100n polyester
C10, 14, 15 4u7 electrolytic
ci11 2u? electrolytic
C12,13 3n9 polyester
c17 4700u electrolytic
c18 68n polyester
SEMICONDUCTORS
IC1 LM387
1IC2 LM 13600
1C3 78L12
Q1,2,3 2N3904
D1, 2 1N4148
D3, 4 1N4001
LED TiL220

MISCELLANEOUS

T1

12-0-12 c.t. secondary
FS1 + holder, spot toggle switch, case to

(above left) Close-up on
the board — the only
board — for the filter
project.

Using this in conjun-
ction with the compon-
ent overlay shown over-
leaf should identify all
the component
positions, and make sure
you don’t get any
polarised components
in the wrong way round
The holes are leadout
positions, and if you’
re left with any
over don’t call us. . .



Logic
Probe

Versatile

If you work or experiment with logic circuitry
this project should be invaluable for debugging
it may be used
both with TTL and CMOS circuitry, and in-
dicates Hl and LO conditions as well as pulse
It will also detect short,
isolated pulses having widths down to 500 ns.

circuits. Inexpensive to build,

trains above 1 MHz.

INTEREST in digital electronics has
grown rapidly in the past few years with
the advent of microprocessors and large
scalc integration. The most essential test
instrument for experimenting with
digital circuitry is a logic probe.

In its most basic form this should
provide an indication of the logic level
at any point in a circuit without over-
loading the section being tested. Other
desirable features are the ability to
follow high frequency pulse trains (pre-
ferably over 1 MHz) and to detect
isolated, narrow pulses less than 1 usec
in width. Finally, the instrument should
be compatible with both TTL and
CMOS ICs and be able to operate from a
wide range of supply voltages (say five
to 15 volts).

Commercial logic probes that satisfy
all these requirements are available, but
they invariably cost over $30. The
probe design described here offers com-
parable performance for less than $10.
combined with an excuse to enjoy a
good cigar — a cigar tube is used for the
case!.

Indication isby means of three LEDs.
Two red LEDs indicate either a HIGH
or a LOW condition on the point under
test, a green LED is used to indicate
that a pulse train is occurring.

The circuit uses a single CMOS IC
and a handful of resistors and capa-
citors. The components are mounted on
a small pc board and housed in a tubular
case such as an aluminum cigar tube or
a length of plastic conduit. The power is

A,
=

.\‘

-f -

-vrrij K

;\«!\'

‘A logic probe is an invaluable aid for debugglng or servicing. dlgltal cnrcuntry This
project is inexpensive and easy to build.

supplied from the actual circuit under
test and the performance characteristics
of the prototype are described in the
specification listed here.

Construction

A printed circuit board is recommended
for this project to provide consistent
performance characteristics.

Before attempting to mount the
components on the printed circuit
board check to see that it fits easily into
the case. The board must be a loose
enough fit to allow it to be moved up
and down within the case over a range
of at least 5 mm. (Refer to the diagram).

If this is not possible, the width of
the board can be reduced slightly with a
file or coarse sandpaper, taking care not
to remove too much or to damage the
copper portions of the board.

The other alternative is to use a
larger case — buy a bigger cigar! This
movement within the case is necessary
so that the LEDs can be juggled into
position in the holes in the casing (see
later).
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Mount the wire links, the resistors
and the capacitors on the pcboard,
keeping all components as close to the
board as possible. Note that C3 is
mounted on the underside of the board.
Next, install the three LEDs. The height
of the LEDs above the pc board must be
such that the assembly will slide into
the case with the board pushed down
against the bottom of the case (see
diagram). For a 20 mm diameter case
this height should be about 12 mm. If
the LEDs are not high enough, then it
will not be possible to push the assem-
bled board up into a position where
the LEDs project through the holes in
the case.

Next, add the power leads (without
clips or E-Z hooks at this stage) and the
10 cm wire to the probe tip. Last of all
solder IC1 into position, observing all
heat sink, grounded soldering iron, pins
8 and 16 soldered first.
and 16 soldered first.

The probe tip housing on my proto-
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type was turned from plexiglass and a
2mm hole drilled through the centre.
The probe tip wire is soldered to the
end of a darning needle which is
cemented into the housing with epoxy,
allowing the needle to project about
15 mm beyond the end of the housing.
It is not necessary to use a perspex cone,
turned up as I have it. A flat-faced plug
of a suitable material will suffice equally
well.

Drill the 3mm holes for the LEDs at
10 mm intervals, starting 75 mm from
the front of the case. The hole for the
supply leads is drilled in the back of the
case and fitted with a small rubber
grommet (or plastic LED housing) to
prevent the case rubbing through the
insulation on the leads.

Before mounting the assembled
pc board in the case check the circuit
for dry joints, solder bridges, incorrectly
mounted components, etc. Then test
the device as follows. Connect to a five
volt supply and observe the three LEDs.
None should light with the probe tip
isolated. If the LOW LED (LED 2)
comes on or flashes, then R2 is too
small and must be replaced by a slightly
larger resistor (say 820Kk). Touching the
probe tip with the fingers may cause
LED 2 to light, but this should go off
when the tip is isolated. Touching the
probe tip to either supply rail should
light the appropriate LED, with the

. HOW IT WORKS

Three of the six inverter/buffers in IC1 are
used in the high/low detection circuit.
IC1c is connected to the probe tip via R9.
When the input goes HIGH (logic 1),
IC1c output goes low and illuminates
LED 2 through R5. Similarly when the
input goes LOW (logic 0), the series pait
IC1e and f illuminate LED 1 through R4.
The resistor network R1, R2 and R3
ensure that the outputs of both IC1c
and IC1f remain high when the input is
‘floating’. C1 is connected across R2 as a
‘speed-up capacitor’ to maintain a sharp
pulse shape into IC1e and so improve the
ability to follow high frequency pulse
trains (over TMHz)

The two inverters IC1a and b form a
monostable circuit that stretches short
pulses (less than 500 nsec) out to 15
msec (0.7RC) using C3 and R8. The input

of the monostable comes from the output
of IC1c and is isolated from the DC level
of this output by C2. The combination of
R7 and D1 normally holds IC1b input
high. When a negative going pulse is fed
into IC1b through C2, the output goes
high, forcing IC1a to go low and illuminate
LED 3. Diode D1 ensures that the input
to IC1b is kept low (0.7V above zero) so
long as the output of IC1a remains low.
This prevents subsequent pulses from re-
triggering IC1b until the monostable
itself retriggers via discharge of C3 to earth
through R8, and allows IC1a output to go
high, switching off LED3.

Capacitors C4 and C5 (optional) confer
immunity to spikes or pulses in the supply
lines, which are taken from the circuit
being tested.

SPECIFICATIONS

* TTL or CMOS compatible

*Supply voltage: 5 to 15 volts

* Input impedance: over 400k

* Indicates HIGH (1), LOW (0) or
floating states

*Follows high frequency pulse
trains — over 1.5 MHz

*Detects single pulses down to 500
nsec in width, and stretches these
to 15 msec.

* Relative brightness of HIGH/LOW

LEDs indicates duty cycle of pulse
trains.

SPOT ON
™S sno[“(
/ \ -
FLAT ON $10€ OF /
v
:.::(EOH SHORY TANTALUM THIS LEAD SOMETIMES
) i< &  CaPACITORS THICKER OR LONGER
L)

NOTE

C5 IF USED IS MOUNTED
ACROSS C4 (OBSERVE
POLARITY)

CONNECT RESPECTIVE
LETTERS TOGETHER
ATOA B TO B ete.

PARTS LIST
Resistors all W, 5%

R1,7 ... 2M2
R2 .. .. 680k*
R3 . ... 560k*
R4,5,6 820R
R8 . ... 220k
R9 .... 1k
Capacitors
C1,2 ... 100p Ceramic
| = 100n
AT 10n
G55 Fumas 14 Tantalum {Optional)

Semiconductors

ICl . ... 4049

LED 1,2 . 3mm red

LED 3 .. 3mm green

D1 . ... 1N4148 (or equivalent)

Miscellaneous
pcb; red and black Jeads with alligator
clips or E-Z hooks;
cigar case (or equivalent) — minimum
dimensipns 20mm ID, 140mm lona;
plexiglass rod for probe tip housing
darning needle.

* Resistors R2 and R3 may have to
be altered slightly f(in the range
470k to 820k) to suit the transfer
characteristics of IC1 — see text.

Component overlay for the pc board. Refer to
the construction diagrams below for correct
assembling of the LEDs.
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PROBE TiP HOUSING

LEDS

e

LEADS

%—?_—? 999 2T 2

e 77

DARNING
NEEDLE

2 /////////M

AN

{EPOXY IN POSITION)

GROMMET
SOFT NOOD OR CIGAR TUBE CASE
PLASTIC WEDGE {20mm 1.0}
10mm 10mm
I- 78mm.
1
¢o %0 30
=
HOLE FOR
LED
4
ﬁ e 7 an
POSSIBLE
MOVEMENT ‘ ; ; ) !
{AT LEAST Smm)
CASE i - WEDGE OF WO0D
OR PLASTIC
& o O
Y 45V — +15V
7 7
LED2 LED3
RS Ré
820R 820R
R2
680k
:‘: +| o5
AR 7k —
INPUT FROM A7 (OPTIONAY
FROBELIE “SEE TEXT FOR DETAILS M2 e
D1 - 10n
[ )
c2 ’ |
100p
R3 ICth IC1s
560k L_SD""I 2
4 2
IC11S 4049A c3
PIN 11S +Ve 100n
PIN B IS OV A8
CONNECT PIN 9 TO 220k
VDD OR PIN 11 ov
—0

PULSE LED flashing when the tip first
touches the positive rail. If the LOW
LED does not light when the probe is
connected to OV, then R2 is too large.
Change R2 to 560k and repeat the
sequence above.

Now try a 15 volt supply. Again, all
LEDs should be extinguished when the
probe tip is isolated. The HIGH LED
(LED 1) may glow very faintly. If this
glow is too strong, reduce the value of
R3 to say 470 k. However, if R3 has to
be altered it will be necessary to recheck
the circuit at 5V to see that the low
voltage performance is still satisfactory.
At 15 volts repeat the process of touch-
ing the probe tip to the two supply
rails. The results should be the same as

in the case of the 5 volt supply, but the
LEDs will be considerably brighter.

When satisfied that the circuit works
correctly mount it in the case. First,
cover the edges of the pcboard with
strips of tape to insulate it from the case
and apply a thin smear of epoxy cement
around the base of each LED. Feed the
power supply leads through the back of
the case, followed by the assembled
board. Jockey the board into a position
where the LEDs are directly under the
holes in the case and then push the
assembly up into a position so that the
LEDs protrude through the holes in the
case. The epoxy around the base of the
LEDs will anchor them in position. In
addition to this means of holding the
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POWER SUPPLY

These diagrams to the top left and the picture
above  show the general construction of
the probe and the drilling of the cigar tube
or whatever case is used.

(Left) The circuit is simple, involves a single
CMOS IC, three LEDs and a handful of
other components.

The long thin PCB should took like this when
it's finished.

board in place, a small wedge of soft
wood, plastic or similar insulating
material can be inserted into the space
between the bottom of the board and
the case. The probe tip and its plastic
housing is then inserted in the front of
the case and epoxied in position.

When the epoxy has set, fit the
clips or E-Z hooks to the ends of the
supply leads, label the three LEDs and
give the whole instrument a coat of
protective lacquer. The completed logic

probe is now ready for use — but
don’t forget to smoke the cigar! (]
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JUST WRAP™WIRE WRAPPING
TooL

WHY CUT? WHY STRIP? WHY SLIT?
WHY NOT JUST WRAP?

W-1-B BLUE WIRE $24.95
JW-1-W WHITE WIRE $24.95
JW-1-¥ YELLOW WIRE $24.95
JW-1-R -RED WIRE ] $24.95

JUST WARAP REPLACEMENT ROLLS

R-JW-B BLUE WIRE 50 fi. Roll | sa.98
R-JW-W WHITEWIRE 50 ft. Roll | sa.9s
R-JW-Y YELLOW WIRE 50 ft. Roll | s4.98
R-JW-R RED WIRE 50 fi. Roll | sa.98

UNWRRP TOOL FOR JUST WRAP

A
\!

PRE-STRIPPED
WIRE WRAPPING
WIRE

Wire for wire- wrapping,
AWG-30 (0.25mm)
KYNAR® wire, 50 wires

per package stripped
1 both ends.
© KYNAR PENNWALT

[[JUW-1T |  UNWRAPPINGTOOL | $585 |
JUST WRAP KIT
Luwk-6 | JUST WRAP KIT [sa175 ]
“HOBBY ~ WIRE

T00L BATTERY POWERED
[Bw-2630] FOR AWG 26-30 | $33.50 |

Use “C" size NICAD Batteries, not included. Bits
not included.

[BT30° |  BIT FOR AWG 30 Ts715 )
|BT-2628] BIT FOR AWG 26-28

HOBBY WRAP TOOLS

moyuan wooun
——a— whar o

® ['WSU-30 | REGULAR WRAP [s12.55]
j I [WSU-30M] MODIFIED WRAP Ts14.35 |

—_—— =
- 30-AWG blue Wire 1™ Long .
ﬁnW»i iin 30 AWG White Wire Lon
0 AWG Hed Wie 17 Loog
30-AWG Blue Wire, 2" Lon
< T W T W L]
-W- White Wire 27 Lon,
L LU AT
R-50-0 30-AWG Red Wire, 2 | ong

30- 430 30 AWG Blue Wire 3" Loog
30 AWG Yellow Wire 3" Lony

30-AWG White Wire, 3 Lon
5! 30-AWG Red Wire. 3" Lon
0050080 | 30 AWG Biue Wore & Long
ﬁ Y g&oalg 30 AWG Yellow Ware 4~ Long
-W 1] 30-AWG White Wire. 4™ Lony
30.R.50.040 30 AWG Red Wire. 4 Loog
—WBER0E0 | 50 AWG Blue Wrre 5" Loog
m 30.AWG Yellow Wire 5~ Long
B ite Wire 5™ L on,
B 50 060 30-AWG Blue Wire. 6 L
e MUY, T TR MR

-¥-50-060 30 AWG Yellow Wire & Long
d 30 AWG White Wire, 67 | ony

30-AWG Red Wire L on

TRI-COLOR DISPENSER
IWD-30-TRI| TRI-COLOR DISPENSER | s1335

819
8

#

i

[s

s
I

gl
&

j

5t H

i

14
v
3

i

[R-30-TRI_| REPLACEMENT ROLLS | ssos |
WIRE DISPENSER
WD-30-B BLUE WIRE. $630
WD-30-Y YELLOW WIRE 5830
WD-30-W WHITE WIRE $8.30
WD-30-R RED WIRE $8.30

DISPENSER REPLACEMENT ROLLS

R-308-0050] 30-AWG BLUE 50 FT. ROLL | $498
R-30Y-0050] 30-AWG YELLOWSOFT.ROLLY $4.98
R-30W-0050] 30-AWG WHITE 50 FT. ROLL] $49%8
R-30R-0050{ 30-AWG RED. 50 FT. ROLL | s4.98

SEYNAR.

HK-18 [18 AWG[25 FT] SOLID CONDUCTOR _[s2.1
HK-20_[20 AWG[25 FT.| SOLID CONDUCTOR _|s179)
HK-22 [22 AWG|S0 FT.| SOLID CONDUCTOR _fs2.a5
HK-24 24 AWG|50 FT.| SOLID CONDUCTOR _s2.25
HK-26 [26 AWG[50 FT| SOLID CONDUCTOR _[s2.a5
SHK-18[18 AWG| 25 FT [STRANDED cououcmngz.ﬁ
%

ISHK-20{20 AWG[25 FT [STRANDED CONDUCTORK1.7

SHK-22|22 AWG|50 FT [STRANDED CONDUCTORIS1.78
ISHK-24]24 AWG|50 FT.[STRANDED cououcronEzu

HK -26[26 AWG] 50 FT LSTRANDED CONDUCTORs2.45]

(Prices subject to change without notice)

sPluuL iy

RIBBON CABLE RSSEMBLY SINGLE €nd
26 AWG Rainbow Coded flat cable.

SE 14-24 W SR REEC | ssas
seiads | I SN D oy | 5o
SEiaal | "I OE T
SE16:48 | VT S P O 00 | $7.40

DIP PLUG WITH COVER FOR USE
WITH RIBBON (ABLE

[[74PLG | 14 PINPLUG & COVER | %285 |
|_16-PLG_| 16 PINPLUG & COVER | $3.20 |

QUANTITY: 2 PLUGS, 2 COVERS

RIBBON CABLE ASSEMBLY DousLE EnD

E14-2 WITH 14 PINDIPPLUG —2° | $6.79
Ez 14-4 WITH 14 PIN DIP PLUG — 4" | $6.95
DE 14-¢ WITH14 PINDIPPLUG —8" | $7.15
E14-12| WITH14 PINDIPPLUG —12° | $6.79
DE 14-16 | WITH14PINDIPPLUG — 16" | $6.85
DE 14-24 | WITH 14 PINDIP PLUG — 23" 1 $7.50
DE16-2 | WITH16PINDIPPLUG —2" | $7.50
£ 16- WITH 16 PINDIP PLUG — 4" | §7.69
DE 16-8 WITH 16 PIN DIP PLUG — 8° 7.85
E16-12 | WITH 16PINDIPPLUG — 12" | $7.40
E16- WITH 16 PINDIP PLUG — 16" _| $7.55
DE 16- WITH 16 PINDIP PLUG — 24" | $8.25
DE 24-€ WITH 24 PINDIP PLUG — 6" 10.00
DE 24- WITH 24 PIN DIP PLUG — 8" 10.85
DE24-12 | WITH24 PINDIPPLUG — 12" 1$11.50
DE 24-16 | WITH24 PINDIPPLUG — 16" [s11.85
2424 | WITH24PINDIPPLUG — 24" |$1279
DIP SOCKETS
14 DIP 14_PIN DIP SOCKET $1.40
16 DI 16_PIN DIP SOCKET $1.65
24 DIP 24 PIN DIP SOCKET $2.49
36 DIP 36 PIN DIP SOCKET $4.15
30 DIP 40. PIN DIP SOCKET __| sa98
ii DIP 1C INSERYION TOOLS
i WITH PIN STRAIGHTNER

Narrow profile. Pin straightener
built into tool. Automatic ejector.

74-16 PIN
L"‘s'“"l DIP/IC INSERTER l”-“l

maos, (Mos -SAFE

GRDUND STRAP NOT INCLUDED

14-16 PIN, MOS
MOS-14168] cpog SAFE INSERTER {31439

74-08 PN,
MOS-2428} )05 SAFE INSERTER [$13-28

36-40 PIN (MOS -SAFE
(C INSERTION TOOL

Aligns bent out pins. Includes terminal jug for at-
tachment of ground strap.

STRAP NOT INCLUDED

36-40 PIN CMOS SAFE
INSERTION TOOL

|mos-4of

DIP 1C EXTRACTOR TOOL

Extracts all LS), MSI and SS1 devices of from 8 to
24 pins.

IS'I 4.35]

EX-1 EXTRACTOR TOOL $2.70

24-40 (MOS-SAFE EXTRACTOR TOOL

Removes 24-40 pin IC's, .600” centers. C-MOS safe,
Includes terminal lug for attachment of ground strap.

GROUND STRAP NOT INCLUDED
| EX-2 | CMOS SAFE EXTRACTOR TOOL | $13.30]

iy’



‘PRB-1 DIGITAL LOGIC PROBE

® DCto > 50 MHZ ® ‘Automatic threshold

® 10 Nsec. pulse response resetting

® 120K 0 . Cor with all fogle

® Automatic pulss stretching eSS SIS VEC L e
1o 50 Msec. with optional PA-1 edapter

& Automatic resetting memory e Supply O.V.P. 1o + 70 VOC

& Open circull detection ® No switches/no calibration

[LPRB:1 | DIGITALLOGICPROBE | s61.95 |

PROTOTYPE BORRD (M-100

TERMINALS: 1,020 TEST POINTS. 188 separate 5
point terminals, plus 2 horizontal bus lines of 40 com-
mon test points each.

SIZE: 6Y2" Wide, 5" Long.
[©M-100] MODULAR PROTOTYPE BOARD | $43.45 |

' ns YOl G s oy ) T T msk &

=
PROTOTYPE BOARD (M- 200
TERMINALS: 630 TEST POINTS. 94 separate 5 point
terminals, plus 4 bus lines of 40 common test points
each. .S|ZE: 6" Wide, 3%2” Long.

[[M-200] MODULAR PROTOTYPE BOARD| $27.50 |

PROTOTYPE BORRD tM-300,(M-400

CM-300 and CM-400 have two separated rows of five
interconnected contacts each. Each pin of a DIP in-
serted in the strip will have four additional tie-points
per pin to insert connecting wires. They accept leads
and components up to .032 in. diameter. Intercon-
nections are readily made with RW-50 Jumper Wire,
All contact sockets are on a .100 in. square grid
(1% in. wide).

CM-300] MODULAR PROTOTYPE BOARD| 1665
CM-400} MODULAR PROTOTYPE BOARD| $4.15 |

MODULAR BUS STRIP

CM-500 is a bus strip to be used in conjunction with
CM-300 and CM-400 for distribution of power. and
common signed lines. Two separate rows of common
terminals, grouped into clusters of five. All contact
sockets are on a .100 in. square grid.

[CcM-500 | MODULAR BUS STRIP $329 |
JUMPER WIRES

50 Preformed wires, from 12 to 4 inches, 20 AWG
solid wire, white insulation.

[Aw-50 ] JUMPER WIRES [ sass |

CLIP AND STRIP ” TOOL

For cutting and stripping 1 in. insulation from 30
AWG wire.

Icas-130] CLIP AND STRIP [ sas5 ]

THE ABOVE CUT AND STRIP TOOL IS NOT APPLICABLE
FOR MYLENE OR TEFLON INSULATION

mini SHERR
[ws-10 | MINI-SHEAR [ s895 |
MmNl SHEAR WITH SAFETY (LIP

[Ms-20 T MINI-SHEAR WITH CLIP ] s10.75 |

ABS construction, 1¥%2-in. wide jaws.

