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' Hi-Fi Cassettes

Using Thermistors
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$-100 COMPUTER BOARDS ARKON KITS

All ARKON kits are complete with PCB.
Colour Video Modulator Kit .. ... ..
Logic Probe Kit (with case) ...

555 Code Oscillator Kit
RS 232 to TTL Converter Kit
BN-9 (LM 380) Audio Amp Kit
TRS-80, Apple Il 16K Upgrade Kit
VD-1 Video Modulator Kit . ...
TD-1567 Tone Decoder Kit .
FM-2 Wireless Mike w/

CPM Computer on a single S-100 card.
Add memory card for a complete sys-
......... $ 3.95

ASC11 KEYBOARD & KIT
RCA VP-601, Touch Kbd. Full ASC11 chr

ARKON standard full ASC11

Power supply kit (+5V)

VIDEO TERMINAL KIT

Serial 64 x 16 with selectable baud rate.
Mad BIasterNonseGeneratorKn
UT-1 Universal Timer Board Kit . ..
MA 1003 Car Clock Module
MA 1023 Car Clock Module .. ...
MA 1008 (State 12 or 24 Hr.)
12V Clock Transformer

LCD Alarm Clock Module ...
ETI Sound Generator Kit

Kits by Jana PCB included.
0-20 voit 1 ampere power supply

5 voit power supply option

S-100 MOTHER BOARD

; . W B MA1008(State 120r24 Hr) ... ... $12.95
Six slot with passive termination A6S 100

$5.00ea /6 for $25.00
MULLEN S-100 EXTENDER

3 chnl. colour organ, 300W.
ETI PROJECT BOARDS

- e 3 3 - $ 1.50
Two Tone Door Bell

Expandoram ! (without ram)

Expandoram It (without ram) Stereo Rumble Filter

Expander Compresser .
Digital Pane! Meter
Bucket Brlgade Audio Delay Ltne

RECHARGEABLE BATTERIES

Eprom Programmer ... .. .. .
Easy Colour Organ
Two Octave Organ
Audio Power Meter o
Simple Graphic Equalizer .

1 x 2 volt 5 amp./hr. lead acid with
1 x 6 volt .9 amp/hr. Gell Cell
1 x 6 volts 1.2A/hr lead acid .

HighPerformance Stereo Pre Amp. .
Complex Sound Generator

ARKON GRAB BAGS
11b Capacitors $ .75 2 Ibs Potentiometers $1.00

Guitar Effects Amplifier
Led Bar Power Meter
{Elementry Electronics)

1 1b Hardware § .50
2.5 Ibs Resistors $1.25
50Assorted Switches$5.00 30 Tantalums  §5.00

100 Grommet$ $1.50
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PRINTERS COMPUTER
TRENDCOM Thermal OHIO SCIENTIFIC

TC-200, 80 chr. .. Ceeeo.....8795. Superboard Il Computer, 4K, on board . $415.00
TC-100,40chr. ... ... .. .. ... $595. Superboard 8K, memory expansion

(Interfaces extra) 8 chips .860.00
ANADEX DP-8000 Superboard memory expansion PCB (24K}

Bidirectional, buffered, 80 chr. ... .$1350: with data , .$50.00
EPSON TX-80 Challenger 4P-8K, with sound colour.
Dot Matrix 80 chr. ... .. .. §995. 10 .$1,045.00

Challenger 4PMF-4P with 24K

Interfaces available for Pel Apple TRSBO

IEEE, RS232 minifloppy & 10 1$2,559.00
0S|, CIP SOFTWARE
MEMORY Starfighter  § 8.95 Fighterpilot  § 5.95

Alien invaders § 8.95 Killerbot $ 5.95

2102 1K 450nsstaticmemory ....$ 125 ' gopuoie  § 895 LunarLander § 4.95
SR l’;issg’r“ssfg"“:m;g"'y 8135 | mokforwo  § 7.95 Concentrition  § 5.95
el po . Bomber $ 8.95 Chessfor 0S| $24.95
2114 4K SOOr-\s. o : s 8.95 Barrierball $ 7.95 Time Trek $12.95
e 2114 4K 200ns ‘ '$10.45 Breakthru $ 7.95 Backgammon $12.95
§24.95 4116 16K 200ns dynamic memory .$ 9.95 DATA SHEETS
8 for . ..8§72.00 Graphic instruction $4.00
..$ 9.95 1702 256 by B EPROM 1 $ 400 | RS232forthe C1P and superboard $3.95
..$ 595 2708 1K by 8 EPROM . ...$10.00 Joystick instruction and plans ....%3.95
..$89.95 2716 2K by 8 EPROM .$19.95 Reverse video forthe C1P. ... .. .$3.95
$ 895 Single Supply G.T. conversion $1.00
..... $ 6.95 Saving data on tape . $4.00
UTILITIES
$ 5.95 C1P cursor control $12.95
Jx$12.95 Renumberer ... ... $ 795
.8 2.95 CASSETTE TAPES Autoloader ................. ... .8 7.95
: ;'gg Maxell UDXLIQO min. ... .. ..$6.95
. g Maxell UDXLII9O min. . . . ...87.45 '
----- ::3-3: FUJIFX190min. .......... .. . $595 IERESOSTLE A
Bobe Sony LNX 90 min. S .$4.95
TDK SAC9090min. ... ... .. $6.80 DISKETTES
...$ 250 8" Control Data or Wabash ...$6.50
.. .$29.95 8 Dysan saoas $7.95
.$44.95 IC SOCKETS 54" Control Data or Dysan . .$7.50

10% off orders of 20 pieces or more. Mix
or match.
#Pins  Standard Amp.  Wire Wrap

..$34.50
.$18.95

COMPUTER POWER SUPPLY
-5V at 10A, -5V at 2A, 12V at 5A, —12V

8 $ .15 $ .25 $ .65 at 2A
14 $ .25 $ 35 $ 95 110/220 VAC 60/50 Hz.
$ 6.25 16 $ 25 $ 45 $1.00 16" x 10" x 77 ... $45.00
18 $ 35 $ 60 $1.25 Mail order add $10. OOperunlt
. § 225 20 $3 375 8150 SUPER S-100 XFORMER
s 5.25 24 $ .40  §.80 $160
28 s 45 $ 85 $1.80 8V at 18A for +5V supply
. k . 28Vct at 4.5A for +5V !
$12.25 40 $.65 $.95 $300 S

22V at4.5Afordiscdrives ........$49.95

$ 475 REGULATOR
$525 § 76105.5V1A § .65 7824+424V1A $150 LS 74Ls136  § 2.50
$ 325 i 74LS00 § 1.50 7415133 § .95
78L12+12V1A § .65 7905-5V1IA  §1.95
$ 425 741502 $ .80 7415145 § 2.65
g 79L05-5V 1A $1.50 7915-15ViA  §2.00
741504 § .60 745148 $ 1.45
79L12-12V 1A $1.50 78HO5+5V5A $6.00
s12.25 0 7805+5v1A  $1.65 73MG 74810 § 315 74LS160  § 2.80
g . +adj 5A  $2.00
i 74L514  § 150 7418161 § 2.10
$ 375 7808+8V 1A $1.40 78MG-adj5A $2.00 740320 § .75 7408162 § 1.30
$ 3.25 7815+15V 1A $1.50 78GU-+adj1A $2.00 740827 § 1'50 7405174 § 1:70
2 (i Small Medium Large LEDS 740530 § 35 745175 § 125
8 B 74832 § .90 745190 § 475
Red 5 for $1.00
Green 4 for $1.00 74540 § 1.10 7415240 § 4.95
$ 9.25 0 41 31.00 74L873 § .65 7418241 § 215
$ 9.25 range B 740574 §$1.10 7415242 § 2.95
Bi Polar Sauare {Red/Yellow) 3tor $1.50 740875 § 1.20 745243 § 2.15
$11.25 Flashing Red 2for $1.50 741590 § .90  74LS244 § 4.00
Jumbo Red - 6 for $1.00 740591 §1.95 7415245 $10.95
$ 5.95 High Quality Green (Panel Mount) 2 for $1.00 741892 § .95 7415266 $ 2.95
) Metal Case, Panel Mount, 741893 $ 5.60 7418290 § 2.00
Small or Large . $1.50 745123 § 1.10  74LS393 § 3.40

4081 s 50 74C08 5.5 7416 $ 80 7491 s 70 74190 5140 $14.95
4082 s 50 74C10 5 60 7420 s 48 7492 s 85 1181 51.60 $1795
5085 s125  74C165. . .51.50 7427 S110 7493 s 85 74192 $120 G800, .S 995
2086 $195  74C922. .$9.35 7430 s 50 1495 $1.00 74193 $ 9  cgo2 s 9as
4089 $3 50 4584, $1.20 7432 $ 90 74107 $ 85 74194 $1 70 6810 5.35
3093 S100 4585 $150 7433 s 75 72 s 60 74365 sta0 oo i
4094 $2.50 4532 5350 7437 $ 63 2122 $110 >

4501 §325 453 §225 7440 $190 74123 $1.05 89 S 300
4502 $2.10 4555 $1.25 7441 $1.15 74125 5115 1854 $14.00
4508 $3.50 7442 51.40 74141 $1.00 CPU + 1857 3 1.95
4510 $2.00 7447 $1.75 3145 $175 1858 S 250
2511 52.00 7448 s1 25 74151 s 95 SUPPORT 1859 s 250
4512 5160 7451 s 65 74153 s 75 $59 95
15 swso  TIL 7454 s 65 74158 s6s  CHIPS Ro: 251351398
4516 5145 7400 s 50 7473 s 75 74157 $110 g - AY.3.1015

Pl 2.0 7402 s g0 7474 $140 74161 $160 . s1295
451 51.00 7403 5 .41 7475 s 75 74162 si7s 8 S

520 3200 708 Qoo 747 s 63 sizs 826 $360 THIES SO0
4522 $215 7405 s 60 7483 $1.80 74164 s100 8224 $ 895 b

4526 $2.50 7406 s 50 7484 $150 74165 $175 8226 S 360 75477 S 150
4528 st65 7408 s R 7485 $1.40 74175 $1.45 8228 $ 635 KR2376 .516.95
4531 $1.90 7410 s .30 7490 s 74176 59 8255 $89

Send certified cheque, money order, Chargex, Master Charge ... include
expiry date, card number and signature. We process C.0.D.'s for Canpar or
Post Office. Minimum order $10.00. Add 5% (minimum $2.00) for shipping

and handling. Any excess refunded. Ontario residents add 7% sales tax. All
prices subject to change. Some items available through mail order only.
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WE ARE NOW A YEAR OLD!

WE'VE LOADED OUR STORE
WITH FRESH STOCK AND
WE RE READY FOR YOU.
CHECK OUT THESE FIRST
ANNIVERSARY SPECIALS
AND STOCK UP ON ALL
THE GOODIES YOU NEED.

US CELEBRATE OUR

FIRST ANNIVERSARY

WE ARE READY FOR YoOU
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COMPONENT SPECIALS

This Is just a sneak preview. Come on in or check
our new catalog to see the whole lot.

741500 .35 7415163 1.75
740502 .49 7415165 2.25
741504 .55  74LS166 2.55
741505 .55 7415168 2.45
N 74L508 .47 74LS191 1.79
741509 .55 7415194 1.98
741510 .32 7415242 2.65
Nearly all 741573 .72 7415244 2.45
g 741574 .85  74LS365 1.20
LS In stock. rases 1.15 7415366 1.29
7415136 1.25  74LS367 1.29
TTL 10% 1eSS 7asi3s 1.15 7415368 1.29
7415160 1.65  74LS373 2.50
7415161 1.65 7415374 2.45
4049 .70
4060 2.49
4066 1.20
4070 .50
4071 .50
4000 .38 4013 .63 4093 <99
4001 .48 4026 2.30 4511 .99
4011 .44 4027 .64 4518 1.16
w301s .44 741N .49
w3l .77 1458 .62
LM318N 1.85 LM1436 1.29
m32e8 .75 LM309K  1.68
33N .75 4723 .62
#555 .49 10074 2.75
N914 .07 2N22224 .44 2N4400 .13 2N5210 .18
IN40OI .05 2N2369A .33 2Nd871 .67 285457 .75
14003 .09 2N2646 .73 2N5064 .35 2N5458 .75
1N4005 .13 2§2907A .34 2N5087 .18 MPF102 .50
IN4007 .17 2N3055 .85 285088 .18 C106D .48
280-cPU 13.50 8216 3.75
z80A-cPU  14.40 8224 4.45
280-PI0 7.95 8251 8.50
280A-PIO  10.25 6800 8.40
280A-S10/0 47.50 6802  14.95
80802 6.95 6820 3.85
8085 14.95 6821 4.85
8212 3.55 6850 4.99

IC SOCKETS: 1¢ PER PIN

W
INSTRUMENT/ — DIP SWITCHES
CLOCK CASE 8 SPDT rocker switches
Injection molded unit. in a single 16-pin DIF
Complete with red bezel. 2.49
P HAT X $395 ca ‘
VOLTAGE REGULATORS JUMBO LEDS
i red 6 for S1
o, W green 5 for §1
: yellow 5 for $1

1980 - 81 CATALOG

Exclusive To get
goose your
leaf free
format. copy
Update Just
pages send
sent us &
free. stamp!

By now, those who sent catalog requests or were in
any of our contests should have their copies. If
not, don't worry. They're on the way!

A

EQUIPMENT SPECIALS

we couldn't possibly fit
this space, but here's a

all the equipment into
few samples.

FLOPPY DISC DRIVES
C.D.C.  SHUGART

CcDe 4096 8" floppy drive Shugart SA800 8” drive
Single or Double sided Single sided

Simgle or Double density Double density

IBM 3740 compatible IBM 3740 compatible

Soft Sectored $ 649  Hard Sectored S 749

ASCIT KEYBOARDS
H B ($119.80

S-100 BACKPLANES

) MEMORY SPECIALS {0

DYNAMIC RAM
4116  (l1éKzl, 200as) .............. 7.95
4116 (16Kz1, 300ns, CERAMIC)...... 5.95
STATIC RAM
2102LFPC (1Kx1, 350nS) «.oevvenon.. 1.25
2114 (1Kx4, 200nS) ........ou.i... 7 . 50
2114 (1Kx4, 450nS) .. .....oo...... 4.99
EPROM
2708 (1Kx8, 450nS) ............ 8.25
2716 (2Kkx&, 450ns, single 5 V) 18. 50

$/5 with frame$f5 without

S-100 CONNECTORS $5.00

MULTIFLEX PRODUCTS
See page 8 in October ET:.

Z80A S-100 PROCESSOR BOARD
$-100 MONITOR/MOTHERBOARD

64K DYNAMIC RAM BOARD
BIPOLAR PROM PROGRAMMER
LOW-COST LNGIC STATE ANALYZER

g A

ORDERS TAKEN NOW

Circle No. 17 on Reader Service Card.

ANDICOM TECH. PRODUCTS

Canadian computer systems

2804 CPU board $524

Floppy controller $394

64K Dynamic RAM board $972 |

48X Dynamic RAM board $842 I’I

32K Dynamic RAM board §722 k2t //I[’
I/0 board $452 s 1/
A/D board $267

Color Video Graphics board $459

Alphanumeric display unit 5267

Prototype board $38

TRS-80 Converter $217

EXCELTRONIX KITS
See our ad in Sept. ETI

(GOOD NEWS: Now you can program your own 2708,
2756 or 2516 EPROM's right here in our store
for FREE if the EPROM's are bought from us,
or for $2.00 per PROM if bought elsewhere .)
Note: The PROM Burner you will be using is
one of the many features of MULTIFLEX's Z-80A
Computer KIT. Please write for more info.

WE HANDLE MAIL ORDERS

Serd a certified cheque or money order (not cash).
Mirimum order is S5 plus $1 handling charge.
Ontario residents must add 7% P.S.T. Master Charge
and Chargex accepted: Send account no., signature
and card expiry date.

ALL PRICES ARE IN CANADIAN FUNJS, FEDERAL SALES TAX 97 INCLUDED ..........
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Designer Circuits Special. . . . .. .19
A bumper crop of schematics, all of
them designed by professionals and
covering a wide range of interests.

Cassette Decks and Tape ......29
Gordon King looks at the popular
field of tape recording and describes
the principles and some of the tech-
nicalities of modern systems.

Attenuators . . .. ........... 34
There’s more to attenuators than
most of us ever suspected. Ray
Marston discusses design considerat-
ions. Several practical circuits are
also described.

Identimat. . . .............. 39
How do you protect a computer

from unauthorised access? Roger
Allan reports on a Canadian system
that has been tried and tested —
and works!

Project Daedalus . . . .........5h3
Plans to build a real starship have
already been drawn up. Inside we
present a summary of how we could
send an unmanned spaceship to
Barnard’s Star.

Into Electronics Part2....... .65
Our major introductary series con-
tinues; this month lan Sinclair deals
with capacitors, inductors, transtor-
mers and reactance.

Thermistors . . .............71
Calibrating thermistors isn’t as big a
problem as it would at first seem —
our authors describe their
experiences.
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selection of professionally
designed circuits for you,

see page 19.
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Guitar Practice Amplifier .. ... .13
An amp specifically designed for the
musician which includes all the feat-
ures you'd expect from a profession-
al design.

6WSiren.................43

A quickie project which produces a
big, big, scund from a handful of
components.

Infra-Red Remote Control . ... .59
A state-of-the-art project that enables
you to switch on and off any elect-
rically powered device using a remote
transmitter. The circuit uses infra-
red as the data link and has a useful
range of about 10 metres.
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COPYRIGHT

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

LIABILITY

Whilst every affort has been made to ensure that all
constructional projects referred to in this magazine will operate
as Indicated efficiently and properly and that ail necessary
components to manufacture the same are available, no
responsibility whatsoever Is accepted In respect of the faifure
for any reason at all of the project to operate efficiently or at
all whether due to any fault In design or otherwise and no
responsibllity s accepted for the fallure to abtain component
parts In respect of any such project. Further no responsibility
is accepted In respect of any injury or damage caused by any
fault In the design of any such project as aforesald.

EDITORIAL QUERIES

Written queries can only be answered when accompanled by a
self-addressed, stamped enveiope. These must relate to recent
articles and not Involve the staff In any research. Mark such
letters ETI-Query. We cannot answer telephone queries.

BINDERS
For ET1 are avallable for $6.75 inciuding postage and handiing.
Ontario residents add 7% PST.

SELL €T}

ET! Is avallable for resale by component stores. We can offer a
good discount and qulite a big bonus, the chances are
customers buylng the magazine wlill come back to you to
buy their components. Readers having trouble in buying £T1
could ask thelr component store manager to stock the
magazine.

COMPONENT NOTATION AND UNITS

We normally specify components using an international
standard. Many readers will be unfamiiar with this but it's
simple, less likely 10 lead to error and wiil be widely used
everywhere sooner or later, ETI has opted for soonerl
Flrstly decimal points are dropped and substituted with the
multipller, thus 4.7uF is written 4u?, Capacitors also use the
muitipller nano (one nanofarad Is 1000pF). Thus 0.1uF is
100n, 5600pF is 5n6. Other examples are 5.6pF=5p6,
0.5pF =0p5.

Resistors are treated similarly: 1.8M ohms Is 1M8, 56k ohms
Is the same, 4.7k ohms Is 4k7, 100 ohms Is 100R and 5.6 ohms
is SR6.

PCB SUPPLIERS

The magazine does not supply PCBs but these are available
from the 9 com, 2 Not ail supply all
boards. Contact these companies direct for ardering
Information,

B&R Electronics, P.O. Box 6326F. Mamliton, Ontarlo, L9C

L]
Spectrum Electronics, Box 4166, Stn '0’, Hamliton, Ontarlo,
L8V 4L5
Wentworth Electronics, R.R, No.1, Waterdown, Ontario LOR
2HO

Danocinths Inc. P.O. Box 261, Westland, M1 48185, USA.
Exceitronix Inc., 319 College St., Toronto, Ontario, M5T 162
Arkon Electronics Ltd., 409 Queen 5t. W., Toronto, Ontario,
M5V 2A5,

A-1 Electronics, 5062 Dundas St. West, Islington, Ontario M9A
189. (416) 231-4331.



YOUR
LAST

CHANCE
FOR A

BARGAIN!

On December 1st the Subscription Rates to ETI
Magazine go up to $16.95 for one vear, $29.95
for two years.

Sorry, but these are the facts of life; it is two
years since we last increased rates and few mag-
azines can claim to have done that.

However, there's still time to take out your

subscription at the old rate: $14.00 for one vyear
(a 33% saving over the newsstand price) and
$26.00 (a saving of 38%) for two years.

To qualify for the old rate be sure to take out
your subscription to reach us by December 1st;
there's a reply paid card in this issue but you may
also use the order form on page 28.
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NEWS

Getting Faster

As the use of microprocessors and high
speed communications mushrooms, the need
for greater speed has become the watchword
of semiconductor manufacturers.

Onc area that shows great promise is the
use of MOS structure gallium arscnide (GaAs)
technology, currently being developed by
Lockheed Missile and Space Co.

Typical gate propagation delays ure
100ps, 20 times faster than ECL at 2ns and
100 times faster than TTL at 10ns. Antici-
pated production memory devices could
have access times ranging from 10ns down
to 2ns.

By 1985, IC device speeds of 4GHz
should be possible. Discrete GaAs devices
(used in microwave receivers and trans-
mitters) will be able to operate in the 40 GHz
region.

GaAs is not by any means the fastest
available technology. The much talked
about Josephson junction, under develop-
ment by IBM, can achieve gate delays of
only 13ps. On the other hand, such devices
require cryogenic cooling in order to work.

Acorn Microcomputer

Available kit or wired, the Acorn System
One is provided with 1K or RAM and 512
bytes PROM containing a system monitor.
Consisting of two circuit boards connected
by ribbon cable, the system features a click
action 25-key hexidecimal keyboard, an
8-digit, 7-segment LED display, and built-in
cassette interface.

The system monitor has some excellent
features: reset, memory alter and examine,
address increment, address -decrement, go,
break point, insert/remove, restore, tape
store, load from tape. The system is based on
the 6502 chip.

Also available in the Acorn System One is
a single board microcontroller, and an exten-
sion Acorn Memory with provision for
8K of RAM and 8K of EPROM.

The System One is $239.95 for the kit
and $319 wired. Available from Gladstone
Electronic Supply Co. Ltd., 1736 Avenue
Rd., Toronto, Ontario M5SM 3Y7.

ETI-NOV 1980
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Gallium Arsenide promjses high speed and relatively low power consumption. There are a few
problems, like an inability to grow insulating layers on the substrate. (Rockwell Intermational)

Easier Photo PCBs

Coval Industries, Inc. recently demonstrated
a new imaging process called the “Re-Zolv”

a type of negative photo resist used in the
production of printed circuit boards.

The process is unique in that it requires no
chemical developers. It may be exposed using
either incandescent or ultra viclet light
sources. It is developed with ordinary water
spray. The process uses two soluticns — one
is the emulsion called Re-Zolv “A’ which is
mixed just before use with the second solu-
tion, a sensitizer, identified as Re-Zolv “B”.
One can coat up to 12 square feet of board
with four ounces of emulsion combined
with one ounce of sensitizer.

A high contrast negative is placed in con-
tact with the dried emulsion and exposed to
high intensity light. An indoor type 150 watt
retlector bulb about 12 inches from the nega-
tive is adequate. Exposure 15 minutes.
With a simple spray wash of ordinary tap
water, all of the unexposed emulsion is re-
moved, leaving a strong green-coloured image
of the cirucit path. The board can then be
etched normally.

Further information may be obtained by
writing to Coval Industries, Inc., 2706 West
Kirby, Champaign, Illinois 61820 or tele-
phone (217) 352-9336.

Still More L.CDs

If your looking for an extra large LCD then
check out the latest effort of Hamlin Inc.
They now offer a 2”* X 6 (yes, that’s inches)
LCD panel for outdoor applications. Desig-
nated the IS 3920/3980, the device ap-
parently operates in a temperature range from
minus 10 degrees to pius 90 degrees celsius.
At the time of this printing, we couldn’t get a
picture, but it does bear checking out.

Write to Weber Electronics, 105 Brisbane
Road, Downsview, Ontario M3J 2Ké or
phone (416) 663-5670.
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LOOKING BACK

L.eader Oscilloscopes

Unfortunately the Reader Service Card
number was left off the Leader ad on page 47
of our October issue. Readers interested in
Leader products should circle Na.54 on this
month’s Reader Service Card. The ad appears
on page 38 of this month’s issue. Our apolo-
gies to Omnitronix Ltd. and our readers.

Electronic Thermometer,
September 1980

A pin number fell off the schematic dur-
ing the production of this circuit C2 should
be connected between pins 1 and 8§ of IC1.

Soil Moisture Detector, May 1980
The pin numberings of IC1d are incorrect as
shown on the schematic. Pin 2 becomes 13,
1 becomes 12, and 3 becomes 11. The printed
circuit overlay is correct.



WHAT'S NEW
IN HOME
ELECTRONICS?

Find out in the latest
Heathkit Catalogue. It's filled with
exciting kits in every price range,
all easy to assembile, all at build-
it-yourself savings.

Discover the fun you and your
family can have building your own
home computer, stereo system,
color TV. Discover the pride of
saying, "l built it
myself” It’'s easier
than you think.

Send today for your

FREE Heathkit
gl Catalogue.

athkit®

If coupon is missing, write
Heath Company, 1480 Dundas Highway E ast
Mississauga, Ontario L4X 2R7

Send For FREE Catalogue Today!

Send to: Heath Company, EV1180
1480 Dundas Highway East
Mississauga, Ontario L4X 2R7

Send my free Heathkit Catalogue now.
I am not currently receiving your
catalogue.

Name

Address

City Prov.

Postal Code

Circle No. 8 on Reader Service Card.

its in the
The 14 modular UnItS M gystem

-Blox
solderiess 'fgtébgn 4 cross-

r-COC 1
indexed. Projects 90 faste

asier. W
ior the beginnet thc;,t(‘; '\"?\‘;Z |
star e 'Sé orr‘\e for discrete
e C‘rcumElach has its own

compone ooklet.

foca 3
3:::‘” listed pelow:
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AP PRODUCTS
INCORPORATED

9450 Pineneedie Drive
P.0. Box 603

Mentor, Ohio 44060
(216] 354-2101

Free **Project of the Month*’ to Hobby-Blox purchasers!

ALBERTA:

Calgary ......... (403) 287-0520
Edmonton. .. .... (403) 454-5234
Red Deer........ (403) 346-2038
BRITISH COLUMBIA:
Kamloops ... .... (604) 372-3338
Vancouver . ... .. (604) 438-5515
Vancouver . .. ... (604) 291-1441
MANITOBA:

Winnipeg .. ..... (204) 786-8431
ONTARIO:

Downsview ... .. %416 663-5533
Downsview ... .. 416) 663-5670
Dresden...... ... (519) 683-6147
Kitchener ... .... (519) 576-99)2

Circle No. 7 on Reader Service Card.