[vva T VACUUM VISE | “s5.85]

WIRE WRAPPING RITS
WH-2,WK-3, WK-4

WK-2-8 | WIRE-WRAPPING KIT (BLUE) [ s20.95
WK-2-Y | WIRE-WRAPPING KIT(YELLOW) [ s20.95
WK-2-W| WIRE-WRAPPING KIT (WHITE) | s20.95
WK-2-R | WIRE-WRAPPING KIT (RED) $20.95
[wk=3B (BLUE)] WIRE-WRAPPING KIT | $27.35

[WK-4B (BLUE})] WIRE-WRAPPING KIT | s41.90 ]

WIRE WRAPPING KIT WK-5

BW-630, WSU-30M, CON-

1, EX-1, INS-1416, TRS-2,
MS-20, 14, 16, 24 and 40 DIP sockets, WWT-1,
WD- 30-TR1, H-PCB-1.

[ WK-S | WIRE-WRAPPING KIT_[ s12085 |

Available at your nearest Electronics Parts Distributor

4 x 4.5 x ¥ in. board, glass coated EPOXY laminate,
solder coated 1 oz. copper pads. The board has pro-
vision for a 22/44 two sided edge connector. .156 in.
spacing. Edge contacts are non-dedicated for maxi-
mum flexibility,

The board contains a matrix of .040 in. diameter
holes on .100 in. centers. Component side contains
76 two-hole pads.

Two independent bus systems are provided for volt-
age and ground on both sides of the board,

{H-PCB-1] HOBBY BOARD | ss.00 ]

TERMINAL BORRD

.062 thick glass coated epoxy laminate. Outside di-
mensions 6.3 in. x 3.94 in. Not plated.

[A-Pco1 | TERMINAL BOARD [ ss79 ]

Same specifications as A-PC-01 except matrix pat-
tern is copper plated and solder coated on one side.

|A-PC02 | PRINTED CIRCUIT BOARD | se.95 }

Same specifications as A-PC-01. Each line of holes
is connected with copper plated and solder coated
parallel strips on one side.

|A-PC03] PRINTED CIRCUIT BOARD | $9.95 |

Same specifications as A-PC-01. One side has hori-
zontal copper strips, solder coated. Second side has
vertical parallel bars.

LA-PC-04] PRINTED CIRCUIT BOARD | $13.30 |

The A-PC-05 features numbered contacts for easy
reference along with a numbered matrix for eas:
hole locations. Made of .062 in. thick epoxy lami-
nate. 4.5 In. x 5 in. Edge Connector Board.
[A-Pc-05] PRINTED CIRCUIT BOARD | ss.15 |
Same as A-PC-05 except outside dimensions are 4.5
in. x 6.5 in. Edge Connector Board.

[A-PC-08]  PRINTED CIRCUIT BOARD [ $11.65

‘Same as A-PC-05 except outside dimensions are 4.5
in. x 7 in. Edge Connector Board.

A-PC-07 PRINTED CIRCUIT BOARD $14.99

TERMINALS

WWT-1 SLOTTED TERAMINAL
SINGLE SIDED

VRS TERMINAL

WWT-3 IC SOCKET TERMINAL

DOUBLE SIDED
IS TERMINAL

TERMINAL INSERTING TOOL

For inserting WWT-1, -2, -3 and -4 terminals.
L INs-1 | INSERTING TOOL [ sas0 |

R L. B. TERMINAL STRIPS
4 4-POL

e PO
-12 POLI

MODULRR TERMINAL STRIPS

mjm|m

[[1semp | 2-POLE [ s3.00
(3 per Package)

Pt CRRD GUIDES
S | CARD GUIDES ] s3.40 )

QUANTITY — ONE PAIR (2 PCS.)

PC CARD GUIDES & BRACKEYS

|LTRS2 | GUIDES & BRACKETS | se.8s |
QUANTITY — ONE SET (4 PCS.)

PC EDGE CONNECTOR
44 pin, dual read-out, .156 in. spacing, wire-wrap-
ping.

[ CON-1 | P.C. EDGE CONNECTOR | s6.35 ]

Write for complete OK Machine & Tool catalogue
len finkler limited

80 Alexdon Road, Downsview, Ontario. M3J 2B4 Tel: (416) 630-9103 Telex: 065-24322

(Prices subject to change without notice)




Batter

Condition

Indicator

Ever been caught by a battery that went flat at an embarrassing moment—
like when you've just offered a friend a lift? The conversation goes a
little flat when you’re both riding the bus to work, 20 minutes late.

THE OLD, RELIABLE lead-acid
battery may be way ahead of what ever
is in second place for vehicle electrical
systems, but they do need a ‘weather
eye’ kepton them. Particularly if
they‘re out of warranty. The same
applies to ‘reconditioned’ batteries, so
often found in secondhand vehicles of
some age.

That's the problem with cars —
running out of gas and running out of
of battery produces the same heart-
rending result. immobility.

Most vehicles have a gas gauge.

Few have an equivalent for the battery.
Many ‘older’ cars included a ‘charging
current’ meter. This told you some-
thing about the car’s generator-
regulator and required some inter-
pretation to figure out whether the
battery was in good health.

Probably the best way to check on
the state of your battery is to use a
hydrometer. However, hydrometers have
a number of drawbacks. Being made of
glass, they’re fragile and can’t be used
while a car is in motion. The small
amount of battery acid that remains on
them presents a storage problem — the
drips and fumes attack mast metals and
materials. They’re okay for the corner
garage but justjfying their cost,for the
occasional use they get in home work-
shops, is not always possible.

Another method of testing battery
condition is by checking the voltage ‘on
load’. A lead-acid vehicle battery in a
reasonhable state of charge will have a
terminal voltage under normal working
load somewhere between 11.6 and 14.2
volts. When a battery shows a terminal
voltage below 11.6 volts its capacity is
markedly decreased and it will discharge
fairly quickly. Like as not, it won't
turn the starter motor for very long!
On the other hand, if the voltage on
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load is above 14.5 volts then the battery
is definitely fully charged! However, if
it remains that way for any length of
time while the car is on the road, the
vehicle's alternator-regulator system is
faulty and the battery may be damaged
by overcharging.

Reading the battery voltage can be
done in a number of ways. You could
use a digital panel meter, set up as a
voltmeter. Their drawback is that they
cost nearly ten times as much as a
hydrometer! The next best method is
to use an ‘expanded-scale voltmeter’.
Reading the voltage range between 11
and 15 volts on a meter face calibrated
0-16 volts is a squint-and-peer exercise.
On a 0-30 volts scale, as used on many
modern multimeters, it’s worse. A meter
which reads hetween 11 volts at the low
end of the scale and 16 volts at the high
end is ideal. Hence, the term ‘expanded-
scale’.

However, you don’t want to be
peering at a me ter on the dash board
when you’‘re driving through traffic. The
range of voltage over which your
battery is healthy is some two volts. An
indicator which simply requires the
occasional glance, and needs no ‘inter-
pretation’, is what is really needed.

With this project, that’s exactly what
we’ve done.

We have devised a simple circuit that
indicates as follows:

Yellow: battery ‘low’
Green: battery okay
Red: battery overcharging

When the battery voltage is below
11.6 volts, a yellow indicator lights.
This indicates the battery is most likely
undercharged or a heavy load (such as

high power driving lights) is drawing
excess current. When it is between 11.7
and about 14.2 volts the green indicator
lights, letting you know all is sweet. If
the red indicator lights, as it will if the
voltage rises above 14.2 volts, maybe
the vehicle’s voltage regulator needs
adjusting or there is some other problem.

The Circuit

The circuit is ingeniously simple, having
barely a handful of parts. Reliability
should be excellent.

We actually started out with a some-
what complex circuit. It used only two
indicators and required you to ‘interpret’
what was happening. In trying to
convert that to a yellow-green-red style
of indication it sort of grew like topsy.
This circuit had four transistors, a dozen
resistors etc and didn’t look at all
attractive as a simple project that the
average hobbyist or even handyman
could build one Saturday afternoon and
get going immediately. A rival circuit
was devised by another staff member
using a common |C. This sparked a
controversy as to which was the better!
Certainly, both did the job required . . .
but maybe there was a simpler method.

It was discovered that different
coloured light emitting diodes (LEDs),
which we had decided to use for the
indicators in the project, had different
voltage drops when run at the same
current. Seizing on this idea, the original
circuit (four transistors, a dozen
resistors . . . ) was modified to exploit
this characteristic and the simple
circuit you see here was the result.

Construction

Construction is straightforward. If you
haven’t soldered electronic components
before — and this project was designed
for the motorist/handyman as well as
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electronics enthusiasts — then we
suggest you practice on something
before tackling this project.

We recommend you use the printed
circuit board designed for this project.
The actual layout of the components
themselves is not critical but a printed
circuit board reduces the possibility
of errors,

It is best to mount and solder the
resistors first. Follow this by soldering
in the diodes D1 and the zener diodes
ZD1, ZD2 and ZD3. Carefully follow
the accompanying component overlay
making sure the diodes are all inserted
the correct way around. Next, mount
the transistors, again referring to the
overlay, checking to see they are
inserted correctly before soldering.

Finally, mount the light emitting
diodes. These too may only be inserted
one way. Check with the component
overlay and connection diagrams. Make
sure they are in the correct sequence.
On the component overlay, LED 1 is
the red LED, located at the left. The
yellow LED is on the right, marked with
a'2’. The green LED, marked ‘3’ is
between them.

The circuit could be tested at this
stage if you have a variable power
supply, or access to one. Simply vary
the voltage across the range between 11
and 16 volts and note whether the LEDs
light up in the correct sequence and
close to the voltages indicated.

and the assembly should be
mechanically secure.

Connection

The indicator may be installed in
vehicles having positive or negative
ground electrical systems.

The component overlay shows the
connection for a negative ground
vehicle. The ‘battery+ve’ lead goes to the
ignition switch — the indicator only
operates when the vehicle is being used
— the battery negative lead should be
taken to a good ‘ground’ point on the
vehicle frame.

For a positive or negative ground vehicle
the lead marked ‘battery —ve’ goes to the
ignition switch connection, while the
‘battery +ve’ lead goes to the vehicle
frame. ®

’

PARTS LIST
RESISTORS all %W 5%
R < mie = 340 470R
R2 4 omr.| v 100R
R3, R5. 10k
R4) ma niamrs 680R
SEMICONDUCTORS
DS e wd o 1N914
ZD1,2ZD2 . . 6V8 400 mW zener
ZD3. 5 a% w . 11V 400 mW zener
Q1,Q2. ... 2N3904 or
common silicon
NPN type
MISCELLANEOUS
pcb

HOW IT WORKS
This circuit depends for its operation
upon. the different voltage drops across
different colour LEDs.

At 20 mA the voltage drops across
red, yellow and green LEDs are typi-
cally 1.7, 3.0 and 2.3 volts respectively.
When the vehicle battery voltage is too
low to cause either ZD1/ZD2 or ZD3 to
conduct, Q1 and Q2 are held off by R3
and RS. Under these conditions the
yellow LED is forward biased and con-
ducts via D1 producing a potential of
about 3.7 volts at point A (see circuit
diagram). When the supply rises above
about 11.6° volts ZD3 conducts, biasing
Q2 on. By virtue of its lower voltage
requirements the green LED conducts,
reducing the voltage at point A to
approximately 2.6 volts. This is not
enoygh to bias DI/LED3 on, so the
yellow LED goes off. The green LED
‘steals’ the bias from the yellow LED.
When the supply rises above about 14.2
volts, Q1 is biased on and the red LED
‘steals’ the bias from the green. The
potential at point A falls to two volts
and only the red LED conducts.

R1 limits the current through the
LEDs. R2 and R4 limit the base currents
into Q1 and Q2.

The printed circuit board pattern

The circuit diagram and component overlay
(below). During construction, make sure
ail of the diodes and LEDs are the right
As vehicles vary so much in dash panel way round.

layout, we can only make general TO BATTERY +Ve

suggestions. ON IGNITION SWITCH " R& " 3p "
Clearly, the indicator should be — oI5 ~a23 3
=]

ﬁk)
mounted such that the three LEDs °

in di i 3 LED ’ a
are not in direct sunlight. A low part B 3 s
of the dash, but make sure it’s readily N @ @ ®k

Mounting

[~ c &
visible from your normal driving 2 Q2 = eti
position, will pretty well ensure the TO BATTERY —Ve__ 4 . 2 010b Ob% ) g
display may be easily read during the . Y
daytime. Alternatively, if you have an
‘overhung’ dash, or a portion which TO BATTERY +Ve
overhangs (usually where the ON IGNITION O—%
instruments are mounted anyway), then SRIRCH
a suitable position will generally suggest R2 R1 R4
itself. ? g = 100R 470R 680R

Exact mechanical details will have to
be determined according to your
particular situation. Two holes are é\% A P A P s
provided in the pc board fﬁr Imountint;gI G:_m {EDZ eha
bolts. Alternatively, the whole assembly
may be mounted from the LEDs. Three é\% K cRED K YELLOWé GREEN
LED holders inserted through part of a
the dash panel, or an escutcheon plate 2;3904 N0204
mounted on the dash, will hold the 2N39
LEDs quite securely. Providing the leads E E
on the LEDs are fairly short, the pc R3 D1 R5
board will place little strain on them 10k 1N914 10k

TO BATTERY —Ve
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Cable Tester

SHORT

OPEN oK
5

3 =
N A A

Quickly test audio cables with this ingenious project.

ALMOST ALL THE faults in an audio
system are caused by cables. Have you
ever tried to find which cable is broken
among the many connections in a stage
audio system, especially with anxious
people looking over your shoulder?

The answer is to check each cable
before the performance, a rather tedious
business.

This Cable Tester checks each wire in
turn for both open circuits and short
circuits to ground Each cable can then
be thoroughly tested before use and
hopefully faults can be found before
they cause problems.

The circuit makes cunning use of a
7474 dual D flip flop to light one of
three LED’s after the test switch is
pushed, indicating short, open, or OK.

Construction

The unit is mounted on a standard
plastic box measuring 196 x 113 x 60
mm. If it is to be used on-stage, then
use the strongest box you can find,
such as diecast aluminum.

Wiring the switch is the only difficult
part of the construction. Note that
some of the switch contacts are linked
together as shown in table 1.

The sockets we have chosen for the
prototype are the most common type,
however there is no reason why others
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can’t be subsitituted. The jack plugs,
J1, 2 and the RCA sockets SK1, 2
must be insulated from the metal front

panel, or the ground connections will be

permanently connected together

To understand the operation of the cable
tester refer to the simplified diagram and
the truth table in fig. 1.

IC1 is a 7474 dual D flip-flop with its
‘clock (CLK) and D inputs held at OV.

First lets assume an open circuit cable.
ZD1 conducts, as it has 12 V across it, and
turns on Q2, which holds the preset (PR)
input on IC1/1 low. The PR input of IC1/2
remains high because ZD2 is not biased.
When the test switch is pressed, putting a
0 on the CLR input, the outputs of IC1/1
become: Q, high; Q low. When the test
switch is released, leaving both the CLR
inputs high, the following outputs are
obtained: IC1/1 - Q, high; Q, low; IC1/2
- Q, low; Q, high. Since the output of Q,
IC1/1 is low, Q3 is turned off. Therefore
LED1 is on, LED2 is off, and LED3 is off.

condition. The 12 V rail is shorted to
ground through D1 (exit one diode).Q2 is
turned off leaving the PR input of IC1/1
high. The PR input of IC1/2 is held low.
When the test button is pressed the outputs
of IC1/1 go: Q, low; Q, high. When the

Now let’s look at the ‘short to ground’

through the panel. RCA sockets are
available with insulating mountings,
while insulating washers can be made
from plastic sheet for mounting the jack
sockets.

HOW IT WORKS .

button is released, placing a high on the
CLR inputs, these outputs remain the
same. The outputs of IC1/2 are: Q, high;
Q, low. Therefore LED1 is off, LED2 is
off because the base of Q3 is held low by
IC1/2, and LED3 is on, indicating a short.

Finally, if the cable is OK, the voltage
across ZD1 is held at 3.3 V by ZD2. Q2
is off because ZD1 (6.8 V) is not conduct-
ing. The PR input of IC1/1 is left high
and the PR input of IC1/2 is also high.
When the test button is released the out-
puts of IC1/1 go: Q, low; Q, high. The
outputs of IC1/1 go: Q, low; Q, high,
when the button is pushed and remain the
same when it is released. Both the Q out-
puts are low so LEDs 1 and 3 are off and
the Q outputs are high so Q3 is conducting
and LED?2 is on.

The only difference between this
circuit and the final circuit is that D1 in
the simple circuit has been replaced with
a FET constant current source, Q1. SW1
selects the wires to be tested and a power
supply has been included.
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P12/5VA

Q3
2N3904 LED1

G OK

sK1 e
=
4
v «
nA i D6
. ¥ ! 1NG14
! o, n B
! IC1b R LED3
[ a7R J, SRORT
1 | 12 10 9 AV 1
—0 ! r *
r . 4 £ Ict 1S 7474 ot
PIN 14 1S +Ve
Sk2 SWicy PIN 7 1S OV ,
! SK4 I LED'S +
° I ov ===
|
o ¥ l
. m —i—
2 ! DIODES
J ZENERS
3 F — (3—
L
swid ]
. =203 S 8
s @ @
J2
- \ oV 2N5484 2N3904
u N BOTTOM
VIEWS
Fig. 2. Final circuit of the Tester.
. PARTS LIST
RESISTORS all %W, 5% 2D Wl e 6V8 400 mw zener
R1 £l et 100R ZD 2wt A ek 5V1 400 mw zener
R2 gms il g ibd #1a 220R ZB8.mra Fpyga s 3V3 400 mw zener
R3Ws 174 5% o ok 10k LED1-LED3. . . . Red LEDs
R4 v =; #= Uk s 150R
B5 4% penid pw 47R SOCKETS
FE S TR B 47R SK1,8K2 .. ... RCA Socket
SK3,8K4 . .. .. 2 pin DIN socket
SK5,SK6 ... .. 5 pin DIN socket
CRUNCITORS o0 26VW N2 . - Stereo jack socket
C2......... 2201 25VW MISCELLANEOUS
SV s el b 4 pole 6 pos
SEMICONDUCTORS switch
ICH & s - @ g = U'U=ga 1o s 10 ¢ 120V to 12V.5A
QO] 5 e b e ¥ - 2N5484 FET PBilki e - B ol = miniature momentary
Q283 s - - e 2N 3904 or equivalent contact pushbutton
D1-D4 . .. ... 1N4001 or equivalent Box to suit {195 x 110 x 60 mm);
D5-D6 . . .. .IN914 or equivalent Power cord, plug, etc.
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CABLE TESTER

Fig. 4. Printed circuit board pattern (full size).

»V 5V
] »
| ,
LEDI
1ce
05
[} [ VA
PR b
'__J Le02 “
4
3 TEST Re 2
[

__| o}
LEDD

SHORT
TO GROUND
ov s
06 ov
PR 9
ov

Fig. 1. Simplified diagram of the Cable Tester. \J

TRUTH TABLE

INPUTS OUTPUTS Fig. 3. Component overlay and front panel connections.
PR CLR CLK D a @
L H X X H L
H L X X L o
L L X X ] H N SEE FIG 1 FOR DETAILED
H H 1 H H L DRAWING OF Sw1
H H 1 L L H
H H L x| a0 Qo

LED2

FOR CONNECTIONS OF
LETTERED WIRES TO
SW1SEE TABLE 1

SW1 WIRING
K 03
L D2
M o1
% N DS
W THE LETTER AND NUMBERS P "
A IN ITALICS REPRESENT THE £ o4
B SIDE OF THE WAFER 3 oy
s A2
T A1
u A3
v AB
w A4
B x A6
v AW
z BwW
z1 cow
b INTERNAL
CONNECTIONS
A1-C2
A2-C1
A5-B1-B2-B3-84
BW-CW
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Function
Generator

A wide range (1Hz — 100kHz) sine/triangle
and square wave generator with built-in ana-

logue frequency meter.

The main characteristic of a function
generator is that it produces a basic
fixed-amplitude waveform other than
a sine wave, from which a fixed-
amplitude sine wave is then syn-
thesized. The main advantage of
this technigue is that the resulting
output waveforms of the generator
are immune to amplitude ‘bounce’
when they are swept through
their  frequency ranges, thus
enabling amplifier of filter gain/
frequency tests, etc. to be carried out
very rapidly. The only disadvantage of
the technique is that the resulting sine
wave has an inherently higher degree
of distortion than is obtainable from
good ‘Wien bridge’ and similar
‘tuned’ oscillator circuits.

The ETI function generator pro-
duces three output waveforms (sine,
triangle and square) and covers the
frequency range 1 Hz to 100 kHz in
five decade ranges. The sine wave
output typically produces a THD (total
harmonic distortion) value of only
0.5%, has a maximum amplitude of 2
volts rms, and is ideal for general
purpose testing. The triangle output
has a typical linearity of 1%, a maxi-
mum peak-to-peak amplitude of 5V6
and is ideal for cross-over distortion
testing of class-AB amplifiers, etc. The
square wave output is positive-going,
has a maximum peak amplitude of 8
volts, has typical rise and fall times of
less than 200 nS and is ideal for
testing digital circuits. All ouput
waveforms of the generator are DC
coupled, with the sine and triangle
waveforms swinging symmetrically
about the zero volts line.

Our function generator incorpo-
rates a number of additional, very
attractive features. It has a built-in
analogue frequency meter, for ease of
calibration. 1t has two output ter-

Funcrion
GENERATOR

minals, each with its own attenuator
network. A sine or triangle waveform
is available from one output and a
square wave is available from the
other. The square wave output is
available at all times, is synchronous
with the sine/triangle waveform and
can thus be wused to provide
synchronisation signals to an
oscilloscope timebase during sine
wave testing, etc. The unit is battery
powered, for maximum user con-
venience.