Ottowa ......... 613) 820-9471
Thunder Bay . ... E807) 345-7334
Toronto......... (416) 868-1315
Toronto......... 416) 921-5295
Willowdale. . .. .. E416% 221-6174
QUEBEC:

Montreal .. ...... 514) 731-7441
Montreal .. ... ... %514 769-8861
SASKATCHEWAN:
Regina.......... (306) 525-1317
Saskatoon ....... (306) 562-6424
MAIL ORDER:

London ......... (519) 432-8625
Montreal . .. ... .. (514) 731-7441

ETI-NOV

1980



NEWS —

%‘& R RS,

'A Clean Sweep

Tektronix offers a novel 2MHz sweep func-
tion generator that allows the user to select
the upper and lower limits of frequency
range, linear or log sweep and direction. De-
signated the FG507, the instrument is in-
tended for audio, telecommunications and
other applications requiring low distortion.

The log sweep of the FG507 is mathemati-
cally derived and allows accurate plots when
using log scales, log paper, or a storage oscillo-
scope. Separate start and stop frequency
dials make frequency settings easy to set and’
interpret.

For example, the instrument will sweep
down if the stop frequency is lower than the
start frequency. A third frequency control
allows you to manually sweep between the
preset start and stop frequencies without
disturbing their settings.

The FG507 provides a low distortion out-
puts from 0.002Hz to 2MHz, and is capable
of generating five basic waveforms — square,
sine, triangle, ramp, and pulse, at output
levels up to 30 volts peak-to-peak with up
to £ 13.0 volts of offset from a 50-ohm
source.

Both instruments have a wide range of
vaiable symmetry, from 5% to 95% which
provides ramps and pulses. Pulse rise-time is
equal to or less than 25ns,

The generator’s audio sine wave distortion
is less than 0.25% and audio amplitude
flatness is within 0.1 dB. Because of this
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ability to generate low-distortion sine waves,
the FG 507 is especially suited for audio
dignal applications. For example, the FG 507
can be combined with the fully automatic
AA 501 Distortion Analyzer and the SC 503
Bistable Storage Oscilloscope to make a
versatile swept-response measurement

package, ideal for numerous audio appli-
cations. Another version, the FG 501A, has
all the specs of the 507, but without sweep.
For pricing and further information on the
new FG 507 and the FG 501A, contact Tek-
tronix Canada Inc., P.O. Box 6500, Barrie,
©Ontario L4M 4V3 or call (705) 737-2700.

Another Looking Back

Just when you think you’ve got everything
covered, Murphy’s law comes up in a new
form.

Readers may recall the IBS 8500 Sovideo
TV game data sheet that appeared in the April
1980 issue. We would like, at this time, to say
most emphatically, APRIL FOOL! It may
seem a bit pointless at this time, but to date
we have received no less than five queries
for further data and General Incinerations
address. Some people will believe anything.

Meanwhile, some wag at our local Active
Component Sales outlet has pinned a copy
of the data sheet up with the inscription
‘Now Available $14.95 US. For our more
gullible readers, this is an untruth. The IBS
8500 does not exist.

Micro Reading Matter

A new Canadian Newsletter is now avail-
able entitled ‘Bits & Bytes’. It will contain
articles on hardware and softwate. Write to
Bits & Bytes Newsletter, 502 Smallwood
Crescent, Saskatoon, Sask. S7L 486 or
phone (306) 384-7585.

Looking Back, Again

Also readers may have noticed that the Excel-
tronix Multiflex ad appeared twice in last
month’s issue. A mistake on our part , their
second ad was left out. Unfortunately that ad
is forever lost, but we do direct readers to
their new one on page three of this issue.
Our sincerest apologies to Exceltronix and
our readers.

Expose Yourself

News Digest is a regular feature of ETI Maga-
zine. Manufacturers, dealers and clubs are
invited to submit news releases to News
Digest, c/o ETI Magazine. Sorry, submissions
cannot be returned.

ETI-NOV 1980

De Facts

The Association of Computer Experimenters
have recently published “De Facto”, which
consists of close to 600 pages of reprints from
the clubs newsletter, Ipso Facto, for the past
three years. The book comes prepunched for
insertion in a standard three ring binder and
costs $15.00 postpaid. (Before you rush out
and get a money order, realize the clubs
efforts are exclusively devoted to the 1802
COSMAC microprocessor) Send cheque or
money order to Bernie Murphy, 102
McCraney St., QOakville, Ontario L6H 1HS.
Telephone: (416) 845-1630.

Mostek

Zentronics informs us that they now have
Mostek devices available in all eight branch
Iocations. Zentronics, 1355 Meyerside Drive,
Mississauga, Ontario L5T 1C9.

Head On

Jana Electronics have introduced a line of
stereo headphones. Of particular interest are
the model JH2 headphones. These are light-
weight (2.47 oz. less cord) sensitive units
with a rated response of 20Hz to 25kHz.
Sensitivity is given as 98dB @ 1kHz for
ImW input. Coil impedance is 25 ohms.
Suggested retail price is $36.95 and should
be available at Jana dealers now. Jana also
has four other models. For more inform-
ation write to Jana Electronics Ltd., 30
Hamelin Street, Winnipeg, Manitoba, R3C
2J3 or phone (204) 477-1893.

In an effort to find our Leaderscope
contest winner, Omnitronix and ET/! have
mounted an expedition into Northern On-
tario. The picture above came back to us.
Shown is Bill Paquette (left) receiving his
oscilloscope from Henry Taub, the leader
of the Expedition. Congratulations Bill.
Our brave and fearless leader did not
return. We understand he has gone on
further north to make his fortune selling
refrigerators and Hioki DMMs to Eskimos.
Go for it Henry !/




KITS KITS »

NEW. . . PRE-DRILLED PCB's FOR ALL KITS

STEREO AUDIO MOOEL EKBOAMOD!

MIXER Kit

CRYSTAL RADIOKIT

A setf powered radio which uses a resonant circuit and detec
tor tor AM radio reception. An ideal project for the beginner

Model ¥ EK80CRO01 PRICE: $8.95

STROBE LITEKIT

Fantastic for special effects. Variable speed Xenon flash
gives you a "STILL MOTION effect A real attention getter

Model ¥ EK80SL001 PRICE: $21 85
0-28 VOLT POWER SUPPLY KIT
1-AUX A true 0 10 28 volts capable of dehwering 1 amp continuous.

Full wave rectification, filtering and capacitance multiphca-

1-MASTER € 2

EXPANDABLE tion provides a clean dc source for sensitive audio and digi-al
work. An ideal supply for the experimenter

RESP. 20Hz - 20KH:

SV ouTRUT Model # EKB0PS028 PRICE: $39 95

16 CHANNEL MULT)-MODE LED CHASER KIT

We're proud to ado this to our hine. It's similar to our 15
channel led chaser but with many extra features. There zre
over 60 selectable modes. A few are: Up, Down, Skip, Pulxe,
Scramiyle, Single Pulse, Muiti Pulse ahd many more An
optional 120 vac board is available. (Extra)

Model ¥ EK8OLCM16 PRICE: $32.95

EDU-KIT LTD.

Lack ())’s

IT MAYBE YOUR

(A) Air Suspension

DOMINION

A Division of DREECO Electronics Limited

Circle No. 32 on Reader Service Card.

WOOFERS'

Part Number Cone Size Mag. Wt. Voice Coil Power

AF-1052 A. 10" 60z. 1.6 156W R.M.S.
LS-1016 A, 10" 200z. 1.5" 40WR.M.S.
JE-10A. 10 200z. 1 40W R.M.S.
R-1239 A. 12" 100z. 1 15W R.M.S.
CS-12 A. 12 100z, 1 15W R.M.S.
SC-12 A. 127 200z. 1.5 30W R.M.S.
DC-128B. 12" 200z. 1.6" 30W R.M.S.
JS-12A. 12" 400z. 2" 50W R.M.S.
VL-12 A, 12" 540z. 2" 60W R.M.S.
GS-1520 A. 16" 200z. 1.5 40W R.M.S.
DR-16B A. 15" 540z. 2" 100W R.M.S.
DR-15B78 B. 16" 780z. 3" 200W R.M..S.
DR18788B. 18" 780z. 3" 300WR.M.S.

(B) Bass Reflex Cloth Roll

RADIO & ELECTRONICS COMPANY

5 WATT IC AUDIO AMPLIFIER KIT

A general purpose 5 watt amplifier with Thermal Overload
and Short Circuit Protection. Because of 1ts low operating
voltage and high power output, it allows the user to use it as
an add-on amptifier for car stereo.

Specifications:
Frequency Response:
Power Output:

40Hz to 15K Mz B(-3dB)
5watts at 4 ohms
7 watts at 2 ohms

Distortion: 5% at 7 watts at 2o0hms
Load Impedence: 210 16 ohms
V Supply: 12 to 15vdc

Model # EK80A005 PRICE: $19.95

BBD AUDIO DELAY LINE KIT
Specifications

Maximum Input 20vrms

Delay Time . .. . 610 30ms (int.osc }
Distortion at lvat 1IKHz .. 0.3%
S/Net2vinput..,. . .. 67dB

Vsupply ..... .... . . +5vdc and -15vdc

MODEL #EK80BBDO1 PRICE: $69.95

POWER SUPPORT 120

A 120 volt power board which allows you to connect regular
lamps to our LED Chaser Kits. 8 channels are supphed per
board with 150 watts per channel They can be easily inter-
faced for 16 channels

Model ¥ EKBOPLC120

PRICE: $24.95

CAN.: 5635 YONGE ST., TORONTO, ONT. M4Y 1Y5
USA: PO BOX 147, NIAGARA SQR. STN., BUFFALO NY 14201

Does YourSystem

-

Resonance Price Ea.
35Hz. $ 9.95
40Hz. $ 29.00
43Hz. $ 19.95
36Hz. $ 12.95
40Hz. $ 12.95
32Hz. $ 29.00
35Hz. $ 29.95
28Hz. $ 69.00
30Hz. $ 69.00
30Hz. $ 39.00
30Hz. $ 89.00
30Hz. $129.00
30Hz. $189.00

535 YONGE STREET,
.-TORONTO, ONTARIO
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Triplett Counter

A 5Hz-80MHz Universal Counter (Model
7000), introduced by Triplett Corporation
utilizes a microprocessor controlled reciprocal
counting scheme to offer frequency, period
and event measurements usuaily found only
on more expensive instruments, Its price is
$300. US.

High resolution (6 digits) SHz—80MHz fre-
quency measurement, plus totalize (event)
counting to 1 billion and elapsed time mea-
surement from 100us to 100 hours is offered,
Another feature from the programmed
circuitry is the Model 7000’s convenient
elapsed time readout in hours, minutes and
seconds.

The Model 7000 offers excellent resolu-
tion with the reciprocal counting scheme that
permits six digit resolution even at SHz in just
one second of measurement time. The highly
visible .43” LED readout with a floating
decimal point is augmented with three annun-
ciators that indicate proper reading levels of
Hz/ms, K/u or M/n. A selectable X1 and X10
attenuator operates over the dynamic range of
input signals to achieve an optimum signal/
noise ratio.

Operation is extremely simple with the
auto-ranging feature that permits a single
colour-coded selection knob for six operating
modes. Additionally, there is a self-testing fea-
ture. In the TEST mode, the Model 7000
microprocessor systematically verifies proper
circuitry and display performance.

Further information on the Model 7000

Satellite News

The Candian Radiotelevision and Telecom-
munications Commission (CRTC) recently
released a statement concerning the legality
of satellite downlinks,

The licensing of a station is a matter for
the Department of Communications. Where
the CRTC comes in is what the user does with
the signal when he gets it. Any attempts to
rebroadcast signals, whether by airwaves or
cable is a ‘‘broadcasting undertaking’ and as
such falls under the jurisdiction of the CRTC.,
The CRTC has no interest in downlinks for

The Last Word

We're still wondering over some of the an-
swers we got for the Link Contest. Most of
you figured that it something along the
lines of 2/4/3 or 1/4/2. Some readers got very
‘scientific’ (!) and said that the resistance as
you took in more resistors tended towards,
but never quite reached, zero. Some came
right out and said zero and even 1/°°

Just about everyone appreciated that
the answer had to be less than 1 ohm, except
one answer of 100 ohms and at least five of
infinity . ..

Universal Counter is available from Len
Finkler Limited, 25 Toro Rd., Downsview,

individual use.

Ontario M3A 2J6.

For Installers

Coaxial cable for RG, video, MATV, CATYV, and CCTV applications
is now available in a new lightweight compact dispenser from
Amphenol North America.

The Amphenol Cable Caddy holds up to 305 meters of cable,
The corrugated dispenser pays out cable without twists and tangles,
§topping immediately when pulling action ceases, thereby elimina-
ing run on.

The Amphenol Cable Caddy is manufactured in Canada and is
available through three Amphenol North America Canadian sales of-
fices in Montreal, Toronto, and Vancouver., and through Amphe-
nol’s Canadian distributor network. Write to Amphenol North
America, Canadian Operations, 44 Metropolitan Road, Scarborough,
Ontario M1R 2T9.
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“A COMPONENT SYSTEM IN DISGUISE”

If you've always wanted car component sound, Mitsubishi

has the answer. Our new Auto Modules have all the advantages

of component separates, yet feature all the conveniences of an in-
dash system. The CZ-747 with its super-compact chassis, contains
the in-dash module tape transport and tuning sections. It features a
Sendust head, metal tape bias switch and an electronic tuning
system with memory, scan and auto-search. Time-of-day and tuning
frequency are digitally displayed and both tape and FM feature
Dolby Noise Reduction. Add one of the Mitsubishi Power
Modules to suit your power requirements. Our Power Modules

are available in 8, 20 or 40 watts per channel.

CZ2-747 — Part of the “Auto Modules' in-dash component systems.

Sugg. List $699.95

MITSUBISHI®
CAR AUDIO

Circle No. 1 on Reader Service Card.

Expect more from Mitsubishi.

Melco Sales Canada Inc.,
900C Denison Street,
Markham, Ontario

L3R 3K5

(416) 495.7728




At the
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ELECTRIC CARS

DIGITAL TEST METER

For years and years we've heard that the
electric car is just around the corner but
apart from some handbuilt curiousities
you're not able to buy one yet.

Next month Wally Parsons will be
looking at how things stand at the
moment.

TRANSDUCERS IN AUDIO

- p—
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Transducers can be thought of as the
interface between the real world and

A really superb project which uses the
latest 32 digit LCD DVM module and
acts as a combined 25-range DMM and a
5-range digital frequency meter.

10 TRANSISTOR CIRCUITS

Ray Marston presents another of his
articles describing circuits. Next month
these include a preamp, a DC-DC
converter, a lie detector, oscillator
circuits and more.

WIN A COMPUTER!

SURVIVAL

: {""’@

~

A highly addictive but infuriating game:
escape from the tyrannical machine if
you can. The game includes sound
effects, LED readouts and a skill level
control.

FLOPPY DISKS

Next month John Van Lierde looks
into floppy disks. He goes over the

the world of the electron. In the audio reasons for choosing this storage med-
field this includes pickups, micro- A free-to-enter contest with a mouth- ium over tape cassettes, how they work
phones, speakers etc. Our feature watering prize: the new Multiflex and how they’re controlled by the

examines these.

Z80A microcomputer from Exceltronix.

computer.

Your last chance for a subscription at the old rates: see page 6.

12
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GUITAR PRACTI
AMPLIFIER

Simple construction, low cost, good performance and superb neigh-
bour relations are the feature of this project!

t

THIS PROJECT has been designed to
enable guitarists to put in long hours of
practice and still keep that high power
amp in the cupboard, where it belongs!
It is a compact amp capable of about
7W into a 4 ohm load. This is enough
power for practice purposes and just
think of the greatly improved relations
you will have with your neighbours.
We were in a considerable quandary
as to how to present the project,
whether it should be done as a complete
practice unit with inbuilt speaker or
simply as an amplifier to be connected
to an external speaker. Finally we chose
a compromise. The pc board has been
designed in such a way that it can be
used as a totally self-contained unit.
The heatsinks. for the output stage
have been mounted on the pc board
so that the only components separate
to the board are the power transformer,
power switch controls, input and
output jacks. We have shown the pro-
ject mounted in its own box with power
transformer but it should be a simple
matter to construct the whole unit in-
side a small loudspeaker cabinet.

ETI-NOV 1980

The unit has two inputs so that two
guitars can be mixed together using the
relative settings of the two input level
controls. A pre-amp output enables
your main high power amp to be driven
from the guitar practice amp using the
practice amp as foldback.

We provided the pc board with the
necessary circuitry for a battery input
but you might elect not to use this
feature. If so diode D8 and the battery
switch can be omitted with points ‘A’
and ‘C’' connected together by. a wire
link.

Construction

Construction of the project is rea-
sonably simple since it is almost en-
tirely devoted to construction of the
pc board. Start as atways by mounting
the resistors and non-polarised capaci-
tors. Mount the tantalum and electroly-
tic capacitors next, being careful to
orient them correctly. These compo-
nents could be irreparably damaged if
inserted the wrong way around. Mount
the LM301 IC transistors and diodes,
again being careful to insert these the
correct way round. Finally the output

devices can be mounted. Cut the centre
(collector) lead off. This lead is con-
nected to the case of the transistor
internally, so in this case, electrical
connection is made through the
mounting screw that also serves to hold
the heatsink in place. Place the heat-
sinks on the pc board and secure with
the lower nut and bolt (not used to
mount the transistors). Bend the leads
of the output transistors and, using a
small amount of thermal compound
(non-toxic, such as Chemtronics SL-1),
mount the transistors with the leads
protruding through the pcb,

Secure each transistor with a nut
and bolt through both the transistor
‘flag’ and heatsink. Use a star washer
between the head of the bolt and the
copper pad on the pc board to ensure
good electrical contact.

The prototype unit was constructed
in a steel box measuring approx. 250 X
210 X 80mm. Mount the pots and
switches to the front panel, using the
pot and switch nuts to secure the front
escutcheon if you have one. Mount the
output and battery input sockets on the

13
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PREAMP
OUTPUT

Q8,Q9

The two input stages formed around Q1
and Q2 are identical. Resistors R1, R2 and
R4 form a very stable biasing configura-
tion around Q1. The gain of this type of
circuit is determined by the values of R3
and R4 (specifically, the gain is R3/R4).
The load impedance on the output of the
input stages is in parallel with R3, effec-
tively decreasing the total value of impe-
dance from collector to ground. Remem-
ber that, as far as signal is concerned, the
positive supply rail is a short circuit to
ground, since it is connected to ground
through a 2200uF capacitor. When all
these factors are taken into account the
gain of the first stage is about 10 since the
impedance from collector to ground is
about 4k7.

The signal which should be around
200mV is then applied to the input
of the second stage through potentio-
meters RV1 and RV2. The 22k resistors
R9 and R10 prevent the output of one
of the stages being shorted to ground
when the other is turned right down.

The second stage works in exactly
the same manner as the input stages;
resistors R11, R12 and R14 forming the
bias network for Q3. The voltage present
on the collector of Q3 is around 9V which
is approximately half the supply voltage.
This is used to bias Q4 which is an emitter

+
i E 2zoouI
DAL

A 1N4004 08

= 1N4OO4 =

PIN 10F BATTERY A
'WPUT SOCKET

OUTPUT TO
PHONE JACK
OUTPUT SOCKET

HOW IT WORKS

follower. This type of amplifier has no
voltage gain but provides a low output
impedance to drive the pre-amp output
socket. Q3 has a gain of approx. 10. If the
volume controls RV1 and RV2 are used in
their middle positions the voltage out will
be around one tenth of the voltage at their
inputs since these are logarithmic pots. So,
the signal voltages into Q3 should be in
the order of 20mV. This will be amplified
to a level of 200mV and applied to the
input of the power amp. The power amp
has been designed to deliver full power
with an input voltage of 300mV, so the
amp should be easily driven to full output
with useable settings.

Since this is a guitar amplifier, it will
spend most of its life hard into clipping.
The output stage is the LM301 IC op-amp.
This device gives all of the voltage gain in
the power amp. The output of the IC is
fed through a voltage follower Q5. This
has no voltage gain and, like Q4, serves to
decrease the impedance feeding the out-
put stage. The three diodes, D1, D2 and
D3, maintain 1.8 volts between the bases
of Q6 and Q7. Each of these transistors
will drop approximately 0.6 volts across
their base-emitter junctions. This leaves
a total of 0.6 volts to be dropped by the
two 33R resistors, R24 and R25. Since

these are ot equal value they will each
drop 0.3 volts and hold this voltage across
the base-emitter junctions of the two
output transistors Q8 and Q9. As these
transistors require 0.6 volts to turn on
they will remain off until the applied sig-
nal voltage causes the voltages on their
bases to rise above 0.6V. The extra 0.3
volts needed to turn on the output devices
will be supplied by a mere 10mA of
current through the 33R resistors. Resistor
R22 forms a feedback loop around the en-
tire output stage to decrease distortion,
stabilise the dc output voltage and set
the overall gain of the power stage. (A pro-
cess too difficult to go into here).

The op-amp will at all times attempt
to make the dc voltage at the output equal
to that voltage set up on its positive input.
This voltage is determined by the potential
divider formed by R18, R19 and R20.
Since this is also the main input to the
power amp any noise which might be on
the positive supply rail (and supplies can
get very noisy sometimes!) will be com-
municated directly to the input of the
power amp, only to be amplified and
applied to the loudspeaker. Capacitor C12
prevents this from happening by bypassing
to ground any noise above a ftequency
of around 0.1Hz.
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MOUNTING SCREWS

POWER BATT/MAINS
INPUT 2 INPUT 1
PARTS LIST
Rasistors all %W, 5% R24,R25 .. .33R Q7 e 2N4403
I e 390k RV1, RV2. . .20k log potentiometer Qs . ...... TIP31
R2 ....,.. 47k @R L TIP32
R3 54 . s 1BKB Capacitors
R4S T Ly 470R C1,C2 .. ... 1435V tantalum D1-D3. ... . 1N914
RGN o es 390k C3, Camt S o 100p disc ceramic D4—DS8. . . .. 1N4004
RE6 = o o E 47k C5-C7..... 14 35V tantalum
R o e 6k8 (b o - A 100p disc ceramic ICINE heie B LM301 op-amp
RBY. M. 470R 2 15u 16V tantalum
R9, R10 22k CHO W B oy 3 470u 25V electrolytic
RV S 380k (IR e 2u2 35V tantalum Miscellaneous
R125: . arsloys 47k CH2 % € ¥ o 47u 25V electrolytic Box to suit, pc board, power transformer
R3S & o 5k6 ClBaas="e v T 2u2 35V tantalum 12V@1.5 amps, 2xTO3 type heatsink for pc
R4 2% o508 470R Clda ) & o et 10p disc ceramic board mounting, line cord and plug, DPDT
R15, R16 2k2 Cl56%Se " o 100p disc ceramic switch (power on/off), DPST switch (battery/
RI7%% pia sl 470R Cil6 e Ly "V 2 1000u 25V electrolytic mains switch), . four phone jacks (mono),
RIS hr g 39k Cili] s Wl 5 2200u 25V electrolytic two knobs, grommets, nuts, bolts, pc board
RGeS 22k pins, four pc board mounting spacers.
R20.1. = s L 47k Semiconductors
R21........ 2k2 Qi1-Q4. .. 2N3906
R22. ...... 120k Q5] i) ol v 2N3904
R23. ) 4k7 0.5 V% " ar 3 2N4401
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NEW!

BABANIS
FROM ETI

BP7S: Electronic Test Equipment Consteuction $7.30
This book covers i detad the construction of a wide tange of test squipment for
bath the hobbyit and radeo amateurs. Included are Drojects ranging lrom a FET
Amplitied Voitmeter and Restance Bridge 10 a Field Strength Meter and Hetero:
dyne Frequency Mater

Not only can the home constiueior enjoy budding the equipment but the
finished project can also be usefully utilised In the lurtherance of his by

An ideal book for both beginner and advanced enthusiast alke.
BP76: Power Supply Projects $7.30
Power supplies are an elaenhial parl of any electronic projaet

The purpase of this book 1 1o give 2 number of Dower supply deugns,
ncluding Lmple Unatebibied types, furd voltage regulated types, and variable
voltage stabilsed types, the latter bang primanly ntended for use as bench
supphies for the electronic workshop The desgns sre all fow voltage types for use
with wmiconductor Cirounts

Thers are other types of powet supDl-er and 3 number gre dealt with i the
final chapter, including a4 cassetie supply, Nicad batiery charger. voltage step up
<circuit snd # stmple inverter.

Electronic Test Equipment construc-
tion and Power Supply Projects are
the latest addition to the Babani col-
lection of tethnical books. A must
for every hobbyist, they can be
obtained from the ET! Book Service
for just $7.30 postpaid. Send cheque
or money order to:

ETI Book Service

Unit 6
25 Overlea Blvd.
Toronto, Ontario M4H 1B1

(See the Babani page elsewhere in this is-
sue for over thirty other titles.)

PROJECT
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rear panel. |f you are using a battery in-
put socket use something different to
the output socket (which is usually a %"’
jack socket) to avoid confusion.

Finally, the fully-loaded pc board
can be secured into the case using short
metal spacers. If pc board pins are used,
all the connections to the board can be
made after the board has been mounted.

Connect the front panel controls, rear

panel sockets and input sockets as
shown in the wiring diagram. Use short
lengths of shielded cable to make the
connections to the two inputs and the
pre-amp output.

Powering Up

Make a final check of the wiring and pc
board. If all is well, apply power. A

slight turn-on thump should be heard at
the moment of turn on. If the ‘Input
1’ volume control is now wound up
some hiss should be heard from the
loudspeaker. Do the same check on the
other input. There is no set up pro-
cedure since the power amp stage is
operating in class B and requires no
bias adjustment. ©

if you met these people, would you
know they had

| Cystic Fibrosis?

Children and adults with CF often
look as healthy as you. To stay that
way they go through a rigorous pro-
gram of medical treatment and therapy
every day.

CF is inherited and incurable.

You know it’s good to be alive...so
do CF people.

With your help research will find a
cure or control.

take action

MAKE CF PEOPLE
WINNERS

( 0 Canadian Cystic Fibrosis Foundation
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Master Handbook Of 1001 Practical Circuits

TAB No, 800 $18.30
Master Handbook Of 1001 More Practical Circuits

TAB No. 804 $18.35
Here are IC and transistor circuits for practically anything and everything ~
with ALL the dats needed to put them to work. The ideal schamatic source-
book for all acti ici enginsers, experime s, amateurs — for anyone

who must or regularly or adapt circuits for
any purpose whatsoever. You'll find any circuit you're ever likely to need in the
pages of this rich volume, The schematics are classified according to general
application, and the Sections themselves appear in aiphabetical order,

99 Test Equipment Projacts You Can Build
TAB No. go; $11.75
Here's the A to 2 guide you need to build all sorts of electronic test equipment
= trom a simple signal tracer 10 a sophisticated modularized 50 MHz counter —
and virtually everything in between! Here are voltmeters and ammeters, capa-
citance meters, resi and i , testers for solid. com-
ponents, digital vol ; and , signal genera-
tors, frequency counters, osciloscopes, and a variety of RF test equipment. The
variety is incredible and almost endless . . . virtually every test instrument you
could possibly want te build for yourself, It's perfect for the hobbyist — and
indispenssble for the professional because you can incorporate each one —ora
combination of several — into your work bench setup or other gear.
.

The Pawer 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 as mobile and fixed units. Everything you need
to keep your project perking with the right volts and amps.

Build Your Own Working Robot !
TAR No. 841 $8.55

Here are complete instructions — plans, schematics, logic circurts, and wiring dia-

grams — for building Buster. Not a project for novices. Buster 15 3 sophisticated

experiment in cybernetics. You build him i phases, and watch his personality

develop as you add progressively more advanced circuitry to his mainframe. The

first of this three-phase robot, Buster |, is “'leash-led” and dependent on his

master for decision-making; you create the "animal” and give him wheels,
bi

ot cer-a YOUR “GINNER § ital
At titicial S .H_h! o g

NG OMPUTER
®¢ 10PROCES

1Aerse vt
Petron.:

rfacing With
finalog Worly

Digital interfacing With An Analog World
TAB No. 1070 $12.35

Are you looking for ways to really put your microcomputer to work ? This book
tells you how to go about it & how to convert energy produced by pressure,
force, position, temperature, efc. into an electrical voltage or current that your
micracomputer can deal with. It's for the user who views the microcomputer as
a bit of hardware to be applied, and who views software as sither a simple set
of instructions to make the machine go or. more importantly, as a valid substi-
tute for hardware. it presents information, in handbook style, for users of
microcomputers who want to design 3 device or system with a microcomputer
atlts heart. 9

Very simply, this book is for the microprocessor/computer user who wants to
use the machine to measure certain conditions, or to control external devices.

The €omplete Handbook Of Robotics
TAB No. 1071 $10.90

Create your own robot? All the information you need to build a walking, talking
friend and companion or a helpful servant appears in this book|

Your robot can take on many forms asd operate in any way you choose.
Every possible option is covered in minute detail — including light, sound, heat, |
and proximity sensors, minicomputer “brains” and more.

Whether you want a robot for a experimenting, for a security application or
to perform some task suitable for a “smart’” machine, all the ideas you need are
packed into this book.

Artificial Intelligence
TAB No. 1076 $1155

Artificigl intelligence 15 the branch of computer science devoted to program-
- Mifig computers 10 carry out tasks that, if carried out by human beings, would
require inteiligence. 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 complexity toward the rudiments of human-type intelligence,
1

h d Di y Of Mi Ter g9y
TAB No. 1088 - $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 wards, the jargon, the tech.
nical language fo the computer crowd — and the domain of the personal com-
puter in particular — will find this authoritative reference book of terminology

steering capabifity, and the capacity, to "understand” your basic
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 No. 1000 $1155

From arithmetic progression to statisttcal permutations to one-arm bandits, here
are 57 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
iati isti ions, instant derivatives, and solutions for
integrals — even a whole section of geometric solutions for maodern-day Euclids,
For history buffs, there is a Day-of-the-Week program for any date back through
1753. 3

Each program begins with an introductory paragraph describing its capa-
bylities, anid continues with a typical program sequence and flowchart, All
programs will run on any floating point BASIC.

Tower's internationat Transistor Selector
TAB No. 1010 $9.85

Here are transistor substitutions, outline diagrams, terminal i

OSCAR: The Ham Radio Satellites
TAB No. 1120 $7.75

If you want to get in on one of the hottest new frontiers in amateur radic, this
book is for you! It's your thorough guide to communications vis the Qrbital
Satellite Carrying Amateur Radio (OSCAR) satellites. If you think amateur radio
is fun now, wait till you see what can be done by using satellite icati

21 Custom Speakar Enclosute Projects You Can Build
TAB No. 1234 $11.75
If you really want to 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 get complete descriptions, design
and construction 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, sterec or quad . . .
even for a van or RV,

How To Build Your Own Self-Programming Robot
TAB No. 1241 $11.75

This is a straightforward how-to book sbout machine intelligence — a practical
guide that shows you how to build a robot capabie of learning how to adapt to
changing circumstances in its environment, The unique little creature 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 aitered and molded by human
intervention. All in all, Rodney is in a class by himself, and Is 3 most remarkable
and fascinating machine — hs can program himself to deal with the problems
of the moment and devise theories for desling with similar problems in the
future. Yes, Rodney is self-programming, and as a result no two Rodneys behave
exactly the same way, In fact, if you wipe out his salf-ganerated memory, he'tl
develop enother one that's somehow different from the first.

An introduction to Personal & Business Computing
SYBEX C200 $10.75

This is a basic i di ¥ text on mi 115 main goal is to answer
the question: “What do | need for .. . " in specific detail. No previous technical
background is sssimed. The authar addresses progressively all the essential
topics of interest to the microcomputer user (as opposed to the desigrer). 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.
Difterences between existing microcomputers. Is a mini-BASIC sufficient? The
real cost of a business system. Its limitations. Can you really managé 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 a 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 ing books 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
nd‘dressos 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, 2
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 $9.75

A designer’s and users' guide to the theory and applications of active filter
circuits.

For anyone interested in electronics, this handy one-stop guide to modern
filter technology will prove invaluable. It introduces filters and their purpose,
compares ditferent filters, and covers LC passive filter operation, op amps, But-
terworth filters, Chebyshev filters, low-pass filters, high-pass filters, etc. Thus all-
inclusive manual offers coverage of electronic math and basic electronic theory
also. Cannot be beat for a complete and practical discussion and examination of
filter techniques.

manufacturers’ codes and specs for more than 13,000 devices made in the U.S.,
Japan, Europe, and England. This ultra-complete reference-guidebook is an
absolute MUST for anyone who deals with transistors or the equipment in which
they're used . . . makes it as easy 1o locate transistor substitutes for Japanese
and European imports as for mass-market U.S. consumer electronic products.
Contains info on device ratings, characteristics, case and terminal identification,
applications, manufacturers and addresses, and voltage ratings — collector-to-
1 itter, and emi base.

A inner's Guide To Computers & Microprocessors — with projects
TAB No. 1015 55.70

Here's 2 plain-English introduction to the fascinating world of the microcom-
puter - its capabilities, parts, functions, and programming . . . and how you can
have one in your own home. Numerous projects, using actual computer parts,
the ion of a and lead to the assembly of 8 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.

How To Design, Build & Test Complete Speaker Systems
TAB No. 1064 ¢ $11.85

It you've always wanted to build your own speaker system, here's a brok
crammed with everything you need to know to do it right . . . the first time!
It contains a variety of ready-to-build speaker system projects, from simple
speaker-in-a-box setups 1o complex multi-driver systems, plus zll the informa-
tion even 2 beginner needs to design and build_ his or her own.

This clear guide shows you exactly how a speaker works, how 1ts power and
resonance are attained, and how speskers may differ from one another, 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.

A Data Ref Manual
TAB No. 1152 $11.75

Since the antenna system has a large influence on what you get out of 8 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 o,
make and install hundreds of antennas, among them half-wave dipoles, inverted

vees, verucals, yagis, quads, deltas, FM broadcast, and CB antenna and trans-

mission line, plus limited space and hidden antennas. Included are precise

specifications for a huge vartety 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 R $13.7/5
If microcomputers have caught your interest, o 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 designed for the enterprising hobbyist who 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

This all new and complete revision will tharoughly acquaint you with everything
you need 10 know about model radio control — how it works, how 1o design s
system, how to install it, and how to operate model airplanes, cars, boats, toys or
virtually anything by radio 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 control systems
and much more}

If you want to keep up with the changes in radio-controlled modehing, or
you want to get i on the ground floor of the hobby, this lucid guide should be
part of your library.

. from beginner 10 expert.

Programming the Z80
SYBEX C28 $20.75

This book has been designed both as an educational text and as a self-contained
reference book. As such, it can be used as a complate introductory book on
pracramming, ranging from the basic concepts to advanced data structures mani-
pulations,

It also contains a comprehensive description of all the Z80 instructions as
well as its internal operation, and should provide a comprehensive reference for
the reader who is already familiar with the principles of progrsmming, but
wishes 10 learn the Z80. Al concepts are explained in simple yet precise terms,
building progressively towards more complex techniques.

Programming the Z8000
SYBEX C281 « $22.75

This book was designed as both an educations text and a self-contained reference
manual. This book presents a thorough introduction to machine language
programming from basic concepts to advanced programming techniques,
Detailed illustrative examples and numerous programs show the reader-how to
write clear, well-organized programs in the language of the 28000,

With over 113 illustrations, a thorough index, and § appendices, Programming
the ZB0O0O is an indispensable text for engineers, students, PDP-11 users and any-
one interested in learning machine Iangutge‘ programming skills.

6502 Applications Book
SYBEX D302 $18.75

This book presents practical applications techniques for the 6502. You will build
a complete home alarm system, idciuding fire detection, as weil as an electronic
Mano, a motor speed-regulator, a time-of-day clock, a ulated traffic control
system, and a Morse code generator, You will also dasign an industrial control
loop for temperature contral, including analog-to-digital conversion, and your
own simple peripherals from paper-tape reader to microprinter,

Teuly the “input-output” baok for the 6502, it includes more than 50
exercises designed for testing yourself at every step,

[

6502 Games Book
SYBEX G402 $18.75

This book is designed as an educational text on advanced programming tach-
nigques. It presents 3 comprehensive set of algarithms and programming tech-
niques for common computer-games. All the programs are developed for the
6502 at the assembly language lavel.

The reader will learn how to devise strategies suitable for the solution of com-
plex problems, typical of those encountered in games. He/she can also use all
the resources of the 8502, and sharpen his/her skills at adyanced programming
technigues. All the games presented in this book can be played on a real board
{the SYM), and require a very small amount of additional components.

1
Prices subject to change without notice.



DESIGNER CIRC'UITS

DESIGNER
IRCUITS

HF TTL OSCILLATOR
A squarewave oscillator with
complementary outputs and with a
frequency range of 20 Hz to 10
MHz can be made from one IC, a
7413 which is a TTL dual Schmitt
trigger. The oscillator is always self
starting and runs from a 5 V sup-
ply. current drain. 20 to 30 mA.
The 7413 is a Schmitt trigger with
hysterysis levels (at its input) of
+0.9Vand +1.7 V. Thatis, when
the input level exceeds +1.7 V the
output jumps to a low condition
(+0.2 V). When the input voltage
is lowered it needs to fall below
+0.9 V before the output jumps
back to a high condition (+ 3.4 V).
When the Schmitt trigger is
connected up as shown in the dia-
gram the device will oscillate.
Imagine the output is high. C1 is
charged up via R1. When the vol-
tage on C1 reaches +1.7 V, the
output falls to +0.2 V. C1 is now
discharged via R1 in parellel with
R2 (D1 is now forward biased) until
the voltage on C1 reaches +0.9 V.
Then the output jumps to a high
state and the process repeats itself.
The second Schmitt trigger merely
inverts the squarewave output. The

+5V
PIN 14

LOCATE CLOSE TO IC

47n CERAMIC I.
9
ov
I PIN 7 10
] s =\ P
IF APPLICABLE ‘—“_ -

R1
c |+ 390R

0

NV

D1
2 1N4148

120R

!

frequency of operation is given by
the formula:

7413

10MHz \/\/

COMPLEMENTARY OUTPUT

LM

LINEAR SCALE
RESISTANCE
METER

Although even the most simple
of multimeters have resistance
ranges, many instruments only
have a few ranges, andthese have a
reverse reading, non-linear scale.
This often results in poor accuracy
and inconvenience in use. This
simple circuit has five measuring
ranges from 1k to 10 Megohms
FSD (full scale deflection) with a
forward reading linear scale on all
ranges.

The unit consists basically of an
operational amplifier used in the
inverting amplifier mode. Transistor
Q1 is used as an emitter follower
output buffer stage, and on the 1k
range the output sink current
capability of the amplifier would be
inadequate without the inclusion of
this stage. R1 and D1 provide a
stable reference voltage of 6.8 V
(nominal) which is fed to the input
of the amplifier. The gain of the
amplifier is determined by two
resistors, one of which connects
the input signal and the inverting
(—) input of the op amp. This res-
istor is one of R2 to R6, depending
upon the setting of SW1. The other
resistor connects between the
amplifier output and the inverting

ETI-NOV. 1980, ,
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1 MHz, C1=2200 pF (poly-
styrene) +0V2 > TIMF
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input, and in this case is the resistor
under test.

The voltage gain of the circuit is
equal to the value of the input
resistor divided by the value of the
test resistor. Thus, with SW1
switched to the 10k range for
example, a 10k test resistor would
give a voltage gain on one, and the
output would swing 6.8V negative.
This would give FSD of the simple
voltmeter circuit comprised of R7,
R8 and M1, which is connected
across the output and has a FSD
sensitivity equal to the reference
voltage. If the test resistor had a
value of 5k, then the circuit would
have a voltage gain of only 0.5,

and only half FSD of M1 would
result. A resistor of 1k in value
would give a gain of 0.1 and a
deflection of only 10% of FSD. As
will be apparent from this, there is
a linear relationship between the
test resistor value and the meter
reading, and the FSD value is equal
to that of the resistor selected by
SWi1.

SW2 is the on/off switch and
should be a non-tocking push-
button switch, or some other type
biased to the off position. This is
only operated when the resistor
has besn connected to the test
clips as the meter will be deflected
beyond FSD if power is applied to

the circuit with no test resistor
connected (or one of greater value
than the FSD value of the range).
The meter will not be damaged if
this is accidentally done since a
maximum meter overload of only
about 30% or so can occur.

In order to calibrate the unit,
connect a close tolerance resistor of
the same value as that selected by
SW1 across the test clips and ad-
just R8 for precisely FSD of M1.
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DESIGNER CIRCUITS

555 1.C.
PROJECTS

THE 555 IC is one of the most
useful devices to the electronics
hobbyist, and three examples of its
use in the astable (oscillator) mode
are given here.

Electronic Doorbuzzer.

This design provides a novel
doorbuzzer signal which starts at a
low pitch and gradually rises in
frequency.

The normal method of oscilla-
tion for the 555 is for the timing
capacitor (C2) to charge up two
thirds of V+ via two timing resis-
tors (R1 and R2). The IC is then
triggered and C2 is discharged
through R2 and an internal tran-
sistor of the 555. The IC resets
when the charge voltage drops to
one third of V+, with the discharge
transistor switching off and C2
commencing to charge up to the

» O O~
BELL PUSH
PB1
R1 +c3
1k 100u
10V
4 8
Cc1 7 4
10u I—— t__]._._
10V = ;
R2
ol 15k 1cl 100u B
— NESS5V 10V oV :
: :
_._!__
I 2 1
: LS1
,;35 25—800ohm
_—C2
I 47n

This particular circuit does not
oscillate in precisely this basic way,
since the network comprised of R3
and C3 is used to shunt the poten-

sets the trigger voltage. When
SW1 is initially closed, C3 will be
discharged and the trigger voltage
will be raised. This increases the

and reduces the frequency of
operation. C3 is quickly charted
through R3 though and after about
one or two seconds the trigger
voltage will have fallen to a level set
by R3 and the integral potential
divider. R3 pulls the trigger voltage
below its normal level, reducing
the charge and discharge times ot
C2 and causing an increase in the
operating frequency. Thus, as C3
charges up, the output frequency is
swept upwards, producing a novel
and effective signal.

The main output at pin 3 of the
555 goes high during the charge
period, and low during the dis-
charge period, producing a rect-
angular waveform of low enough
impedance to drive a speaker with
up to a few hundred milliwatts of

trigger potential once again. tial divider (within the IC) which charge and discharge times of C2, signal.
ks

Continuity Tester. rest prods shorted together there is 3\1,

A common failing of simple ©nly just sufficient voltage at pin 4
continuity tester circuits is that they 10 enable oscillation to take place. R4
will give an indication of continuity Therefore, with genuine continuity 3308,
between the test prods when there between the test prods the unit will /1  /
may actually be a resistance of a produce an audio output, but with 1K TEST - V\W\—¢
few hundred ohms or more. Thisis a resistance of more than about 7 PRODS RV1
often of no importance, but it can or 8 ohms in circuit, the voltage at E:
sometimes give misleading results. pin 4 will be inadequate due to the
This simple design can be adjusted voltage drop across this resistance.
so that it will not respond to resist- RV 1 is fed from a stabilised supply 7 8
ances of more than a few ohms. provided by R4 and D1 so that At 4

The circuit is basically just a minor variations in the supply vol- SF R1 1 c3
standard 555 astable operating at tage do not necessitate readjust- ?(1)0 15k NES55V 50u
a frequency of about 800 Hz and ment of RV1. Occasional readjust- 10y B 10y y
feeding a high impedance speaker. ment of RV1 may still be needed if 2 13 ,—-11: ?
However, reset terminal pin 4 is this is very critically adjusted for 201
tied to the negative supply rail by optimum discrimination § 1R30R 6.8V
R3, and this blocks the astable Note that the circuit will con. 400y
action. Pin 4 must be taken 'sume power when the test probes Ls1
positive by about 0.5V. or more in -are not connected together {about 4080 ohm
order to produce an audio output. 6 mA.), and so on /off switch SW1 - C2

RV1 is adjusted so that with the is required T 47n
Simple Timer. — N\

This general purpose timer R7 OFF
gives an audible alarm so prede- 27R ’
termined time after the unit is swi ON
switched on. With the specified
values the time is variable from + RS
about 30 seconds to 5 minutes = 1K
but this can be altered to suit in- ¢ R2 ¢

: T 3 100u | tant
dividual requirements. 10V e

When the unit is switched on _ﬂ__
using SW1, C1 begins to change + 2 P e
via R1 and RV1. Initially the vol- = 2N Z S0u B1 1
tage at the inverting {-) input of IC1 c2 6 ic2 Jov oV

) ; 100u ic1 ) 16 NESS5V 3 1
witl be higher than that appearing B R3 a 15k T
at the non-inverting (+) input, and - 22k Sp +” ca3140
so IC1 output will assume a very M 4" ne 6, 1 oo
low voltage. As C1 charges up. the lin 220K LS1 T
voltage fed to the inverting input R1 | 25_8°°""‘W
gradually falls until it starts to go 220k > 1
below the voltage at the non- i
inverting input. 1IC1 output then T a7n
begins to rise in voltage and due to

coupling through R4 this increases
the voltage at the non-inverting
input. This causes a further in-
crease in output voltage, and a
regenerative action takes place
which causes IC1 output to rapidly
swing to almost the full positive
supply potential.

The 555 is used to generate the
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alarm signal using a circujt which is
basically the same as the continuity
tester circuit described above.
However, the reset terminal is, of
course, controlled by the output of
IC1 rather than by the test prods
and potential divider circuit.

The charge rate of C1 and thus
the length of the timing interval can

be altered by changing the resist-
ance of RV1. The time delay is
approx. 1.4 CR (with Cin uF, Rin
Meg., and the time in seconds), but
due to the high tolerances of the
timing components it is impossible
to obtain highly predictable results.
R3 has therefore been included so
that the trigger voltage of the

circuit can be varied, and by trial
and error R3 can be adjusted to
give the appropriate timing range,

When the unit is switched off,
SW1 discharges C1 through cur-
rent limiting resistor R7 so that the
unit is ready to start a new timing
run almost immediately.

ETI-NOV
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SOUND
TRIGGERED
FLASH

The introduction of inexpensive
electronic flash guns has made
possible a number of effects in
photography. The duration of an
electronically produced flash is of
course very brief, normally about
1/500th of a second. If thecamera
shutter is left open in the dark or
subdued light and the flash is
made, it is the timing and duration
of the flash which controls what is
imprinted on the film rather than
anything done by the camera.

Electronic flash guns are “‘fired”’
by making a switch and it can be
seen that an electronic switch can
do this job. If in turn this switch is
activated by sound then some very
interesting effects can be obtained.
A champagne cork leaving the
bottle is one idea but the various
gimmicks are limited only by the
imagination.

The circuit shown is completely
solid state and instead of a relay
being used, a SCR is employed.
This is cheaper and for this function
just as good.

The first stage of the circuit is an
impedance convertor. A crystal

mike is used. Normally these have
rather poor quality but in this
circuit we are not too interested in
quality, we are only using it as a
device for converting sound into an
electrical pulse. Q1 is connected as
a common collector stage; this has
very high input impedance to cor-
rectly match the high impedance of
the crystatl microphone. The
potentiometer RV1 is the emitter
resistor and the sounds praduced
appear across this at a workable
impedance. The output from this is
fed to the conventional common
emitter amplifier, Q2 with RV2, a
preset pot, as the collector load.

The collector of this transistor Is
connected to the gate of the SCR
via a resistor R3. For setting up the
SCR is connected to a bulb, these
two being across the battery sup-
ply.

When a sound is produced it is
amplified by Q1 and Q2 and this
causes Q2 to draw rather more
current at the peak of the sound.
This reduces the voltage at the
collector of the transistor and this is
fed to the gate of the SCR. At the
correct setting of RV 1 this will
cause the SCR to switch on ‘and
light will pass through the bulb.
The bulb can be a 9 V type but as

"

3V
© &
ST PP3
R4
R1
MO g3n
\ 8ULB
_..I D ?30;« ev
’V2 40MA
c1 1%0
000 G
1 sw2
2N3702 1o
C3 |+
50u
CRYSTAL +
(@R - U_‘ 5 a O
CRS
10k 1740
S5u0 Q2 TO
2N3702 A
2 —-Q +av

these are hard to come by it can
just as well be a 6 V type with a 33
ohm resistor in series.

The bulb is used for setting up
only. To continually trigger the
flash gun in order to find the cor-
rect settings will be wasteful, es-
pecially as the flash tube has a
limited life. Once the correct set-
tings have been found, SW2 can
be made and the SCR applied
across the flash gun terminals.
There are two variables in the
circuit, RV1 and RV2., RV2 will
normally only require setting once.

With the slider of RV 1 atabout a
quarter the way up the track from
the positive line, RV2 should be set
so that the SCR just triggers on the
loudest sound that can be made
near the microphone. When this is
done RV 1 should give control over
a wide range of sounds and acts as
the sensitivity control.

The circuit should be tested to
obtain the correct level setting of
RV1 before every shot is taken with
the test bulb in series. Once the
correct settings are obtained the
switch can be made to the flash
gun having first made sure that the
SCR is not on at that point. The
SCR will stay switched on until the
supply voltage is removed and so it
IS necessary to switch off the circuit
using SW1 before switching over.

QUICK TRANSISTOR
CHECKER

This very simple and inexpensive
circuit is not designed to measure
any transistor performance figures,
but is intended for quick testing to
show whether or not the test device
is functional. The basic method of
testing a transistor is to first con-
nect a supply to its emitter and
collector terminals and check that
no significant current flows. If the

base terminal is then given a small
forward bias, this will be amplified
in the form of a large collector-
emitter current.

This circuit is based on a CMOS
quad 2 input NAND or NOR gate
IC. Either type is suitable as each
gate has its two inputs connected
together so that it acts as an in-
verter. The first two inverters are

TRANSISTOR CHECKER CIRCUIT

used in conjunction with R1 and
C1 as a conventional CMOS
oscillator operating at a frequency
of a few hundred Hz. The other two
inverters are connected in parallel,
and fed from the output of the
oscillator so that they provide a
complementary output. In other
words, one output will be positive
and the other will be negative ex-
cept during the brief periods when
the outputs change state.

The collector and emitter of the
transistor are fed from the outputs
via D1 and D2, and the base is fed
from one output via R2. If we

l o—0 +9v
T COMPLIMENTARY OUTPUTS = gwo“
1r 8 .
\ | ) LED1
TIL209 T
NOTE: R
IC1 = 4001 OR 4011 A
PIN 7 1S OV N
PIN 14 1S .+Ve Re=—as g
LED2 c +
TIL209 g 8 =
12 A\ i (e
11 R 100u
2 6 PNP
13 u
N
L N\AN—» p
R2 B E
1 14 L i
?
s T
S i
?.
A . 7 8 O -Ve
4001 AND 4011
TOP VIEW

N
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assume that an NPN device is
being tested, when gate 2 output is
positive and the other output is
negative, the transistor will not be
forward biased by R2 (it will be
reverse biased in fact) and it should
pass no significant collector cur-
rent. If it is @ short circuit device
and does pass such’a current, this
will pass through D2 which will
light up and indicate the fault.
When the outputs are in the
opposite states, the transistor will
be forward biased by R2 and
should conduct heavily, causing
D1 to pass a current and light up.
Failure of D1 to come on indicates
an open circuit or very low gain
device. PNP devices operate with
the opposite polarity, and so when
testing one of these it is D2 that
should switch on, and D1 which
should remain off.

Summary

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

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

Diode or rectifier testing (anode to
collector, cathode to emitter).

D1 on = functional device.

D2 on = connected with wrong
polarity.

Both LEDs on =: short circuited
device.

No LEDs on = open circuit device.
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DESIGNER CIRCUITS
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One of the most useful items of
test equipment to have, es-
pecially if one has an interest in
any typé of audio gear, is an AF
signal generator. The circuit
shown here provides a good
quality sinewave output over
three continuously variable
ranges (Range 1, below 20Hz to
above 200Hz; Range 2, below
200Hz to over 2kHz; and Range
3, below 2kHz to over 20kHz)
covering more than the entire
audio frequency spectrum.

The circuit uses the usual
Wien Bridge type circuit, and this
form of oscillator consists of an
amplifier having frequency selec-
tive positive feedback provided
via a C-R network. The capacitive
elements of this network are
whichever two capacitors are
selected by SW1, the three sets
of capacitors giving the unit its

three ranges. The resistive ele-
ments are R6, R7 and RV1, the
latter permitting the unit to be
tuned over the ranges quoted
above. This network provides
positive feedback over operatio-
nal amplifier IC1, which is a FET
type giving low noise and distor-
tion levels. VR1a and R6 also
bias the non-inverting input of
IC1 to a central tapping on the
supply produced by R1, R2 and
c2 i

The closed loop gain of IC1
must be maintained at precisely
the correct level if good results
are to be attained. Insufficient
gain would lead to less than full

compensation for the losses
through the C-R Wien network,
with insufficient feedback and
consequent violent oscillation
with the output signal becoming
' clipped and seriously distorted.
An automatic gain control (AGC)
circuit is used to maintain stable
operating conditions and a con-
stant output level. R5, R4 and
the drain to source resistance of
Q1 form a negative feedback
network which controls the
closed loop gain of IC1. Initially
Q1 is forward biased by R3 so
that there is enough gain to give
strong oscillation. Some of the
output from IC1 is coupled by R8

and C10 to a rectifier and smoo-
thing network comprised of D1,
D2 and C3. These produce a
positive bias which tends to cut
oft Q1, producing reduced circuit
gain. The stronger the circuit
oscillates, the larger the bias, and
the lower the gain becomes.
Lack of oscillation produces
reduced bias, more gain, and
stronger oscillation. The required
stabilising action is thus
obtained.

Variable attenuator VR2 en-
ables the output to be adjusted
from zero up to about 1.5V RMS.
“The current consumption of the

circuit is about 7 mA.

\

SINETO

SQUARE

CONVERTER :
This: circuit provides an optional
squarewave of about 1.2 volts peak
to peak when used with the signal
generator circuit described above.
The above circuit requires no modifi-
cation, other than the omission of
output attenuator potentiometer
RV2 which is included in this section
of the unit instead.