A fine unusual feature is that the
frequency ranges are alternately
contra-connected, so that to increase
frequency you turn the ‘fine’ control
clockwise on one range, anticlockwise
on the next range and clockwise on
the next range, etc. This facility en-
ables the frequency to be swept
through several decades very rapidly
when testing the frequency response
of amplifiers and filters, etc. As we
said in the introduction, this is a really
nice piece of test gear.

Construction

Most of the circuit is built up on a
single large PCB. At this stage access
to a distortion meter is desirable,
so that RV3 and RV4 can be trim-
med for minimum distortion. With
care, a THD figure of 0.5% can be
obtained.

ETI PROJECTS BOOK No. 2 — JANUARY 1981

Calibration

Calibration of the unit is fairly tricky
and requires access to an oscilloscope
and some kind of frequency reference

(you can use the 'scope timebase as a

reference if it is known to be reason-

ably accurate). The calibration proc-
edure is as follows:

(1). Set the unit to the SINE mode. Set
the attenuator controls for maxi-
mum output. Set the frequency
controls for approximately 1 kHz on
the 1-10 kHz range. Set all pre-set
pots at mid value. Switch the unit
on, and use a ‘scope to check that

. some kind of wavetorm is available
(the waveform may be pretty awful
at this stage). Check that the
frequency is variable via RV6.

(2). Reset RV6 for a 1 kHz output and
adjust RV1 for a pk-pk amplitude of
about 5V6. Adjust RV4 for a "pas-
sable’ sine wave, and then readjust
RV1 for 5V6. Now alternately ad-
just RvV4 for MINIMUM DISTOR-
TION and RV3 for best SYMME-
TRY, occasionally readjusting RV1
for 5V6 pk-pk until a good sine
wave is produced. Adjust RV5 for
zero offset (so that the output
waveform swings symmetrically
about the zero volts level) and
retrim RV3 and R\V4 for a good sine
wave.
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FUNCTION GENERATOR

—

Rear view of the front panel controls.

Fig. 2. This simple twin-T filter can be used to set the generator for minimum distortion.

R1 R2
15k 15k

c1
10n
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— AN \AA———— AA——

Cc2
10n

R3
6k8

-L c3

20n
R4
1k0
| SET NULL

OUTPUT

”J"ov

In the absence of a distortion
meter, the simple twin-T 1 kHz
filter of Fig. 2 can be used in con-
junction with the oscilloscope
or with a millivoltmeter to set
the generator for minimum dist-
ortion at 1 kHz. The procedure
is to apply the sine wave output of

the generator to the input of the

filter at about 1 volt rms at
approximately 1 kHz and take the
output of the filter to the input of
the ‘scope or millivoltmeter. Next,
adjust the generator frequency and
R4 of the filter to give minimum
output indication and, finally, ad-
just RV3 and RV4 of the generator
to reduce the output indication of
the filter to the minimum possible
value. At final balance, the output
of the filter corresponds to

approximately 0.1% thd per mV

rms of indicated reading, ie if the

indicator shows a reading of 5 mV

rms, the thd of the generator

approximates 0.5%. Now retrim

OFFSET control RV5.. The sine

wave calibration procedure is then

complete.
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(3). Set the unit to TRIANGLE mode.
Monitor the waveform on the
‘scope and adjust RV2 for a pk-pk
amplitude of 5V6.

(4). Check that the unit is functional
on all ranges, in all waveform
modes.

(5). Switch the unit to its top
frequency range, set the output
frequency to 100 kHz and adjust
RV7 for full scale deflection. |f
necessary, slightly reduce the value
of C3 so that 100 kHz can be
obtained.

(6). Repeat the frequency calibration
procedure on all ranges, using the
appropriate pre-set (RV8 to RV 1.1),
noting that a very ‘Jerky’' reading
will be obtained on the lowest (1 Hz
to 10 Hz) range. The calibration

RESISTORS ALL %W, 5%

R1,2,14 10k
R3,17 1k0
R4,5,10 2k2
R6,7.9 22k
R8 470R
R11,18 100R
R12,13,

15 & 16 47R
R19 1R

POTENTIOMETERS

RV1,2 47k cermet multiturn
(3/4”)

RV3 22k cermet multiturn
(3/4”)

RV4 470R cerment multi-
turn (3/4")

RV5 4k7 cermet multiturn
(3/4”)

RV6 100k lin dual gang

RV7-10 10k

RV11 100k cermet multi-
turn (3/4”)

RV12,13 1k0 lin

CAPACITORS

C1,2 100u 25V electrolytic

co 150p polystyrene

c3 820p polystyrene

C4,.13 10n polyester

C5,10,14,11 100n polyester

C6,15 1u0 polycarbonate

c7.8 10u 25V electrolytic

C12 1n0 polystyrene

SEMICONDUCTORS

IC1 XR2206CP

IC2 NE555

Q1,3 2N5209

Q24 2N5086

D1-3 1N4148

ZD1 5V6 ZENER

MISCELLANEOUS

SWi1 DPDT toggle

SW2 4 pole 5 way wafer

switch assembly and 2
PCB wafers (2 pole 6

way)

SW3 DPDT toggle

Sw4 1 pole 3 way rotary
switch

2 BNC connectors, 2 9V batteries,
case to suit, PCB.

procedure is then complete, and
the unit is ready for use.
A final point to note is that we usea

10-turn cermets for all pre-sets on our

prototype unit. A slight touch of
luxury, this. You can get away with
ordinary presets, if you prefer, but in
this case you’ll have to make slight
modifications to the PCB.

Actual construction on the PCB is
fairly straightforward, but take extra
care to observe the polarities of all
electrolytics and all semiconductor
devices. When construction is com-
plete, fit the board into a suitable case

and complete the interwiring to the

remaining switches, pots and to the
moving coil meter. The unit is then
ready for testing and calibration.
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HOW IT WORKS se—

There is not an enormous amount we can
- 4 ‘ say here, since most of the work of the
. circuit is carried out inside IC1, which is
@ - ~ a special function generator chip that
n

produces a square wave output from pin
11 and a sine or triangle wave from pin 2.
The purity of the sine wave can be trim-
med via RV3 and RV4 and the maximum
amplitude can be preset via RV1. The
maximum triangle amplitude can be pre-
set via RV2 and both waveforms can be
offset via RVS. The sine/triangle wave-
I forms are made available to the outside

world via buffer amplifier Q3-Q4 and the
associated attenuator network. The square
wave is made available, in positive-going
form onmly, via the Q1-Q2 buffer and
RVI12.

The operating frequency of the gen-
erator is variable via timing capacitors C3
to C7 and via resistor network R2-RV6.
The frequency is monitored on a simple
analogue frequency meter that is designed
around 555 timer IC2, which is triggered
via the square wave output of the Q1-Q2
buffer amplifier.

The entire circuit is powered from two
9 volt batteries, and the circuit consumes a
typical total current of about 30 mA.

The printed circuit board is mounted at right-angles to the front panel.

The component siting on the PCB

9V = 3 3 % ‘; g s % E| g g §
(7 - : :
L
L
£ A5, =
RV12 r .'- o o b
RV13 - — g R H e z k
3 0| +Ve
g g E 0} VWYY [~ | 8 ! cl | &
c P ; e Q Q O, [5)
9V c? 22 - " nl\vﬂ:-‘ e
RVA T & c1s e
a*h . = = &1
o= L ; : 2 3 §
e AW T el o
SW4a =¥ . 4
RV12
8 0
SW1
SPECIFICATIONS .
Frequency range 1 Hz to 100 kHz in 5 decade ranges.
Output waveforms:
Sine: distortion (typical) 0.5% at 1 kHz.
Triangle: linearity (typical) 1% at 1 kHz.
Square: rise/fall times (typical) less than 2(30 nS.
Waveform stability (typical) .002% per C. =
.01%/V supply sensitivity.
Maximum output levels (with 9-0-9 V supply). Sine = 2V rms.
Triangle = 5V6 pk-pk.
Square = 8 V peak.
Supply Two 9 V batteries.
Total current consumption 30 mA typical.
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COMMONC 5 ¢
] ] L 1 NOTES:
! 1IC1 Is XR2206CP
Loooooo‘ooooo?] 1C2 Is NES55
D1, D3 are 1N4148
sw2 l g 1 | 2 —l Ql, Q3 are 2N5209
Q2, Q4 are 2N5086
s st eesetoeeeeel] S e SR
[ l l 1 l 1 1 l 1=10kHz-100kHz
COMMONA 6 6 4 3 2 1 6 8 4 3 2 1 2=10Hz-1kHz
3=100H2z-1kHz
. . .. cowMonp 4=100Hz-10kHz
Fig. 3. Range switch wifer pin-out 5=1Hz-10Hz
Fig. 4. Circuit diagram
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2 le - He’s

1 “ back
on the
job

¢ He survived heart attack because
coronary care units, new drugs and
modern methods of rehabilitation
are helping doctors restore more
cardiacs to productive life.

Your Heart Fund dollars helped
produce the advances that helped
put him back on the job.

Beat the Big One...
Heart Attack

. L o Give Heart Fund
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Rain Alar

Don’t get washed away with this useful gadget.

THERE ARE MANY TIMES when you
want to know whether (?) it's raining
outside, without having to sit looking
outside the window for hours on end.
It may be the plants you're trying to
shelter, or perhaps the washing that's
supposed to be drying, but whatever
the purpose this unit will alert you as
soon as it gets wet.

It may Rain

It's here that the good guys of the
ETI project team come to the rescue
with their Rain Alarm. This little
fellow might well upstage any canine
companion as a housewife’s best
friend, at least on washday, by giving
a warning at the first sign of rain,
giving plenty of time to get the
washing in before it gets too wet.

The rain alarm should be placed
out in the open and a length of two
conductor wire run between it and an
eight ohm speaker. We used an old
intercom sub-station to provide a

home for our speaker but a car
extension speaker or indeed any
suitably boxed eight ohm device
would be fine.

Any rain falling on the sensor
track, formed as part of the PCB, will
set off the alarm and produce a
distinctive, intermittent bleep-bleep.

Construction

Construction is straightforward if
the PCB layout shown is used and in
the case of this project we would
recommend that the PCB is used, as
this adds to the attractiveness of the
project.

Assemble the components
according to the overlay, ensuring
that the tantalum capacitor is
connected the right way round. If
you do not use a socket for IC1,
solder pins seven and fourteen before
the others (this allows the device's
internal protection circuitry to
function).

s
THE rain alarm is formed by two gated
CMOS oscillators and an audio output stage.

The basic CMOS oscillator is shown in Fig.

2. Upon switch on, with C discharged, the
output of inverter B will be low, the input to

A low and its output high. Capacitor C will
now commence to charge towards supply,
the voltage level at A’s output, via resistor R

V1 D‘ -I_ Vog
R
]T:

Fig. 2. Basic oscillator circiut

We can consider a CMOS gate to be a
comparator that will changé output state
when the level of voltage at its input reaches
a specified value, the transfer voltage (Vtr),

when the voltage on the input of A will pass
high.

At this point the charge on C corresponds
supply.

As the inverters A and B change states the
end of C that was held at 0 volts is now at

usually about half supply. Thus as the vol-
tage on C increases due to the charge current
being supplied by R there will come a point

its transfer voltage and the output of B to go

to a voltage level of approximately half

HOW IT WORKS

In our prototype we used a value
of 4M7 for R1 which acts as a
sensitivity adjustment. This value
leads to a ‘hair trigger’ alarm and the
value could well be reduced
according to the level f sensitivity
required.

When construction is complete
and the alarm has been tested the
area of the PCB that holds the
components should be covered with
some suitable non-conducting
potting compound — epoxy resin
should do — to render it waterproof.
Power to Your

Power consumption of the unit is
so low when the alarm is not
triggered that it was not thought
necessary to provide an on/off
switch.

While this unit is not as effective
as a device to control the weather —
still working on that one — it should
at least prevent some of those
washday blues. °

supply and the end of C that was connected

to supply via R is now returned to 0 volts via

the same resistor.

These changes together with the charge
stored on C mean that the potential across C
is now supply plus the transfer voltage of
gate A. This is shown in Fig. 3.

VAVIA e = e N _______________
SUPPLY {V)

TRANSEER & m e e am e i = o e
VOLTAGE (VTR)

ov/

Fig. 3 Waveforms

Capacitor C will now discharge via R until
once again the transfer voltage of A is
reached whereupon the outputs of the in-
verters will assume their original states.

The conditions are not quite the same as at

switch on because, as can be seen in Fig. 3,
the Potential across C is now a negative
value equal to A’s transfer voltage.

The final circuit diagram (Fig. 1) of the
Rain Alarm shows that the inverters are in
fact formed from the four NAND gates of a
4011 package. In each oscillator, while one
gate is configured as a straightforward in-
verter, the other has one input that can act as
a control input, oscillator action being in-
hibited if this input is held low.

From this point C charges via R again to
repeat the cycle.

The output is shown in Fig. 3 where
t, =t, =1.1 RC (the time taken for C to
charge (discharge) via R to two-thirds of the
maximum value of voltage across it).

In practice, due to the protection networks
associated with modern CMOS devices, it ‘is
necessary to include a resistor in series with
the input of A in order to ensure that the
voltages across C are allowed to reach the
values shown in Fig 3.

The first oscillator (IC1la and IC1b) has this
input tied low via a high value resistor (R1)
that acts as a sensitivity control. Thus this
oscillator will be disabled until the control
input is taken high. Any moisture bridging
the sensor track will so enable the output
which is a square wave at about 10 Hz. This in
turn will gate on and off the 500 Hz oscillator
formed by IClc and IC1d.

This latter oscillator drives the loud-
speaker vid R6, the Darlington pair formed
by Q1 and-Q2 and resistor R7.
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9V
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pr—m————— PARTS LIST

RESISTORS (all %W 5%)

R1 See text
R2 100k

R3 47k

R4 820k

RS 390k

R6 33k

R7 10R

MISCELLANEOUS

CAPACITORS

cl 1u0 16 V tantalum
c2 1n0 polyester

SEMICONDUCTORS

IC1 4011
Q1 2N3904
Q2  2N2222A

PCB as pattern, 3.5mm jack socket, 8 ohm

speaker, battery.

NOTE:

IC11S 4011
Q118 2N3904
Q218 2N2222A

*SEE TEXT

Fig. 1. Circuit diagram of Rain Alarm

O
3

TO
SENSOR
TRACK

Fig. 4. Overlay of the
section of the Rain
Alarm PCB that holds
the components.




Egg Timer

Jonathan Scott is generally otherwise accupied while

his breakfast eggs are on the boil — or so he tells us.
“Having to get up in the morning is tedious enough with-
out having to keep your eyes peeled for when the egg
timer runs out”’, he says. An interesting argument, and

an interesting solution. . .

OKAY, so you’ve got an egg timer.
Odds on it’s nothing like this one!

Conventional egg timers — the colou-
red-granules-in-a-three-minute-hour-glass
variety — do their job efficiently,
but silently. You have to watch them to
see when your egg is ready. Either you
stand and stare at it for the duration or
you need sharp wits to instinctively
‘know’ when the time’s up. Lack of
audible indication on conventional egg
timers is a consequence of inadequate
design. Lack of sharp wits in the morn-
ing is a consequence of soft living.

This project tackles the first problem,
the second is up to you!

Features

Conventional egg timers (even electronic
ones we've seen) lack the option of
‘hard’ or ‘soft’ timing. Even if the elec-
tronic ones have an audible indication,
they have the disadvantage of including
an on/off switch.

This egg timer project includes the
hard/soft option, does not include an
on/off switch and ‘bleats’ when your
egg is ready. We could have had it go
‘cluck, cluck’ or even ‘cock-a-doodle-
doo’, but considered this a little too
corny, and besides, it complicated the
project unnecessarily!

Operation is very simple, First, you
pick it up and shake it — the device lets
you know with a soft bleep when it’s
been shaken enough. You then put it
down on one end. Which end depends
on whether you want a long time period
(for a hard egg) or a shorter period (for
— you guessed it — a runny one). After
the appropriate period has elapsed the
timer will issue a one second-long
bleat and turn itself off until shaken
awake again.

Has it got a microprocessor inside?
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The egg timer is'‘set’
by giving it a few
good shakes and setting
it down on one end.
The ends are labelled
‘hard’ and ‘soft’ —
according to how you
like your egg, you set
it down on either one
end or the other . An
on/off switch is uneces-
sary,

No, it’s all done with one CMOS
IC, a couple of transistors and a dollar’s
worth of mercury switch.

Construction

The project is best constructed on the
printed circuit board designed for it.
Be sure to get the IC, transistor and
diodes correctly oriented when insert-
ing the components in the board. Take
care also with the electrolytic capacitors

Carefully follow the overlay diagram
and you should experience little diffic-
ulty.

The choice of a housing for the pro-
ject depends a little on your kitchen
decor — select a container that’s large
enough to enclose the pc board and
battery though. We've used a plastic
jar and a salt shaker as examples.

However, that plastic ornamental
emu’s egg that Aunt Aggie gave you
for Easter may do just as well — assum-
ing it will stand securely on either end
(. . . maybe that’s not such a good idea
after all).
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The buzzer may be mounted either
onto the outside of the container or on
the inside. The latter will result in a loss
of volume though. A few holes in the
case will allow the buzzer to be heard
better if you wish to mount it inside.

The whole assembly should be packed
in the container chosen using sponge
rubber. scraps — it has to stand a lot of
shake, rattle and roll.

When you do this, make sure that the
metal case of the battery does not come
in contact with the copper side of the
pc board.

Adjustments

If you like your eggs super hard — or
perhaps extremely runny, or even some-
where between these extremes, the time
periods may be changed by altering the
value of R2 or R3 — one will alter the
softness of the ‘hard’ egg, the other the
density of the ‘soft’ egg. See ‘How it
Works’ for an eggsplanation of the
circuit operation (these puns will have
to stop . . . Ed.).
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(Left) The pcb and the battery should be
protected against the shaking which this
project is bound to receive. We suggest
stuffing the case well with something soft.

(Below) One CMOS IC, two transistors and a
handful of components make up this timer,
No on/off switch is necessary,

Bottom Left) Printed circuit board overlay.
OverLAY?). Take care with the orientation
of the diodes and electrolytic capacitors.

(Bottom Right) The ETl egg timer foil
pattern,

Swi1
MERCURY
SWITCH c2
8 1C1 1S 4049
T»—?-Do—T—{ PIN 11S +Ve
PIN 8 IS OV
1C1a
H o D1-D6 ARE 1N914 I
==10n BZ1
T 16V BUZZER
cé
R lev
ak7
t—TL_ = A
+
1 B1
i R11
P 4
T Vv R1 R8 K7 c? Qz
BATT 2M2 100k ar MPS6515
216 R12 ¢
a7 6V h >
R? A
22k
W a 06
! MPS6515
2y + <+ e
47u c5
16V a7u R13
TANT 16V 470k
TANT
9V
BATTERY

SWITCH
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EGG TIMER I

p———= HOW IT WORKS w———
The timing period is initiated by shaking
the egg timer. Initially, C3, C4 and C5
are discharged and both transistors are
biased off. 1C1a is a buffer whose output
is high when SW1 is open and low when it
is closed. Shaking the timer will therefore
cause an alternating voltage to appear on
the output of IC1a. C2, C3, D1 and D2
form a rectifying network which charges
C3 using this output of IC1a. Once C3 has
charged past the threshold voltage of IC1c
(indicating that the timer has been shaken),
two things will happen: Firstly, C6/R6
wiil pass current to turn-on Q2 and thus
the buzzer, to indicate that it has been
shaken enough. Secondly, C4 and C5 start
charging via D5 and R4. When C4 and C5
have charged to the threshold voltage of
the Schmidt trigger formed by IC1f and
Q1, Q1 will turn on and terminate the
bleep.
Meanwhile, C3 will have discharged
through R5 ({assuming you're not still
shaking the thing) and IC1c and IC1d
will have reverted to their original state.
C4 and C5 will then discharge via
either R2/D3 or R3/D4, depending on
whether SW1 is closed or open. This is the
really clever part. SW1 is now only used
to start the timing period but, depending
on which end of the device is uppermost
during that timing period SW1 will either
be open or closed and either R2 or R3 will
determine the length 6f the period.
When C4/C5 have discharged sufficient-
ly, Q1 will switch off, charging C6 via the
base of’Q2, causing the final one-second
beep.
Not bad for one CMOS IC, eh?

pemm—— PARTS LIST

Rasistors all %AW 5%

R e %= 78 2M2

R erlsa sld o B 4M7

R3Fa == ad_uw 1M8

Rimagenn o™l = 1k

RS g, .alaials s 1MS

R6 Tas . . «ikle & 4k7

[Al7/0= AR, i 22k

R8 %% & .= & 100k

RO . o.+ rg=s 10k

RO - . Pl & 1k8

R11,R12 . 4k7

R13. .. ... .. 470k
Capacitors

(S S 10u 16V electro

C2 s wim m i anl 220n

(CZ i | 1u 16V electro

oa. . ....... 47u 16V tant

CHV S v o NinE 47u 16V tant

C6. . ps = - =H1s 10u 16V electro

S = »ib & AN 47u 16V electro
Semiconductors

D1-D6 ....... IN914 or sim

Q1,Q2...... MPS6515

IS5 oA 7 4049
Miscellaneous

Bt e N ax' o ol 9 volt,

battery
B2, 0 »emtemt | piezo electric buzzer
SWilteer: o= gas ! Mercury switch

Suitable container, battery clip, packing
material, pcb.
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FINGERS TO DONUTS

KIT 650

Photo-Etch Kit for
Printed Circuits with
Negative Acting Resist

KIT 650 is a complete kit using s
phdtographic method to produce
professional quality printed circuits.
No dark room is necessary. Con-
tains 2 photo-sensitized 3 x 4" phe-
nolic boards, a photographic ‘test
negative & an ultraviolet light source.
Materiais are included to make
negatives of magazine layouts. Aiso
contains exposure glass, clamps,
developer, etchant, trays, resist re-
mover, drill and complete instruc-
tions. Ideal for solid-state and inte-
grated circuits. Packed in a display
box. Weight 3 ibs.