The squaring circuit is based on
operational transconductance
amplifier IC1. This device is in some
ways similar to an ordinary operatio-
nal amplifier, but it is the output
current rather than the output vol-
tage that is a function of the input
voltages. The inverting input of the
device is biased to the central tap-
ping on the supply lines, and the
non-inverting input is fed with the
sinewave output from the main
signal generator circuit. When fed
with positive going half cycles, the
non-inverting input is taken to a
higher voltage than the inverting
one, resulting in a forward bias being
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applied to D2 by way of current
limiting resistor R2. This produces a

0.6 volts.

\

Thus the output is switched from

but this feature is of no use in this

ti one polarity to the other as the input
positive potential of about 0.6 volts signal changes polarity,
across D2. When the circuit is fed

rate (50 V/uS) and is therefore cap-
able of producing a high quality
squarewave signal even at the higher
frequencies covered by the unit. The
gain of the CA3080E can be varied
by altering the bias fed to its pin 5,

. the desired squarewave signal. The
with negative going half cycles the CA3080E device has a high slew
non-inverting input is taken to a
lower potential than the investing
one, causing a forward bias to_be
applied to D1, and producing a
negative output potential of about

producing
at high gain.

application and R1 provides a strong
bias to the device so that it gperates

SW3 is the mode

switch, and merely connects RV2
. and the output socket to the output
of the sinewave generator or
squaring circuit, as required. .
The squaring circuitry only adds
about 3 mA or so to the current
consumption of ‘the unit.

ETI-NOV 1980



~

-

+Ve TO

oo .

This simple stereo amplifier will
drive a pair of stereo headphones,
and can take its input from either a
tuner or cassette deck. It has the
advantage over a normal stereo
amplifier of being small, com-*
pletely self contained, and there-
fore very portable. Of course, many
tuners and cassette decks have a
headphone output, but this often
lacks sufficient drive, and there are
usually no tone controls (or volume
and balance controls in some
cases). This circuit gives the usual

used with phones

tone, balance, and volume centrol
facilities, and also has plenty of
drive. Ideally the unit should be
having an
impedance of a few hundred chms
each, and most good quality types
fall into this category. It aiso
seems to work perfectly well with
inexpensive 8 ohm types.

The circuit shown here is for one
channel, all.the components being
duplicated in the other channel
except for S1, BY1, and RV4,
which are obviously common to

both channels. The two RV 1s are a
dual gang component, as are the
two RV2s and the two RV3s.

The input signal is applied to-
volume control VR 1, and from here
itis coupled tc a buffer stage based
on Q1. This gives the unit a rea-
sonably high input impedance ot at
least 100k. Its output feeds a con-
ventional passive tone control
circuit that can give bass Jift or cut
using RV2, and treble lift or cut
using RV3. RV4 is used in the
standard balance control arrange-

OTHER CHANNEL R1 S
390k oy ON/OFF b
> 2N3904
’—l I— B e
c1 + {
; 470n . BC109 AND BC109C
c8 BASE VIEW
Q3 220u
. 2N390aftV L+
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a2 ! —] I—O ouT ——
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a3 Q2 1000u
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. 100k 4
lin
R6
VR 5k6 cs
30k T 2 Ee
log S 330R
/ - L r » —VeTO
I . OTHER CHANNEL
) ' TO R6-C5-C6 ON OTHER CHANNEL b
VR4
HEADPHONE ! ak .
og
AMPLIFIER

ment. The output from the tone
controls is coupled by C6 to a two
stage direct coupled amplifier. This
uses Q2 in the common emitter
mode’ to give sufficient voltage
gain for an output level of up to
about 2 V.RMS from most sources.
Q3 is an emitter follower buffer
stage which matches the output
from Q2 to the relatively low
impedance of the headphones.

The unit has a total current con-
sumption for both channels of
about 30mA.

7/

NICAD CHARGER
This charger is intended for, use
with the popular AA size NiCad
batteries. A special charger is
needed for NiCad calls because
they have a very low Internal
resistance, leading to an ex-
cessive charging current even
if the applied voltage
is only marginally high. The
charger must therefore incorporate
a circuit to limit the charge current
to the appropriate level.

In this circuit, T1, D1, D2, and

C1 form a conventional stepdown, .

isolation, fullwave rectifier, and
smoothina circuit. The other com-
ponents provide the current
regulation. IC1 is used as a com-
parator with discrete buffer stage
Q1 giving a suitably high output
current capability for this applica-
tion. IC1’s non-inverting input is
fed with a 0.65 V: reference
potential provided by R1 and D3.
The inverting input is taken to
ground by R2 under quiescent

conditions, causing the output
to go fully positive. With
a NiCad cell connected across

the output a high current will
attempt to flow, ™ causing
the voltage across R2 to increase.
It can only rise to 0.6V.

ETI-NOV 19880
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however, as a higher voltage here
reverses the comparative input
levels to IC1, resulting in the out-
put going lower in voltage, and
reducing the voltage across R2
back 0.65V. The maximum output
current {and the charge current
obtained) is therefore the current
produced with 0.65 V. across 10
ohms, or 65 mA. in other words.
Some AA NiCad cells have a
maximum recommended charge
current of only about 45 or 50 mA,
and for these types R2 should be
increased to 13 ohms in order to

X

obtain the appropriate charge’cur-
rent. Some rapid charge types will

{ take 150 mA, and this necessitates

reducing R2 to 4.3 ohms 3.3
ohms plus 1 ohm in series if a
suitable component cannot be
obtained). Also, T1 should be
changed to a type having a current
rating of 250 mA., and Q1 should
be fitted with a small bolt-on finned
heatsink. The unit can charge up tc
four cells (six if T1 is madea 12 v
type), and these must be con-
nected in series across the output,
not in parallel.

CA3/140E TOP VIEW
1 8
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DESIGNER CIRCUITS —‘
AN

CMOS
MONOSTABLE

A monostable is an electronic
circuit that generdtes an output
pulse of defined duration, when
triggered by an input signal transi-
tion. The monostable action can be
used for many different functions,
for example: When a cheap push
button is used to trigger digital
circuitry, spurious pulses often find
their way into the circuitry. This is
due to the contracts inside the
button bouncing, when it is
pressed and released — digital
circuitry will regard all of the
bounces as valid input signals, and
act accordingly — this can be dis-
asterous in counting applications.
A monostable can be used to ‘de-
bounce’ the push button. By set-
ting the output pulse duration for a
period longer than the longest ex-
prected bounce time, all the
bounces will gave no effect on the
main circuitry. So with a simple

1
from positive to zero volts. This is
called a negative-going edge.
Transition of point A in the
opposite direction (a positive-going
edge) will have no effect.

A negative edge at A causes
point B to go to zero volts momen-
tarily. This will then drive point E to
zero and this will hold point B at
zero volts, even when the pulse at

monostable between each push A is finished. The circuit will stay in
button and the input circuitry, the this state while C2 charges. When
digital devices are protected from C2 is fully charged, there will no
the horrors of untamed push but- longer be a current through R2 and
tons. There are hundreds of other point D will fall to zero again. E will
uses for the monostable, this circuif go positive and so will B, after a
is orie of the cheapest way of con- time détermined by the values of

structing them.

Only two inverters are needed
for a monostable circuit. Here, we
have used a 4011B quad NAND
package, as they are even cheaper

Jthan a CMOS inverter package and
work just as well.

The monostable period is in-
itiated by the transition of point A

i

C1 and R1. Point C will fall to zero
and C2 is fully charged, there will
no longer be a current through R2
and point D will fall to zero again. E
will go positive and so will B, after a
time determined by the values of
C1 and R1. Point C will fall to zero

L

MONOSTABLE

A length of time for which C
remains,_positive is determined by
the values of C1, R1, C2 and R2.
This is called the ‘time constant’. If
either the resistance or the capacit-
arice is increased, the time for
which the monostable is ‘triggered’
will increase. i

The equations for calculating
the monostable period are given on
the circuit diagram Polarised
capacitors should not be used, and
the resistance value of R should be
kept within the range 10k to 10M.

.__

©

MONOSTABLE WAVEFORMS

°

\
»
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/éTHRESHOLD

MONOSTABLE
PERIOD

# THRESHOL B

©

|

e

If R1=R2 and C1=C2 then

and C2 will be discharged, ready typical values are 10mS 100k,

for the next pulse from A.

68p; 10mS 1MO, 6nB.

MONOSTABLE PERIOD 7
7=0.69(R1xC1 + R2xC2)
IF R1=R2 AND C1=C2 THEN
7=1.38(R1xC1)

IF R=47k,C = 10n THEN 7= 0.7 mS,

+12-18V

\_

Ci1
1u0

This simple circuit produces elec-
trical noise. This may not seem like
a sensible thing to want to pro-
duce, butin fact it is very useful. Of
course, the sort of noise we mean is
not the type neighbours complain
about. This circuit produces an

24 .

R1
4Lk7

c2
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a steam train — or for testing
electrical signal which, when suit-
ably amplified, sounds like a hiss
of escaping gas. This can be used
for sound effect production — with
a litle additional processing, it can
form the-basis of sound effects
ranging from surf hitting a beach to

TWO—-TRANSISTOR
NOISE SOUR(\:E

loudspeakers by feeding the
amplified noise into them and
listening to the output.

The operation of the circuit de-
pends on the reverse-bias break-
down of Q1. This occurs when the
voltage across the emitter and base
of the transistor reaches 7 to B
volts. At this voitage the semicon-
ductor physics of the transistor
cause it to do a very useful thing —
produce noise. The rest of the
circuit is dedicated to keeping the
current throug h Q1 to just the right
level (too little — no noise; too
much — dead transistor!) and also
to amplifying the result.

Power is supplied to the circuit

through R1. This, along with C2
and Q2 form an amplifier which
boosts the level of the noise. The
bias for Q2 comes through Q1. If
Q1 passes a lot of current, Q2 will
turn on more and the voltage at the
bottom of R1 will drop. This will
cause the voltage accross Q1 to
drop and the current through it will
decrease. In this way the current it
passes is kept to a reasonable level.
C1 provides a pathto groundfor the
noise which appears on the collec-

.tor of Q2. This ensures that the fast

changes in the amount of current
through Q1 (and this is, after all,
what we are after) are not ‘ad-
justed’ in the same way and lost.
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SUSTAIN UNIT

Normally each note from a guitar
has a high initial volume that
rapidly decays to a much lower
level, and the gradually fades out.
A sustain unit provides a relatively
constant output level when used
with an electric guitar, despite the
wide range of input levels. The
most simple form of sustain unit is
a clipping amplifier, but these in-
* evitably introduce quite large
amounts of distortion. A better
method, and the one used in this
unit, is to use a compression circuit
having fast attack and de€ay times.
This type of circuit is basically a

voltage controlled amplifier, the
gain of the circuit being controlled
by an output level sensing circuit
which varies the gain to produce a
fairly consistent output level. Little
distortion is produced using this
method.

Q1 is used as a low noise pre-
amplifier having a vpltagé gain of
about 20dB. Its output is fed by C3
to the input of IC1, the voltage
controtled amplifier device. This
has a quiescent voltage gain of
about 13dB, but this can be
reduced to an attenuation of over
70 dB by taking pin 2 of the device
several volts positive. C6 couples

some of the output from {C1 to the
output socket, and C5 couples the
remaining output to a common
emitter amplifier based on Q2. The
amplified signal at Q2 collector
couples via C9 and R7 to a con-
ventional smoothing and rectifier
netwotk. The positive bias pro-
duced by this network is fed to the
control input of IC1 via a low gain
amphfier and buftfer stage based on
IC2. . :
With low input levels {below
about 1mV) the control signal 1s too
small to affect the gain of IC1.
Higher level signals produce a pro-
portionately larger control voltage

and lower gain through IC1, pre-
venting the output level from rising
much above about 30mV RMS,
and giving the required virtually
constant output level. The attack
and decay times of the circuit are
both quite short so that the unit
responds suitably rapidly to
changes in input level, but neither
of these time constants are so short
as to cause serious distortion.

The unit will be most effective
with the volume control on the
guitar set at maximum, unless the
output should then be so high as to
overload the unit and cause distor-
tion.

sw1

" [ ON/OFF
~0 O +9v
L ' [ /
>4 Ld
CA3130T
R2 G
4k7 R8
=8 R7 ak7 ;
T 10k R10 7
+ c5 4k7
= 330n +
= ! 1T 4
T E 2 6
100u gg 2 co s i
1oV 0n 4u7 3
7] + c7 v " VV\/ 4 r
>_| g ) ouT 56p o
Ic1 A 6 c6 M8
MC3340P* 3 :3\7/ 8 , MC3340P
J
IN 1 1 8
(O I - N 7 1c2 [
c2 = 7 s CA3130T 1
100n _ A AN ] 1
c4 R4 s |D2 Q2 4 5
680p 12k 2 p 1N4148 2N3904
R3 R5 cs !
470R 2k2 2u2 TOP VIEWS
10v
g ]

AC METER

BOOSTER

Measuring small audio frequency
signals is often impossible using an
ordinary multimeter because most
of these have a lowest AC range of
about 1 to 5V FSD. A simple and
inexpensive solution to the pro-
blem is to add an amplifier, such as
the one shown here, ahead of the
multimeter. The amplifier has a
switched voltage gain of 10 or
100, and would therefore boost
the sensitivity of ;say) a multimeter
switched to the 2.5 V AC range to
250 mV and 25 mV FSD respec-
tively. Measurements down to just

a few mV RMS can then be made
with reasonable accuracy.

The circuit uses a CA3130T
operational amplifier in the non-
inverting mode. The non-inverting
input is biased to about half the
supply voltage by R1 and R2, and
the input signal is coupled to this
point by C1. The input impedance
of the circuit is set at over 1M by
R1 and R2, so that the unit places
little loading on the circuit under
test. R7 biases the inverting input
and gives a quiescent output vol-
tage of about half the supply
potential. Although IC1 has an
extremely high' open loop) voltage
gain, the voltage gain of the
amplifier as a whole closed loop) is

much lower, and is set by the ratio
of two resistances. With SW1 in
the ‘X 10’ position the twao resist-
ances are R7, and R3 plus R4. The
voltage gain is equal to the sum of
the two resistances divided by the
shunt resistance (R3 + R4j in this
negative~feedback network. This
gives almost exactly the required
tigure of 10 with the specified
values. With SW1 in the ‘X 100’
position the lower shunt resistance
of R5 and R6 is switched into
circuit, boosting the voltage gain to
almost exactly 100.

DC blocking at the output is
provided by C4. C5 is a supply
decoupling capacitor and should
be mounted physically close to

I€1. C3 is the compensation
capacitor for IC1, and prevents the
device from becoming unstable.
Note that a carefully designed
layout having the input and output
well isolated from one another is
required, or the circuit as a whole
may become unstable. Screened
input and output cables should be
used to drive the primary winding
maximum output of about 3 V
RMS. It should therefore be used
with the multimeter set to a range
of 3 V or less, or if a higher range
must be used, the part of the scale
above 3 Vis ignored. The amplifier
has a flat response up to about
30kHzin the ‘X 100" mode, and up
to about 300kHz in the ‘X 10°
mode.

o0 +9V
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, R1 +
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DESIGNER CIRCUITS

\ [

CLIPPING
AMPLIFIER

Probably the main use for clipping
amplifiers these days is in musical
effects units to produce the so
“fuzz'’ effect. This circuit
uses two common emitter
amplifiers based on Q1 and Q2 to
drive asimple clipping circuit using
D1 and D2. RV1 is the |nput atte-
nuator and if this is adjusted for an
output level of less than about 1
volt peak to peak at Q2 collector,
neither D1 or D2 will be sufficiently
forward biased to conduct
significantly. These components
then have no real effect on the
circuit, which in consequence
operates as an ordinary amplifier.
Assuming SW1 is closed, if RV1 is
adjusted for a signal level of more
than 1 voit peak to peak at Q2
collector, during positive output
excursions when the signal
amplitude is greater than 0.5 V
D1 will conduct and act like a low
voltage zener, preventing the
signal ‘from exceeding 0.5 V in
amplitude. Similarly, on negative
output excursions D2 will limit the
signal level to no more than —0.5
V. This causes the signal to be

severely disctorted by the clipping

action as shown in (a) the distortion
products giving the desired "‘fuzz’’

\I’J—-
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effect.

A circuit of this type can be used
to produce a form of sustain effect
when employed with a guitar. Here
RV1 is adjusted so that clipping
occurs even when the signal from
the guitar has decayed consider-

ably. This results in the output.

signal remaining at a virtually con-
stant 1 volt peak to peak level for
the duration of each note, whereas
a guitar signal normally hits a high

+
]
v
]
[

initial peak and then rapidly de-
cays. In this application the hard
clipping produced by the unit will
produce the fuzz distortion pro-
ducts whether they are required or
not. This problem can be alleviated
to some degree by switching SW1
to the "'s&ft’’ position. R6 is then
connected in-series with D1 and
D2, and this gives the smoother
clipping action shown in (b) due to
the voltage developed across R6

when D1 and D2 pass a current.
This greatly reduces the high
frequency distortion products
which are the most notlceable and
objectionable ones.

The circuit has an input |mped-
ance of abdut 47k and needs an
input of less than 1 mV RMS to
produce ctipping. If the full 1 volt
peak to peak output is not required.
R7 can be used to attenuate the
signal to the required level.

REACTION
GAME

This is a simple reaction testing
game for one player. The idea of
the game is to end up with both
LED indicators switched on, and
initially only one lamp will come
on, followed by the second one
shortly afterwards. When this hap-
pens a switch must be operated as
quickly as possible, and the first
LED will switch off if the attempt is
too slow.

- 14—

The circuit uses the four 2 input
NOR gates of-a 4001 CMOS de-
vice, the gates being connected as

simple inverters in this application. -

Gates 1 and 2 are connected to
form a Schmitt trigger type circuit,
and at switch on C1 will be dis-
charged causing gate 1 input and
gate 2 output to be low. After about
seven seconds C1 will have
charged through R1 to the transi-
tion volitage of gate 1, with the
coupling between the two gates
resulting in gate 2 output swinging

through R4 causes gate 1 input to
be taken further positive, and a
regnerative action occurs which
results in gate 2 output jumping to
the high state and switchingon D1.
This indicates that the player
should operate the push button
switch SW2.

Until this switch is opened. an-
other triggerY timer \circuit will be
fed from gate 2 output. D2 is nor-
mally on but will be switched off at
the end of the second timing period
if SW2 is not used to halt the

delay can be adjusted using RV1,
from more than 500mS at maxi-
mum resistance to only about
50mS at minimum resistance. This
gives a dlffuculty factor varymg
from ““easy’’ to "‘impossible’’ for
anyone with normal reactions.

The circuit is reset using SW1
which disconnects power from the
circuit, discharges C2 through cur-
rent limit resistor R8, and similarly
discharges C1 through R3. The
unit is then ready to start operation
agam when SW1 is set back to the

positive quite rapidly. Coupling charging of C2 in time. The second “'start’’ position. ([ ]
- v i
p \
1 8
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CASSETTE

DECKS &
TAPE

Gordon King takes a look into the world of the
Compact Cassette, the system, now a true entry
into the Hi-Fi field, that has developed into a
sophisticated audio medium in its own right.

ONE AREA OF domestic-based electronics which has
attained remarkably high optimization is that associated
with the compact cassette medium. Current issue cass-
ette decks partnered with the latest tapes are capable of
a frequency response approaching 20 kHz and a net
quality of reproduction which is not far short of a
prestige record deck or FM tuner. The advantage of the
cassette deck over such other programme signal sources
is the ease at which programmes can be recorded from
radio, disc and other sources in stereo at a cost of around
8¢ per minute. ]

This tight packing of information is achieved by the
use of two pairs of stereo tracks, each a mere 0.6 mm
wide, and a tape/head velocity of 4.75 cm/s. One
stereo track pair is recorded along one half of the tape
width and the other pair along the other half, the
Cassette as a whole usually being turned over to change
from one pair to the other.

These constraints have over the years, since the
introduction of the compact cassette medium by Philips
way back in the sixties encouraged a good deal of lateral
thought by the designers, and it is to their utmost credit
that today we are able to enjoy the hi-fi quality that the
best machines offer. When the compact cassette was
first launched the results were well below hi-fi standards:
frequency response was little higher than about 8 kHz,
wow and flutter were bad and signal-to-noise ratio and
hence dynamic range were abysmal. It was not until the
advent of the Dolby B noise reduction system (NRS) that
the cassette deck started to take off in ‘hi-fi’ terms.
Designed by Dr Ray Dolby, who also had much to da
with early video recording, the system produces an
integrated noise reduction of almost 10 dB, thereby
putting. 10 dB on the effective dynamic range. Other
noise reduction systems have since been evolved, but
that the Dolby system is a viable one is witnessed by the
fact that pretty well every hi-fi deck today is equipped
with the system!

The Dolby B NRS sparked off renewed design effort:
record/replay heads were vastly improved to define the
short wavelengths of the signals recorded on the tape,
tapes themselves were improved, and are improving
still, and the last traces of subjective W & F (Wow and
Flutter) were eliminated from the tape transport
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Above the Hitachi D560 cassette deck This piece of Hi-Fi
includes a fine bias control and fluorescent display.

mechanisms. On top of all this, the electronic circuits
and metering arrangements have been remarkably
enhanced, and today we are even seeing the introduc-
tion of the microprocessor for machine control.

Recording/Replay Processes

The tape is recorded merely by passing through the
winding of the recording head a current corresponding
to the amplified input signal. The head pole pieces are
styled to form a narrow gap across which the changing
magnetic field develops, and it is over this gap that the
tape is caused to pass. The oxide layer is thus magnet-
ised to the pattern of the audio signal.

For replay the tape is rewound and again caused to
pass over the head pole pieces at the same speed as it
was recorded. This time the magnetic lines of force
linking the pole pieces induce an electromotive force into
the winding which is a close replica of the original signal
used to make the recording. This signal is amplified and
eventually fed as current to the loudspeaker for repro-
duction.

The Need for Bias
Although basically straightforward, a number of pro-
blems need to be resolved to secure a distortion-free
rendering during replay. A primary one concerns the
intrinsic non-linearity between the recording current and
the output EMF of the magnetic tape itself. When a
metal or oxide of metal is magnetised, the magnetism
acquired fails to follow the magnetic force (and hence
the current through the winding) applied to the material
to produce the magnetism. The curious set of curves in
Fig. 1 show what happens. Let us suppose that the tape
starts in an unmagnetised state at origin O and that the
magnetising force H is increased in a positive direction
by current flowing in one direction through the winding
then the magnetism B acquired by the tape increases
rather non-linearly according to the broken-line curve
OA. At point A the rise in magnetism B halts, even
though H may be further increased. This is the saturation
point of the tape, meaning that it is unable to accom-
modate any more magnetism.

If now the current through the winding is reversed H
moves in a negative direction and the value B originally
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acquired by the tape is reduced a(ong curve AB1. At
point B1 H is zero, yet B has level B1. This represents the
level of magnetism which has been acquired by the tape,
called the remanent flux. To pull this flux back to zero
and hence demagnetise the tape H needs to be increased
further in the negative direction to point C on the curve.

The equivalent things happen to B in the opposite
polarity as in curve CD, and a reversal of current in the
positive direction brings the remanent flux to level E at
zero H (opposite polarity), to the demagnetised state
again at F, and up to saturation again over FA. The
collection of curves is called the hysteresis diagram of
the tape (that shown is not meant to be typical of any
tape).

Kinky Distortion

Let us now suppose that a sinewave signal is fed to the
recording head and that the tape so recorded is replayed.
Fig. 2a shows that, owing to the non-linearity between H
and B, the replay signal will suffer bad distortion caused
mainly by the ‘kink’ at the centre of the HB curve. This is

TAPE
MAGNETISM

SATURATION

MAGNETISING
FORCE

SATURATION

fig;t Hysteresis loop of magnetism which is explained in the

ext.

overcome by superimposing the recording signal on a
much higher frequency (100 kHz) signal, called the
high-frequency bias. When this is done the audio signal
is lifted clear of the centre ‘kink’ so that it operates on the
more linear parts, as shown in Fig. 2b.

The remaining non-linearity of the curve is respons-
ible for third-order distortion which, at normal recording
levels at middie frequencies, averages something less
than 1%. However, if the recording level is so great that
the tape closely approaches or, indeed, enters saturation
then the distortion rises dramatically to 20% or more.
This is what is likely to happen, especially at the higher
frequencies as we shall see, when the recording level
meters are running well into the red region.

Different tapes unfortunately require different values
of HF bias current for the best results, and for this reason
latter-day decks have provision for bias change and
sometimes for fine adjustment. Basic ferric (Fe) tape
requires less bias than chromium dioxide (Cr) tape. More
recent high-energy cobalt-modified Fe tapes need about
the same bias as Cr tapes, while the two-layer FeCr
(ferrochrome) tapes call for a bias somewhere between
the Fe and Cr requirements.

The Need for Equalisation

Each time a half-cycle of signal current flows through the
head winding a small magnet is formed on the tape
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oxide. For simplicity this is illustrated in Fig 3 with a
squarewave signal. Thus for the positive half-cycles we
get SN poles and for the negative half-cycles NS poles.
The length of these magnets, of course, will depend not
only on the tape speed, which is fixed, but also on the
frequency of the signal. As the frequency is increased, so
the length diminishes.

1
DISTORTED +B
TAPE DUTPUT DISTORTION-FREE

/A/ h:ouwur
\Va -

INPUT SIGNAL

-8
TAPE _a  SUPERIMPOSED
Yot HeBias 8 oNnFBlAs

Fig.2. (a) Showing how the ‘kinks’ at the middle of the BH curve
distorts the output signal, and (b) how by superimposing the
recording signal on a high-frequency (bias) signal the distortion
is eliminated.

During replay the EMF in the head winding increases
with the increase in rate of change of the magnetic flux
linking the pole pieces. This is on par with a simple
dynamo whose output increases with increase in speed
of the rotor. It follows, therefore, that the EMF wiil rise as
the frequency of the signal increases. Doubling the
frequency doubles the EMF, and since doubling the
frequency is an octave and doubling the EMF is a 6dB
increase, it is said that the head output rises at the rate of
6dB/octave. This is'shown in Fig 4 where it is seen that
this natural rate is modified at the LF and HF ends owing
to losses.

To provide a ‘flat’ output during replay it is thus
necessary to arrange for the replay amplifier.to have a
response to inverse of that of Fig 4. That is, for the bass
to be boosted at the rate of 6dB/octave. All cassette
machines are equipped with this basic equalisation; but
additional equalisation is required to compensate for the
HF losses in particular, so that the response is boosted at
the treble frequencies as it rolls off due to the losses.

RECORDING
SIGNAL

=N P -
'

H 3 '

i} ' i A H N '
. 1 i 5

'

£Ts

MAGNETIC
FLUX

N[N s[s, N[N ST =" oxiDE LAYER

MAGNETS FORMED
ON TAPE OXIDE

GAP  POLE
PIECES

Fig.3. For each half-cycle of recording signal, a small magnet is
formed on the tape oxide. The magnet poles alternate with the
positive and negative half-cycles as shown.
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Flat Response

This is done in two parts: one by arranging for the
recording signal to be trebie boosted (pre-emphasis),
and two, to check the rate of trebie roll-off arising from
the 6dB/octave bass boost. When these are handled
correctly with respect to the tape formulation employed,
the result is a response sensibly ‘flat’ up to, at least, 12
kHz, depending on the length of the gap in the replay
head (note: gap length is defined as that distance
between the faces of the head pole pieces).