-t o o
7 omnitronix Itd. &3

~:| Dorval, Quebec.

il HOP 2N4

(514) 683-6993
Telex: 05-822692

2056 Trans Canada Hwy. Unit 7, 6295 Shawson Dr.

Mississauga, Ontarlo.
L5T 1H4

(416) 678-7170
Telex: 06-968653
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[T TAKESA
STRONG WILL

TO BEAT

the funds are weak.
All bequests received by the
Canadian Cancer Society are used to

support cancer research, unless other-

That’s where you come in. Please in-

wise stipulated in the will.
sert one simple sentence in your

Imagine for'a moment a world

where cancer is as obsolete as
the dinosaur. It can happen. The
research is willing but unfortunately

will: “I give to the Canadian Cancer

Society the sum of
dollars?

Our hope is to free the world

from cancer. And where there’s a will,

there’s a way.

Canadian Cancer Society
CAN CANCER BE BEATEN? YOU BET YOUR LIFE IT CAN?



Patch Detector

For $50 worth of filler, an auto’s
value can go up considerably.
This gadget will help you find a

car’s true value!

THERE IT STANDS: gleaming. On
the surface, a secondhand car in really
good nick but think! Modern mater-
ials, especially resin body filler and a
quick paint job with the spray gun
can make a rusty heap look like a new
car.

QOur Patch Detector will quickly
find areas of the body-work which
have been filled — or even patched
with aluminum.

Only a handful of components are
used. The key to the operation is the
transistor output transformer; we used
several types and they all waorked
without any difficulty.

It is necessary to modify the trans-
former. First remove the shroud over
the laminations. Then, using a pair of
fine-nosed pliers carefully remove the
laminations, These are held together
by wax: the first lamination may be
tricky to remove but thereafter you
won’t have any difficulty. The lamin-

ations in the AT49 (and the others
we tried) are E shaped with a bar
enclosing the exposed end, they are
layed alternately.

When all the laminations have been
removed reassemble them all the same
way round to form an E. Fit this back
into the transformer and replace the
shroud.

We used a small plastic
hand - held box and built a small
PCB to hold the components. The
transformer can’t fit directly onto the
PCB so two thick wires are soldered
to the shroud, these in turn are
soldered to the PCB, this effectively
stands the transformer away from the
board.

A hole is necessary in one
end of the plastic box to take the
transformer’s face; the open ends of
the E should face out.

The circuit is simple and will only

T1 ATA9

d

Qi 2N2222

Fig. 1. Circuit diagram of the detector.
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switch will just complicate matters
Instead the switch section of the ear-
phone socket is bent so that it
switches on when the earphone is
inserted.

An Eveready 216 will fit nicely
across the end of the box if one
of the plastic buttresses on the pillar
and two pips inside the same area are
cut away.

The circuit is really a simple metal
locator. In free air an audio tone is
heard but when run along the body of
a-car the note is lower. ‘When filler is
encountered the note rises: even
alumin.um causes note change. There
is no danger of the unit scratching the
paintwork as the only thing to touch
the bodywork is the soft plastic of the
transformer’s former.

A change in note can be detected
when sheet steel is about 10mm
(3/8in) from the laminations. Greater

be used with an earphone so an on-off sensitivity “is  not an advantage
incidentally.
v TO EARPHONE SOCKET
P S
+WE— ——1o
FROM BATTERY
——
T
Earphone
| Socket I MODIFIED
ov AT49
SOLOERED
~NE—————— TO PINS ON BOARD
{FOR SUPPORT)
Fig. 2. Component overlay
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PATCH DETECTOR

HOW IT WORKS
The circuit is a Hartley oscillator using I

an AT49 as the inductor. The primary
of Tl is tuned bv Cl and feedback is
provided by C2. The secondary of T1
connects via the socket/switch to the
earphone.

Due to the modification of the trans-
former, when metal is brought near to
the open end of the E laminations this
alters the inductance of the primary and
consequently the frequency of the note
produced.

Cl, C2 and R1 all affect the note
produced and as long as R1 is not
reduced below 33k, these may be
modified to give the desired frequency.
Current drain from the battery will be
between S and 10mA.

PARTS LIST se—

Ql Transistor 2N2222 etc

R1 Resistor 47k Yaw

C1 Capacitor O.llfF disc ceramic etc
Cc2 4 0.018 ”

cs3 ' 100UF 12V electroiytic
Tl  Armaco AT 49 (Electrosonic)

Earphone: 8\ type, 3.5mm Jack plug
Earphone socket, 3.5mm
PCB to design shown
1l plastic box
Battery

Fig. 3. PCB foil pattern — full size.

IFLYINGBOMB
8L-006 P
9 VOLTS
FOR
TRANSISTOR
RADIOS

Internal view of our Patch Detector. Note

how the transformer fits through a hole
cut in the short end of the case.

Negative From T1
to Board

S

HE A _VE FROM BATTERY

Note Gap ‘f‘\\

MOO OF EAR SOCKET

Fig. 4. The wiring and modifications to the
earphone sockets.

ELECTRONIC PACKAGING SYSTEMS LTD.
Retail Department,

P.O. Box 481, Kingston, Ontario

K7L 4W5 Telephone (613) 384-1142

DEALERS REPLY ON LETTERHEAD

Our catalogue contains a whole range
of plastic boxes to suit every project.

There are case-boxes, sloping front and
flip-top boxes, general purpose and potting boxes —
there’s even some with integral battery compartments.
We've also got circuit boards, accessories, module
frames and metal cases — all to the highest standard to
give your equipment the quality you demand.




Digital Tachometer

Compact unit offers both 10 rev
resolution and short response
time.

WE HAD OFTEN considered the design
of a digital tacho for automobile use,
but had rejected several schemes as we
were unable to get both good resolution
and response time — the two seemed to
provide a very good demonstration of
Heisenberg’s Uncertainty Principle.

Consequently, we were rather
pleased with this phase-locked loop
based design which got round the
problem.

This tacho features a fast response
time, coupled with 10 Hz resolution,
through the use of a phase locked loop
frequency multiplier. It can be set up,
by means of a single link, to work on 4,
6 or 8 cylinder motors.

Design Features

To measure the revolutions per minute
of a motor is simply a matter of count-
ing the number of ignition pulses over a
given time. With a four cylinder, four
stroke motor there is such a pulse twice
per revolution. Therefore if we count
these pulses for 30 seconds we will have
revs/min with a one cycle resofution.
Obviously this is much too long a sample
period for practital use in a car and
some compromise has to be made.
The usual solution is to use a 100 rev
resolution and a sample time of 0.3
seconds {on 4 cylinders). We considered
this inadequate which is why we have
not published a design until now.

In this design an oscillator is used
which is phase locked to the ignition
pulses except at a higher frequency (x8
for 4 cylinder) allowing a short sample
time (0.375 sec) with a 10 rev resolution.
By using adifferent muitiplication factor
compensation for different numbers of
cylinders can be made. Unfortunately
with the multiplication factors used
(x8, x6, x4) the sample time for 6
cylinders is not exactly the same as that

used for 4 and 8 cylinder motors. Alter-
ing the ratios to x12, x8 and x6 would
enable a 0.25 sample time to be used for
all ranges, but this is not possible with
the divider IC utilised in this design.

Construction

Assemble the pc board with the aid of
the overlay ensuring the components are
oriented correctly. The tantalum cap-
acitors normally have a + mark indicating
the positive load, or a dot on the side.
When soldering the CMOS ICs (4, 6, 7)
ground the tip of the soldering iron.

Note that there is one feedthrough or
link between the two sides of the board
near C10.

Calibration

Initially place a link between the point
‘C’ and the terminal corresponding to
the number of cylinders. Now with the
power supply connected feed a 50 Hz
signal of between 12 and 30V into the
points input using the 0V as common.
Now adjust RV 1 until the display reads
1500 RPM for 4 cylinders, 1000 for 6
or 750 for an eight cylinder car.

ET! PROJECTS BOOK No. 2 — JANUARY 1981

RESISTORS all %W 5% unless stated

R1,2 ... .39k otherwise

R3,4 ... .22k

REN e e 1k5

REmene « b & 100k

R4 tala > 100R

R8 i o not used

REESE = 10k

R10. .. .. 390k

RO &5 g 10k

Rill2te= % 270k

R13. . ... 10k

R14. .. .. not used

R15—R21 . 27R
POTENTIOMETER

RV1 ... .25k trim
CAPACITORS

Cl e ot 10u 25V tantalum

C2,3 ... .56n polyester

C4. . i Wt 10u 25V tantalum

CH e L, 4u7 25V tantalum

C6. . ww . 10n polyester

Clera b4 . 1025V tantalum

CHTS I 470p ceramic

C9, 1. 8! 56n polyester

clo. . ... 10n polyester

Cii..... 10n ceramic
SEMICONDUCTORS

IC1..... 7805 regulator

IC20 . . 555 timer

139" 7413 dual schmitt

[of: SNSRI 4046 PLL

IC5] . armie - 74123 dual mono

€80 ma3 o 4018 divide by n

G e = 74C925 4 digit counter

QA1 0 . MPSE515

Q2-Q5. . . 2N2222A

D1 wrava 1N4004

Display . . . NSB5881 (Natlonal)

MISCELLANEOUS
PC board
Case to suit

PARTS LIST cosmmemmmmm—
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DIGITAL TACHO N C T e s W L ey S s (| R PO 1.

p——— SPECIFICATIONS

Range 100 to 9990 RPM
Resolution 10RPM
Reading rate
4 or 8 cylinders 2.66 per second
6 cylinders 3 per second
Power supply 7 to 15V @ 400mA
Suitable ignition systems standard
CDI
transistor assisted
* it will not operate
on ‘pointless’ systems.

e HOW IT WORKS e
The output from Ahe points of the distrib-
utor is basically a 0 to 12V square wave
with a 200 volt pulse on the rising edge. A
filter network, R1-R4, C2, 3 is used to
remove the high voltage pulse (and points
bounce) and Q1 buffers it giving a +5 to
OV output or its collector. As the filter
network removes the sharp edge of the
input a schmitt trigger is needed on the
output of Q1 to give fast edges. IC3/1 is
used for this.

The output of IC3/1 is connected to
the input of the phase-tocked loop IC
(4046). This IC has an internal voltage
controlled oscillator and its output is
divided by 4, 6 or 8 by IC6 and this lower
frequency is fed back to the phase-locked
loop IC. The IC then compares this
frequency to that at its input and adjusts
the internal oscillator until it is the same.
The result isa frequency which is an exact
multiple of the input.

The time base is generated by IC2
(555) which has a negative output pulse,
about 300 us wide every 375 ms (or 333
ms for 6 cylinder). This is inverted by
IC3/2 and is used as the strobe pulse for
the 4 digit counter IC7. This pulse also
triggers the first of the monostables in
ICS which gives a 200 us delay before
triggering the second half of ICS; this
gives a 40 us pulse to reset IC7 back to
zero.

IC7 is a 4 digit counter with a latch
(store) and seven segment decoder driver.
It needs four external transistors to drive
the digits but the segment drivers are
internal. As we need only a three digit
counter, i.e. for a 10 Hz resolution, with
the right hand permanently zero the least
significant digit is connected to the second

g o . oni Fig. 1. The component overlay for the board. The board is double sided although only the
gfgl:tt ilog:‘tr;eg:g ‘:gtllht:eﬁ?l?tﬁhifﬂzgt lower surface is §hown_ here. Note the link between the two surfaces of the board near C10.
Provided one does not ex.ced 9990 RPM Also check the orientation of the transistors carefully.

this digit will remain on 0 s intended!

The 555 timer, the TTL and the
74C925 needs a regulated +SV and IC1
provides this with D1 preventing damage
which might be caused by reverse polarity
input.
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Fig. 2. The pc patterns shown full size. The second side can be printed,
or simply a guide for jumper wires,
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Fig. 3. The circuit diagram of the digital tacho.
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Variwiper

This pulsed windshield wiping
circuit can be used on cars fitted
with most types of modern
motors.

WHEN OPERATING IN heavy rain
windscreen wipers often.have difficulty
providing adequate visibility However,
during light rain or mist all that is
necessary is an occasional sweep of the
blades at intervals of a few seconds.

Turning them on and off repeatedly
takes the driver’s concentration off the
road, and his hands off the wheel,
increasing the risk of an accident.
Alternatively, if the wipers are kept
working all the time in such conditions
the blades tend to scrape on dry glass,
wearing out the rubber inserts, your
nerves, and worse still, the screen itself.

The answer is obvious; have the
wipers operate intermittently at a
duration which can be varied to suit
the conditions.

Figure 1 shows the circuit of a
modern wiper assembly. Dynamic
braking is achieved by applying a short
across the armature, by a cam-actuated
change-over switch synchronised with
the wiper blades. When the wipers are
switched off, the change-over switch
shorts out the motor armature via the
main wiper ON/OFF switch.

The circuit of fig. 2 is suitable for use
with negative earth cars fitted with
permanent magnet motors. Some early
model cars are fitted with wound
field coil motors and are not suitable
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for use with this circuit {more about
them later).

Some types of permanent magnet
wiper motors, especially those on
British cars, have a fifth wire extended
to the wiper switch. These motors are
designed to operate independently of a
ground to allow for their use on either
positive or negative groundlvehicles. The
circuit of fig. 2 can also be used with
these motors provided they are fitted
to a negative ground car. However, some

more expensive American cars have
wiper motors which are reversed in the
parking sequence to lower the blades
below the bottom of the windscreen
when not in use. The Vari-Wiper unit
described cannot be used with these
wipers.

Before installing the Vari-Wiper
unit make sure that you have one of
the types of permanent magnet wiper
motors described. If necessary remove
the cover of the motor and identify the
wire to the centre contact of the cam-
operated switch.

Normal Wiper Operation
Conventional operation of the wipers is

obtained by using the vehicle wiper
switch in the normal way. Figure 2
shows the sliding contacts of this switch
in the correct position for each function.
Note that in the off position the switch
shorts lead B to lead C. In the SLOW
position the short is removed and an
ground is extended to B, while in the
FAST position the ground is removed.
from B and extended to A. For single
speed wipers slide contact A will be
omitted.

+12V O

SWITCH
PARKING

ONO WIPER ON/OFF
I SWITCH

Fig. 1. Circuit of modern wiper motor ass-
embly. Dynamic braking is achieved by
applying a short across the armature,

ETI PROJECTS BOOK No. 2 — JANUARY1981



HOW IT WORKS
The timing circuit is energized by operating
switch SW1, which is part of switch/pot-
entiometer RV1. This switch applies power
to the unijunction/SCR circuit via the
still-closed parking switch contacts.

Capacitor C1 charges via RV1 and R1,
at a rate determined by the settingof RV1,
until the unijunction ‘fires’, producing a
positive going pulse which triggers the
SCR into conduction. Resistor R4 ensures
that the SCR latches on, thus energizing
relay RL1.

Relay contacts RL1 (1) now change-
over, removing the short circuit from the
motor armature before energizing the
motor by extending an ground via the now-
closed relay contacts.

As the motor gathers speed, the assoc-
iated. cam-actuated switch changes over,
removing power from the timing circuit
(causing the relay to drop out) and extend-
ing an groundto the wiper motor via wiper
switch contacts B and C, the now de-
energized relay contacts, and the cam-
actuated switch.

The wipers continue their sweep across
the screen, but on their return the cam-
actuated switch cuts in just before the end
of the sweep. This removes power from
the wiper motor and places a short circuit
across the armature.

Operation of the ETI319A unit is
similar except the motor, which does not
require dynamic braking, can be driven
directly from the SCR, saving the cost of a
relay. Note that either D1 or D2 become
redundant depending on the polarity of
the vehicle.

1

+12v

D1
1N4001

RS
330R

Fig. 2. The ET}
relay output for use with permanent magnet

PARKING

SWITCH

motors.
-12v
D2
=1N4001
SCR2
C20A
B C

WIPER SWITCH

319A

ETI
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Vari-Wiper circuit using

PARKING

+12v

D1
1N4001

!

Fig. 3. Simplified ET1 Vari-Wiper for use
with wound field coil motors. The right
circuit is for use with negative ground ve-
hicles, and: the left for positive ground.
Both share the same PCB,

WIPER SWITCH

SWITCH
x 1
anale
%
[ r 15TH WIRE
! EXTENDED TO
| SWITCH ON
& £ & 1 SOME MOTORS
OFF
LOW: -
HIGH
WIPER SWITCH

PARKING
SWITCH

—

L

N

b

3198

ETI
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VARIWIPER

NEG. GROUND | POS. GROUND
+12v N.C.
EARENS | Rouno
N.C. -12v
GROUND| ZaRKie

Fig. 5. Component overlays, Note that the same PCB is used for both ground polarities on the

ETI Vari-Wiper

Delayed Operation

When delayed operation is required, the
upper switch is left in the OF F position
and the timing circuit energised by
operating SW1 which is part of the
switch/potentiometer RV 1.

After a time which is set by the
position of RV1 (0.5-25 secs.) the relay
contacts RL1 (1) change over, removing
the short circuit from the motor
armature before energising the motor by
extending a ground via the now closed
relay contacts.

As the motor gathers speed the
associated cam-operated switch changes
over, removing power from the timing
circuit {(causing the relay to drop out),
and extending a ground to the wiper
motor via the wiper switch contacts B
and C, the now de-energised relay
contacts, and the cam-activated switch.

The wipers continue their sweep
across. the screen, but on their return
the cam-operated switch cuts in just
before the end of the sweep. This
removes power from the wiper motor
and places a short across the armature.
The motor is thus dynamically braked
and remains stationary until the next
relay closure from the timing circuit.
When this arrives the sequence is
repeated.

Construction
Because wound field coil motors do not
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use dynamic braking, the Vari-Wiper
can be made without a relay. Figure 3
shows the simplified Vari-Wiper

circuit and its connections to either a
positive or negative ground vehicle. The
same printed circuit is used for both
arrangements. Operation is similar to
the previously described unit, having an
ground extended through the SCR to
start the motor.

Wound Field Coil Motors

Assemble and solder all components on
the printed circuit board as shown in
fig. 5. Do not bend the lugs of the SCR
too close to its case and ensure all semi-
conductors are the right way round.

To connect the unit to the wiper
motor circuit, the existing lead from the
centre pole of the wiper motor change-
over switch to the wiper ON/OFF switch
(shown in dotted lines in fig. 2), should
be broken at points X and Y and these
leads taken to the normally closed con-
tacts on the relay. Ensure that point X
goes to the fixed contact and point Y to
the moving one.

The potentiometer should be con-
nected to the unit with just enough wire
to allow the printed circuit to be
mounted in a convenient position under
the dash. The potentiometer can be
mounted through a 10 mm hole drilled
in the facia panel or by attaching it to
abracket mounted in a convenient place.

PARTS LIST
Relay Output Unit
Resistors all YW 5%

AL - | R 10k

R2 . ........ 470R

R3 ......... 47R

R4 . ... ..... 1k

RS . ........ 330R
Potentiometer

RIVA) S ST 1M switch pot
Capacitor

(CUSS LT 22u 16 V electro
Semiconductors

O WEARE . B 1N4001

(OY M=l &~ R i 2N2646 or MU10

unijunction
SCR1. . ... ... C106Y1

Miscellaneous

L Mini PC heavy duty

12 V relay
PCB ETi 319B

Nylon terminal strip

SCR Output Unit

Aggomponems identical, except:

......... deleted
DA/ 285 s 1N4t001
SCR2. ....... c20A
RLT. ........ deleted
PCB ETI 319A
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Porch Light

An attractive project that should
banish night-time gloom from
the front door step.

WHEN RETURNING HOME on a
dark winter’s night, with gusting
winds and pouring rain making the
thought of gaining the inner warmth
of home very appealing, it is no fun
when the front door proves difficult
to find in the gloom. The solution is
to install a porch light to banish the all
prevailing gloom forever. Things
being what they are, however, in
order to ensure that this guiding light
is present whenever it is required
would mean an extortionate demand
from your friendly local hydro
company.

The answer is the circuit
presented here. It arranges for the
porch to be lit for a short time when
required, and here's the clever bit, it
uses the bell push to turn it on — No
need to install a separate switch.

The unit will only operate when it is
dark enough to require it — you
choose the level, and turns off
automatically unless latched on from
inside the house. Flicking the internal
switch also operates the light.

As well as saving money the
circuit is also a valuable addition to
the domestic security arrangements.
Thus, while friends will soon realise
that just because the porch light
comes on you need not be at home,
the light should put off any
unwelcome callers.

Constructive Thinking

Construction of the project should
pose no problems if the PCB shown
1s used and the component overlay
followed carefully. Take care to
ensure that the components are
mounted close to the board if space
is at a premium.

Putting it in

When instailing the unit note that
the bulb is powered by a DC voltage
and thus if an existing porch light is
used care must be taken when
installing the unit as two separate
wires are required from the porch
unit to the bulb.

The other points to note are the
connections to the bell push. if the
bell circuit is operated with an AC

.

supply there will be no problem. If a
DC supply is used take care to ensure
that the positive side of the push is
connected to point F

When installed the unit can be
operated in three different ways. It
will be activated when the bell push
is operated or if the interior switch is
turned on briefly. The porch light can
also be turned on for as long as is
required by moving the interior
switch to the on position. ®

3

The light sensitive resis‘to} was mounte_a in a standard be"II pTJ‘sh‘unit (not-ih-e one that operates

the bell).
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PORCH LIGHT

NOTE:
IC1 1S 555
D1 1S 1N4001

SCR iS C106

X
[ [ |

R9 R10
100k 2M2
'
8 ZD1
i 15V
3 IC1 6 [
2 75 -
1 4
cé
47u .':25
$H 16V T
| RV1
10k
P
LDR1 R114k7
}

Fig. 1. The full circuit diagram of the Porch Light is shown above.

Fig. 2. The diagrams below show two of the
most common bell circuits. In each case
the diagrams indicate the points that should
be connected to the Porch Light circuit.

6V
BATTERY
l+
1|l
|
F
O\E
BELL
120V
ol
——— | BELL __
——— | TRANSFORMER
F
o7
6V BULB I:]
NG
BELL
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THE porch light circuit is formed by a timer,
based on IC1, with an isolated trigger circuit
formed by OPTO 1, circuitry to control the
lamp, and finally a power supply section.