The treble losses are partly attributable to what is
called tape compression. If a tape is recorded at a
constant level but at an increasing frequency, the
magnetism acquired by the tape diminishes with
frequency, so the output on replay falls. The compres-
sion takes effect earlier in the frequency spectrum as the
level of the recording’is increased. The onset of com-
pression has much to do with the ability of the tape to
retain high-frequency signals. This is called tape coer-
civity. Tapes of high coercivity, such as Cr, some FeCr
formulations and cobalt-modified Fe formulations, retain
the high-frequency, short wavelength signals more
satisfactory than basic Fe tapes. They thus require less
effective equalisation at the treble end. This equalisation
is expressed as a time-constant which for basic Fe tape is
120uS and for Cr, FeCr and some of the cobalt-doped Fe
tapes 70uS. Hence most machines are also equipped
with an equalisation change switch providing these two
time-constants (on many machines the 70uS require-
ment happens automatically when a Cr cassette is
inserted).

Signal to Noise Ratio =

The time-constant merely refers to the frequency where
the boost or arrest in the basic 6dB/octave equalisation
takes effect, which is equal to 1/2xT, where the
frequency is in Hz and the time-constant (T) is S. Thus
120uS corresponds to a turnover of 1,326 Hzand 70uS
to 2,274 Hz. The net result works out to less effective
treble boost overall at 70uS than 120uS, which endows
Cr and other 70uS tapes with a 3 to 4 dB S/N ratio
advantage over basic Fe tapes. You can discern the drop
in noise by switching to Cr when running a blank tape via
an amplifier with its volume control well advanced.

The higher coercivity of the tape, the tess tendency
there is for it to demagnetise at the higher, very short
wavelength signals. Running at 4.75 cm/s, the overall
magnet.length of a 10 kHz signal is a miniscule 4.7uM
(tape speed divided by the frequency in Hz); but each
magnet has a length of half this value, or 2.35uM, little
wonder, then, that there is a tendency for demagnetisa-
tion with the poles so close together! The coercivity of
basic Fe tape is around 300 oersteds (Oe) and Cr and
high-energy tapes around 500 Oe.

Depending on the coercivity, the compression at HF is
governed by the recording level, so when a frequency
response plot is made of a cassette machine the level of
the swept frequency is deliberately kept low (around 20
to 25.dB below peak recording level — corresponding to
approximately —20VU on the meters). As the compres-
sion takes effect so the distortion rises, and it rises
dramatically when the tape is running well into com-
pression owing to the extremely bad non-linearity then
obtaining (there being hardly any increase in output in
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spite of a large increase in recording current). The
distortion is essentially 3rd-order, so the 3rd-harmonic
caused by a signal of 333 Hz (a common test frequency)
falls at 999 Hz, well within the passband. At higher
frequencies the 3rd-harmonic eventually vanishes — for
example, at 10 kHz the 3rd-harmonic is 30 kHz, which is
too high to be passed by a cassette deck.

Constraints

Nevertheless, compression non-linearity at HF gives rise
to intermodulation products which certainly do fall in the
passband. A 3rd-order product arising from two signals
at, say, 9 and 10kHz falls at (2x9)— 10, or 8 kHz, while
the 2nd-order falls at 10—9, or 1 kHz, both well in the
passband.

Much of the poor quality of cassette decks occurs as
the result of over-recording the high-frequency music
components, creating in-band intermodulation products
which, unlike simple harmonic distortion of low-order, is
singularly unmusical!

Some of the morg expensive tapes allow recording to
a higher level, but even with these tapes care needs to be
taken over the recording level. It is a sad fact about
ordinary VU meters that the peak value of a swiftly
occurring music transient could, be as much as 10dB
above the indicated level. This is because the inertia of
the meter prevents the pointer from accelerating any-
where near as fast as a fast-rising, short-duration signal
-component. The net result is that the transient has come
and gone before the pointer barely has time to move!
With complex, wide dynamic range classical music,
therefore, it is desirable fo peak several VUs below the
red section for the best quality results. Some machines
are equipped with much faster responding light emitting
diodes for peak indication. If these complement the VU
meters, it will often be found that the + 3dB LED will flash
at times when the VU meters are registering —6dB or
less. ’

On the other hand, if the recording level is set too low
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Fig.4. From a constant recorded flux the replay head output
rises at the rate of 6dB/ octave. This is equalisation and record
pre-emphasis are also used to combat the fall in treble output
caused by HF losses.
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the dynamic range will be impaired because the noise
floor relative to the upper recording level will be too high
(from first principles, dynamic range refers to the dB
distance between the upper recording level and the
noise floor). Without Dolby noise reduction, the noise
floor is about 50dB (CCIR/ARM-weighted) below peak
modulation level (on many machines corresponding to
approximately +3VU — Dolby level) using Fe tape and
about 54.5dB using Cr, FeCr and certain cobalt-
modified Fe tapes requiring 70uS equalisation. With
Dolby the effective dynamic range is increased by a
further 10dB, yielding the hi-fi dynamic range of around
65dB.

How Dolby Noise Reduction Works

If treble boost is applied to the recording signal the
reproduction 'on replay will be treble heavy, which is
fairly obvious. However, if during replay the treble is
rolled-off by the same amount as it was boosted, then
the frequency response lntegrlty will be restored. The
background noise detected by a listener depends on the
noise power bandwidth of the replay channel. If the
bandwidth is reduced, then the noise level falls. Thus by
boosting the recording signal at the treble end, the
bandwidth and hence the noise can be reduced during
replay without impairing the overall frequency response
from recording input replay output.

This scheme is known as pre-emphasis (the treble
boost) and de-emphasis (the treble roll-off), and is
adopted as a noise reducing artifice for both FM radio
and gramophone records. The treble roll-off, of course
is tantamount to a reduction in bandwidth.

The amount of noise reduction possible by this
scheme is limited by the amount of boost that can
reasonably be applied to the treble. That is, the
frequency at which the boost starts to take effect. If the
treble boost occurs too early treble overload could well
result un!ess the average recording level is reduced.

I

Dolby Noise Reduction |

The basic principle of DNR is similar to pre- and de-
emphasis except that the amount of pre-emphasis is
determined by the actual /eve/ of the recording signal at
any instant. At low level where the noise is obviously
more troublesome a greater treble boost is given than at
higher level where the signal well outweighs the noise,
anyway. In fact, at very high level (the Dolby reference
level corresponding to a recording level of 200nWb/m
and +3VU on most meters) there is no treble boost at
all.

During replay the frequency response integrity is
restored by a circuit which again monitors the signal
level and sets the trebie cut to correspond to the trebie
boost applied during recording. The encode and decode
circuits need to be well matched in gain to avoid
aggravation of intrinsic frequency response aberrations,
and this requires the circuits to be adjusted for ‘balance’
on the type of tape which will be used with the machine.
If the sensitivity of the tape used differs significantly
from that with which the circuits were originally ad-
justed, then the Dolby circuits will fail to operate
correctly — a point well worth bearing in mind!

!

0
Metal Particle Tapes
A new tape which will further improve the compact
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One of the latest pieces of tape technology from Hitachi, this
particular example features an inbuilt memory.

cassette medium is about to be launched. This uses as
the coating pure iron particles instead of oxide particles,
and as a result exhibits a coercivity (Oe) almost twice as
high as Cr tape, (1,060 Oe instead of about 540 Oe),
and a remanence of 2,600 gauss against about 1,550
gauss of ordinary high-energy tape. For the best results
from such tape a greater HF bias current will be needed
(also a higher erase field), and the recording amplifier
will need to supply a greater recording current without
over-loading. The record head, too, will need to deliver
the higher magnetic force without running into satura-
tion distortion. Already machines are being made which
will do justice to the tape.

Erase

As a final thought, magnetic tape is erased by the
machine before recording by passing the erase head
which yields a HF magnetic field (working from the HF
bias oscillator), and the effect is that the tape coating is
subjected to a number of decreasing hysteresis cycles as
it passes the erase head, which reduces the remnant
flux to zero, thereby fuIIy demagnetlsmg the tape. °

%% . i i b £
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The dbx Model 224 decreases tape noise by compressing the signal
while recording and restoring the original dynamic range on play-
back.
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Back IssuesFromET]

The back issues shown and described above are available direct from us. Please order by Issue, not by feature. They are

February 1977

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

Projects: S5W 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 PCB:s,
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, 2L Ex-
plained, CB Supplement, Intro to Com-
puters.

Projects: Mastermind, DVM, Overed,
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,
Pinball Machines, Intro to Amateur
Radio, T! Programmer.

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

‘ $3.00 each or 5 for $10.00.
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BACK ISSUES
ETI Magazine

Unit 6,

25 Overlea Boulevard
Toronto, Ontario
M4H 181

August 1978

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

Projects: Sound Level Meter, 2 Chip
Siren, [nduction Balance Metal {.oca-
tor, Porch Light.

October 1978

Features:
mentary,
Phasing,
Medicine.
Projects: UFO Detector, CCD Phaser,
Strobe.

Personal Computing Com-
CMOS Quickies, SSB by
History of Electronics in

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, ETI-Wet Plant Waterer.

December 1979

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

Projects: High Performance Stereo
Preamp, Photographic Development
Timer, Logic Trigger.
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ATTENUATORS

Ray Marston looks at the rather unglamorous but vital subject of passive attenuators.

ONE OF THE MOST important types of artillery in the design
engineer’s armoury of ‘vital weapons’ is the apparently simple
passive circuit known as the ‘attenuator’. Naturally, these ap-
parently simple weapons are full of nasty little surprises and
have a tendency to explode in the face of the unwary designer.

Attenuators

Attenuators are used to reduce an awkward value input or out-
put signal to a lower and more convenient level. The simplest
example of a practical attenuator is the ‘pot’ circuit of Fig. 1,
which may be used as a volume control in an audio system or
as an output level control in a simple audio generator, etc.

The input signal to the pot attenuator is connected across
the total resistance chain and the output is taken from the pot
slider. Note that the pot effectively comprises an upper (R1)
and lower (R2) resistive arm, thus forming an basic ‘L’-type
attenuator and that the degree of attenuation is determined
by the ratio of lower arm resistance divided by the total
resistance.

The precise amount of attenuation provided by a pot is
generally of little importance and the contol is usually left
-uncalibrated. |f a precise amount of attenuation is required,
a simple switched potential divider network of the type shown
in Fig. 2 may be used. It is important to note, however,
that this circuit is designed to feed into an'/nfinite impedance,
or at least one that is very large compared to the total resis-
tance of the divider chain.

COMMON

Vout = Vin ( R2 )
‘ R1+R2

Fig.1. A simple ‘pot’ attenuator, as used for a volume control or an
un-calibrated output level control (left) is a common version of the
‘L’attenuator (right).

i

“COMMON
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Design Tips ;

The first step in designing an attenuator of the Fig. 2 type is to
decide what its input impedance or total resistance is to be.
Next, the values of the individual resistors are determined.
Here the design is carried out in a simple sequence of logical
steps, there being as many steps as there are attenuator
switched positions. In each of these steps, the circuit is con-
sidered to consist of an upper and a lower half only. An
example will help clarify matters.

Assume (as in our example) that the total resistance is to
be 10k and that two attenuation positions {excluding unity)
are required and are = 10 and + 100. The values for the
greatest amount of attenuation are always determined first,
so for + 100 the lowest arm must contain 1/100th of the total
resistance, or T00R. This gives the value of R3 and leaves the
remaining 9900R in the ‘upper’ {R1 + R3, but as R3 is already
known to be 100R, R2 must be 1kO — 100R = 900R. The
upper arm, R1, must obviously contain the remaining 9k0 of
the 10k chain.

This simple design procedure may be expanded up to gjve
as many attenuator steps as are required for a particular appli-
cation.

Vout

100R

COMMON’ /
Fig.2. The method of designing this simple switched attenuator is
explained in the text.

It should be noted that the simple attenuator circuit of Fig.
2 is only accurate at low frequencies or when moderately
low values of resistance are used. At high frequencies, stray
capacitance will shunt the values of all resistors and may
significantly reduce their values and thus the accuracy of the
attenuator. This effect is particularly acute when high value
resistors are used: a mere 2pF of stray capacitance represents
a reactance of about 800k at 100kHz and will have a very
significant shunting effect on any resistor with a value greater
than a few tens of kilohms.
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Compensation

This problem can readily be overcome by shunting all resistors
with correctly chosen values of capacitance, as shown in
Fig. 3.

Here, each resistor of the chain is shunted with a fixed
capacitor, the reactance values of capacitance being in the
same ratios as the resistive arms of the attenuator. The highest
reactance (smallest capacitance) is connected to the largest
resistor and typically has a value in the range 15 to 50pF, the

vvalue being large enough to ‘swamp’ strays but small enough to
present an acceptably high impedance to input signals.

This ‘compensated’ type of attenuator is invariably used in
‘scopes and various other types of high frequency test gear, as
shown in the typical circuits of Fig. 4 and Fig. 5. Once again,
note that the compensated attentuator is intended to feed into
a high impedance load.

-O
+1
A
R1
900k

+10

R2
90k

L
AAAA—AAAA—AAAA AAAA—

Pot Pitfalls 5

At this point in our discussion it may have dawned on you
that, because of the effects of stray capacitance, there can be
certain pitfalls in using pots in some types of circuit. Suppose,
for example, that you have designed an audio amplifier with a
beautifully flat frequency response but have, in a moment of
madness, fitted it with a 500k volume control. You will (hope-
fully) not be unduly surprised to consequently find that, at
low volume settings, stray capacitance of a few picofarads
across the upper arm of the pot causes the amplifiers treble
response to be boosted by several dB at 12kHz or so!

Again, suppose that you have designed a superb LF sine/
square generator which produces square waves with rise and
fall times of a mere 50ns or so, but have fitted the beast with
a simple 10k pot as an output level control. Naturally, you will
not be surprised to find that the few picofarads of strays
across the upper arm of the pot acts as a reactance of only a
couple of thousand ohms to your fast rise and fall time signals
and consequently causes your square waves to appear incre-
dibly ‘spiky’ at low amplitude settings.

Both of the above problems can be solved or minimised
by using pots with sensible low resistance values, bearing
in mind the effects of strays at the operating frequencies in
question.

L

Vin O 1
o +100 Soon i
- { 1 e b’g:f"‘_ﬂﬁf‘l"
R3 7 gszﬁ 10m iv FOLLOWER
c3 9k0 {-1000)
2n0
-0 i
I +1000
1R:0 QUTPUT TO
4 F|:;l‘l (N NDICATOR
COMMON T s
Fig.3. A method of providing frequency compensation (to give a wide
frequency response) to a simple attenuator network.
. " c1
: 100 COWMON
oc -
" Fig.5. Typical attenuator sections of an AC millivoltmeter;
SW1 0.

.

R?
950k

e
\ INPUT [
s %
= il [=]
[C2 500k 7 350
50p
=4
8
I - A2 R6 R
c9 50k
» N 50p
4 -4 .
COMMON ( 1

OUTPUT
TD 'Y’
AMPLIFIER

)

Fig.4. Section of a typical ‘scope ‘Y‘ amplifier attenuator.
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FEATURE

Matched-Resistance Attenuators
Often, an attenuator is needed to feed into and/or from a
fixed load of some kind, in which case the simple potential
divider types of circuit discussed above are of little use. in-
stead, one of the many versions of the so-called matched-
resistance attenuator must be used. Two of the most popular

. | ! \
attenuators of this type are shown in Fig. 6, together with Fig.7. Three identical 20 dB 600R ‘T’ attenuators cascaded to make a
their basic design formulae. Note that these formulae are valid 60-dB switched attenuator unit.

only when the attenuators are correctly terminated at each

end.

The ‘T’-type attenuator is a perfectly simple design and
several sections can readily be cascaded to form variable at-
tenuator networks, as shown in the practical circuit of Fig. 7.

Here, the attenuation can be varied from 0dB to 60dB in LD A4 ) R
20dB: steps by switching individual sections into or out-of L L - - = o e " |
the circuit. - ‘

The 7 attenuator sections cannot be directly cascaded, as s T

is made clear in Fig. 8. Nevertheless, sections can be cascaded
in modified form to produce a laddered attenuator network,
the most popular of all attenuator types.

Looking at Fig. 8, you can see that if three individual m B _
sections are wired in cascade (Fig. 8a) their adjacent R2 sec- /
tions connect in parallel to give an impedance of P/2 (Fig. 8b) Rs
while the two R2 end sections have impedances of,P. If an
external load, RL, is simply switched to the different outputs N COMMON
of the cascaded m attenuator sections (Fig. 8c) the load will
clearly see impedances of roughly half of the correct value and
so be severely mismatched. To put things right, the formula
for the component values of the ladder network of Fig. 8¢
are re-jigged as shown.

The ladder attenuator of Fig. 8¢ is very widely used'in AF
and RF signal generators. Figure 9 shows the practical circuit
of a fully variable 600R attenuator that can be used in sine/
square generators, etc. The odd resistor values (correct within
2%) can be made up by wiring pairs of resistors in series or .
parallel. L4 CoMmoN
1 s-a("’;') pe2n (221

n-1

RL

RL

Fig.8. The ladder attenuator (c} is a development of the basic 7 atten-
uator (a and b). .

st

o=

COMMON SW1
‘T" — TYPE ATTENUATOR e, (COARSE)

R1=R(:;11) R2=R (:,Zﬁ) TV W

Fig.6. Two popular types of matched-resistance attenuator,

! J\N\/\ 1 '_ ?sggn)
R1
:X (FINE) = k0
1u0
Rs 660R
730R
' R2 R2 RL Vout l
Vin - 1 COMMON : |
Fig.9. Practical 600R output attenuator, network for a modern sine/
square generator. RV 1 gives fine control. SW2 gives coarse control.
~ COMMON
‘r1' —~TYPE ATTENUATOR . )
2 N
= n< -1 o n+1
SR (T) e “(?1’) Sy
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Everybody’s making money

S€ II'Iq

microcomputers.

Somebody’s going to make money
servicing them.

New NRI Home Study Course Shows You How to Make Money Servicing, Repairing,
and Programming Personal and Small Business Computers

Seemns like every time you turn
around, somebody comes along with a new
computer for home or business use. And
they’re being gobbled up to handle things
like payrolls, billing, inventory, and other
jobs for businesses of every size...to perform
household functions like budgeting, envi-
ronmental systems control, indexing
recipes, even playing games.

Growing Demand for Computer
Technicians...Learn in Your
Spare Time

Even before the microprocessor burst
upon the scene, the computer industry fore- @
cast over a 100% increase in job openings for
the decade through 1985. Most of them 7ew
jobs created by the expanding world of the
computer. NRI can train you at home to
service both microcomputers and their big
brothers. Train you at your convenience,
with clearly written “bite-size” lessons that
you do evenings or weekends without quit-
ting your present job.

No Experience Needed

You don’t need prior training in elec-
tronics or computers to take this exciting
new course. NRI starts you with the basics,
gives you a firm foundation to build on. And
your personal counselor is always available,
ready to help whenever you have questions.

Assemble Your Own
Microcomputer
NRI training also includes plenty
of practical experience. You perform

meaningful experiments building and
studéing circuits on the NRI Discovery
Lab® Then vou build your own test in-
struments like a transistorized volt-ohm
meter, CMOS digital frequency counter
...equipment you learn on, use later in
your work.

And you build your own microcom-
puter, the only one designed for learning, It
looks and operates like the finest of its kind,
actually does more than many commercial
units. But NRI engineers have designed
components and planned assembly so it
demonst-ates important principles, gives

you we rking experience in detecting
and correcting problems. It’s the kind
of “hands-on” training you need to
repair and service
units now on the
market.

Rush Card for Free Catalog
Send the postage-paid card today

for our 100-page, full-color catalog. It de-
scribes NRI's new Microcomputer Technology
Course in detail, shows all equipment, kits,
and lesson plans. And it also tells about
other NRI courses...Complete Communica-
tions with 2-meter transceiver... TV/Audio/
Video Systems Servicing with training on
the only designed-for-learning 25" diagonal
color TV with state-of-the-art computer
programming. With more than a million
students since 1914, NRI knows how to give
you the most in home training for new
opportunity. If card has been removed,
write to:

NA'A \

e
il

NRI Schools

McGraw-Hill Continuing
Education Center

330 Progress Avenue

Scarborough, Ontario MIP 275

or telephone 416-293-1911
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10 to 30 MH:z oscilloscopes with more

It's easy to see why LEADER
oscilloscopes are now specified more
than ever. More performance and
quality for less cost ... with immediate
deliveries from stocking
distributors. They come with

the best two-year warranty in the
industry ... backed by efficient
factory service .

A full-range of reliable,
medium bandwidth

oscilloscopes.
LEADER's oscilloscope line includes 11
models, single and dual trace versions,
for bench or field use. All models offer
comprehensive triggering controls, TTL
compatible Z-axis modulation, front
panel trace alignment control and
convenient, color-keyed front panel
layout. Probes are furnished with most
oscilloscopes and options include probe
pouches, carrying cases, front panel
covers and rack mounting adapters.

30 MHz del&?red sweep —
NE

LBO-515B is a compact, precision
oscilloscope at a moderate price. Using
a PDA 4-inch CRT with parallax-free
internal graticule, it features 5 mV
sensitivity and delayed sweep for
viewing and measuring complex
waveforms. Also has 120 ns signal
delay, trigger hold-off and x-y
operation at full sensitivity.

30 MHz with signal
delay — $1585.

LBO-520 combines a 11.7 ns rise time
with 5 mV sensitivity and 120 ns signal

performance

and reliability

than you
ever thought
possible.

€

surprisi

leader.

delay lines. Has single shot triggering,
X10 sweep magnifier and bright, sharp
PDA CRT. Triggers to 50 MHz

20 MHz dual and single

trace — $1100., $865.
LBO-508A and
LBO-507A give you
versatility at low cost.
Rise time is 17.5 ns
with 1 MQ (35 pFd)
input impedance.
Automatic or external |
triggering, X5 sweep
magnifier, 10 mV/cm
sensitivity and add/

function
subtract modes.

10 MHz with 1 mV
sensitivity — $895.

LBO-514 has both vertical and
horizontal X5 magnifiers. Sensitivity
is from 1 mV/cm to 10 V/cm. Sweep
speeds from 0.2 s/cm to 0.1 us/cm.
Auto or normal triggering. Z-axis
modulation. (Single trace version,

LBO-513, $775.)
Circle No. 54 on Reader Service Card.

Oscilloscopes, frequency counters,

enerators, video and
audio insfruments...a LEADER

instrument for almost every need.

20 MH: battery/ac

portable —$1350.
LBO-308S provides lab performance
and high reliability in field service
applications. Sensitivity is 2 mV
with a complete set of triggering
controls and 18 sweep ranges to
0.1 us/div. with X5 magnifier.
Compact, lightweight with 3-inch
rectangular, internal graticule CRT.
(Optional 2 hour internal battery pack is
recharged during ac operation.)

‘Two-year warranty.
Evaluation units.
A history of high retliability permits
LEADER to provide a generous 2-year
warranty. . backed by factory service.
Call or write for:
@an evaluation
®a catalogue
@ the name or your
nearest franchised
distributor
eadditional information

When Quality Counts

Instruments Corporation

REPRESENTED IN CANADA BY:

7. omnitronix Itd. ?‘T]

2056 Trans Canada Hwy. Unit 7, 6295 Shawson Dr.
-:| Dorval, Quebec. Mississauga, Ontario.
i HOP 2N4 L5T 1H4
(514) 683-6993 (416) 678-7170
Telex: 05-822692 Telex: 06-968653




IDENTIMAT

With so much of commerce and banking being done by computers, there is a major problem with security. The gains, or
losses, from fraud can be enormous; Identimat is a Canadian system which is designed to ensure that only an authorised

person can use the computer.

““Once you’re in through the front
door, the computer thinks you're
family: you can do what you
want.”
Dr. Eric Manning,
Canadian computer authority.

IN A WORLD increasingly dependent
on the computer as a tool for its well
being and maintenance, the axiom that
every tool can become a weapon capa-
ble of being used against its owner is
one that computer security specialists
heed with close attention.

But while machines can be made
more foolproof and secure, it is the
human element that most concerns
computer security specialists today:
how to control who is to be permitted
into the computer room in the first
place; and once in, who should be
permitted to use a particular computer
program?

Secret passwords are not the answer,
as computer criminal turned computer
security advisor Jerry Schneider showed
the gullibility of people when, in 1971,
he ripped off the Pacific Telephone and
Telegraph Company for $900,000 in
equipment deliveries by simply tele-
phoning the computer room and sweet
talkingly persuading the personnel that
he'd forgotten the password, and was
given it without further ado.

Recently, another device for compu-
ter security has come on the market
with an extremely high degree of
accuracy.

Canadian computer industry sources
state that it just might be the answer to
the computer access problem.

Called Identimat 2000 it operates
by simply having a person place either
or both hands {the machine instructs as
to which) on a glass plate. The machine
then photoelectrically determines the
person’s hand geometry and compares it
in less than a second to data inserted
into the machine by means of a card
constructed along the same design lines
as a credit card.

ETI—-NOV 1980

A cardless version of the same
machine compares the person’s hand
geometry with previously stored data.

A person’s hand geometry includes
the length of a person’s fingers, the con-
tours of the hand and the translucency
of the skin. It is nearly as unigue as a
fingerprint.

Unlike an analogous devise, depen-
dent on fingerprints, the Identimat
2000 has never been known tao reject a
person unneccessarily or, more impor-
tantly, has it accepted an unauthorized

person in the nine years it has been
extensively used in North America for
stock room access.

Unauthorized use is impossible, since
unlike cards, keys or secret passwords,
an individual’'s hand cannct be lost,
stolen, borrowed or forged.

Chances of misidentification are
astronomically low. A Stanford Re-
search Institute Report states that
the system is effective 99.5% of the
time, eg. only 1 in 10,000 hands are
sufficiently similar to fool the machine.

With Identimat, the operator places the complete palm on the glass, the system
then checks various dimensions and the ‘print’ to ensure complete security.
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Stanley J. Green, Vice-President
(Systems Engineering) of Security In-
formation Systems Limited, which
holds the Canadian and European
patents to the device says that, “the
system will simply not allow an un-
authorized person in. While one in ten
thousand could use someone elses card,
those two people would have to find
each other first.””

Forgery of the card is also impos-
sible, he says, due to the secure coding
of the card’s data.

“The card model cannot be deci-
phered under any circumstances: there
are three levels of security and in
fact no one has got past the first level,
People have tried for months using a
computer to try and break the code
and been unsuccessful,” he says.

Green further explains that the card’s
magnetic stripe’s first level of security
contains a unique employee number,
the customer’s number, access permis-
sion and the individual’s hand geometry,
all coded and scrambled.

The second level of security consists
of one bit of random data for each bit
of live data, in no sequence and with the
live data looking exactly like the ran-
dom.