The timer is formed by a 555 configured in
the monostable mode. Under quiescent con-
ditions the output of this device (pin 3) is low.
If, however, the voltage at the trigger input
(pin 2) is taken below one third of supply
voltage, the output at pin 3 will go high for a
period of time determined by the timing
components R10, C6.

The voltage at this trigger input is usually
held high by the action of the opto-isolator,
OPTO 1. This device consists of an optically
coupled infra-red Gallium Arsenide LED and
silicon photo-transistor encapsulated in a six
pin DIL package.

The action of the photo-transistor is
similar to that of other transistors, except
that collector current flow can be initiated
(the device turned “on”) either by biasing the
base in the usual manner, or by illuminating
the exposed semiconductor junction with
light. In our application, with the base open
circuit, device operation is controlled solely
by the amount of light falling on the junction,
which in turn is controlled by the current
flowing in the infra-red LED.

This current, derived from the voltage
applied to points F and G, is limited by
R5. D1 is included to protect the LED from
any reverse bias voltage. The voltage refer-
red to above is supplied by the external bell
circuit. This circuit must supply a voltage to.
this point at all times except for the period of

HOW IT WORKS

time when the bell push is pressed. Thus the
photo transistor is turned on, maintaining a
high voltage at the 555’s trigger pin until the
bell is operated, when R8 pulls pin 2 low to
activate the timer.

The time period may also be inltiated by a
negative pulse applied to the trigger input via
C3. This pulse is derived from S1 which, in
normal operation, connects point B to point
C. By momentarily operating this switch a
negative pulse is generated to activate the
timer.

The potential divider network formed by
RY, R11; RVI and LDRI, which is connected
to the 555’s reset pin (pin 4), also conttols
timer operation. If the reset pin is held below
0.4V the timers action is inhibited. The
LDR’s resistance varies between 10 M and
130R, the more light incident upon it the
lower the resistance, and with the values
shown this ensures that the circuit is in-
operative during daylight hours.

The output of the 555 is fed, via the poten-
tial divider R3 and R4, to the gate of the
thyristor SCRI. This is a sensitive gate device
which is triggered by an 0.8V, 0.2mA gate
pulse.

The thyristor is connected in series with
the porch light and is powered by the 120V
AC line voltage derived from the bridge BR1.
Thus the lamp 1s on at all times when the
555’s output is high.

Power to the rest of the circuit is derived
via Rl and R2.

The circuit is protected from spurious
triggering by components C1, C2, C4 and C5.

Extreme care should be taken to pro-
perly insulate this circuit from poss-
ible human contact as it is directly
connected to the AC line. This includes

CAUTION

being careful if operating the circuit
out of its case during initial testing.
A lethal shock may result from tou-
ching this circuit while it is operating.
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R1,2
R3,7,8
R4.,5

POTENTIOMETER
RV1

LDR1
CAPACITORS
C1

C2345

Cc6

SEMICONDUCTORS

SWITCH
Swi
MISCELLANEOUS

pattern.

PARTS LIST sse—
RESISTORS (all %4 W 5% unless stated)

20k 2w
10k

1k

47k

100k
2M2

4k7

10k preset

LIGHT DEPENDENT RESISTOR

Clairex CL705HL

470u 16 V electrolytic
100n polyester
47u 16 V tantalum

Fig. 3. the foil
pattern for
the porch
light is

shown full-size
{70x70mm)

Fig. 4. (Below)
shows the
component over-
lay for the

Porch Light
project

555

1N4001

C106

09 A 400V
Opto-isolator 4N29
15V Zener 400mW

AC SPDT Switch

AC surface mounting box,
tuse plus holder, PCB as

Photograph showing the internal layout
of the project. Note — a set of ventilation
holes should be drilled in the mounting
box above and below resistors R1 and R2.
These holes will also allow access to RV1.
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U.K. staff field testing the design.
Following a thorough test, staff reportedly returned to work.

IN ORDER TO DRIVE a car safely
your mind must be clear, and your
reaction to situations as sharp as possib-
le. Drink not only dulls the brain, but
slows reaction time as well. Unfor-
tunately it also seems to make most
drivers over-confident of their ability
to drive correctly, usually with the
result that they get ‘bugged’ by the
police — and rightly so!

What we are offeringhereis a simple
method of proving to someone, esp-
ecially yourself, that those 24 pints
HAVE had some effect after all! Al-
though the device operates by demon-
strating an increase in the time taken
to react to a given stimulus, it is not
meant as an accurate ‘reaction timer’.
and should not be treated as such.
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Down to Nine

To use the Spirit Level, switch on
and press the reset button. After what
seems like an hour (actually about 8
seconds) the light will begin to ‘move’
rapidly up the column of LEDs as the
circuit cycles through. When it reaches
the top, it will stop there. Your task is
to prevent it reaching ‘9’. Pushing the
‘Stop’ button holds the LED on what-
ever number it was passing through at
that instant.

So the more you drink, the slower
you will be able to react, and the higher
up the column will rise the glow (if you
can’t stop it at all before it reaches the
top — put a pillow on the floor quick,
you're about to pass out!). With com-
ponent values as we have them, it takes

T oo S DlIP

Direct from our foreign office in the

U.K., something for the British national
sport.

about 0.4 seconds to cycle from 0 to 9.

Originally we had a shorter ‘wait’
period before the oscillator was switch-
ed on, but this was too easy to anticipate -
any longer and it becomes boring.
Stower cycle times are not a good idea,
since there will then have to be a greater
effect to make any difference to the
score. Make it quicker by all means —
see 'How it Works’ for the relevant
details if you intend to meddle!

Half and Half Pint

Take a reading before you touch the
ale. We found the average to be 3 or 4
(in a sober condition!). As the evening
progresses and the number of pints
rises, so will your score. Even one pint,
if given time to be ingested, can take
away that ‘edge’ , and add one to your
score. |f you were averaging 3 half an
hour ago, and now cant do any better
than 6 you're only half the driver you
were!

Now before our readerscondemn us as
converts to Alcoholics Anonymous, let
us add this was conceived as a ‘fun’ pro-
ject and remains so. Drinking and driv-
ing is never a good idea, and you'll get
much more fun out of the game if you
don’t have to play it in earnest to avoid
being breathalized.

Construction Points

The only problem to be faced in
construction of our Spirit Level is that
of keeping the size down sufficiently to
make it portable. Why oh why does
nobody produce a decent small box to
fit a 9V battery and a PCB?? The Vero
box we employed is nearly ideal, but a
few millimetres more would allow the
Yattery to slot in sideways, and make
the box much more versatile. Anyway,
gripe over.... back to work. Build up

the board as per the overlay, keeping
components as close to the PCB as
possible. Leave the ICs until last or,



better still, use holders, low profile
versions of which should just go in.
As the chips are CMOS — watch it when
handling them,

Keep all wires to the LEDs as short
as you reasonably can so that when the
box is closed up too much strain is not
placed on the components inside due
to overcrowding. Refer to the internal
photograph to see how our workshop
layed theirs out if you are in any doubt
or trouble.

Before switching on, check the pol-
arity of the LED column, and the orien-
tation of the chips, it can be an expen-
sive ‘short cut’ not to bother!

Getting the Bird

People’s reactions to the Spirit Level
can be quite hilarious, especially after a
few ‘jars’. We found disbelief and accus-
ations of cheating to be the most com-
mon. For some reason our prototype
possessed the property of attracting the
pub parrot who insisted on his turn!
He failed miserably so if
home tonight and see a car driven by
a parrot heading for you — not only are
you sloshed, so is he!

Above; Our most
unusual  subject!

HOW IT WORKS

The LED display column is driven
from the output of a 4017 CMOS decoder.
This counts and outputs, in decimal form,
the input pulses presented to pin 14.

These are produced by IC2 a 555 wired
as an astable. Timing period for this is
determined by R5 and C2 according to the
formula t=1.4RC.

IClc and IC1d are wired as a toggle
circuit,normally holding the reset pin low so
that operation is inhibited. Upon switching
on Cl, starts to charge through R1 giving
the time delay to avoid anticipation on the
part of the player. After about 8 seconds

IC1b’s input goes high, the output goes low
and the toggle action takes the 555 reset,
pin 4, high so that the oscillator will run.

IC3, the 4017, will count the pulses until
output ‘a’ is enabled. Normally the chip
would recycle to mought and start again.
However the connection to the inverter,
ICla will reset the toggle and stop the
astable by forcing the reset pin low.

Pressing the reset button PB1 takes IC3
reset to zero and sets the toggle back to
inhibit. The ‘Stop’ facility is provided by
PB2 and R4 which reset the toggle by
halting IC2.

Long John here

insisted (by flap- (@)
ping his wings and
squawking at
100dB) upon his
turn. He failed.
Maybe he couldn’t
find the button
the smell of
alcohol was too
much for him.
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PARTS LIST

RESISTORS

R1 160k

R2 100R

R3,4 470k

R5 68k

R6 1k

CAPACITORS

C1 47u 16V

C2 1u 16V

C3,4 10n polyester,

C5 4u7 16V

SEMICONDUCTORS

IC1 4011

ic2 555

IC3 4017

LED19 TiL209
or similar.

SWITCHES

PB1,2 push to make
single pole.

SWi1 rocker action
single pole

TEST GEAR

1 barrel IPA draught bitter

2k5 bottles high stability Scotch
5 litres Vodka (high tolerance)

1 Parrot {(optional)

1 Drunk (obligatory).

CASE

Verobox 65 2518 H

Overlay and full size foil pattern for our
Spirit Level
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SPIRIT LEVEL

PB2

LED5
LED1
LED O

LED 2
LED 6:
LED 7.
LED3
LED B
LED4
LED @

|SW1| |PB1|
o,,J o

R3
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Circuit dlagram
for the ETI
Spirit Level.
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PIN 14 OF IC1 1S
CONNECTED TO +9V
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STOP
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your money refunded.
Master Handbook Of 1001 Practical Circuits

TAB No. 800 $18.30
Master Handbook Of 1001 More Practical Circuits
TAB No. 804 $18.35

Hera sre 1C and transistor clrcuits for practically anything and everything —
with ALL the data needed to put them to work. The ideal schematic source-
book for all active technicians, engineers, axperimenters, amateurs — for anyone

any purposs whatsoever, You'll find any circult you're ever llkely to need in the
pages of this rich volume. The schematics are classlfied according to general
application, and the Sections themselves appear in alphabetical order.

99 Test Equipment Projects You Can Build
TAB No. 80; $N.75
Hare’s the A to Z guide you need to buitd all sorts of electronic test.equipment
— trom a simple signal tracer to 8 sophisticated modularized 50 MHz2 counter -
and virtually everything in betweent Here are voltmeters and ammeters, caps-
citance meters, resistahce and impedance measusers, testers for solid-state com-
ponents, digital volt-meters, cafibrators and frequency standards, signal genera-
tors, frequency counters, oscilloscopes, and a variety of RF test equipment. The
variety Ts Incredible and almost endless . . . virtually every test instrument you
could possibly want to build for yourself. Its perfect for the hobbylst — and
indispensable for the professional because you can incorporate each one — or a
combination of several — into your work bench setup ar other gear.

The Power Supply Handbook
TAB No. 806 $11.75
A complete one stop reference for the hobbyist and engineer. Contains high
and low voltage supplies as well a5 mobile and fixed wnits. Everything you need
10 keep your project perking with the right votts and amps.

Build Your Own Working Robot

TAR No. 841 $8.55

Hare are complete instructions — plans, schematics, logic circuits, and wiring dia:
grams - for bullding Buster. Not a project for novices. Buster Ts a sophisticated
experlment in cybernetics. You build him in phases, and watch his personality
develop as you add progressively more advanced clrcuitry to his mainframe. The
first of this three-phase robot. Buster |, is “leash-led” and dependent on his
master for decislon-making, you create the “animal” and give him wheels,
steering capability, and the capacity to id” your basic .
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To get yours, fill in the form in-this issue or write to ETI Magazine, Unit 6, 25 Overlea Blvd., Toronto, Ontario- M4H 1B1. Please allow six weeks for
delivery. Due to sometimes uncertain supplies, some books may not be in stock, please indicate whether you wish your order held or if you wish

Digital Interfacing With An Analog World
TAB No. 1070 $12.35
Are you looking for ways to realty put your microcomputer to work ? This baok
telis you how to go about it — how to convert energy produced by pressure,
force, positlon, temperature, etc. into an electrical voltage or culrent that your
microcomputer can deal with. It's for the user who views the micracomputer as
a bit of hardware o be applied, and who views software as either a simple set
of instructions to make the machine go or, more importantly, as a valid substie
wie for hardware. it presents information, in handbook style, for users of
microcomputers who want to design a device or system with a microcomputer
at its heart.

Very simply, this book is for the micropracessor/computer user who wants to
use the machine to measure certaln conditions, or to control external de:

The Complete Handbook Of Robotics
TAB No. 1071 $10.90
_Create your own robot? All the information you need 1o build a waiking. talking
friend and companion or 8 helpful servant appears in this book|

Your robat can take on many forms and operate in any way you choose.
Every possible option is covered in minute detall — including light, sound, heat,
and proximity sensors, minicomputer **brains’ and more.

Whether you want a robot for a i , for 3 security or
to perform some task svitable for a “smart” machine, all the ideas you need are
packed into this book.

Artificial Intelligence
TAB No. 1076 $1155
Artificial Tntelligence is the branch of computer science devoted to program-
ming computers to carry oul tasks that, it carried out by human beings, would
require intelligence. Here is a book that deals with the entire subject of artificial
intelligence. It describes what we consider intelligence where computers are
concerned, and presents an interesting summary of the step-by-step advancement
of computer toward the rudi ofh i

Yo

d Di
TAB No. 1088

y Of Mi T

$11.85

This reference book contains clear and detailed explanations for nearly 4000
terms currently used in the exploding field of microcomputers.

Anyone having trouble understanding the “’buzz words, the jargon, the tech-
nicsb language fo the computer crowd — and the domain of the personal com-
puter In particular — will find this authoritative reference book of terminology

Phase 11 makes Buster more independent, Now he has a basic brain he can use to
decide when he's In need of a battery charge, or trapped into a physically
binding situation he can‘t get out of.

57 Practical Programs & Games In Basic

TAB Neo. 1000 $11.55

From progi 0 statistical pe 1o one-arm bandits, here
are 67 practical, useful and fun programs designed to help you really put your
minicomputer to work!

Game programs include blackjack, one-arm bandit, craps, and two space
war games. Math and accounting programs include compounding, straight-line

statistical i instant ives, and solutions for

integrals — even a whole section of geometric solutions for modern-day Euclids.
“For history butfs, there is a Day-of-the-Week program for any date back through
1753.

Each program begins with an introductory paragraph describing its capa-
bifities, and continues with a typical program sequence and flowchart, All
programs wlll run on any flaating polnt BASIC.

Towar's International Transistor Selector
TAB No. 1010 $9.85
Here are transistor substitutions, outline diagrams, terminal identifications,
manufacturers’ codes and specs for more than 13,000 devices made in the U.S.,
Japan, Europe, and England. This ultra-complete referance-guidebook is an
absolute MUST for anyone who deals with transistors or the equipment in which
they're used makes it as easy to locate transistor substitutes for Japanese
and European Tmports as for ket U.S. consumer ic products.
Contains Info on device ratings, characteristics, case and terminal identification,
applications, manufacturers and addresses, and voltage ratings — coflector-10-
base, coll itter, and i b .

A inner’'s Guide To Computers & Microprocessors — with.projects
TAB No. 1015 $9.70

Here's a plain-English 1o the world of the
puter — its capabilities, parts, tunctions, and programming . . . and how you can
have one in your own home. Numerous projects, using actual computer parts,
demonstrate the operation of a computer and lead to the assembly of a working
minicomputer capable of performing many useful functions around the home
and office.

A typical family-sized computer, with video screen, printer, and keyboard,
Is fully described.

viee. 10 Design, Build & Test Complete Speaker Systems
TAB No. 1064 $11.85
It you've slways wanted to build your own speaker system, hue'g_ a t_.eok
crammed with everything you need to know to do it right . . the first timel
It contains a variety of ready-to-build speaker system projects, from simple
speaker-in-a-box setups to complex multi-driver systems, plus all the informa.
tion even a beginner needs to design and build his or her own.

This clear guide shows you exactly how a speaker works, how its power and
cesonance are sttsined, and how speakers may differ from one anather. It's
as thorough a book as you'll find on the complete subject of speakers, speaker
systems, and enclosures.

All prices include postage & handling.

OSCAR: The Ham Radio Satellites
TAB No. 1120 $7.75
1f you want to get in on one of the hottest new frontiers in amateur radio, this
book is for youl I¥'s your thorough guide ta communications via the Orbital
Sateltite Carrying Amateur Radio (OSCAR) satellites. tf you think amateur radio
is fun now, wait till you see what can be done by using sateltite i
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21 Custom Speaker Enclosure Projects You Can Buiid
TAB No. 1234 $11.75
If you really want 1o get some truly great sounds out of your audio system, this
unique new book shows you 21 good ways to do it. From simple closed-box sys-
tems to complex omnidirectional speakers, you gat complete descriptions, design
and consiruction details for 21 build-it-yourself projects — virtually every kind
of audio speaker you could want. You can pick and choose your own project —
from the simplest to the most advanced . , . for home or car, stereo or quad . .
even for & van or RV.

How To Build Your Own Self-Programming Robot
TAB No. 1241 $11.76
This is a straightforward how-to book about machine intelligence — a practical
guide that shows you how to build a robot capable of learning how to adapt to
changing circumstances in its environment. The unique little craature described
in this book, named Rodney, can pick up signals and stimuli from his environ-
ment and develop perceptions just like humans and higher animals do. Yet Rod-
ney is fully trainable, and his “personality” can be altered and molded by human
intervention. All in all, Rodney is in 2 class by himself, and Is 8 most remarkable
and tascinating machine — he can program himself to deal with the orobiems
of the moment and devise theorles for dealing with similar problems in the
future. Yes, Rodney is yeif-programming, and as a result po two Rodneys behave
exactly the same way. In tact, it you wipe out his seif-generated memaory, he’ll
develop another one that's somehow different from the first.

An Introduction to Personal & Business Computing
SYBEX C200 $10.76
This is a basic i ¥ text on 118 main goal is to answer
the question: “What do | need for . .. ?” in specific detait. No previous technical
background is assumed, The author addresses progressively afl the essential
topics of interest to the microcomputer user {as opposed to the designer). How a
system works, Which modules are required for which function. How much
memory is needed, Which perpheral should be used. The cost. The software.
Differences between exisling microcomputers. Is a mini-BASIC sutficient? The
real cost of a business system, Its timitations. Can vou really manage a mailing
list on a floppy disk? Packages and other programs. The traps for the hobbyist.
Application techniques. New systems and facilities.

The book is designed to educate the reader in all the aspects of 8 system,
from the selection of the microcomputer to the required peripherals. No com-
puter background is required.

Programming the 6502
SYBEX C20: $18.75

An educational text designed to teach you programming from the ground up.
Already one of the most i ks ever i it has
been revised and expanded at both. the low end and high end of the spectrum.
The range of programming concepts and techniques presented Is such that it
addresses the needs of virtually every programmer interested in using the 6502

This easy-to-read manual will tune you in on one the latest trend in ham radio,
and at the same time show you all the details you need to start your own ama
teur earth station.

The Active Filter Handbook
TAB No. 1133 $9.76
A designer’s and users’ guide to the theory and applications of active filter
circuits.

For anyone interested in @lectronics, this handy onestop guide to modern
filter will prove inval It i fitters and their purpose,
compares different fijters. and covers LC passive filter operation, op amps, But-
terworth filters, Chebyshev filters, low-pass filters, high-pass fiiters, etc. This ail-
inclusive manusl offers coverage of elecironic math and basic electronic theory
also. Cannot be beat for s complete and practical discussion and examination of
filter techniques.

Antenna Data Reference Manual
TAB No. 1152 $11.7s
Since the antenna system has a large influence on what you get out of a ham
or CB station or get into a shortwave or an AM/FM receiver, best results are ob-
viously achieved with the best possible antenna. This book will show you how to
make snd instail hundreds of antennas, among them half-wave dipoles, inverted
vees, vertlcals, yagls, quads, deltas, FM broadcast, and CB antenna and trans-
misston line, plus limited space and hidden antennas. Included are precise
specifications for a huge variety of different designs tuned to work on most ama-
teur. marine, international broadcast. AM/FM broadcast and CB bands.

The Giant Handbook Of Computer Projects
TAB No. 1169 $13.75
1§ microcomputers have caught your interest, or if you've been through the
ready-made hardware routine, you're ready for this book. It's a huge collection
of ready-to-use information deslgned for the enterprising hobbyist wha wants
more flexibility — and practicality — than that offered by systems assembled for
the mass market.

Model Radio Control — 3rd Edition

TAB No. 1174 $9.75

Thit sll new snd complate ravision will thoroughly acquaint you with everything-

you need 10 know about model radio control — how it works, how to design u
system, how to install it, and how 1o operate model airplanes, cars, boats, toys or
virtually anything by fadio control. Starting out with fundamental RC concepts,
the author takes you through all the latest and most modern equipment, in-
cluding coding and coders, relays, superregenerative receivers, decoders, power
control circuits, servo motors, tone-operated and proportional cantrol systems
and much morel

If you want to keep up with the changes fn radlo-controlied modeling, o if
you want to get in on the ground floor of the hobby, this lucid guids shouid be
part of your library.

. from beginner to expert.

Programming the 280
SYBEX C28 $20.75
This book has been designed both as an text and as g self

reterence book. As such, it can be used as a complete introductory book on
procramming, ranging trom the basic concepts to advanced data structures mani-
pulations.

It also contains a comprehensive description of ali the Z80 instructions as
well as its internal operation, and should provide a comprehensive reference for
the reader who is alieady familisr with the principles of programming, but
wishes to learn the ZBO. All concepts are explained in simple yet precise terms,
building progressively towards more complex techniques.