The third level of the card’s security
consists of the live data in no sequence
and scrambled.

Application of this device to the
computer security problem is two-fold:
access to the computer room itself,
and access to the computer terminal
or computer program, with the card
or cardless models being used de-
pending on the circumstances.

“The card model is a completely
stand alone unit that has the capability
of being connected directly to a central
console as well as the capability of being
connected to the computer,” says
Green.

“The major advantage of the card
model is that if the computer should go
down for any reason, a cardless madel/
guarding it would go down with it.
Power is power: if the power’s off,
that’s it!”

“However, with the card model, in
the case of the computer going down,
the machine is completely unaffected
and continues to protect the doorway
or whatever it’s being used to pro-
tect,” says Green.

Using the card model to protect
access to the computer room and the
cardless model to protect access to the

computer terminal or computer pro-
gram would therefore be the ideal,
says Green, as it would cover all security
risks.

Further, acceptance or rejection of a
person’s hand can be hooked up to a
recording device providing a written
record of when and by whom the device
was used.

This last feature is potentially useful
in facilitating audit trails, customarily
one of the great headaches in computer
security when a fraud is known to being
perpetrated, but the culprit is lost in the
computer’s labyrinthine logical intri-
casy.

A written record of who did what
and when would dramatically ease this
complexity for auditors who custo-
marily have little knowledge or ex-
pertise in tracking a fraud through a
computer’s software logic.

Costing in the neighbourhood of
$6,000 (Can.) depending on the op-
tions, this device is currently used by
as diverse companies as the Royal Bank
of Canada, to protect two sensitive
floors at their Toronto headquarters,
the US Army to protect their National
Defense computer installations, and
Bell Northern Research to protect
access to their research laboratories. @
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Remote Alarm System
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COMPLETE SYSTEM — $259.95

Easily installed in your vehicle.
4 watt, tone encoded system.

——hest

prices——
——speakers - decks - -

PAY NO SALES TAX

Alberta Audio

1107 73rd. Ave. S.W., Calgary, Alberta T2V OR9
(403) 252-1038

Circle No. 5 on Reader Service Card.

Monitor your vehicle from up to b miles
{depending on antenna, terrain, etc.)
Also useful as personal paging system.

Send mail order to:

Shuriken Distributors Inc.
5035 Timberlea Blvd., Unit 4
Mississauga, Ontario L4W 2W9

(416) 625-5787
Money Order or Visa accepted.
DEALER ENQUIRIES Invited,

Circle No. 10 on Reader Service Card.




ELECTRONIC PACKAGING SYSTEMS LTD.

Retail Department.

P.O. Box 481, Kingston, Ontario
K7L 4W5 Telephone (613) 384-1142

DEALERS REPLY ON LETTERHEAD

r LOWEST COST

COMPUTER
$14995

Including keyboard, 1K RAM,
connection to T.V.
Expandable to additional
RAM, super sound, BASIC
programming. ldeal for edu-
cational, Industrial control
and hobbyist,

Reader Service Card No.. 45

NETWORK
COMMUNICATION
AR

=

Information Utilit
for PET, APPLE, other ASCII
terminals or computer
systems. Library available:
New York Times News, UPI
News, Airline Schedules,
Stock reports. You may also
send MAIL or CHAT with
your friends on the SOURCE
Network.

Reader Service Card No. . 46

Our cztalcgue contains a whole range
of plasic boxes to suit every proiect.
Thzre are case-boxes, sloping front and
flip-top boxes, general purpcsz and potting boxes —
there's even some with integral battery compartments.
We've zlso got zircuit boards, accessories, module
frames and metal cases — all o the highest standard to
give yows equigment the quality you demand.

For your free cetalog.e circle No. 49 on Reader Service Card.

TSUBISHI

AUDIO SYSTEMS

A “DIFFERENT” RECEIVER

IDEAL FOR BUSINESS
APPLICATIONS

Canon

BX-1

Computer, including floppy
disk drive, printer, single line
display and easy to use
BASIC Language. Complete
System for . . . .. $5495.00
Reader Service Card No. . . .47

Home Computer Centre, a
division of Computer Age
Ltd., is a leading supplier
of low cost computer systems
for home and business use.
We carry PET, APPLE, TI,
NorthStar up to 29 million
bytes hard disk system. We
supply software for business
and industrial applications as
well as customized programs.

Use all the wery latest of technolagy and sophisticated circuitry
learnt and proven in,years of producing superb separate Tuners,
Preamglifiers and Amplifiers, and you produce a Mitsubishi Re-
ceiver that is "Different’’. The Mitsubishi R20 AM/FM Receiver

is loaded with features that mean optimum reception and superb
audio. Digital tuning frequency display on AM and FM as well as
a circular dial — for easy tuning. Separate recording and program
selection — record from a record while you listen to AM or FM_
atl at the same time. Switched selectivities for optimum reception.
Continuous foudness control — your tonal balance at the level you

| ]
CHARGEX
==

N

Shipping: add 5%.

HOME COMPUTER CENTRE
Computers for Home & Small Business
61017 YONGE ST.

(South of Steeles)
WILLOWDALE, ONT.

M2M 3w2

(416) 222-1165

decide. Built in Maving Coil Amplifier to accommodate the
latest in cartridges.

All this and more and 60 watts of pure clean audin power.
(.02% THD) per channel.

The RZ0 — a receiver with a "“Difference”’

Sugg. List $769.95

Melco Sales Canada Inc.
900C Denison Street,

Excess refunded

Y

Expect more from Mitsubishi. Markham, Ontario

L3R 3K5
Circle NMo. 31 on Reader Service Card. (416) 4957728



ORION

Electronic SuppliesInc.

ELECTRONIC DISTRIBUTOR
INDUSTRIAL — EDUCATIONAL — COMMERCIAL — HOBBYIST

m:n »

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,
1Cs, Computer Interface, Support Chips
and CPUs.

e ]
W@w‘.&

Authorized disiributor for RCA, COSMAC VIP

New! v;> 111 $12950

Microcomputer . .. Assembled® and tested.

Features  VideG output to monitor or moduiator

* RCA 1802 Mcroprocessor « Cassefe intert: 100 Bytes/sec
* 1K Bytes static RAM e oce =

Expandable on-board to 4K
Expandable to 32K Bytes total

* 512 Byte ROM operating system
e CHIP -8 interpretive language or
machine language programmarte.
* Hexidecimal keypad

® Audio tone generator.

» Single 5-vott operation

Ideal for low-cost control appiications
Expandavie to tull VIP capability wih
VP-114 Kit

*User need only connect cables {ncluded), a
5-voll power supply, and speaker

* Instruction Manual with 5 video game  +
listings. schematics, CHiP-8 much more *

SIEMENS

DISK DRIVE *SALEx
FDD 1005 Single 5
FDD 2005 Double 5’
FDD 100-8 Single 8"
FDD 200-8 Double 8"
Visa/Master Charge add 3%
[1Please send more information on
Siemens disk drives.
AP Products
The all-new line of ACE
All-Circuit Evaluators
WITH POWER
POWERACE 103|POWERACE 101|POWERACE 102
Triple-output The complete digizal
supply for prototyping | model for prototyping|prototyping lab w.th

both finear and digital|all types of circuits.|FREE logic probe built
circuits, int

$159. 00 $107.93

$1175.75

power| The general purpose.

$159.0C

Orlon Electronic Supplies Inc.
40 Lancaster Street West
Kitchener, Ontario N2H 4S9
(519) 576-9902

© Master Charge & Visa, COD, Cheque,

Money Orders accepted. CODs, shipping
. & insurance extra. Write for our FREE
- catalogue!

Circle No. 36 on Reader Service Card.

lets you create and —guem. RCA COSMAC VIP
play video games and\w

generate graphics !!!!!

® Ensy to operate ® Easy to program

L] Achnllengu for the serious hobbyist

AND It's Expandable ! ! !
L _| N
o

VIP-Hobby Computer Al assembled
M operaning g ’-

face xey keypad, 2K RAM

VP-711 (CDP185711)
VIP Color Board Ursplavs VIP output in color! Program control of
four background cotors and eight foreground colors. CHIP-8X
tanjuage adds color commands. Includes two sockets for VP-580

ansion Keyboards $94.75

VIP-590. ..
VIP Simple Sound Bonrd Provides
256 difterant frequenciss in place of
VIP singis-tone output. Ideal for use
with VP-530 Color Board for simultar
eous color and sound. Great for
music or sound eflects! Includes aq
VP-595 .

VIP Super Sound 4-Channal Expander Package
sound channels with requency duration and amp!
tncludes modifred VP-550 super nd board, v
ma- el PIN-8 and mstruction ial
rd

551 pro s tour {4} independant
welape fo 1annel Packege
wo board expander data cassette
Requires AM system and v

0
VP551. . $99.75
B vip dd
ability. 16-key keypad with cable. Connects to sockets provided:
on VP-890 Cotar Bosrd or VP-585 Keyboard Interface Bosrd
VP580. $27.98
VIP Keybosrd Intarface Board \
Intertaces twn VP-580 Expsnaion Key- o B
boecdsdiractly tothe VIP. Notrequlred &
when VP-590 Color Board is used q
[P

VP-585 .. 22.50
| VIP Memory Expansion Bosrd Plugin 4K
{| static RAM memory. Jumpar locates RAM In any 4K black
§ in first 32K of VI® memory space.
. $128.70

VP-601 $98.75
ASCII/Numeric Keyboard AS

2 Dot J for
. $114.95

Cable: ASCIl Keyboards to VP-711

ve. 620

SER
MAT
PRIN

CENTRONICS’

779-2

1AL
RIX
TER

PHYSICAL DIMENSIONS

. ?‘ g+ ”Lmu i
g gaere :
i"’l!qaf':.f* o RIGRDS

Weight:  451b. (20Kg)

Width:  19.5” (495mm)

Height: 8" (203mm) =

Depth: 18"  (457mm) - 7353)

STANDARD .

SPECIFICATIONS

Characters W shown.
5 x 7 Dot Matrix a *

64 Character
Standard ASCII

VIDEO MONITOR
This is a brand new modified TV similar to the one

Forms Handling
Rear Paper Feed, using Tractors

CETEI (o 57 e 143 (o 89 el September, 1980 ET! for bargains on kits,
STANDARD FEATURES computers, components, audio products, etc.
Print Speeds * 60 110 ¢ . H i
e S 16%‘5;' The Model 7792 is intended to be a basic Or circle No. 50 on the Reader Service Card for
Lines Per Minute output device. It uses a single logic board your free copy.,
@ 10 char/line 90 130 and has simple controls that consist of a power
@ 132 char/line N/A 21 ON/OFF switch and a print switch. Print ORDERING INFORMATION:
Max. Print Width 8" {203mm) density is adjustable f'°f"? 0 @ ‘16'5 charactels Clearly print out order. Ontario residents add 7% PST.
Horizontal Spacing per inch. This printer offers an alternative to Add 5% for shipping — excess refunded. Pay by certified
{operator adjustable) 10.16.5 cpi the user who is reluctant to spend additional

Vertical Spacing 6 Lines/Inch money for

*cps=characters per second

A1 ELECTRONIC

doesn’t need.

$1585

TELETYPE ASR MODEL 33.
Reconditioned . With Paper
Punch. With stand

Reader and
$650.00

Tape

See our four page catalogue in the middle of the

a long list of printer options he

chegue, Chargex, Mastercharge (include signature, explry
date, card number and bank name). All prices subject to
changs without notice.

Hours:

5062 Dundas St. West,

Circle No. 51 on Reader Service Card.

9:30 — 6 pm: Mon, Tues, Wed & Sat. 9:30 — 9 pm: Thurs & Fri.
Ishngton,

Ontario, M9A 1B9. (416) 231-4331




6 WAT'T SIREN

A state-of-the-art project to terrify intruders and pussy cats. A police-like “de-dah” alarm that produces a
6-watt output into an 8 ohm speaker when powered from a 12 V battery supply.

THIS NIFTY LITTLE DESIGN uses the very latest ad-
vances in semiconductor technology to implement a
very compact, inexpensive, yet exceptionally powerful
alarm-sound generator unit that can easily be incorpo-
rated into an existing burglar alarm system or similar
“security’’ device. The alarm produces a police-like
“dee-dah’’ signal at levels up to 6-watts in an 8 ohm
speaker when powered from a 12-volt battery supply
and incorporates a number of unusual features.

The alarm circuit incorporates a basic alarm-signal
generator, followed by a power amplifier stage. The
alarm-signal section of the unit is designed around an
inexpensive CMOS integrated circuit that consumes
virtually zero “'standby’’ power. The power amplifier
stage is a real state-of-the-art device, a fow-cost VMOS
power FET which also consumes virtually zero current
when in the “"standby’’ mode. Consequently, the unit
does not need a separate on/off switch and can be left
permanently connected to a 12-volt battery supply. The

alarm can be activated either by closing push-button
switch PB1, or by applying + 12 volts to the junction of
R1and R2 (the low end of PB1).

Construction and Use

The unit uses relatively few components and can be buiit
in less than one hour. The components are assembled on
a standard 1 inchX2% inch strip of Veroboard, as
shown in the photos. Start construction by breaking the
copper strips as indicated and then solder the nine wire
links into place. Next, solder a suitable IC holder into
position and then assemble the rest of the components,
taking care to abserve the polarities of C1, D1, IC1 and
Q1.

When construction is complete, double-check all
wiring and then connect the unit to a suitable 8R
speaker and a 12 volt battery supply, connect PB1 in
place and give the unit a functional check by closing the
switch. The unit should produce an ear-splitting "'dee-

KF1 ! +12v ©

L‘
s
e—r7y o
c1 SPKR
P81 DL 10u 8R
PRESS
ON OUTLINE OF THE
T VN67AF
D
(o1}
12
. 2 . \
T o @,_‘-—WV\ 13 —
12k 6 R4
1 220k
s
R2
R3
§ 12k 6Ms
1%
ov g 1000 ov
mn ] mn
. NOTES:
. X D1 1S 1N4001
Fig.1. Circuit diagram of the 6 watt siren Q11S VNB7AF

ICla and IClb are wired as a slow astable mul-
tivibrator and IC1c-IC1d are wired as a fast astable.
Both these astables are “gated” types, which can
be turned on and off via PB1. The output of the
ICa-IBlb slow astable is used to modulate the
frequency of the IClc-IC1d fast astable, and the
output of the fast astable is fed to the external
speaker via the Q1 VMOS power FET amplifier
stage.

Normally, with PB1 open, both astables and Q1

HOW IT WORKS

IC11S CD4011B

are inoperative and the circuit consumes virtually
zero standby current. When PBI is closed both
astables operate and the frequency of the fast
astable is modulated by the slow astable to pro-
duce a ‘“dee-dah” signal, which is passed to the
speaker via the Q1 power amplifier stage. D1 and
C1 are used to ensure that the astable actions are
not adversely influenced by voltage transients
induced into the battery supply leads via the
speaker.

ETI-NOV 1980
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dah’’ alarm sound. Note that the speaker used in the
system must be an type with a power rating greater
than 6 watts.

If you want to use this unit in conjunctlon with an
existing burglar alarm system, you can either replace

PARTS LIST
RESISTORS (All Yaw, 5%)
R1,2 12k
R3 6M8
R4 220K
R5 68K
CAPACITORS
Ci 10u 16V Electrolytic
Ccz 100n Polyester
C3 10n Polyester
SEMI-CONDUCTORS
D1 1N4001
Q1 VNB7AF (Siliconix)
IC1 CD4011B
MISCELLANEQOUS
SPKR 8R. 10 watt
PB1 Push button switch

{note the VN67AF s available from Active
Component Sales Corp.},

PROBLEMS? NEED PCBs? Before you write
to us, please refer to ‘Component Notations’
and ‘PCB Suppliers’ in the Table Of Contents.
If you still have problems, please address your
letters to ‘ETI/ Query’, care of this magazine,
A stamped, self addressed envelope will en-
sure fastest reply. Sorry, we cannot answer
queries by telephone.

PB1 with a set of relay contacts that are activated via the
burglar alarm system, or possibly can use the burglar
alarm to activate the generator directly by applying 12
volts to the R1-R2 junction under the “"alarm’’ condi-
tion. ®

PEOOMTOI — &

"TNMEUONOIIOTNMIONOD O
e, N

Above. Component insertion layout. Note the orientation of Q1
Below. Underside of the Miniboard 6 watt siren. Ensure that
cuts in the tracks are made in the correct places.

=IO TMTMQoO®ED>

PC.PRODUCTS )

e =
L INECTORAL = 1
ELECTRONICS : 9
need: = CORPORATION
L PC. CONNECTORS 8
eprinted circuit = PRATED SROUT TS
boards and ALGNMENT T00LS » O
connectors ELECTRONE CHEMEALS 1 Sual
edrafting aids »
ehreadhoards

oPCB chemicals
oElectronic chemicals =

send for our
complete catalogue
today!

cm ELECTRONICS CORP. um M-:“Sl Glas Tave, NT 11542 US A
T T T T T T T T T T T T T T T T e
Please send me a copy of your Injectorall Catalogue and Price List.
Name
Address
City

Prov. Postal Code

omnitronix Itd. %! ; 1

2056 TRANS CANADA HWY. UNIT 7, 6295 SHAWSON DRIVE
~i| DORVAL, QUE. HaP 2N Missis SSAUGA ONT.L5T 1H4
| Ter: (514) 683-6993 Tel: (416) 678 '/'

Telex: 05-822692 Telex: 06-968653

Circle No. 12 on Reader Service Card.

B hr VHS VCB e s mos s o w08 mr 4y sn o

6 hr VHS tapes . . . . . $19.99 minof 6. . . . . $20.99 for 1
COLOUR CAMERAS . . . ... ........ from $599 up.
SANYO Betavideorecorder . . .. ... ......... $888
6 hr portable with tuner . , . . .. ... ... ...... $1299
Video accessories available:

—Dust covers {specify model} . . . . ... ....... $22.95
—Cleaning Kits i sz e mins w5 on S ol s D $9.99
—Others available. Write for catalogue.

Movies from wis s woy sl @5 = wea wie ws 5 $49 + up

Shipping Extra
Write for a free catalogue or circle the Reader Service
Number {below) on the Reader Service Card.

VIDEO LAN.

LOWEST PRICES.

WE SHIP ANYWHERE.

TORONTO Head Office & OTTAWA

582 Yonge St. Mail Order Address: 1154 Bank St.

(N. of Wellesley) 780 Wilson Ave. (at Glenn)
TgronEO. Ont. (W. of Dufferin) 236-0475
921-0264 l\Dﬂov}znsvlgw Ont. SARNIA

1158 Queensway (416) 638-2974 773 Confederation
(W. of Islington) Sarnia, Ont.
Etobicoke, Ont. 1375 Danforth Rd. 336-8433
255-7543 (N. of Eglinton) NORTH BAY

Scarborough Ont.
265-3525 1138 Cassells St.
North Bay, Ont.
476-0007
Other locations opening soon |n Montreal, Calgary and

Vancouver. Cail telephone operator for phone number.
Retail (non-mail order) customers must present this

ad (or a photocopy) to get these prices.
LL\ (DEALERSHIPS AVAILABLE) _rr,

Circle No. 9 on Reader Service Card.




The Best Scope Buys Available!

Introducing...

Metermaster's NEW
40MHz Dual Trace
Oscilloscope .

Model 65615

Featuring an Extremely
Bright CRT Display

(15KV acceleration voltage).

|
=
only $1395.

F.S.T. INCLUDED

FEATURES INCLUDE : PLUS:
m Internal Graticuled 5” CRT. m 50 nsec delay for viewing pre-trigger data.
s Full 40MHz Bandwidth at -3dB. m X5 Sweep Magnification.
m 5mV Vertical Sensitivity for the full band- m Supplied with AC Line Cord and an
width, expandable to 1mV/div. utilizing the Operations and Maintenance Manual.
X5 Gain Multiplier below 10MHz .
m Trace Rotator. Accessories: Probes (extra).

Look...

At the features
of these 15MHz

Oscilloscopes

$695. each

F.S.T. INCLUDED

Model 65610
5” CRT Dual Trace Scope

Model 65310
3" CRT Dual Trace Scope

Model 65310 : - Operates from 3 Power Sources Model 65610: - Operates from 2 Power Sources
1. Rechargeable Ni Cad Barteries. 1. 120 VAC Line.
2. 120 VAC Line {also charges batteries). 2. 11.5- 30 VDC.
3. 11- 30VDC. * Fully Automatic Triggering.
= Fully Automatic Triggering. » Bandwidth DC - 15MHz (- 3dB).
= Bandwidth DC - 15MHz (- 3dE). « Trace Rotator.
* Trace Rotator. = HF Rejection.
= 2mV Vertical Sensitivity. = 5mV Vertical Sensitivity.
Accessories: Vinyl carrying case, probes (extra). Accessories: Probes (extra).

subject to change with-

R.H. NICHOLS *\where appiicable.

Eﬂw Metermaster o o

B Bl  10RONTO (416)661-3190  « MONTREAL (514)337-0425 EDMONTON (403)432-7746 o oTTAawa (61312387007 [ I

Circle No.4 on Reader Service Card,




rCALCULA TOR ORDERS SHIPPED WITHIN 24 HOURS

)

Free shipping anywhere in Canada! We take advantage
of our retail operation to offer low mail order prices.
In many cases, these are 15% helow our retail prices!

o

Canon

LC-61T $39 95

[

Regutar $59.95

5 e o 6 s T158C
G Keystroke
S iy o Programmable
. & . g
e O B : {Scientific)
algebraic logic
2 Ti59 Fuily Programmabte . .$332.95
Auto power off TIPC-100C Printer for TI 68/59 | 522495

TEXAS INSTRUMENTS

INCORPORATED

Ti167 . Keystroke Programmable (Sciewnhc) )

PACKARD

AMAZING
MACHINE,
AMAZING

PRICE!

$420.75

HP 41C

.$335.00
.$625.00
.$ 73.95

HP 41C Magnetic Card Reader
HP 41C Thermal Printer . .
HP 41C Memory Moduies

<1 Card FC42

Metric
conversion
calculator.
Independent | 8K RAM . . . .
memory. 16K RAM . . .
32K RAM . . .
Call

August,

-+ - - 81195 ¥ and date, lap time,
... .$1495 } net time and does
... .$1795

us for complete det-
alls or see our ad
July 1980 (pg.41) or ETI
1980 (pg.20).
pherals avallable too!

This is an 8 diglt
LCD watch/stop-
watch/calculator
combination!

Gilves you month

calculations too!

in ETI
Avaitable in:

Perl- § Black

7195 BHP 34C . Keystroke Programmable (Scientific) -$224 00
8 digit liquid crystal $25.45 T155 . Keystroke Programmable {Scientific) .5 53.95 BHP 33C. Keystroke Programmable {Scientific) .$170.95
display. Features in- TIMBA Keystroke Programmable (Scientific) $ 89.95 NP 33E . Keystroke Programmable (Scientific) . $134.95
- depend.ent memory ¥: g: ;'I °a i;reprogrammecé f:ivr;‘aancnalx. o g gggg HP 38C. Keystroke Programmable (Financial) .$224.00

. ’ + M o . Preprogramme inanc.a . g P E. K i {
time, calendar, alarm, FX 310 Similar to FX-81 but with Tl Business Card .Preprogrammed Firancial .$ 53.95 :p gg eyis;::;z):rr;)irrz;r:;nabl:l?ngi‘lgi:l;\clal) gé;ggg
stop watch. B 50 scientific functions including H gg ’F;reprogramng gc'e"“:“ c 2 gg gg HP 37E Preprogrammed Financial .$112.50
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We accept certified cheque, money order
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Canon Personal CASIO C-80 lor Chargex/Master Charge. Include bank
Computer name, expiry date, card no. & signature

on all card orders. Ontario residents add
7% P.S.T. All prices subject to change.

BATTERIES
WICLUDED

Village By the Grange
71 McCaul St. {Just North of Queen St.)k
Toronto, Ont. M5T 2X1 (416) 596-1405

Send $3 (refundable with order) for

our Calculator Buyers Guide. P

Serving The
Technician
Since 1971

— Tuners are
our only
business.

Tuners are cleaned ultrasonically,
checked on new Wavetek sweep
equipment for gain, bandwidth,
oscillator tracking and AFC diver-
gence. Shaft repairs a specialty.
Affiliated with Tuner Service Cor-
poration, Bloomington, Indiana.
Only new parts are used, meeting
manufacturer’s specifications.

$16.95 VHF UHF Varactor

Same day service.

One year warranty on workmanship and
materials on tuner repairs.

Please do not send mounting brackets.

TUNER SERVICE Co. of CALGARY
P.O. Box 5823
Station A"
Calgary, Alberta T2H 1Y3
{403) 243-0971

Circle No. 20 on Reader Service Card.

CHALLENGER 1P
SERIES 2

Ohio Scientific Microcomputer

* NEW program sclectable 24X24 char-
acter display or 12X48 character display
(Up to 32X32 or 16X64 with video
monitor)

* NEW sound, music and voice output
via a D/A converter.

* NEW switch sclectable audio cassctte,
300 baud modem and printer interface
included.

* NEW casy expansion to colour display,
joy sticks, AC remote control and much
more.

* NEW durable high impact shell over
a solid aluminum RFE shielded chassis.
* Self containcd personal computer
style keyboard, video display interface,
BASIC in ROM and large system cxpan-
sion capability.

* 18K total RAM/ROM with 8K of
program workspace, cxpandable to 32K.

CIPSERIES 2. . .... _ ..... $697.00
CIP SERIES 2 with 20K RAM
and Mini floppy. . . ... .. .. $1,890.00

NEW COLOUR DISPLAY COMPUTER
C4P 8K RA 040

.................... 84,

* Ontario residents add 7% Sales Tax.
Prices subject to change without notice.
Master Charge or Visa accepted. Shipped
collect by any method you specify,
D.C.B.ELECTRONICS
333 Denison St. Unit 3, Markham,

Ontario L3R 274 (416) 495-1599

#7

#8
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ELECTRONIC KITS

IDEAL CHRISTMAS GIFTS

FOR ELECTRONIC HOBBYISTS

#21

SUPER FM WIRELESS MIKE

Picks up and transmits sound without wire up to 300
feet through FM radio. {(Condenser mike & case
included). . .

ELECTRONIC LOCK.
Turns appliance ON and OFF with pre-set code
number. (Key board included) 13

TOUCH ON-OFF
Turns appliance ON with a touch, and OFF with
another touch $10.9

IC MINI ORGAN.

Touching a stylus to the foil traces on the p.c.b.
generates musical sounds. Speaker

included

LIGHT ACTIVATED SWITCH

Works as an ON/OFF switch activated by mtensny
of light $6.95

ECONOMICAL COLOUR ORGAN.

Lights flash in relation to the intensity of the
incoming sound signal from your radio or
amplifier

NOVEL TRANSISTOR TESTER
Capable of testing gain and polarity of transistors.
{panel and case included) $27.

SOUND ACTIVATED SWTCH
You can even whistle or clap your hands to activate
this switch $14.95

ELECTRONIC WHEEL OF FORTUNE
A wonderful wheel for multiple games. (Panel and
case inciuded) apy

All kits come with p.c. board and instructions.