Programming the 28000
SVgEX 028% $22.75
This book was designed as botn an educations text and a self-contained reterence
manual. This book presents a thorough inlroduction to machine language
programming from basic concepts 1o advanced programming techniques.
Detatled illustrative examples and numerous programs show the reader how to
writu clear, well-organized programs in the fanguage of the ZB00O,

With over 113 illustrations, a thorough index, and 5 appendices, Programming
the ZBOOO is an indispensabie text for enginesrs, students, PDP-11 uers and any-
one interested in learning machine language programming skills.

6502 Applications Book
SYBEX D302 $18.75
This boak presents practical applications techniques for the 6502. You will build
a complete home alarm system, including fire detection, as wall as an electronic
piano, a motor speedsegulator, a time-of-day clock, a simulated traffic contral
system, and a Morse code generator. You will also design an industrial control
loop for temperature control, including analog-to-digital conversion, and your
own simple peripherals from paper-tape reader 10 microprinter.

Truly the “input-output” book for the 6502, it includes more than 50
exerclses designed for testing yourself at every step.

6502 Games Book

SYBEX G402 $18.75
This book 15 designed as an educational text on advanced programming tech-
niques. It presents a comprehensive set of algorithms snd programming tech-
niques for common computer games. All the programs are developed for the
6502 at the assembiy language level.

The reader witl learn how to devise strategies suitable for the solution of com-
plex problems, typical of those encountsred in games. He/she can also use alt
the resources of the 6502, and sharpen his/her skills at advanced programming
technigues. All the games presented in this book can be playad on a resl board
Ithe SYM), and require 3 very small amount of additional components,

Prices subject to change without notice.



Party Grenade

Fig. 1. The connection diagram of the Party
Grenade. Make sure you follow it carefully
and your project should go like a bomb!

IF YOU HAVE kids (or can borrow
some), they make a great excuse for
building this project! Don’t think that
it's purely for children, thoughi —
judging from the reactions we saw from
adults (especially our staff!) the game is
just as good for anyone young at heart.

The basic idea started from the old
‘hot potato’ game in which an object —
the hot potato — is passed from person
to person until some cue occurs, such as
the music stopping, as in musical chairs.
The holder of the object is then out of
the game and it proceeds with one
person less. Eventually, all but one per-
son is excluded and he or she wins the
game.

In this new version {which the office
wag dubbed ‘Irish Roulette’) the tossed
object is a grenade. Once the ‘pin’ (a
shorted 2.5mm jack plug) is removed,
the grenade become active. After that,
making touch contact between the two
PCB plates on the outside of the box
causes a capacitor to charge. When it has
charged to a preset level, which is the
same as saying that the grenade has been
handled by the people in the game for
the required time, the buzzer goes off —
with no damage to life or limb!

The grenade will go off while a parti-
cular person is holding it. 1t is highly un-
likely to go off in mid-air (though very
wet hands can leave enough moisture to
set it off). The faster your reaction and
the quicker you get rid of the grenade
the less likely you are to get ‘blown up’.
The grenade times at a rate independent
of damp hands or strength of grip, and
is reset by putting the pin back in.

Construction

The first job to undertake is the con-
struction of the PCB. Take care that
the diode, capacitor, transistor and the
IC are inserted the right way round. As
usual we recommend the use of an IC
socket.

Mark and drill whatever case you are
using to allow for the jack socket,
buzzer and two touch contact-plates.
The touch contacts are made from
shaped pieces of PCB, etched in the pat-
tern shown in the photographs, to imi-
tate the visual appearance of a grenade
and are simply glued to the side of the
case.

Drill holes in the box underneath the
places where the PCB touch contact
board wires are to run. It is best to drill
the small holes in the boards first to
enable you to mark the positions of the
holes to be made in the box. One touch
contact can be glued on the outside of
the case now, but the one which must
cover the screws will obviously need to
be left till last.

You can mount your PCB on the
inside of the case using nuts and bolts if
you wish but we preferred to hold ours
down using one of the proprietary
brands of double sided, adhesive pads
available.

Interconnect the board, buzzer,
battery and jack socket as in the dia-
gram, mount the battery using double
sided pads or jam it in place with
some foam rubber and screw on the lid.

This Christmas, we think you should give your kids (and yourself) a treat and build
something with no useful purpose — something just for fun.

Finally, the second touch contact is
glued on the remaining side of the case.
We found that a few small drops of
cyanoacrylate adhesive was best, as it
maintains good adhesion during normal
use, but the board can be prised sharply
off when the time comes to change the
battery. Remember to follow the
manufacturers’ instructions when using
the adhesive, it can be dangerous.

The pin is made by simply shorting
the two connections together. Then if
you drill a small hole through the cover
of the plug a key ring can be used as a
finger pull. L]

The circuit counts the period of time
that the grenade is held after the ‘pin’
has been pulled and operates the buzzer
when this period reaches several seconds.

Initially, a shorted plug (the ‘pin’) is in-
serted in JK1, shorting C2. Resistor R1
holds the inputs of IC1a high. Its output is
therefore low, so no current flows through
R2/D1 (No relation to R2-D2!)

The output of IC1d is high, so that Q1
is biased off and the output of IC2c is held
low. Quiescent current flowing in this
state is neligible — less than 0.5uA.

If the device is picked up and the skin
resistance of a hand placed across the
touch contacts, the output of ICla goes
high and a small current flows through R2,
but C2 remains shorted out by the pin.

When the pin has been removed,
however, holding the device caases C2 to
charge. D1 prevents rapid discharging
when the touch is removed by preventing
current flowing back through R2.

When C2 charges to the threshold of
IC1b, its output goes low and a mono-
stable formed by IClc and ICld turns
Q1, and thus the buzzer, on for about
a second.

The pin is then replaced to reset the
circuit, ready for another attack.

I Resistors (Al %w, 5%)
R1 560k
R2 220k
R3 100k
R4 10k
Capacitors
C1,3 10u 16V tantalum
c2 22u 16V tantalum
Semiconductors
D1 1N4148
Qi 2N3906
I1C1 4011

Miscellaneous
6 to 12V solid state buzzer
I 2.5mm jack plug and socket

case Vero 75-1799E




T % : —

Fig. 2. The circuit diagram is shown below. . o
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Fig. 4. The inside of the case. There’s not a lot of room left, is there?
sPATE s05zER

TO TOUCH PLATE ON OTHER
SIDE OF THE CASE

JACK PLUG  §
SHORTED INSIDE

IC1 is 4011
Q1 is 2N3906
D1 is 1N4148

NOTE:

Below: The foil pattern for the Party Grenade touch contact boards.

'\

b ETI PG "T—

PCB pattern for the Party Grenade. ”
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Two Octave Organ

HERE'S A PROJECT where you can
well and truly utilise your ingenuity!

A monophonic organ is limited In
its scope simply in that only one note
can be played at a time — that is you
cannot play chords. In practice this is
not as big a fimitation as it might seem
and a monophonic organ of this type
will provide a great deal of pleasure and
amusement for youngsters and older
people who quickly find how easy it is
to play.

The organ covers the range from C
(262 Hz) to C (1047 Hz), with 12 notes
per octave (that is it includes sharps and
flats).

The frequency (pitch) of each note is
determined by an associated resistor in
the chain R8 through R31. We have
made some minor compromises in that
we have used standard readily available
resistor values nearest to those actually
required to obtain the exact pitch for
each note. The pitch errors are quite
small but if you need the pitch to be
exact all you need to do is to wire
additional resistors in series or parallel
with the appropriate chain resistor until
the exact pitch of that note is obtained.

The overall pitch is adjusted by
potentiometer RV 1 and the volume by
potentiometer RV2. Tremolo may be
switched in or out by switch SW1. The
depth of tremolo may be altered by
changing resistor R2.

As shown in our main circuit drawing

and component overlays the circuit in-
cludes two output trausistors (Q1 and
Q2) and a loudspeaker. This enables the
unit to be totally self-contained. Never-
theless it has been so designed that you
can run into any other suitable
amplifier or hi-fi system. If you wish 1o
use an external system as suggested
above simply leave out Q1 and Q2,
change C6 to 1.0 uF, and increaseRV 2
to 10 k. The-positive end of C6 should
be connected directly to pin 3 of I1C2
and the input to the amplifier or hj-fi
system taken from the point on RV2
which is currently wired to the speaker.

Construction

The organ consists of two main

assemblies, plus a battery or other nine

volt power supply, and a loudspeaker.
Main board construction is quite

straightforward — the usual precautions

must be taken to ensure critical com-

Although cheap and simple to build, this monophonic elgctronic
organ is tuneable , covers a full two octave range, and has an adjustable

tremolo control.

ponents are inserted the right way
round and do check for solder bridges,
particularly if you are using the Vero-
board method of construction.

The second assembly is the key-
board. Here you have unlimited
potential for modification. We have
shown what we believe to be the cheap-
est possible construction — 25 pins
stuck into a piece of heavy cardboard!
But if you want to, you can build upa
far more elaborate affair using proper
metal or woodworking techniques.

The requirements for the keyboard
are very basic. You need to arrange
some way by which one common wire
may be caused to touch any one of a
series of contacts. Our prototype shows
avery basic'way indeed. We have a
series of drawing pins stuck into a piece
of heavy cardboard with a keyboard
pattern drawn on. The common wire is
connected to a-sharp probe and you
simply touch the drawing pin heads
with this probe. If this basic method is
used a suitable probe can be made by
epoxying.a needle into the end of an
old ball point pen, Note that the probe
handle must be insulated to prevent

60 Hz line voltage included in one’s
body modulating the pitch. A more
elaborate way would be for each key to
be sprung in such a fashion that when
depressed it touched a common strip
running right along the front of the
keyboard. If you have the facilities for
so doing, yet another way is to etch a
keyboard on a strip of pc board
material.

When completed, the chain of
resistors should be soldered in place.
Do make sure you have good sound
soldered joints as the failure of any one
joint in this chain will prevent the
organ from operating.

Finally connect the two assemblies
together, connect up a battery and away
you go!

Some refinements may be made it is
possible to delete the trim potentio-
meters currently shown located on the
circuit board, replacing these with larger
rotary potentiometers located remotely.

Resistor R2 may be changed to vary
the depth of tremolo or replaced by a
potentiometer (10 k in series with a
3k 3 resistor) to allow immediate
adjustment.

ETI PROJECTS BOOK No. 2 — JANUARY 1981



30
J0* uo payams Buleg [ 0 peol
8yl AQ pasned asimusylo youd e
-19A0 Ul abueyo soulw syl sleUIWIE
0] — J0U 40 Ul PayoHMs Sl Ojowall
Jaylaym — sawf) e e Buiuuni aq o3
10)e}|1950 O|owa] 8yl 10} 3|getissp
SI 1l leyr S Ajewoue juasedde
SIYl Joj uoseas ay} ‘uonisod zHY G

ayl stIny, ¥Q Joiede)d ")l eyl jo
1ndino ay; Sunejnpow snyl zZH1 40 G
uld 0} paijdde si 1ndino ayl uonisod
ZH G 8yl Ol payolms Uaym “LMS
Jo uonisod syl uo buipuadsp zHY G
10 ZH G Jaylid 1e salej|ioso | SIyj
“1O1 AQ pajessudb s! Qowas}

‘jonuod yad e se bunoe

-13A0 a8y} sisnfpe | AY J918wonuslod
‘youd  bulAsea suonemon)y  peol
1uansud 01 Ajddns 110A aulu Byl woly
€3/L4 AQ pajdnodsp si Aulnosd
|021U0D 3y] "1axyeadspno| ayy Buiaup
810439 ZD Pue |D Ag passynq
SI Slyj ‘aAem alenbs e Ajgjew
-ixoidde si gDl j0 indino ayjf

‘paJinbad sy

ul pappe agq Aew $103S1sas 1BYlQD
asay] -selou  usamiaq  Buoeds
plepuels 8yl 01 uonewixoidde
a|qissod 1sasod ays anib 01 perdales
u33Qq 9ABY SIO)SISB) 8S3aY] "Palo8|es
SI [EH 01 8H uleyd ayl Ul JOIsIsa)
19A91BUM AQ paulwialap Adusnbaly e
1€ S91B{}1950 YdIum }INdJID JO)e||10so

ayl 01 paydlims sI | H| usym 1ndino SNYl 1INDJ1D ayl j0 Aduanbasy (e ajeos 10exa ue i [ajjesed O saLIaS GGG B SI Syl ‘ZD| Jopisuod Ansiy
- SHUOM 11 MOH
AO
Y 2 u
| X
HINVIdS |—‘1
ugg 001 LMS
-~ 9 g 89 ?
il vy
ZAY
dk .‘f 4 de ML ke 0
b [°] 228 T
o0edI L LAY 2y 7
20 7
:o%w ki 9 9 )
z
*ﬂ w ; . mmm v
‘ sss 121
&Y
4 $ LMSNN -
o62dIL [ B s
1) . - iy _
% e
X0L A
5 ool 9y Y
£ L9 e v 4
A6+ ’ §
5 ]
3
8 N © » b Q o - - m Q o £2 o ] > b 2 (o] - - m ] o Q o
s 20 £0 20 20 20 £0 20 20 20 3Q 20 FO H0 €0 20 EO 20 80 S0 20 20 20 20 N0 BO
£
< al|allal|al|{al|{allal|lal|allal|lal[al]|al|al |20 lal|al|al|[al]|al|al]x
ki 2<| 85| BB |8S RS BS[PS|BS| RS 2S[BS|3S[ 28|98 |3 |aS| &S| as|Rg| 28 38 3|3
e -] - = - — - - - = = = — N - N [N] N [ N
= 8BS 8S|8S |73 =S| 73| #3235 23| 2S5 |53 2S5 (29 [2S| RS (BSRS89 3%
5
(™
&

ui
L 30)

ET! PROJECTS BOOK No. 2 — JANUARY 1981



TWO OCTAVE ORGANS

TO SW1

1 .9,
EJSQ 3z
U 0
v 7

I j
(=g )zl
(. <
-l <
. ‘)
‘ g
; 3] A
] v

g 2y penye
= R7
PARTS LIST
RESISTORS
TO KEYBOARD R1 68k % W 5%
Component overlay for printed circuit board version, :g g:g ” :
R4 6k8 "o
RS 8k2 Y
c5 R6 10k oo
R . e R7 100 ohms ~ + »
: ' L . R8-R11  2k7 "o
R12-R14 2k2 o
X R16 1k8 oo
@
- R16 2k2 w g
: 5 - I R17 1k5 oo
3 R18 1k8 @ 0
R19-R20 1k5 e
3 ] R21 1k2 o,
' R22-R23  1kS o o
Overlay for Veroboard version, :§4 o6 }k2 00+ a0
5-R Kk v e
R29-R31 820 Zal
—aMTNOnOO e s REER2TTNRIRE RV1 Trimpot 5k
Aooo!o.oooooooooooq:oooooo RvV2 100 ohm
B Le <
CAPACITORS
g = * (] [of] 1n0 polyester
el Cc2 1 uF electrolytic 16 V
£lo Cc3 220uF o
6o c4 100 uF "
Hio CS 66 n polyester
1 Lo c8 100 uF 16 V electrolytic
J e
K IC1/iC2 integrated circuits 555
L o o Qi transistor T1P29C
R!A : Q2 transistor T1P30C
Q600000006 00000000000000O0O0000000O00000O0HDO0O00O0O0® Printed circuit board or
Veroboard
Drilling details for Veroboard,

SW1 single pole switch
Nine volt battery and clip
Small speaker

WHAT bl RoY Roqg&,
Sil Whed THE RESISTOR
WE BROPPED INTO WIS

ML -METER ot SrpK

ON Wt WAL ¢AcL 7
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ConnY ag, A RuegR
SCREWIBRWER !

" 0AM, O ON
e APAge .7

il , "’:.\
D O
R

B,

s
2
N

HEH

78 ET! PROJECTS BOOK No. 2 — JANUARY 1981



Light
Chaser

ETLS81 Light Chaser

Rare

Low cost, simple design handles
up to 1000 W per channel and
can be expanded if required.

A LIGHT CHASER is a mechanical, or
in this case, electronic, gadget which
controls three or more sets of lights
arranged in achain. These are flashed on,
one at a time in sequence, to create an
illusion of movement. Such devices can
be seen at fairgrounds, on advertising
signs and in shop windows. Here is a
design that is simple and cheap to build,
and suitable for any of these
applications.

Design Features

We have seen many designs for light
chasers ranging from three relays
switched sequentially by a motor and
cam follower contacts to elaborate
phase control circuits. We chose to steer
for a happy medium retaining features
like easily adjustable rate and zero
crossing switching but still being simple
and cheap to build.

To reduce cost, we decided against
using an isolation transformer. Because
of this, the entire circuit is at line
voltage and should therefore be treated
with due respect. By using a series
capacitor which costs about $1.50, we
save a power transformer ($4.50) and
three pulse transformers (about $2.00
each), resulting in a $9.— $10 saying.

The unit can be expanded beyond
three channels if desired by moving the
reset line of IC4 (pin 15) from the
fourth output to the (n+1)th, where n
is the desired number of channels. The
sequence in which the pins on 1C4 go
high is 3,2,4,7,10,1,5,6,9 and 11. There-
fore for a 6 channel unit pin 5 will be
connected to pin 15. The output stage
consisting of the NAND gate, transistors,
capacitor and triac will of course have
to be duplicated for each additional
channel.

pOWER

WARNING

The circuit described here does not
use an isolation transformer and
therefore all sections of the circuit
must be considered dangerous.

If the unit does not work when
switched on, disconnect the AC line
and then, using a separate DC power
supply, apply 10 V across C2. Now
add a 60Hz AC signal of 12 — 32 V
onto the normal AC input. In this way
the control circuitry can be safely

checked up to the triacs.

The unit as described is suitable for
about 500W per channel but if
additional heatsinks are used this could
be raised to the 15 A limit of the triacs
or, if different triacs are used (e.g.
Teccor Q2025C) even higher currents
can be handled.

The pc board should be assembled with
the aid of the overlay in fig. 2. Ensure
that the diodes, capacitors and
transistors are oriented correctly.

Construction

The CMOS ICs should be inserted
last ensuring that the pins are not
handled more than necessary and that
pins 7 and 14 (the power supply rails)
are soldered first.

The heatsinks and the triacs used

depends on the intended load. We used
about 2500 square mm of aluminum on
each triac, and found this to be
satisfactory for about 500W per
channel. The tabs of the triacs are
live and separate heatsinks, insulated
fromground, should be used or the triacs
should be insulated from the heatsink.
We mounted our prototype into a
simple folded aluminum box, with an
external rate potentiometer and three
3-pin sockets. If an external
potentiometer is not required a trim
potentiometer can be mounted on the
board. To adjust this potentiometer an
insulated trimming tool must be used.
The unit can be wired according to
fig. 2 taking care with insulation as
many points are at 120V ®



LIGHT CHASER

Fig. 1. The circuit diagram of the complete chaser.
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HOW IT WORKS s

A light chaser consists ot three or more ac
switches which are turned on, one at a
time, in sequence. To make this explanation
simpler, we have separated the circuit into
several sections.

Power Supply

The 120 VAC is reduced to the 12 VDC
required to operate the control circuitry
by the use of a series capacitor Cl, the
diodes D1 and D2, the smoothing capacitor
C2, and is then regulated by zener diode
ZDl.

Synchronization Generator

The input to IC1/1 is connected to the
120 VAC supply via the 1 M resistor R1.
The value of this resistor, combined with
the effects of the protection diodes inside
the IC, prevent damage to the IC. The
output of this device is a 60Hz square
wave which is synchronized with the line.
IC1/2 is used to invert this square wave
and then the RC networks R5/C4 and
R6/C5 are used to generate negative pulses
on the two inputs of IC2/1 on each zero
crossing of the 60Hz signal — ie. 120
pulses per second. The width of these
pulses is about 0.6 ms.

High Frequency Oscillator
This is formed by IC1/3 and IC1/4, and
runs at about 80 kHz. Its output is gated
with the synchronizing pulses by IC2/2;
this results in 600 us long bursts of 80 kHz
at the start of each half cycle.

Low Frequency Oscillator

This is formed by IC2/3 and IC2/4 and its
frequency is variable by RV1 from 1 Hz
to 10 Hz. We have used this form of
oscillator in preference to that used for
the high frequency oscillator to prevent
reverse biasing the tantalum capacitor.
Counter

This is IC4 which is normally a divide-by-
ten counter with ten -decoded outputs
which go high in. sequence. By connecting
the fourth output back to the reset, a
divide-by-three is formed. This IC is clocked
by the low frequency oscillator.

Driver & Output Stages

There are three identical output stages
consisting of a two input NAND gate,
a two transistor buffer, a series capacitor
and a triac. The function of the gate is
to direct the high frequency tone bursts
onto the appropriate triac gate. The
counter 1C4 selects the required gate.

General
The use of a short tone burst at the start
of each half cycle is intended to minimise
RF1 as the triac can only switch on at this
point. This does, however, limit its use to
incandescent loads. For use on fluorescent
loads C4 and CS can be increased to 10 n.
The fact that we have not used an
isolation transformer reduces the cost, but
it does mean that the complete circuit
must be considered live! We did not use
fuses in the prototype, but they can be
used if required in the input leads. Ensure
that the fuses used will protect the triac.

YASVHD LHOI'T

(-]
L+ ] @ e o
PARTS LIST
RESISTORS all %W 5% unless stated otherwise SEMICONDUCTORS
RIS 1™ IC1—-IC3 . . 4011 {CMOS)
R2 ..... 47k IC4..... 4017 (CMOS)
gi_h's' - :?Ak Q1,3,5 .. 2N3%04
R7 ..... 2M2 b RE f:‘:‘z‘:
POTENTIOMETER D1, 2. e
RV1 ... .100k tin {trim or rotary) ZPNG 12V, 300mw
CAPACITORS TRIAC 1—3 SC1518
Gl ah & 1u 150 VAC MISCELLANEOQUS
C2N. ¥ a = 1000 16V electro PC board
CIMax o 417 25V tantalum Metal box to suit
C4,5 . . ..1n0 polyester Three 3 pin power outlets
C6. . & as 150p ceramic Power switch

C7—C9. . . 10n polyester
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3 PIN OUTLETS (REAR VIEW)

GROUND

: : el 120 VAC
CHASSIS ;. IN

GROUND ==

POWER
SWITCH

Fig. 2. The component overlay and wiring
diagram, Ensure that the chassis is well
grounded.