Add 5% for postage and handling. Ontario residents add 7%
sales tax. Send cheque or money order. Mastercharge and
Visa accepted.

AUDIOVISION SERVICE
P.0. BOX 955, STATION B,
WILLOWDALE, ONT. M2K 2T6

Also available from: General Electronics, { 416) 221-6174
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This Month our Contributing Editor Steve Rimmer changes
his brief. Until now he has confined himself to the subject
of video but now, with a minor change in the name of the
he sets forth to deal with a computer graphics

column,
system.

THIS IS A fairy tale. You probably
didn’t think fairies had them, but here’s
one anyway.

There once was a Moravian Marsh
Gnome named Art. This isn’t short for
Arthur. He came from a large family, in
which all the other gnomes were loath-
some little girl trolls. All the girls were
named after flowers, like bladderwort,
rapeweed, venus flytrap, and so on. His
parents were rather at a loss as to what
to call him. They were about to put him
out with the papers when an idea struck
them, breaking his father's left leg in
the process. Thus it was that he came to
be called Artificial. As it happened they
put him out with the papers anyway.

One day Art was skuffling through
the woods on his way to the tar pits
when what did he come upon but a
North American Rockwell DM-551/8B
computerized aircraft flight simulator.
There did not seem to be anyone
around. “What a coincidence,’ said Art,
drooling a bit. “"Just like in a fairy tale.”
Then he remembered the popular mis-
conception that fairies haven’t got
them, and climbed into the simulator.
There he saw a video screen.

“RCKWLL 551/B,” said the screen,
winking its cursor. “DO YOU WANT
INSTRUCTIONS? (Y OR N)?”

“N,” said Art, who was a bit of a
simp.

“LEVEL OF REALISM (0 TO 10)?”
said the screen.

"10,"” said Art.

"CRUISING AT 3500 FEET,” said
the screen. "AUTO PILOT OFF IN
THREE SECONDS.”

“What?”’ said Art, drooling again.
Living in a box of old newspapers for
the first three years of his life had done
nothing for his cerebral development.
The screen did not answer.

Instead it said, "ALTIMETER: 3250
FEET. RATE OF DESCENT 100 FEET
PER SECOND.”
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“Oh My, " said Art. “What shall |
do?’’ There was only one thing to do.
Run away, and hope nobody beat him
up. This was a safe bet; most people
didn’t like touching Art due to extreme
wretchedness. He tried to get out of
the simulator.

“DOORLOCKS INOPERATIONAL
WHILE AIRCRAFT IS IN FLIGHT,”
said the screen. "ALTIMETER 2525
FEET. RATE OF DESCENT: 250
FEET PER SECOND,” it added.

"Mister Screen, won’‘t you please
help me?”’ cried Art, like a real dolt.
“I'm so afraid.”

“ALTIMETER: 900 FEET. RATE
OF DESCENT: 735 FEET PER
SECOND," replied the screen.

“A-WO00000!"” howled the immi-
nent disaster alarm.

Please let me go,”” wailed Art.
' do so want to go play in the tar pits.”

“ALTIMETER: 50 FEET. RATE OF
DESCENT: 1845 FEET PER SECOND.
CRASH IN TWO SECONDS,” said the
screen. “YOU'RE DEAD,” it added.

Then the flight simulator blew itself
into smithereens, and Art along with it.
It's simulated gas tank caught fire and
touched off the surrounding woods,
wiping out whole gnome communities.
The survivors applied for relief, but the
government doesn’t believe in gnomes,
so they were turned down.

The moral of this story is simply that
computer graphics have made possible
more and more realistic flight simulators
— and you should always ask for the
instructions if you find one in the
woods.

NEW

By Steve Rimmer

Pitch’urs

Computer graphics aren’t new; they've
been using them in railroad stations for
years. The idea is to regard the phos-
phor screen of the mighty tube as

a matrix of parallel lines scanned
serially, any of which can be illumi-
nated, but not by the software of
the machine. The earliest manifestations
of this was in video character genera-
tors, as are seen in airports, train sta-
tions and on cable TV channels. The
software in these things acts as a kind of
interpreter for the human hunting and
pecking at the typewriter. [t knows
which dots on the screen want turning
on for any given character, so the typist
need only specify the actual characters
desired. The range of dot patterns
that can be placed on the screen by a
character generator, however, is quite
limited and, as such, the graphics capa-
bilities of such a system are thoroughly
abysmal. |f Di Vinci had had a compu-
ter to work with, Mona Lisa would have
had square eyes.

Several of the current "small’”” com-
puter systems, while being character
oriented, have considerably more screen
control than would be required just to
type error messages and Pong paddles.
The Apple for example, can specify any
point and, as such, any line on its tube.
Thus, with the right software one of
these clever little droids could produce
actual pictures that are not comprised
of strings of a’s and X's. The software,
is in a much more massive incarnation,
simply an interpreter to facilitate a
gorilla, or other being equipped with
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COLUMN
fingers, turning on the desired screen
points — without having to specify
every one.

We're going to have to peer at one
of these software systems, and plumb
the limits of the vaulted, stunning
technological magnificence that lets
us draw Star Wars figures on a compu-
ter. The millenium has surely come
upon us, doowah, doowah.

SubLogics

There a quite a number of graphics
packages floating about — at the time
of writing, the most advanced of the
batch seemed to be one published by
SubLOGIC of Illinois. It will run on any
Apple having at least 16K of memory,
although 24K or more are required to
utilize all the features of the system. It
can specify lines in two or three dimen-
sional space and, as such, can represent
solids, as well as planes on the screen. It
deals with almost all the the wretched
seven eyed math monsters involved in
the geometry of three space, so a second
computer will not be required for those
of us who bombed out of last year’s
functions and relations.

Once one has laboriously drawn a
box on the screen, the program is
capable of two basic manipulations,
these being changing the orientation of
the solid and changing the orientation
of the eye. What eye, dost thou ponder?
Well, vyours, actually. The program
assumes that anyone operating it
will be a pirate wearing a patch over one
eye. The eye, then, is the point at which
the user is allowed to bore a hole in the
margin of the computer’s internally
generated universe and peer in. The
stuff inside the universe can be placed
anywhere in the space — in fact, it can
even be placed outside it. However, in
order to keep it from coming out, at
least conceptually, through the side of
the video monitor, the program is
equipped to saw off anything which in-
vades the outer reality beyond its uni-
verse. The eye is equally free to move.

The data which specifies the location
of planes, solids and the eye in the syn-
thetic space is, of course, alterable. [t
can be initially specified, resulting in a
static presentation, or it can be changed
periodically, allowing the program to
animate the denizens of its space.

How You Draws a Pitch'ur

The software package contains several
routines. The first is called A2-3D1 and
is in effect, the nexus of any higher leve!
graphics presentation. When it is
running, it consists of two parts, the
software, and its data base. The data
base consists of a string of memory
locations, beginning at decimal 6912,
which specifies what the points on the

48

ICALL2048
3

screen are to be and what the software
is to do with them, i.e.; display them as
pure points, use them as start points
of lines, continuing points of lines, and
so forth. The data base, then, is a
numerical representation of the solids
within the machine’s space. A2-3D1
comes with a data base already attached
to it, specifying a cube 256 units on a
side. This can be overwritten by other
data, if you get tired of playing the
cube.

With A2-3D1 in the Apple's seedy
little brain (no we never call this core
memory when dealing with an Apple)
there are several things that can be
done. The first is to mess about with the
cube already in place. Very little is re-
quired to do this, and exploring the
basic transformations that can be
wrought upon it will be useful in un-
ravelling the intricacies of the volumi-
nous and at time enigmatic SubLOGIC
documentation.

A2-3D1 is capable of rotating a solid
in the X plane, the Y plane or about
itself. The latter is the easiest to see, as
the first two have part of their rotations
beyond the margins of the universe.
The following program is useful in
getting the cube revolving of its own
accord.

10 FOR B=0T0Q255
20 POKEG921, B
30 CALL 2048

40 NEXTB

50 END

It took years to develop.

1 FORB = 0T0O255: POKEG921, B:
CALL2048: NEXTB: END will, of
course, also work (of some use if you're
planning a lot of complex skuttling
about the ol’ phosphor.)

By running this with A2-3D1 in
place, the cube will appear to rotate
clockwise, taking about a minute to
complete one orbit.

This little gem illustrates a number of
the characteristics of the software.
First of all, you will notice that there
are 255 steps in the loop that turns the
cube. In other words, the cube rotates
one two hundred and fifty-fifth of a
circle each time it shifts. Why two hun-
dred and fifty-five, instead of, say, three
hundred and sixty, which would make
each step one degree? Well, 255 is the
maximum length the Apple’s 6502
processor will tolerate for the length

Continued on page 50 b

of a single string. Thus, everything in
the program runs in pseudo-degrees, in
which 256P° equals one complete
spin. A bit confusing at first, but in time
it will be entirely baffling.

This statement can also be utilized to
control the speed of the rotation. If
a STEP instruction is added to the FOR
end of the loop, it will march through
fractions or multiples of the pseudo-
degrees of revolution. 10 FOR B=
0TO255 STEP10 will crank up the revs
by a factor of 10, while STEP10 will let
it wax glacially slow.

The POKE instruction in 20 loads
the degree of revolution into the loca-
tion of memory that holds the rota-
tion factor. This, in fact, is one of four
such locations. There are three others,
one for each rotation in the X and Y
planes and movement in the Z plane.
These are 6920, 6922 and 6918 respec-
tively. If these are POKEed, in place of
6921, the solid will orbit or shift in rela-
tion to a central point in space which is
outside the universe segment encom-
passed by the screen — in fact, it is
Jocated somewhere inside the viewer’s
head. As such, much of the X and Y trip
will be off the face of the tube, and
invisible.

This program loads the memory
automatically — in fact, it could be
POKEed manually with any fixed
rotation value one liked. In this case,
software would be called using state-
ment 30 of the small program as a
straight command, i.e., CALL2048.

The cube data base will become
rather dull after a while because cubes
tend to be a mite square, even in the
liveliest company. Rotated on its end it
can look like two pyramids stuck end
to end, but don't let this fool you. It's
a cube in disguise, none the less. Thus,
step number two is to replace the cube
data with something else. At this point,
we'll use one of the ones provided on
the disc, these being named SKYLINE
and WINDMILL. Both are, unfor-
tunately, 2D, but they serve to get
into a few useful points. SKYLINE is
just that, a symbolic representation of
a silhouetted city. Not to exciting.
WINDMILL are two blades of a Dutch
tulip fan, which look nice when moving.
Hence, with A2-3D1 safely in place, we
load data file WINDMILL. Actually,
load WINDMILL PING-PONG. This is
a relatively new sport (the biggest pro-
blem in mastering it is ripping the wind-
mill out of the ground to use it as a
paddle.}

Hey listen, | didn’t make up these
dippy names.

By loading a new data base in for A2-
3D1, the cube will be removed and re-
placed by the new solid, or in this case,
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1.75 2.00 225 2.50 3.00 3.75 4.25 i
w2 1X2 2GK5 183 1AD2 6CL3 12AQ5 2AS2 6CZ5 18C2
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Orders shipped within 24 hours.

Circle No. 37 on Reader Service Card.
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Continued from page 48

just a plane. The WINDMILL can be re-
volved like the cube was,

The PING-PONG part is another
feature of the software. The animation,
as we've seen it thus far, is a bit choppy
as a new image must be drawn right on
the screen every time the thing moves.
This can be smoothed out considerably
if the drawing and figuring out is done
on one page while the previous image is
displayed from another. Thus, with
PING-PONG animation, all the machine
is doing is displaying successive pages,
instead of redrawing the same one. This
increase in speed results in a smoother
flow to the movement.

The number of images available on
the disc is pretty limited, and the real
value of the software is not in using
these, but in developing your own. To
do this, instead of loading a data base,
you load a meta-data base, a program
that allows the writing of a new data
base, called A DEVELOP. This is yet
another interpreter of sorts, translating
its own set of commands into synthe-
tic universe points stored in memory
locations.

A typical data base is shown in Table
1, this being the specifications for file
TUT’'S PLACE, a pyramid. It requires
five points, joined by seven lines. Un-
like the images provided on the disc, it
is a three dimensional solid. It is loaded
into the machine by running A DEVE-
LOP, and selecting the DEVELOP
function of the program. This will
permit the selection of a new eye loca-
tion, if desired — usually it's at point
0,0,0in X, Y, Z space. Hopefully, this
corresponds to one side or the other of
your nose as well. You can also choose
the three rotations discussed in the
examination of the basic A2-3D1, other-
wise known as Pitch, Bank and Heading.
These too are usually left at 0, 0, 0. The
program has a viewfinder function
which will consider the location of the
eye and the solid and impose P, B, H
limits that will keep you from pointing
the eye into completely unoccupied
space. Once all this has been taken care
of, you have the option of entering
your first command. 99" will let you
view the solid in memory so far. Keep
this in mind, but to date the universe
is pretty well unsullied. As can be seen
from the data base, the first command is
10, which initializes things. 05 places
the eye, and 08 erases and selects page
0. From here on in command 01 speci-
fies points that are to begin lines and
02 specifies points to continue them.
There is no line end point command
used; if the 02 command is followed by
01 it just leaves off with the line
reaching to the point specified by the
last 02. When the last line is in place,
50

SubLOGIC allows you to draw images and then view it from all sides.

command 79 ends the file. At this point
command 99 permits viewing the solid
— unless your Apple only has 16K of
memory, in which case you must be
pleased with only the knowledge that
it’s in there, somewhere, or you'll wipe
out the software,

It's a good idea at this point to put
the data base on tape or disc, unless
you really enjoy loading these things.

A2-3D1 can now be used to move
the pyramid around. By POKEing the
appropriate locations in memory it can
be transported anywhere in the uni-
verse.

By combining the various parameters
each time the solid is shifted, it can be
made to trace fairly complex paths
through space. There ought to be a
moving pyramid picture around here
somewhere.

Applications

Ye gods, varlet. How speakest thee, that
thy don’t dig moving yonder pyramids
about thine screen? This isn't just an
Etch A Sketch you're fooling around
with here.

Well, yes, | suppose one can tire of
imposing rotations and translations and
whatnot on cubes or even, yes, my little
pyramid. We must then press on into
other applications. Perhaps we could
actually do something.

The potential applications of the
SubLOGIC package are in fact almost as
limitless as those of the machine it runs
on. Most of the really interesting ones
happen in real time, by using Apple’s
paddles. One fairly basic thing to try is
to write it into a flight simulator (just
set the realism counter at 2 or 3.) You
can, if you wish, use this to simulate an
airplane in flight — I'm afraid | suc-
cumbed to it all and decided the life
of a space ship pilot was more to my
liking. The main hurdle in this is in
moving, say, the ground, relative to the
plane — no easy problem, if both are to
be displayed simultaneously. The solu-
tion is to be found back at the WIND-
MILL PING-PONG match. Instead of
using this technique for smoothing up
the animation, it can be employed to
display to unconnected scenes appa-
rently  simultaneously, by rapidly
switching on one, and then the other. If
one wanted to get really snappy, the
scene with the plane could be held on
for twice the time of that with the

Table 1

Decimal Command Location of Specified point
Address L similar stuff

6912 19
6913 : 25 2.,08,@ 2.0,0
6923 98 [

6925 23
6932 82
6939 g2
6946 22
€953 82

-256, -256,768
256, -256,768
256, -256, 1280
-256, -256, 12689
~256, -256,768
6962 22 #,256, p24
6967 21 256, -256,768
6974 22 9,256,1824
6981 22 256, -256, 1289
6988 (3
6995 82
7002 79

-256, -256, 1289
@,256,1824

0 256, 1024
~

-256,256,1280

256,-256,1280

X 4 : : 256,256,768

How to draw a pyramid.

ground so that the plane would appear
brighter.

Since the two pages would be stored
in consecutive blocks of memory, the
A2-3D1 would just be called to start at
each alternately. The position of the
ground versus plane could be set in two
planes by the paddles and by inserting a
PDL(0) variable in the sort of con-
trol program talked about earlier.
The program would be modified with
statement 10 reading B=PDL(0) and 40
reading GOTO10.

The games potential of this software
alone is enough to keep the computer
running, full blast, until the warranty
has long since expired.

An electronic drafting board is
another potential application for the
system. There are several ways to
approach this, but | think 1'd set it up
so that the paddles move a cursor
around to set points. This would allow
real time development of a data base
without a lot of prior calculation. As
well, there would be some difficulty
with curved lines and circles, as the
software has no real provision for these
little nasties. A routine would have to
be developed which specified the points
along a curved line segment.

Lastly, there is a' whole world of
computer generated art tied up in this
thing. One can envision attaching the
beast to a plotter, there is provision
in the software for external display

Continued on page 73



NOVEL NEW BREADBOARD

Have you got a lot of circuits you
want to try? Then you should try
Hobby Blox. Report by John Van
Lierde.

ONE OF THE best toys a child can have
is a set of building blocks. The ones |
recall most vividly were the Lego
variety. | had a Campbell’s soup box full
of them and, in the course of a Saturday
morning, | could cover the entire living
room floor.

As Lego added more and more acces-
sories (motors, wheels & gears, special
windows, etc.), | eventually expanded
into the dining room and then the
kitchen. Mother became less and less
pleased, and | had to leave home at an
early age.

Building Blox For Adults
| didn’t mean to burden you with my
childhood. That last bit was more to
explain my fascination with a new
product called Hobby Blox. (Fig.1}
Hobby Blox are manufactured by
A P Products, the same wonderful
people who brought you All-Circuit
Evaluators and Superstrip products.
Hobby Blox are easily the most
ambitious implementation of the sol-
derless breadboard concept to date. The
idea falls into the 'why didn’t someone
come up with this earlier’ category.
Essentially, the system starts out
with a simple plastic tray. You then get
a number of solderless breadboard strips
you can slip into the tray. Unlike stan-
dard breadboards, you need two strips
to accommodate DIP ICs. Each strip

LY

Fig.2. A P has come up with a number of
special modules to make breadboarding even
easier.

ETI-NOV 1980

Aimed at the experimenter, Hobby Blox are modularized breadboarding taken to its limit.

can accommodate 26 nodes of two or
three connections each. Additionally,
there is another strip designed speci-
fically for laying out discrete compon-
ents.

Just like Lego, Hobby Blox come in
assorted colours. A built up tray is actu-
ally very attractive if not gaudy. The
strips appear to be well made and all the
holes on all strips can be specified by
some sort of coordinate system. QOur set
didn’t seem to fit as easily in the trays
as | would hope, but | suspect that this
becomes less of a problem with use.

More Blox

Again, like Lego, A P has put out a
number of specialty strips. There’s a
strip designed specifically for hold-
ing LEDs for displays (shown in Fig.2).
Another strip comes with three 5-way
binding posts for easy connection. And,
the piece de resistance ,you can get a
block that holds a standard 9 volt
battery to power your projects.

A P also has three vertical panels.
One holds up to three switches or pots.
Another can accommodate a small
speaker, and the third is blank, to allow
the user to modify it to suit his own
purposes.

Finally, another tray is available that
can be mounted vertically from the
main one, to make displays more visible,
or perhaps to keep your design from
sprawling.

As with regular breadboards, all con-
nections are made with No. 22 wire.
This covers most components available.
You can stuff No. 20 wire in the holes
in a pinch, but | suspect this weakens
the springs. Also having only three con-
nections per ‘node’ can be somewhat
limiting. This may not be as bad as it
seems, since you can run leads from an
IC to a discrete strip and build up the
passive network of your fourth order
high pass filter there.

Fig. 3 shows two strips and a little
doodad you may not recognize but is,
in fact, one of the retaining conductor
springs. This is my only beef about
Hobby Blox. A P didn’t put anything on
the underside of their strips. | had orig-
inally intended to build up individual
circuits on different strips and then slide

Fig.3. The connecting strips do not have any
sort of protective covering on the bottom.
This isn‘t a problem if you keep them in the

Lave Continued on page 74.
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PROJECT
DAEDALUS:

Flight of fantasy, or fantastic flight?

Recently the British Interplanetary Society published a report o1 ‘Project Daedalus’. It was nearly 200 pages
long and took five years to write. It's packed with detailed calculations for the design of an interstellar craft.
These show that the capability is almost within our grasp. Phil Coh2n analyses the results of the report.

THE DAEDALUS PROJECT is the brainchild of the
British Interplanetary Society, founded in 1933 with
the aim of advancing the space industry in the UK.

The ‘study group’ which worked on the
project consisted of a small numbes
or professional scientists and
engineers from establish-
ments such as the UK
Atomic Energy
Authority; British
Aircraft Corporation,
RAF and City University,
London. The work was
carried out in their spare time
over a period of five years and
culminated in the publication of a
JBIS (Journal of the British inter-
planetary Society) report nearly
two hundred pages long
which contained a
summary of the results
of the study!

The name Daedalus
is from the Greek . In
legend, Daedalus (mean- " :
ing ‘cunningly wrought’) " =
built for himself and his son,Icarus sets of wings.
During their flight, Icarus disobeyed father’s
instructions and flew too close to the Sun. The wax halding
his wings together melted and -e was killed. Daedalus
however, reached his destination without mishap! .

The Daedalus craft is an unmanned.irterstellar probe
whose purpose is to gain infarmatior about nearby
stellar systems — and especiallv to search for planets,
which may contain the first alien life we contact.

The Mission
The mission of the probe is to accelerate <o about 12% of
the speed of light (which works outat 3.6 x 107 m’s, or
- 20 000 miles per second!) and fly past Barnard’s Star
- (5.91 light years (Ly) away — about 50 vears at 20 000
miles per second), dropping probes which will collect
data about the star and its (possible) planetary system.
This information would then be transmitted back to
Earth.
Barnard’'s Star is not definitely known to have
planets. Recent observations have shown that the star
‘waltzes’ slightly — suggesting that its ‘dancing partner’

is a massive planet somewtat similar to Jupiter This
‘walzz’ is, how=ver, nct pronounced enough to prove
with any degree of ce-tainty the existence of a planetary
system,

W  \Whv Barnard's Star, ther ? There are two other stellar

systems closer z0 us — Prcxima Centauri at 4.3 Ly and
Alpha Centauri A/B at 4.4 Ly. Alpha Centauri A/B is a
double star and must sure'y be as interesting as Bar-
nard’s Star?

The arswar is that tae Dazdalus Project is an atzempt
no: to design a probe comgletely
but to prowide a

design frame-
work for
further
studies.

) T-e de-
. 4 sigr team
consid-
ered that
ifit was
possible
tC use a
Daedalus-
craft to reach

Barrard s Star

it should be

pcss ble to reach

Alpha Proxima Centauri also.

One major considerztion in deciding on the zctual

‘mission’ choser was that it had to vyield somre sort of

results within a human lifetime. This was because t was

considered unlikely thzt ary state would under-take a
longer-te-m project! _

The farst twenty years of the project wou'd be spent
designing, building anc fuelling the craft in orbit asound
Jupiter #or reasons which will become apparent ater).
The zraft would then accelerate out of the Soler Svstem
for 2 yeers, at which 'tim2 the first stage would be
dropped 1o save weight. The second stage woulc then
take ove- for another 1.8 years, accelerating the craft to
its final, awesome speed.

Taere would then come a 40-year wait, with the craft
transmritzing only ddta about the interstellar medium —
the dust concentration, far instance, which wotld be
invaluable for the design of later craft
At th2 end of this pericc the craft would be close
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have to fly past the star itself as well as any planets,
which may be at wide orbits. The decisions about which
direction to send each probe would be taken by the main
computer on board the craft. As radio waves would take
about 5 years to reach Earth from the ship by this time
(and thus a ten-year wait for a reply!), a// decisions would
have to be taken by the ship’s computer.

As the craft reached the outer iimits of the system, the
probes wouid begin to send back information to it. It
would relay the information back to Earth, the total
transmission time being about 3 years — the beginning
of the message would still only be haif-way home when
the craft stopped transmitting!

The Craft y
The Daedalus probe has a two-stage engine, the first
stage being dropped to save weight when its fuel is
finished. These two stages propel the payload of smaller
probes, computers for controlling the mission, com-
munications and other equipment.

The first stage weighs over 40 000 tonnes fully
fueiled and is about 150 metres iong and 190 metres
wide. It consists only of a giant motor and six spherical
fuel tanks. It ‘burns’ for.about two years continuously at
the start of the mission. The designers aiso took into
account which materials would be used for the craft's
construction — the materials used for the engine’s
reaction chamber, for instance, have to stand tempera-
tures from 3°K (3 degrees centrigrade above absolute
zero) to 1600°K. This means using an exotic alloy. The
one chosen was molybdenum with titanium, zirconium
and carbon, internally nitrided — you don’t come across
alloys much more exotic than that!

The fuel tanks are dropped during the course of the
‘burn’ to save weight. As they weigh over 16 tonnes
each this is quite a saving. Remember, the fuel is being
used up also — the first stage itself, without fuel and
tanks, weighs only 100 tonnes.

The second stage is almost the same as the first,
except that it's about 1/ 10th of the mass and about 2
the size. It has four fuel tanks which are also disposabie
and carries the payload bay. This is about 30 metres
long and about 50 metres diameter. It holds (starting at
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‘interest’ ranking. These were asrived at
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the front) an erosion shieid to protect the craft from
interstellar dust erosion, the eighteen disposable self-
propelled probes, the main telescopes, the communica-
tions equipment and computers and the ‘wardens’.

As the craft wiil be on its own for some decades, and
as only the most optimistic would expect there to be no
failures on board during all this time, it is necessary to
have some form of automatic repair. This is where the
wardens come in. Controlied by tne main computers,
they are multi-purpose seif-propelled robots, fiexible
enough to perform any repa.. or replacement necessary
(within reason). The ship would also carry a large
complement of spares — hopefully, the wardens
wouldn’t have to build anything from scratch.

The ship would be 190 metres long.at launch and
would weigh over 54 000 tonnes — that’'s a lot of mass
to get moving!

The Propulsion System
The starship is propelied by a series of very small nuciear
fusion explosions, occurring at a rate of 250 per second.

Earlier systems had been proposed by other groups
which suggested using conventional atomic bombs
ejected from a craft carrying an immense ‘pusher plate’.
The momentum from the explosions would be transfer-
red from the pusher plate to the craft at a reasonable rate
via a pneumatic spring system. This type of system was
dropped because of the required size of the vehicle, ‘‘the
limitations imposed by the nuclear test-ban treaty and
the difficuity of testing the system. !

The Daedalus propulsmn system contains the energy
of the explosions in a very strong magnetic field and
releases it between explosions by squirting out the
explosion products at an exhaust velocity of about 107
m/s.

The fuel for these explosions is a mixture of isotopes
of hydrogen and helium in a solid fuel ‘peliet’ about 10
to 20 mm across. These are stored in fuel tanks at a
temperature of 3°K (3°C above absolute zero) to keep
them from melting!

The pellet structure consists of a thin hard coating and a
honeycomb centre. The coating is made of a supercon-
ducting material. This makes it posible to shoot the pellets
into the reaction area by magnetic means at an acceleration
of about 108g. This phenomenal acceleration is necessary
so that they can cross the gap between the pellet ejection
system and the ignition point between the time when the

Barnard’s Star as seem from the Earth. Unfor--
tunately it's not visible to the naked eye. It
appears in the constellation of Ophiuchus.