RATE
POTENTIOMETER
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LIGHT CHASER

Bench Amp

— HOW IT WORKS—

The gain of IC1 is set by the ratio R9/R1 - 6
resistors R1 - 6 vary this from 220 to =0.5.
Thus to produce 100mV across RV1, inputs
from 5SmV to 200mV are required. R7 and
R8 bias the non-inverting input to 4.5V and
R10 is included to protect the chip. Since
D.C. gain of the circuit is unity, the output
will set at +4.5V D.C., providing maximum
swing capability. To minimize output offset
{ due to bias current, the value of R7 and R8
< in parallel should be approxinately the same
value as R9. Bear this in mind if you intend

to alter the supply voltage. )
R11 and C2 provide decoupling for the
741 rail, as C6 does for the LM380. This

M'Powm“ BENCH'AM_’;____—-——
capacitor can be increased in value to

3 A : van with ly not entirely stable.

THE JMPLIFIER TO BE described  several dozen LEDs to see if our [ fUiinesins PRI oom aget,
ers in one major respect to results were repeatable: they were. In employed, R12 will have to be altered to

most others - it can be used as an  all cases we were within 10% of the maintain the conditions.
accurate millivoltmeter! One of the value of the signal!
most awkward things to measure in a  Continued on page 60
lab is an audio signat of less than a ’
volt. Specialist meters are expensive,
and rarely justifiable for an amateur:
hence this project. This provides at
least an ‘order of magnitude’ reading,
and in most cases an accurate value
can be assigned to the signal.

The circuit is basically an audio pre-
and power amplifier combination,
with switchable preamp gain. Depend-
ing on which sensitivity is selected, the
gain of the 741 is so adjusted as to
produce the specified input to drive
the LM380 to the point of clipping.
This voltage in turn is just sufficient to
cause the LED to light.

To measure an A.C. signal, turn the
volume control to maximum, and
apply the input to the socket and
work down from the lowest sensitivity
until LED just comes on. The value of
the input is now indicated by the
switch. We tried several 380s and

SELECT VOLUME
50. .100

oo

INPUT

R1
10k (10mV)

R2
22k (20mV)

R3
4u7 47k (50mV)

iNnPUT 'UF R4 (100
100k mV)

R6 (150
150k mV)

R6
270k (250mV)

Circuit diagram of the Bench Amp *PINS 34,5,7,
ARE CONN



BENCH AMP

Continued from page 42

Construction is not critical, but a
metal box is a good idea to help screen
the amplifier from extraneous radia-
tions etc.

Further sensitivities can be easily
added by using a larger switch with
more poles, and adding the approp-
riate resistors. The quality of the cir-
cuit is good enough to feed an external
loudspeaker, and a socket is provided
to enable this to be accomplished. @

-

ETI
BENCH AMP

PARTS LIST

PCB- foil pattern for the Bench Amp.

RESISTORS MISCELLANEQUS

R1 10K Phono socket

R2 22K Nuts, bolts, etc.

R3 47K 3.5mm jack socket

R4,9 100K CAPACITORS

R5 150K c1 447 16V electrolytic
R6 270K c2 47u 16V electrolytic
R7,8 220K c3 10n ceramic or similar
R10,11 100R Cc4 1000u 16V elfectrolytic
R12 180R C5 470u 16V electrolytic

All %W 5% C6 1000u 25V electrolytic

L
SPEAKER

9MA HOW3IG

POTENTIOMETER SWITCHES 117
RV1 100K Log rotary SW1 1 pole 6-way rotary TO RV1
SEMICONDUCTORS SW2 single pole / Off-On toggle

IC1 741 op-amp SW3 single pole / Off-On rocker

1C2 LM380 power amp SPEAKER

LED1 0.2 type LSt 2% 882 type

6502, Z80, KIM, 28000 . .. What do they mean? Sybex |
Books tell you what you need to know about architecture, | 280
instruction sets and programmmg microprocessors and
microcomputers. Whether you’re a student, engineer, or
just plain interested, you’ll find Sybex Books indispensible.
Prices shown include postage and handling. Use the handy
order form provided elsewhere in this issue or send cheque
or money order (no C.0.D.) to Electronics Today Interna-
tional, Unit 6, 25 Overlea Blvd,, Toronto, Ontario M4H

1B1.

An duction to Personal & B
SYBEX C200

Computing
$10.75

This s a basic i y text on . Hs main goal is to answer
the question: "What do | need for . . . 7" in specitic detall. No previous technical
background s assumed. The author addresses progressively all the essential
topics of Interest to the microcomputer user (as opposed to the designer). How a
systen works. Which modules are required for which function. How much
memory is needed. Which perpheral should be used. The cost. The software.
Differencas between existing microcomputers. {s a min-BASIC sufficient? The
teal cost of a business system. Its limitations. Can you really manage a mailing
list on a floppy disk? Packages and other programs. The traps for the hobbyist.
Application techniques. New systems and facititles.

The book is designed to educate the reader in all the aspects of a system,
from the selection of the microcomputer to the requirgd peripherals. No com-
puter background is required.

Programming the 6502

SYBEX C202 $18.75
An educational text designed to teach you programming from the ground up
Already one of the most g books ever . it has

been revised and expanded at both the low end and high end of the spectrum.
The range of programming concepts and technigues presented is such that it
addresses the needs of virtually every programmer interested in using the 6502
microprocessor, from beginner to expert.

6502 Applications Book
SYBEX D302 $18.75
This book presents practicat applications techniques lor the 6502. You will buikl
& complete home alarm system, including fire detection, as wefl as an electronic
piano, 8 motor speed-regulator, a tme-of day clock, a simulated traffic control
system, and a Morse code generator. You will also design an industrial control
loop for temperature control, intluding analogsto-digital conversion, and your
own simple peripherals from paper-tape reader to microprintes

Truly the "mputoutput” book for the 6502, it includes more than 50
exercises designed for testing yourselt at every step.

6502 Games Book
SYBEX G402 $18.75
This book Is designed as an educational text on advanced programming tech
fques. it presents a comprehensive set of algorithms and programming tech
nigues for common, computer games, All the programs are developed for the
6502 at the assembly language level.

Because programs must reside within less than 1K of memory m order to
reside on a single board microcomputer (such as the SYM used in this book), the
book covers wirtually all aspects of advanced programming; effective algorithm
design, data structures design and effective coding techniques related to stos age
economy.

The reader will learn how 10 devise strategses suitable for the solution of com
plex prot lems, typical of .those encountered in games. He/she can atso use all
the resources of the 6502, and sharpen histher skills at alvanced programming
techniques. Al the games presented in this book can he plaved on a real board
{the SYM), and require a very small amount of adlditional components,

Component overlay for the Bench Amp

WANT to know mor
about Microcomputi

Programming the 280
SYBEX €280

$20.75

This book has been designed both as an text and as a selt

reference book. As such, it can be used as a complete introductory book on
programming. ranging from the basic concepts to advanced data siructures mary
pulations.

It #iso contains a comprehensive description of all the 280 instructions as
well as its internal operation, and should provide a comprehensive reference for
the reader who is already familiar with the principles of progiamming, but
wishes to learn the 280, All concepts are explained in simple yet precise terms,
building prograssively towards more complex techniques.

Programming the 28000
SYogEX c281 $22.75
This book was designed as both an educations text and a selt-contained reference
manuat. This book presents a thorough introduction to machine language
programming from basic concepts to advanced programming techniques.
Detailed illustretive examples and numerous programs show the reader how to
write clear, well-organized programs in the language of the Z8000.

The book also contains a comprehensive description of the 28000 archi-
tecture as well as programming instructions. The author has arranged the in-
structions logically, rather than simply alphabetically by mnemonic name. This
feature enables the reader 1o gain insight into the overall capabilities o! the
machine

With over 113 illustrations, a thorough index, and 5 appendices, Programming
the ZBOOO is an indispensable text for engineers, students, POP-11 users an any-
one interested In learning machine language program:ming skills.
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Shutter

Speed
Timer

A project from the amateur photographer from ETI's project
team to enable accurate checking of the mechanical bits!

THE NUCLEUS of good photography is
correct exposure.. This is a combination
of shutter speed and lens aperture as
determined by an exposure meter. If
either speed or -aperture is not as
indicated on the camera the results will
be less than perfect.

While the lens aperture is a simple
mechanical operation and unlikely to be
in error the same cannot be said about
the shutter with its springs and things.
(Typical electronic engineer’s attitude!—
£Ed.) Not only may the speed not be
exactly as indicated on the dial, it may
(probably) change as the camera gets
older. Therefore it is desirable that a
simple method of determining the
actual speed should be available.

This project describes the design.and
construction of a unit which is capable
of measuring times from 1/10000 sec.
to 10 sec. This allows the actual speed
to be measured and then used to
calculate the correct aperture when
taking those important photos.

[ SPECIFICATIONS

Timing range 0.1ms to 9.99sec.

Sensor Photo transistor

Display 3 digit LED

9 voit batteries

65 — 160mA LEDs on
20mA LEDs off

Power supply

Battery life  ~6 hours — normal

~20 hours — alkaline
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It is suitable for checking cameras
with a hinged or removable back so that
the sensor can be placed in the film
plane. For cameras where the film fits
into a slot this unit cannot be used.

Construction

Commence construction with the

PCB adding initially the nine links
required. Next add the resistors and
capacitors in the appropriate locations
as shown in the component overlay. Note
that capacitor Cb is polarised and must
be inserted the correct way round.

The transistors and the displays can
now be soldered in place taking care with
orientation of the transistors.

The ICs are the last components to
be installed and these must be in the
correct location and orientation. When
soldering them in, solder the corner pins
(the power supplies), pins 7 and 14 or
8 and 16 first as this allows the internal
protection diodes to work while you
solder the other pins.

-~

ON

ETI
SHUTTER
TIMER

RANGE
99-9ms 999ms 9-99s

L@J

1/500
1/250

ONE SHOY
1.0 ms ADD
2.0 msy
4.0 ms
/125 8.0 ms

1760 = 16.7 ms
/30 = 333ms

, -
RESET @
-
&

/1% 66.7 ms
8 125 ms
1/4 250 ms
1/2 500 ms

The front panel can now be drilled and
cut. A piece of polarised plastic helps
as a display window. The switches,
pushbutton and phone jack can now be
fitted and connected to the PCB as
shown in the component overlay. The
only point which could cause problems
here is that the phone jack connections
sometimes vary, and you should check
yours before connection.

The PCB can now be mounted
onto the support bracket with 6 mm
spacers and the bracket into the box
with two screws. When positioned
correctly, the display will be visible
through the window and the battery
holders will be held in position at the
other end.

Sensortive

The sensor plate which contains Q1
and R1 can now be made. We used a
piece of PCB material, although any
non-conductive material which is opaque
or transiucent may be used. Start by
cutting the plate to size and drilling a

ETI PROJECTS BOOK No. 2 — JANUARY 1981



6 mm hole in the centre. The photo-
transistor Q1 should be mounted with
the curved surface (which is the active
side) into the hole and R1 soldered to
the leads, the whole assembly then being
glued onto the plate with quick dry
epoxy. Ensure that all conductive parts
are covered with epoxy to prevent
touching when in use.

To measure the time the shutter is open
we use a phototransistor, Q1, positioned
in the film plane in the camera. When
the shutter is operated and if the camera
is focusing a bright light on to the tran-
sistor, the voltage across R4 will rise to
about 7 V for the duration of the
shutter being open. The transistor used
is a Darlington type and is normally too
slow for measuring times shorter than
1 ms. The addition of R1 increases the
speed at the expense of sensitivity —
hence the need for a bright light.

The output across R4 is squared up
by the Schmitt trigger formed by
IC1/1,2. The output of this controls the
input to the 10 kHz oscillator IC2. This
is an ordinary 555 oscillator where the
frequency is set by C1, R2, R3 and RV1.
The output of IC2 is divided by 10 in
IC3/1 and again by 10 in IC3/2. We use
the enable inputs of IC3 as they give
clocking on the negative edges, which is
what we need. We now have three
outputs of 10 kHz, 1 kHz and 100 Hz.
One of these outputsis selected by SW2/1
which is a centre off toggle switch. When
it is in the off position, 1 kHz is selected
via R8, while in the other positions the
1 kHz signal is swamped by the low
output impedance of the other dividers.

HOW IT WORKS

Calibration
The unit can be calibrated accurately
enough with the aid of a stopwatch
with a second hand. Set the camera up
as detailed in the operational notes and
using the single-shot mode, open the
lens for five seconds. By adjusting RV1
get the reading close to bs.

Now use a longer time, say 20 s, noting

Whichever frequency is selected
clocks IC4 which is a 3 decade counter-
latch-multiplexer. We are not using the
latch in this application. This IC simply
counts the number of pulses it receives
and with the help of IC5 (7 segment
decoder-driver) and Q2 — Q4 displays
the result on the LED displays. During
the counting period the display is blanked
to prevent ripple on the supply rail
upsetting the 555 timer. The ripple
would occur as the current changes with
different digits displayed. The decimal
point is controlled by SW2/2.

Two modes, single-shot and add, are
provided. In the single-shot mode when
light hits Q1 operating the Schmitt trigger
the monostable formed by IC1/3 gives a
pulse about 50 us long which resets the
main counter IC4 and the /10 dividers,
IC3. Pins 1 and 9 on IC3 which have to
be low to allow clocking are taken high
during the reset pulse only because it
made the PCB easier and does not
affect the operation. In the ‘add’ mode
the reset pulse does not occur and unless
the reset button is pressed the second
and successive counts will simply add on
to the previous count. This allows say
ten tests to be made and the total divided
by ten to find the average.

ETI PROJECTS BOOK No. 2 — JANUARY 1981

PARTS LIST F——
RESISTORS all % W 5%

R1 1™
R2 82k
R3 10k
R4 2k2
R5 100k
R6 220k
R7,8 10k
R9-R16 220R

POTENTIOMETER

RV1 50k
CAPACITORS
ci1-C4 1n0 polyester

C5 10u 16 V electrolytic
SEMICONDUCTORS

IC1 4011

1C2 555

IC3 4518

iIc4 14553

IC5 4511

DISPLAY 1-3 DL704

Q1 2N5777
Photo-Darlington

Q2-Q4 2N3905

SWITCHES

swi1,3 toggle switch SPDT

SW2 toggle switch DPDT

centre oft

MISCELLANEOUS

PCB Iplastic box, push button,

phone jack and plug, battery holder, battery
clip, support bracket, spacers, nuts, bolts;
wire etc.

that the first digit will be missing. (i.e. a
reading of 8.52 represents 18.52 s while
2.31 would be 22.31 s) and finally
adjust RV1.

To aid setting up a push button can
be substituted for the phototransistor
but the ‘add’ position should be used
and the timer manually reset as contact
bounce can cause the display to reset on
release of the button.

Operation
While the camera can be hand-held
it is recommended that a tripod be used.
Mount the camera on the tripod
pointing at a light of 100 — 500 Watts
about 2 — 3 feet away. Open the back
of the camera and position the sensor
plate so that the light is focused on the
sensor. Initially, have the lens wide open;
if enough light is hjtting the sensor, the
display will be blanked. Stop the lens
down until the display comes on then
go back one stop.

This sets the sensitivity and by
selecting the appropriate range the
shutter speed can be checked. ®
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SHUTTER SPEED TIMER
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the small divisions on the right hand side corresponds with a % stop.
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Nickel-Cadmium
Battery

Charger

Universal unit charge practically any nickel-cadium battery currently in use.

THERE is an increasing proliferation
of portable equipment, such as flash
guns and calculators, which could, or
already do, use rechargeable batteries
of the nickel-cadmium type.

If the equipment was originally fitted
with rechargeable batteries, a charger
may well have been provided. But
when replacing ordinary dry cells with
rechargeable types a charger will be
required. Unfortunately,
nickel-cadmium battery packs come in
a variety of voltages and ampere-hour
ratings and a charger supplied for one
piece of equipment (eg, an electronic
flash) will seldom, if ever, be suitable
for other equipment such as an
electronic calculator.

The ETI 519 battery charger will
charge almost any nickel-cadmium
battery in use today. The charging rate
is switch-selectable for batteries from
50 mA/h to 2500 mA/h capacity.

Any battery voltage up to 20 volts is
automatically accommodated. No
voltage selection is required.

Charging time is approximately 14
hours for a flat battery and
proportionally less for one that is
partially discharged.

Overcharging at the correct
ampere/hour rate will not damage a
nickel-cadmium battery. Thus an
overnight charge for a partially
discharged battery may be safely
given. In fact, provided the correct
ampere/hour charging rate has been
selected no damage will occur if left
on-charge for 48 hours.

Construction

The circuit is a very simple one.
Practically —any method of
construction may be used provided

92

mA/hr
250
100~ 4

c
DO NOT CHARGI A

care is taken with the insulation of 120
Vac wiring.

In our prototype unit we assembled
all components on tag strips, with the
exception of the range resistors which
were mounted directly on the range
switch itself.

1f only a single range is required, a
single resistor may be used. Its value in
ohms should be 6000 divided by the
mA/h rating of the battery. The
nearest 5% nominal value to that
calculated as above will be adequate.

By virtue of the nature of the
constant current supply any battery,

m 519 NICKEL- CADMIUM BATTERY CHARGER

-1000

HARGE FOR 14 HOURS Al CORRE

1 HIGHER RATE

s
OR ‘OR MORI THAN 48 HOUR

C1 BATTIRY RaTiNU

THaAN SPICIHIED

or bank of batteries up to 20 volts
may be charged. If the 20 volt
capability is not required a different
transformer may be used as detailed in
Table 1.

The transistor dissipates a fair
amount of heat and hence should be
mounted on a piece of aluminium to
act as a heatsink. This 'piece of
aluminium should be insulated from
the case, or if not, the transistor
should be mounted on the aluminium
via a mica washer and insulating
bushes. ®
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HOW IT WORKS
Current regulators operate in Transistor Q1 is biased by D3 and
opposite fashion to voltage D4 such that there is about 1.2 V

regulators. In a current regulator, the
current remains constant regardless
of changes in load impedance — the
output voltage varies to maintain
constant load current.

In this circuit, the 120 Vac line
is reduced by T1 to 40 Vac. This is
then rectified by D1, D2 and filtered
by Cl1 to provide approximately 28
Vde.

This dc supply is then regulated by
Q1 and its associated components to
produce a current level selected by
SwW2,

between the base of Ql and the
negative side of C1. As there is 0.6 V
between base and emitter of Ql,
there will be 0.6 V developed across
the resistor network R2-R7.
Therefore the emitter current of Q1
must be 0.6 V divided by the resistor
value selected by SW2.

The emitter current generated as
above will produce an approximately
equal collector current which charges
the battery and remains constant
provided there is at least one volt
between the collector and emitter of

Ql.

BATTERY

TABLE 1
BATTERY
VOLTAGE TRANSFORMER"™ R1
1.25—3.75 12.6 VCT 1.8k
5—10 24 vV CT 2.2k
11.26—20 40CCT 3.9k
21-30" 60V CT 5.6k

| -

mA,

Capacitor C1 voltage rating should

be 50V.

* Current rating of the transformer, in
should be greater
maximum mA/h battery rating divided
by 10. A single winding transformer
of half voltage may be used if a bridge
rectifier is employed.

than the

PARTS LIST
[ L |
R1 Resistor 3k9 %W 5%
R2 o0 2R2 o o
R3 on 3R9 o e
R4 o0 SR6 ” o
RS e 12R o o6
R6 o 39R " o
R7 ’ 56R = o
D1-D4Diodes 1TN4001 or similar
C1 Capacitor 1000mF 35V electroly tic
Q1 Transistor 2N3055
T1 Transformer 120V pri 40Vct sec
500mA
SW1 Two-pole on-off switch

SW2 Six-position single-pole rotary switch
Metal box, bracket for 2N3055, line cord
and plug.

am

Working with People
Who Are Helping Themselves.

OXFAM supports small, seif-help pro-
jocts in developing communities around
the world. OXFAM projects stress self-
reliance and seek maximum participation
by the local population. OXFAM is more
than a charity. It Is a movement for social
justice.

YOUR CONTRIBUTION CAN
MAKE THE DIFFERENCE

OXFAM-CANADA

BOX 18,000 TORONTO, OTTAWA,
HALIFAX, ST. JOHN’S

BOX 12,000 WINNIPEG,
CALGARY, VANCOUVER
HERE IS MY DONATION $
FOR YOUR WORK.

REGINA,

NAME

ADDRESS

ALL DONATIONS ARE TAX DEDUCTIBLE.
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ove affair

The Seven Steps to Health are simple things you can
do to help prevent cancer.
You owe it to yourself to know and follow them.

I. Have a medical and dental check-up.

2. Watch for any change in your normal state of health.
3. Find out about any lump or sore that does not heal.
4. Protect yourself from too much sunlight.

5. Do not smoke.

6. Have a Pap test.

7. Do a monthly breast self-examination.

If you love life, take
the first step.

Leamn the Seven Steps to Health.
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Anne Murray —mother of two,
sponsor of children in the
developing world, Honorary
Chairperson of Save the
Children, and international
celebrity —admits that one of the
best joys in life is being able to
help children.

She is one of the many
Canadians who help youngsters
in need through Save the
Children. Over the past 60
years, Save the Children has
brought hope to young refugees
left starving and homeless, and to
children who suffered through
conflicts and natural disasters in
Spain, Europe, the Middle East,
Africa, Vietnam, Korea, India
and the Americas.

Save the Children relies on your
donations to provide self-help
programs for children and their
communities in more than 30
countries including Canada.

Anne believes that every child
is a “Child of Mine" . ..
of yours ... of ours ...

Please support her belief by
sending your cheque today to
The Canadian Save the
Children Fund, 720 Spadina
Avenue, Toronto, Ontario
M5S 2W3

There are so many ways you can
save a child—please write to
Save the Children for further
details.
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ET]I Wet:
Plant Waterer

If your plants suffer from a
drink problem let our ETI WET
look after them when you are
away, ensuring that they get
their daily dose of life giving
liguid.

WATER, WATER, EVERYWHERE
and not a drop to drink runs an old
poem, well plants need to quench
their thirst as well as humans — and
during holiday time most are left to
wilt. In the interests of flower power
we decided to produce a unit that
would refresh the plants that owners
could not reach, hence the ETI WET.
The unit consists of a sensor,
timer and electric water pump. The
sensor is embedded in the soil and
when dry the electronics operate the
water pump for a preset time — thus
infusing the plant with thirst
quenching water. When the plant
has drunk its fill and the sensor is dry
again the cycle repeats. In this way
you can soak up the sun in the
knowledge that your prize plant is
getting its fair share at home.

Construction And Calibration

The electronics are mounted on the
PCB, using a socket for the IC. We
used a plastic card filing box for the
case and a 5 litre container to hold
the water supply. Make sure you drill
an extra small hole in the cap of the
water container — so that air can
replace water when the pump
operates.

We used a small 6V pump (see
buy lines) but other pumps can be

PLANT
; * WATERER
MOISTURE
LEVEL
U|
- ——

Head on view of the complete protoype, the LED can be left out if you want

extended battery life,

used. For example a pet shop can
probably supply small pumps (used
in fish tanks) and pumps are
available from most car accessory
shops (used for windshield washer). |f
the pump you use needs 12V the
battery will need changing — the
electronics will work at this higher
voltage.

The moisture control and water
flow control need careful setting — to
ensure that the plant gets enough
water, but not too much. When first
switched on the ETI WET will pump
water for the time set by the water
flow control — use this water to wet
the soil around the plant, with the
probe in position.

With a properly watered plant,
adjust the moisture control until the
ETI WET feeds more water — then
reduce the setting.

ETI PROJECTS BOOK No. 2 — JANUARY 1981

R2
R4
R5
R6

POTENTIOMETERS

RV1 500k linear
RV2 100k linear

CAPACITORS

100n polycarbonate
100u 10V tantalum

2200u 16V electrolytic

SEMICONDUCTORS
D4011
2N3905
TIP31
1N914
LED

MISCELLANEOUS
Toggle switch 6v lantern battery Box to suit,

PCB. water pump, tubing, water container,
etc.




ETI WET PLANT WATERER

ETI WET

Above Right: An internal shot of our prototype, notice
how we used screws to give extra ‘bite’ to the epoxy
holding the tube connections on the front panel.

Above is the overlay for the PCB shown full size (70mm
by 90mm).

Right: The complete system, the probe used was made
from a jack plug.

SUPPLY +Ve

LED1 ==

RV1WIPER ===

SENSOR —V g m=

SENSOR +Ve w

SUPPLY —V e mm

PUMP —Ve
&RV2
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The circuit is composed of three main sec-
tions: Level sensitive Schmitt trigger, vari-
able time monostable and output driver. The
level sensitive Schmitt is formed from ICla
and ICIb with the probe and R1, RV1 forming
a potential divider on its input. When the
resistance across the probe increases beyond
a set value (ie the soil dries), the Schmitt is
triggered. C2 feeds a negative going pulse to
the monostable when the Schmitt triggers
and R2 acts as feedback, to ensure a fast
switching action.

The monostable (ICic and ICld) time
period is determined by the values of C3 and
R4, RV2. When triggered by the Schmitt the
monostable turns on Ql, Q2 which drive the
water pump. The monostablé will only trig-

er with negative going input pulses, and
therefore unless the probe has been shorted
(by water) the Schmitt cannot retrigger the
monostable. This acts as a fail safe to prevent
the plant from drowning!

Thus the “water flow”and “moisture level”
controls must be adjusted to provide at
least enough moisture to pull the input of
ICla low. This is of course a compromise.
We decided on this method over simply
controlling the pump from the moisture
“resistance” signal directly, since in the
latter system a broken wire, or accidently
removed sensor would ask the pump for
infinite quantities of water, and drench
not just the plant, but the carpet also.

ETI PROJECTS BOOK No. 2 — JANUARY1981



e % % I~ -
v MOISTURE Full circuit diagram ON/OFF
RV1 LEVEL R3 R6
EOOk 100k '9:"’ 4TO0R
IN c2
R5
= F.’...,_ 100n a2k :‘AOZ
T Q2
. NPN .| ca
= —=—=2200u
= —— S
L o oV T
AAA @—ﬁ ' o
ROBE - 4M7 ‘ 100u =
»—_.l—_-C 10V
o - TANT .
_— -L %o IC1 is 401 NI 1N91D¢: ':AL(J;?'SR
n Q1 is 2N3905 RV2 -
Q2is TIP31 1L?r?k

Classified

CHALLENGER SOFTWARE. Quality soft-
ware now available for Superboard/Challen-
ger systems. Send $1.00 for listing (refund-
able with first order). Dealer enquiries
welcome, write on letterhead or phone
(416) 789-4458 for information. CHAL-
LENGE SOFTWARE, 1912A Avenue Rd.,
Toronto, Ontario MSM 4Al or CHAL-
LENGE SOFTWARE, P.O. Box 6984,
Orlando, Fl. 32803.

VOUS SEUL POUVEZ
OFFRIR LEDON
DE LAVIE!

Donnez dusang
réegulierementala

CROIX-ROUGE

ET! PROJECTS BOOK No. 2 — JANUARY 1981

J&J ELECTRONICS LTD.,, P.O. Box
1437E, Winnipeg, Manitoba R3C 2Z4.
Surplus Semiconductor Specialists. Do you
get our bargain flyer? Send $1.00 to receive
the current literature and specials and to be
placed on the mailing list for future pub-
lications.

LOW-PRICED, high quality ETI Project
Boards. Glass epoxy, drilled, tinned, gua-
ranteed. Custom computer interfacing —
hardware and software available. Enquire
about our low cost TRS-80 (TM) printer
interface. For latest flyer send stamp to:
K.S.K. ASSOCIATES, P.O. Box 54,
Morriston, Ontario, NOB 2C0.

WSI RADIO — SWL Radios — Ham radios
18 Sheldon Avenue North, Kitchener.
Ontario N2H 3M2. Tel. (519) 579-0536.
Write for giant catalogue, free of course!!
(VE3EHC).

Perform a

death-defying
act.

Give Heart Fund.
Give Heart Fund @

DYNAMIC-BIAS Super Class-A Preamps and
Power-amps *Colorful LED VU and Power
meters *New Professional Parametric
Equalizer *Bench Power Supplies *Trans-
istor Tester *Sound, Light or Touch
Activated switches *Electronic Roulette
with Sound *FM Wireless Mic *Plus many
other Quality Kits *Also a Complete line
of ‘Sound Barrier’ and ‘Sparkomatic’ Car
Stereo *Write for your FREE
CATALOGUE: CLASS-A ENTERPRISES,
INC, 104-206 E. 6th Ave., Vancouver,
B.C. V5T 118.

KITSTRONIC INTERNATIONAL, Box
577, Station J, Toronto, Ont, M4] 4Z2.
Amplifier kits and semiconductor special-
ists. ECG replacement transistors avail-
able. 200W, 30A Audio transistors
MJ15003, 15004 $9.00 per pair. MJ802,
4502 $8.00 per pair. Send $1.00 for our
Catalogue (refundable with order).

SUPREME ELECTRONICS, P.O. Box 6370
Stn. C, Victoria, B.C. V8P 5MS5. Send $1.00
to receive your 1980 catalogue... Give us a
try for all your electronic needs.

PRINTED CIRCUIT BOARDS available for
all ETI projects. Custom work available
upon request. Enquire about our large
selection of parts. For details write to:
WENTWORTH ELECTRONICS, R.R.1,
Waterdown, Ontario, Canada. LOR-2HO.

PRINTED CIRCUIT BOARD BONANZA
Try B & R Electronics for all your PC
Board requirements We stock boards
for all projects in this Canadian Project
Book 2, and Summer ’80 Special
Projects Book. We also stock boards for
ETI magazine projects since February 1977.
Full list free. Send cheque, Money Order,
or COD. Post and Pack 50¢. B & R
ELECTRONICS, Box 6326F, Hamilton,
Ontario. L9C 619
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Technical OPTO SPECIAL
Books

Ctr

SLVR —SLVY —SLVG

so 1 0 h r CAP. VOLTAGE | PART# PRICE CAP. VOLTAGE| PART# PRICE
: . each o S PF 1000 voit | DD-050 a2 001 MFD 1000 vot | 0D-102 12
. b 8 PF 1000 Voit | DOD-080 a2 002 MFO 1000 ot | 0O-202 21
tltleS B SAVEI 10PF 1000 vort | DD-100 2 0022 MFD | 1000vor | 0O-222 19
E . i :% e B0 2 o MFO 1000 Vo | DD-302 16
olt - 1 0033 MFD 1000 Vot | ©0-332 10
Buy 100 for ONLY 27 PF 100vor | op-270 14 0047 wMED | to00von | op-ar2 6
33 pF 1000 voit | 0D-330 16 o1 MFD 25voit | UK25-903 g2
47 PF 1000 Vot | OD-470 16 01 MFD 50Voh | UK50-103 12
8_99 50 PF 1000 Voit | DD-500 e o0 MFD 1000 voit | ©D-103 a7
0 68 PF 1000 Volt | OD-680 16 022 MFD Wvor | UKIE-223 2
0 T O e 100 PF 1000 voit | DO-101 1”2 05 MFD 10volt | UK10-503 16
: 150 PF 1000 Voit | DD-151 12 05 MFD 12vor | UK12-503 20
200 PF 1000Vot | DD-201 a3 05 MO 20volt | UK20-503 14
A L L ‘ 0 M P U I E R : l 220 PF 1000 Vol | DD-22% 14 05 MFD 25volt | UK25-503 o0
t3 : 270 PF 1000 Volt DD-27% ® 05 MFO 50 Vol UK50-503 36
l 3 330 PF 1000 Volt 00-331 16 05 MFD 600 Vo DO-503 k-3
Bo o Ks I 390 PF 1000 Volt | DD-33% 12 1 MFD 10volt | UK10-104 16
L] 470 PF 1000 Voit | OD-47% N5 1 MFO 12 volt UK12:104 25
- . ) . z PE 1000 Vot | OD-501 a3 1 MFD 16Voll | UKI16-104 25
5 660 PF 1000 Vot | DO-681 i) 1 MFO 20volt | wk20-104 29
" E 750 PF 1000 voit__| DD-781 16 1 MFO 25vol | UK25-104 44

$100 MODULES - SPECIAL OF THE MONTH
CALIFORNIA COMPUTER SYSTEMS

CCS-2810A 280 Based CPU A&T $276.00 § NO. DESCRIPTION PRICE TV:’:O?“O- F'R.I;E “::420' s-:u:;e TY::BP;O. pn.zcgze
CCS-2065A 64K Dynamic Ram Board A&T 645.00 2508 250 ns. 35.00 4002 30 4046 105 4083 1.03
CCS-2422A Floppy Disk Controller & CP/M A&T 339.00 ¢ 2516 16K EPROM 12.00 :g:? :: :ggg g? :};; :ﬁg
CCS-2200K Card Cage Kit 575.00 2716 16K EPROM  20.00 4012 35 081 101 4430 160
PROM 120.00 4013 50 4078 38 4508 2.30
YSTEMS — S100 25132 32KE 1
RSV X $460.00 2532 32K EPROM  36.00 e e o Fr Pl -
SD-Z80K 280 Based Starter Kit v 2564 64K EPROM 270.00 4023 35 4071 30 4516 1.29
SBC 200 Single Board CPU Kit 433.00 % boo = 4024 80 4072 29 4518 115
PROM-100 Programming Board Kit 271.00 N ns; 6.75 4095 ot oo = o o
EXPANDOPROM PROM Board Kit 238.00 4164 B64KRAM  +135.00 4028 65 4075 38 4538 1.00
EXPANDORAM II Memory Board (No RAM) Kit 309.00 4029 1.16 4076 .90 50

2114L 450 ns. 4572

RAM UPGRADES Ram Upgrades 200NS 50.00/16K

VDP 8024 80 x 24 Video Board Kit 499.00
VERSAFLOPPY I} Floppy Disk Controller Kit 439.00

;:. ASK ABOUT SSM AND DELTA PRODUCTS

oLS

740

74LS0ON 29 740827 .40 74LS83N 80  74LS164N gz  74LS273N 170
74US01N 27 74US30N .35  74LSB5N 110 74LSI65N 169  74LS275N 650
g SRR 74LS02N .3 740S32N 50 74LSOON 56  T4LS166N z00 74 279N 75
R S — 745008 20 TACIN 42 TASOIN 102 TALSHON 200 74LSBON 335
74LS04N 3 74US4ON 42 TALSON . 74LS173N “9a  741S26IN 120
SCR's and TRIACS PI—AST|C PDWER 74LS05N .35 74LS42N S8 74LS83N 49 74LS174N g6 74LS290N 1.08
NSISTORS 74LS08N .36 7ALS47N 90 74LS55N 70 74USITSN s 74LS293N 90
TIC 1168 1.26 TRA TaLSooN 40 TALSAN 150 TaSwN 80 74LSIEIN Zs0  7aSiesn 1
< 4L - 41851 37 74L8107N - 1.00 74LS299N 350
& TIP29 .50 TIP42 74LB11IN 42 740558 30 7alSM2N S0 7aUS19IN 100 selsaran 635
TIC 126B 1.42 TiP30 AB orC .85 740S12N .34 745351 36 74US122N 69 74U8192N 84 JarZacon 140
P11 70 74LS13N .46 74LS73N 46 74LS120N 90 741S193N .10 . ey ogg
TIC 216B 1.29 A,B,orC .52 TIP115 . 74L51aN 61 74878N 55 7aUS120N 1B 7alSisan so  J4-S348N 250
- TIP31 TIP120 .80 74LS20N .34 50 74LS125N 100  74(S195N 84 SN
TIP122 94 Zdisoaty 9 S0 74LS126N S0 7aisigeN 120 7ALSISIN LS

TIC 226B 1.23 AB,orC .55 4 74LS26N .40 7408132 85 7408197 126  [4LS3

TiP32 TIP125 .94
A,B,orC .59 TIP127  1.08
i TIP2955 1.07
TIP3055 .91

7808136N 60  74US221N 112  [4LS3ESN 90
7ASIBN B0 7aSpaon a0 1aLS36Sh too
N 1mp  JUS2IN 18 74 S36eN 100
7ALSTSSN 180 raiSpa 12s  SI6AN 100
TSN Yol JeUs2adl e 7gishzan. 1S
TALSISIN T 3% 74LS2SN 250 7405376N 100
74LS153N 55 74052a7N 110 24S37IN 180
74LS155N 110 741S248N 150 745378N 150
7ASISN 190 7alSoaon 120 TeLSITEN 180
74LS1S7TN 85 74 Sp51N 100 7425000 0o
7451588 S0 7 Sesan ga  74LS3ON 200
74USIGN 110 7ispern mo  4LSION 200
7ALSIEIN 110 74/ 525N 80

74U8162N 110 7413259N

74LS163N T

TIC 2368
TIC 2468
i ‘% : ;?‘f:;;

1.80

FOR $1695%, YOU GET

NEW! THE 1981 CESCO HOBBY ELECTRONICS CATALOGUE

00 For your FREE copy of the CESCO Hobby Electronics Catalogue
:\sp: l:‘leln:g:(y 128300 sgnél?his coupon% the address below. J
RF Modulator 4100 {5ma
OR reg.18369°
Apple II 16K 16959 [ syreet Apt.
RF Modulator 4100
Cassette Recorder 65% 1 City Prov. Postal Code

Reg.1801°° - - _
FREE -
TEXAS INSTRUMENTS
- 4050 Jean Talon Street West, - WATCH (value
== Montreal, Que. Canada H4P 1 $44.95) with every
Tel.: (514) 735-5511 Telex: 05-2559( $150.00 purchase!

Offer valid until
o - Twx: 610-421-3302 March 1, 1981
electronics lta. .

Prices subject to change without notice.
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PAIA ELECTRONIC MUSIC
SYNTHESIS EQUIPMENT . ..

From the analog basics to computer con-
trolled digital systems, PAIA kits offer un-
precedented value for the hobbyist as
well as serious musician, Pictured: 4700/J
Computer/Syntheslzer Package with
Polyphonic capability. Includes digitally
encoded keyboard, D/A converter, two
balanced modulators (VCA's), three
VCO's, noise source, filter, two envelope
generators, reverb, three watt block

power supplies, and two road-module
All this for

cabinets. ...$1,250.00

SUB-WOOFER ELECTRONIC

components for state-of-art systems.

is Canada's

)

15" SUPER
SYSTEM
150 WATT

o P

318 SILENCER — Noise Reduction Kit. Up to 15
db hiss reduction on any programme source, with
no loss of high end! Adjustable trigger level. Ideal
for tape playback and record. s

b 4 * 32 character by 24 line display e ol ' YT =l J
* Unigue “one touch™ entry. Key words S 8 T & &n
(RUN, PRINT, etc.) have thelr own .. Uy g &

1081 REAL TIME AUDIO ANALYZER KIT. 10 chan-
nel LED display forms a picture of any audio
signal. Built in noise-generator shows any audio
system's response In iIts environment and allows
you to equalize to improve the overall response.
19" rack-mount size.

Ace Audio

SUBSONIC FILTER (18 db/octave).
CROSSOVER. 18 db/octave slope, 100 Hz Prevents over-driving of woofers, and con-
crossover frequency. Using low-tolerance sequent waste of amplifier power. Sharp

cut-off at 20 Hz with distortion typically
Mod el 6000IKItu « & sk s sk $163.55 .005%.Model 4000 Kit. ... .. . . $123.99

GLADSTONES
SPEAKERMART

COMBINATION

m $169.95

o) Shown at left Is our popular Philips

Each System inciudes: 15" woofer (AD- 1
15240/W8), two 5" dome midrange, and DeForest 15" Super-System — com-
4'' dome tweeters, three way Cross- parable with factory complete

= - ,f_.; J§x -
EII‘lElEI’F‘

PRICE and PERFORMANCE break- /[
through In a personal computer! The ZX80
operates In BASIC, the most common,
easy-to-use computer language. It mat ;
ches or surpasses other personal com-
puters costing several times more.
* 4K Integer BASIC

VOICE ANALYZER
—ON

=

-

single-key entry
* Automatic error detection
¢ Powerful string editing facllities
* Programmable in machine language
* 22 graphics symbols
* Up to 26 string varlables of any length
* Build-in random number generator

Logical Skstems ONLY §549.95

Price Includes TV and Cassette connec-
tors, AC Adapter, and 128-page Guide-to-
ZX80-Computing Manual.

COMING: 16K Memory Expansion.

VSA VOICE STRESS
ANALYZER. Unique kit
analyzes the harmonic
content of any voice to
detect the presence of
"stress”. Not a lie-
detector, the VSA Kitcan

be used in person, for TV g -p
and radlo, and over the 1881 | ! '.i'.i ®
phone. LED display in- 2

dicates the degree of
stress In the subject's
voice. Reviewed In ET|
Jan. 81. ... $149.95

Digital Multimeters

TM351 3% dligits with L.C.D. Display. Up
to 4000 hours of battery life. Measures
AC and DC volts and current {up to 10A), %
ohms to 20 Meg. Basic accuracy is 1%.  4oMHZ

Professional quality instrument. . $359.00 PORTABLE OSCILLOSCOPE
TM353. 3% digit L.C.D. with .25% A full-performance scope, light-weight
BCCUTA0Y. .o ovuvitniuuenaiuis $289.00 4ng battery-operated, only 2" thick! im-
DMMs with LED Displays possible? No, the Thandar SC110 weighs
2% Ibs, runs off standard “C" celis (or

PDM35 31 digit hand-held $ 69.95 nicad rechar )

geables), and offers a surpris
DM235 31/2“:9:' ::-)nch/ponable :gzg: Ingly useful trace on a 2" dlagonal CRT.
DM350 3'2 digit high accuracy 4 igger facliities. Sensitivity down to
DM450 4% digit high accuracy  23p.95 U trigger fa y

10 mvidivision. Full range of accessories
avallable.SC110...............

Limited time/quantity specials!

GNOME Micro-Synthesizer. Perfect in-
troduction to electronic music, the
Gnome kit provides two envelope
generators, VCA, VCO, and VCF in a low
cost, easy touse package. ...... $129.00
OZ MInl-Organ. A battery-operated
polytonic keyboard instrument, with buitt-
In speaker and amplifier. Over 62 octave
range, with adjustable tuning, plus a
“pltch-blender” for special effects.

Completekitonly ............. $225.00

SAVE $15.000Bothfor ... ... ... $339.00

MODULES

5 POWER AMPLIFIERS

* Built in heatsinks

* Full circult protection

* 5 simple connections

HY30 15 watts RMS into ¢ 29.95
8 ohms

HY50 30watts RMS Into
8 ohms

HY120 60 watts RMS Into
8 ohms

HY200 12 watts RMS into
8 cams

HY400 240 watts RMS into 117.00
4 ohms

FIVE YEAR WARRANTY! 2rreampuiFiErs

Low Distortion — 0.005%

super.clean for hiﬁ « » . " Reauire only pots, switches, plugs and

.

34,50

87.50

93.50

sockets
i ] HY8  Mono preamp $31.95
reliable for pro systems! e eeams, o SIS

Unique Electronic
Products from

Glansmns-/
1736 Avenue Rd.

Telephone Orders
(416) 787-1448

ELECTRONICS
Toronto, Ont. M5M 3Y7

Request FREE GLADSTONE ELECTRONICS CATALOGUE

rdqr by MAIL or PHONE. VISA and MASTERCHARGE Accepted
ONTARIO RESIDENTS: Shop in Person Tuesday to Saturday.
Prices in effect as of issue date, subject to change

Gladstone Electronics carrles a wide
selection of speaker components,
many not available from other
sources. Full detalls are listed in our
catalogue — free upon request.
Brand names carried in STOCK and
set-up for DEMONSTRATION in-
clude: * PHILIPS DEFOREST * KEF
* PEERLESS *DECCA *JBL
* MOTOROLA * CELESTION
*FALCON CROSSOVERS

systerns at $400-$500.