ETI--NOV
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last explosion has died down and the next one is required
to start. As this happens 250 times a second, this crossing
has to be fairly fast.

Once at the ignition point, beams of high-energy
electrons are shot at the pellet. This vaporises the outer
shell instantaneously, which increases the pressure and
temperature of the centre to the levels required to ignite
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A diagram of the second stage. This is similar to the first stage
but carries the payload — a package of smaller probes to be.
deployed near the end of the journey.
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fusion. The ignition is helped by a "trigger’ particle in the
centre.

The expanding plasma is trapped by immensely
strong magnetic fields set up by two coils surrounding
the engine. The coils generate a peak field intensity of
around 14 Tesla and are cooled by liquid helium flowing
through the hollow conductors to keep the temperature
down to 49K. The field is deformed by the explosion and
(hopefully!) contains it and keeps it within the reaction
chamber — exactly like the ‘magnetic bottle” which can
be used to contain nuclear fusion reactions in terrestrial
fusion power generating stations.

One of the reasons for choosing the particular fuel
used is that very little of the reaction energy is released
as neutrons. This means that the engine is relatively
‘cold” (in radioactive terms only!), as the electrons and
protons from the reaction can be trapped magnetically,
whereas neutrons cannot. This lack of neutrons means
that very little shielding is needed to protect the rest of
the ship — a weight saving.

Unfortunately, the fuel is rare on Earth and this brings
its own problems. For the entire mission, about 3 x 10'°
fuel pellets would be required — with a total mass of
around 50 000 Tonnes. This would consist mainly of
30 @00 Tonnes of helium-3 and 20 000 Tonnes of
deuterium. As these are both very rare they have to
either be produced artificially on Earth or ‘imported’
from elsewhere.

Mining Jupiter
One possible source of suitable fuel — the largest such
source in the Solar System — is the atmosphere of the
planet Jupiter.

While just getting to Jupiter would be a major feat
and the prospect of setting up factories around Jupiter to
produce 50 000 tonnes of propellant seems daunting
the reports points out that once mining’ had started, the
fuel produced could be used to fuel power station
reactors on earth. The mining may well have been
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started due to economic pressures by the time a
Daedalus-type probe is built.

As Jupiter has no solid surface, the factories could not
be built on Jupiter but they could be built in Jupiter.

One possible design for such a factory would be a
giant ‘hot air balloon’ filled with jovian atmosphere
heated by the factory’s waste energy.

The skin of the balloon would be woven of carbon
fibres or a similar material. It would be 200 odd metres
in diameter.

The factory would float in Jupiter at a level which had
a pressure equal to the pressure of earth’s atmosphere.
Unfortunately, this would put it in Jupiter's weather
which has been observed to generate 90 m/s winds!
Not ideal conditions for a balloon. The vertical
atmosphere currents are an unknown quantity but may
be even worse. The report suggests sending an
atmospheric probe to study the conditions — this could
probably be done using present technology.

Another little problem is how to inflate the balloon
when it is initially dropped into Jupiter. One solution to
this would be to fuel it with about twelve tonnes of liquid
oxygen — which would burn nicely in the hydrogen-rich
jovian atmosphere.

The factory itself would hang free of the balloon, with
it's waste heat directed through a funnel into the neck of
the balloon. It would weigh over 100 'tonnes. About 128
complete factories would be used in total. These would
probably be unmanned. With a 12-second communica-
tions gap between the factory and an orbiting platform
there would probably have to be a fair degree of
autonomy in the factory computer’s operation.

The alternative—manning the factories—may, if it
proves necessary, be the future equivalent of North Sea
Oil drilling, with massive wages and long, dangerous
shifts. It wouldn’t be possible to fish someone out of
Jupiter, though, if the factory collapsed!

The conditions encountered in space would provide
problems for the Daedalus probe also, as it sped through
space at 12% of light speed.

Probe Debris Protection

The chunks of rock which plague Han Solo and his ilk
by ploughing through the walls of spacecraft during
gaps in the plot are not as numerous in interstellar space
as was once imagined.

The fuel pellet structure. The superconducting shell enables the
pellet handling system ‘to fire the pellet into the reaction area,
where the boiling of the deuterium coat generates enough pressure
to detonate the ‘trigger’ pellet. Each fuel pellet is 1 to 2 cm
in diameter,
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In the main, the matter which will be encountered
between stars consists of ionised and neutral hydrogen
clouds and very fine dust grains.

The average mass of the grains is thought to be about
0.1 pg (or 10-18kg). While this is not exactly enormous,
the craft will hit quite a large number of them, all at a
velocity of 20 000 miles/second!

There are two problems to be countered — the
heating effect of the ionised gasses (as large numbers of
high energy protons and electrons hit the vehicle) and
the erosion caused by the impact of the dust. The
designers predict that the erosion shield of the probe will
reach a temperature of 193°K — well within reasonable
limits.

The material used for the shield will probably be
boron and the report concludes that a thickness of 9mm
of boron will survive dust erosion long enough to protect
the vehicle from the X-rays produced by the impact of
protons and electrons (and of course the protons and
electrons themselves) during the course of the entire
coast period.

When the probe reaches the Barnard’s Star System,
however, it will encounter the same problem again, but
on an entirely different scale.

The target system, if it's anything like our own, will be
full of all manner of junk — ranging from material the
same size as the interstellar dust all the way up to
asteroids weighing up to 10'? tonnes! Of course, the
likelihood of meeting something large is small, so to
speak. The designers of the probe took as a target
protection against a 0.5 tonne object.

To protect the vehicle against half-tonne rocks com-
ing towards it at 20 000 miles per second is not as
difficult as it sounds, luckily! The system used is to fly a
small chemically-propelled vehicle about 200 km ahead
of the main probe and use it to deploy a smoke cloud
about 100m thick and with a total mass of 6 kg. While
this seems rather insubstantial, the calculations show
that anything under 500 kg will be totally vaporised on
meeting this cloud and that the expanding vapor will be
too thin to harm the vehicle when it passes through it,
200km behind the smoke cloud and 0.005 seconds
later. It seems that you can stop anything if only it's
moving fast enough!

A similar method would be used to protect the smaller
probes which are shot into other parts of the target
system. The probe couldn’t really be said to fly past the
Barnard system — it punches 'several holes in it and flies
through it
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A computer-generated cross-section of the
| area around the reaction chamber, showing

1 the magnetic field profile. The peak field
generated in the coils would be about 14
Tesla
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Subprobes
Most of the
information to
be gained about
the target system wisi
be via the 220 tonnes of
smaller probes the mother
ship will carry. These will be

‘launched’ some distance from
Barnard’s Star and will follow care- *

fully-planned trajectories through the
system, transmitting information back ;
to the main vehicle.

The probes (18 in all) would be’
designed' 5 for stellar physies etc.
terrestial plants, for specific tasks — 3 for

They would each contain a debris
protection system similar to the main ship’s.

In fact, there would be nineteen holes punched

in the target systems detritus! There is an important one year). This requires a laser with a peak power of 1.3

principle in physics which states that you can’t study MW, operating in the infra-red (which the plasma would
anything without changing it — that’s certainly true here. be transparent to). ! .

The Daedalus craft would also carry five ‘interstellar ‘When the boost_phase fln!she,s, the craft will deploy a
medium probes’ for finding the shape of variations in microwave transmitter /receiver which will be mounted
dust concentrations, for example. These would be in what was prevuously.the reaction c'hamber, using the
spread around the mother craft (three at a time, with twa chamber to focus the microwaves. This would operate at
in reserve) at a distance of 1000 to 10 000 km. When 2.24 — 3.02 GHz and would have a data rate of 864 k
the craft flies through the edge of a cloud of dust, the baud (864 000 bits/second). The range would be about
information from all four sources (including the main seven light years. — sufficient for the 'Post-encounter
vehicle) would give information about the shape of the ‘ransmissions of data about the interstellar medium on
edge and how the dust varied throughout the cloud the far side of the targer system. One thing which had to

= be taken into account in designing the system was that
o Rk ot transmissions would be received at a lower frequency
Naturally, it will be useful for the probe to be in contact due to the Doppler effect!
with the earth at all times — it should be capable of Less powerful transmitiers and receivers would also
sending information back and receiving major ‘policy be required for communication with the disposable
change’ messages. probes and the wardens,

During the boost phase, a large plume of plasma The Computers ) '
(dissociated sub-atomic particles) will trail the vehicle, Perhaps the one aspect of the Daedalus project which
making microwave communications impossibie. For this will require the greatest extension of present-day
reason the probe will carry a communications laser for capabilities is the self-repau( functlon.’ | ‘
use during the early period of the mission. This system The concept of the muiti-purpose ‘warden’ robots is
will have a bandwidth (frequency response) of 20 kHz - all very well but these are, aftar all. only as intelligent as
and a range of one light year (20 000 miles /second over the software (computer programs) which control them.

B ot COMMUNICATIONS S, S e B
OWER o )
SUPPLY. wucLear OPTICS slg?uMAiupgggsgﬁus AN‘g";‘REgP%'L“LE:NT \ }
/ S e BAY SUBPROBE
BAY
=- | :
: canopy \ ¥ reactor
= i : , T
= [ +—y :f.?:"“"
— = - STATION SET | ‘ |
DISTANCE (m) [ plard A
B - ~ e g e ) =
e A . - i ) - F
Preliminary design for a vehicle which would float in the atmos- £ docking
phere of jupiter, allowing it to be ‘mined’ to provide the hydrogen One of the subprobes. T_hese_ would f‘ly throug?'réh
isotopes required to fuel the Daedalus craft. The same fuel would the target system, sending information to the

be ideal for the production of ‘clean’ fusion energy for use on Earth. main craft which would relay it back to Earth. 57



FEAT URE I . |

All the way through the report the wardens crop up as
a sort of deus ex machina for repair and even improve-
ment of the craft. :

As was mentioned before, the speed of radio waves
limits the amount of control from the earth to an absolute
minimum. The report shows, by extrapolating data from
military and commercial aircraft, that a long flight
without on-board repair is not feasible.

This means, in effect, that before the project is
undertaken there must be a major advance in the state of
what is known as ‘artificial intellegence”.

The ability of modern computers to deal with pre-
dictable repairs — items which will inevitably wear out in
a certain way — and such other tasks as will be known in
advance is probably adequate when projected to the
mission date. However, the complete inability of soft-
ware as it stands at present to deal with a) un-predictable

events and failures and b) failures in the software itselfis

discouraging.

Then again, looking back at the advances in com-
puting in the last few years . . . who knows?

The memory capacity of the system, calculated from
the amount of information to be stored during flypast for
transmission back to earth, is about 3 x 1010 bits. Using
the latest in high density information storage — the
magnetic bubble memory — this would require about
200 000 integrated circuits, weighing 1% tonnes!

. y | Tl +
A
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. Summary .

The Daedalus Project report makes fascinating reading.
What is most impressive is the level of detai/ 1o which
everything has been thought out. For instance, the
material used for the insulators in the electron beam
generators (part of the engine) was chosen to be Berylia,
which has the required mechanical and electrical pro-
perties. The mere fact that the designers have gone into
such detail lends the report much credibility.

The whole thing is written in a clear (if highly
technical) manner with references to all sources of data
—all in all a very impressive work — but what use is it?

The report will have several effects. One will be to
swell the ranks of the British Interplanetary Society —
not a bad thing. Another may be the serious considera-
tion at some time in the future of a Daedalus-type project.
It’s worth noting that the same society produced a
feasibility study on a lunar mission some thirty years
before Appolio 11! e
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'INFRA RED

REMOTE CONTROL

He CANCRUN AYPLEIR
LA NN

Just a few suggestions. Applications,are limited only by imagination

A state-of-the-art project that lets you turn any electrically powered device on and off via a remote control
transmitter. The device uses an infra-red data link and has a usefu! range of around 30 feet.

THIS REMOTE-CONTROL PROJECT can be used to turn
any electrically powered device, such as a radio, TV,
heater, etc., on and off from ranges up to 30 feet,
provided that the remote device is in the line-of-sight of
the operator. The project uses an infra-red remote conitrol
‘link” and, unlike most other types of remote control
system, does not need an operating license, has no
trailing wires to trip the unwary, is not susceptible to
acoustic interference and does not generate radlo or TV
interference.

The control system consists of two separate units, a
hand-held infra-red transmitter and a remotely-located
‘line powered infra-red transmitter and a remotely-located
relay output. The relay output terminals are used as a
‘switch” that makes or breaks the power feed to the
device (radio, TV, etc) that is being controlied. The
transmitter unit contains only one control, a press-button
switch, which connects battery power to the circuit
which causes a coded high-efficiency infra-red beam to
be generated. This invisible beam is aimed at the
receiver and causes its output relay to change state,
thereby giving an alternate ON-OFF-ON relay switching
‘action via the transmitter. -

We've taken a lot of trouble’ with this project to
ensure that the system has both good range and high
rellabuhty, ie, high sensitivity but excellent rejection of
spurious and unwanted electrical and optical signats.

ETI-NOV 1980 !

This has resulted in fairly complex c.rcuitry in both the
transmitter and the receiver. Consequently, the project is
not suitable for the absolute beginner, but can be tackled
with reasonable confidence by the novice with a
moderate amount of constructional experience. The
complete system uses only two pre-set controls, and can
be set up without the use of test gear.

Construction: The Transmitter

All components except the two infra-red LEDs and PB 1
and the battery are mounted on a single PCB. Take
special care to observe the polarities of all semiconduc-
tor devices and the electrolytic capacitors when assem-
bling the components on the PCB. The two ICs should be
mounted in low-level holders and all components should
be mounted close to the board.

+ When construction of the PCB is complete, drill two
Ya inch holes in the hinge-end of the flip-top Vero case,
with each hole roughly 3 inch from a corner of the case.
Now fit the two IR LEDs into place in the holes using
standard 0.2 inch LED mounting clips and connect the
cathode of LED 1 to the anode of LED 2. Fit the PCB and
the batiery into the case, after carefully double-checking
all PCB connections, using sticky fixers. Complete the
two connections to the IR LED's and the connections to
the battery and the PB 1 push-button switch.
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R6
68k

R8
15k

R7.
68k

AN = -0 A
RY R11
15k 470R
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NOTES:
1RD is SFH 205
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Q1 Is 2N3904
= —O0 C

Fig.1. Circuit diagram of the IR receiver section.
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Fig.2. Circuit diagram of the receiver decoder and relay driver. e
1
NOTES: \
D1-—D4 are 1N4148 L
D5—D6 are 1N4001 Sou
Q2—Q4 are 2N3904
1IC31s CA3140
IC4 is CD40278B !

Fig.3. Right. Circuit diagram for the intra

Red control transmitter.

I+

RV1

100k v
FREQUENCY

\Vamn

NOTES:
D1—D4 are 1N4148 [ T
D5—D6 are 1IN4001

Q1 is 2N1893

1C1is CD40018

1C2is 555

L/EDl — LED2 are LD271

300uS

Try connecting the IR control unit up to a cassette player.

ETI-NOV 1980




Q5 Is 2N1893

-

3
SENSITIVE
AREA

A
* e S VRADIAYING
——3ov, LS S
L] SSe

FLAT

T11512V-0-12V, 100mA
Transformer

WD ID7 A ‘)05 O +12v A
oy F
it b e
=
" NOTES L
o T1IS 120612V, 100 mA
ke D i MAING TRANSFORMER
" == D7.08 ARE IN4001
12 J [5] Q515 BF Y58
100y
[ 25 VWK
Y 7 POWER
SOCKET
J HEA
> - —0O
[ 11
2 POWER DUTPUT .
[ OM!  TOEXTERNAL =l Al
o DEVICES
(5 !) POWER INPUT D7,08 are 1N4001
s a

Fig.4. Above. Connection diagram for the
PSU and relay switching circuitry.

HOW IT WORKS

THE RECEIVER

The receiver circuit can be broken down
into three distinct sections, a high-gain
non-inductive selective pre-amplifier, a
signal detector and a bistable relay driver.
The coded infra-red signal beam is init-
ially picked up by a detector diode IRD
and appears as a very small signal voltage
across R1. The high frequency (greater
than several kHz) components of this
signal are passed through the IC1x33
voltage amplifier and then fed to IC2.
IC2 is a Wein selective amplifier that
is fixed-tuned (via C3-R8 and C4-R9)
to approximately 25-30 kHz. The tran-
smitter circuit is also tuned to this fre-
quency, so IC2 enables the receiver
to discrimate between wanted and un-
wanted signals. The ‘Q’ or tuning sharp-
ness of the circuit is adjustable via
RV1:R6 and R7 form part of the
Q-adjustment circuitry and must have the
values shown. Note that, unlike most
inductivity-tuned selective amplifiers, this

circuit is not susceptible to interference
from radiated electrical signals. The
output signals from IC2 are passed on to
Q1, where they are further amplified and
made available at terminal ‘B’ of the pre-
amplifier.

The output signals from the ‘B’ term-
inal of the pre-amplifier are rectified
by DI1-D2 and amplitudelimited by
D3-D4. The resulting DC voltage is passed
on, via integrating network R16-C7,
to the input of regenerative voltage
comparator IC3, which switches low
when its input signal exceeds a hundred
millivolts or so. Because of the integ-
rating action of R16-C7, however, the
input of IC3 goes adequately high only
when the ‘B’ output of the pre-amplifier
is continucusly present for a period
in excess of 200 mS or so, thereby
ensuring that the circuit rejects spurious
or transient signals.

As the output of IC3 switches low

it turns Q2 off and causes Q2 collector
to switch high. As the collector switches
high it drives Q3 and LED 1| on (thus
giving a visual indication of the switching
action) and simultaneously feeds a single

‘clock’ pulse (a rising edge) to bistable
1C4, which then changes state and in turn
changes the state of the relay via Q4.
Thus, the relay switches from the OFF to
the ON state, or visa versa, each time a
coded transmission signal is received,
provided that the transmission signal is of
adequate strength and has a duration
greater than 200 mS or so.

The complete receiver circuit is powered
from a 12 volt supply derived from
a simple power pack. The circuit draws
100mA or less when the relay is on
The relay contacts are used to make
or break the line connections to external
devices such as radios, TVs, etc.

HOW IT WORKS

THE TRANSMITTER

An invisible infra-red beam can be gen-
erated by passing a current through a
suitable infra-red light emitting diode
(IR LED). The strength of the beam is
proportional to the magnitude of the
energising current and to the number
of LEDs used. To produce a beam ade-
quate to cover our specified 30 foot
range it is necessary to pass peak currents
of about 500 mA through two series
connected LEDs as shown in our trgns-
mitter circuit. /
An important point to note here is
that it is possible to produce these high
peak currents while drawing only a low
mean current from the supply battery. In
our circuit we achieve this by rapidly
pulsing the IR LED current on and off
at a 25 kHz rate for a brief 300 uS period

once in every 10 mS, thereby giving
a total on time of only 150 uS in every
10 mS period. This technique has two
useful effects. First it reduces the mean
current consumption of the IR LEDs
to 500 mA x (150uS/1000uS) = 7.5mA
while still giving the required 500 mA
peak current. Second, it enables the
infra-red beam to be frequency coded,
so that the receiver can distinguish it
from other (unwanted) sources of infra-
red radiation.

The transmitter circuit comprises two
distinct sections, with IC1 and IC2 acting
as a waveform generator and Q1 and

its associated components acting as
a high-current IR LED driver. When
PB1 is closed, the battery supply is

independently connected to the wave-
form generator circuit via D6-C4 this
form of connection prevents undesir-

able intereaction between the two circuit
sections.

In the waveform generator section,
ICla to IClc are wired as a buffered-
output non-symmetrical astable multi-
vibrator that produces ON and OFF
times of 300 uS and 10 m$ respectively.
iC1d is unused. The output of IC1 is used
1o gate IC2, which is wired as a 25kHz
(nominal) astable: the frequency of this
astable is variable over a limited range
via RV1. The circuit diagram shows
the waveform that is produced at the
output of IC2. This waveform is used to
drive constant-current generator Q1 via
the R35-R6-D3-D4-R7 network. The IR
LEDs (LED1 and LED 2) are wired in
series with the collector of Q1 and derive
their high peak currents from storage
capacitor C4.
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oL Getting the LEDs
= ¥ o We had some difficulty finding a reliable
[= 0ol F source for the Siemens components. For a
g Pud 8 o dealer near you write to Siemens Electric
g - 2z Ltd., 7300 Trans-Canada Highway, P.O.
- 8 g Box 7300, Pointe Claire, Quebec HO9R
= a (5] 4R6.
g Z o We understand that while they don’t
LED 1 CATHODE LED 1 ANODE * KPS 2 stock LD271s and SFH205s, R-A-E will
0 g order those parts for you. Write to R-A-E
5 s Industrial Electronics Limited, 1629 Main
Street, Vancouver, B.C. V6A 2W5,
L& 7 B  Lveronen
i, el Home e 2 IN AND T1 -
& | R25 ] T
..-v § o i LIVE POWER OQUT -
%, 5h b, v TO 13A SOCKET
‘ NO CONNECTION '
+Ve
ov
Fig.5. Overlay for the decoder, relay driver.
IRD
IRD
CATHODE o
oV +12v
E
Fig.6. Overlay for the IR receiver section Fiq.8. PCB foil pattern for the receiver PSU
™~
PARTS LIS
IR Remote Control Switch \ R2,3 18k R24 1k0
RESISTORS (all %W 5%} R4, 10, 12 10k R25 6k8 i
R1 12k R5 330k CAPACITORS
R2 220k R6, 7 68k C6 22n polyester
R3 2k7 R11 470R c7 100n polyester
R4 22k ' R13 560k c8 100u 25V PCB type
R5 560R R14 4k7 electrolytic -
R6 2k2 POTENTIONMETER SEMICONDUCTORS
R7 1RO RV1 10k Sub min. Horizontal . ic3 CA3140
POTENTIONMETERS preset IC4 CD4027B
RWV1 100k sub-min CAPACITORS Q1,4 2N3904
preset, horizontal C1,5 1n0 polystyrene D1-D4 1N4148
mounting Cc2 100u 25V PCB type D5—-D6 1N4001
CAPACITORS electrolytic MISCELLANEOUS \
C1 10u 35V tantalum C3,4 330p Polystyrene 1, 3 way plug
c2 47n polycarbonate SEMICONDUCTORS 1, 3 way socket
c3 680p polystyrene IC1,1C2 CA3140 Relay 12V coil greater than 120R DPST
ca : 470u 10V electrolytic Q1 2N3904 PCB type 15A contacts
SEMICONDUCTORS IRD SFH205 (Siemens) Case
1C1 4001B MISCELLANEOUS
1C2 555 1,3 way plug Power Supply
Q1 2N1893 1, 3 way socket - RESISTORS
D1 -D4 1N4148 . R26 1k0 i
D5-D6 1N4001 Detector and Bi-stable Relay Driver CAPACITORS . ’
LED 1,LED 2 LD271 (Siemens) RESISTORS c9 100u 25V axial
MISCELLANEOUS R15 1M0 electrolytic
PB1, push button (momentary action)’ R16 2M7 SEMICONDUCTORS
9V Battery R17, 22 ak7 Q5 2N1893
Vero flip top case, order No, 202-21317C R18 120k %731—'38 12‘39{3010 =
Receiver Preamplifier R19 820R m
RESISTORS (aﬁ YaW 5%) R20 220k MISCELLANEOUS
Rt1,8,9 15k S R21, 23 47k T1,12012 @ 100mA

62 . ETI-NOV 1380




onTROL o

A

The receiver in its aluminum case. A simple design like this laoks
unobtrusive,

¢ )wm
@ 1.R.C

-

S LED 2k

. PR J
Fig.7. Overlay for the IR transmitter

On our prototype, PB1 is a low-profile PCB-mounting
keyboard switch and is fixed to the Verocase front panel
with contact adhesive after first drilling two switch-
contact clearance holes in the panel. Take care when
positioning this switch to ensure that it is not inadver-
tently activated by closure of the flip-top of the case:
alternatively, cut a switch-cléarance hole in the flip-top.
Do not finally fix the front panel into place until the
receiver circuit has been built and the complete system
has been adjusted for maximum sensitivity.

Construction: The Receiver

The receiver unit is built up on three separate PCBs, all
fitted intoan 8 X 5" X 2’ case. Start construction by
building the small power supply board, taking care to fit
all components in the polarity shown. When construc-
tion is complete, double-check all wiring and then
temporarily make a line copnection to the primary of
T1 and check that approximately 12 volts DC is
available at the output of the board. Switch off and remove
the temporary power connection.

Next, wire up the DETECTOR/BISTABLE-RELAY-
DRIVER board, taking great care to ensure that all
components are assembled in the polarity shown. The
two ICs should be mounted in suitable sockets. When
construction of this board is complete, carefully re-check
all wiring.

At this stage you can fit the two complete boards into-
asuitable case. Drill two 4’ holes in the case front panel
as shown in the photo’s. One hole is intended to accept
LED 1 and the other acts as a window for IRD. Drill two
holes in the rear panel, of sufficient size to accept power
cable grommets. Next fix the two PCBs in place, leaving
sufficient space for the preamplifier board. Now refer to
the PCB overlays and the power supply circuit diagram
and interwire the two boards, noting the following
specific points,

(1) The neutrals of the power input and output cables

R

i

!
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The transmitter. The panel has been removed to show the electronics

and the O V lead of the power supply must be
connected to chassis.

(2) The LIVE power input lead goes to the COMMON
terminal of one set of relay contacts and also to one
side of T1 primary. The NEUTRAL power input lead
goes to the COMMON terminal of the other set of
relay contacts and to the other side of T1 primary.

(3) The line outpul connections to the external 15A .

socket can be taken from either the two relay

connections shown in the diagram or from the two

unmarked relay output terminals (the relay actually

used on the board is a 2-pole changeover type).

When the circuit has been constructed as described
above, complete the power supply connections between
the two boards, fit LED 1 to the front panel and wire it to
the board. Now plug a lamp or some other 120V load
into the external 15A socket, switch the power on and
check the functional performance of the unit by mo-
mentarily connecting a 4 7k resistor between D5 cathode
and the top of R15. As the resistor is connected, LED 1
should turn on and the relay should change state,
making or breaking the power connection to the external
llamp. When the resistor is disconnected, LED 1 should
turn off but the relay should not change state. The
external lamp can be turned on and off the alternately
connecting and disconnecting this resistor.

When the above check is complete, switch off the
power and proceed with the final stage of construction,

‘the assembly of the pre-amplifier components. When

construction is complete, fit the board into the case,
interconnect the pre-amplifier to the detector/B-R-D
board and, finally, tape infra-red detector IRD into place
behind the front-panel ‘window’ (with its sensitive
surface facing outwards) and complete its connection to
the pre-amplifier board. :
. Now switch' the circuit on and adjust sensitivit
control RV1 so that LED 1 turns on and then turn RV\{
back so that LED 1 just turns off again. Next, take a deep
breath, cross your fingers, aim the IR transmitter at the
receiver unit and briefly press the transmit button. If all is
well, LED 1 will illuminate and the relay will change
state. If this action is not obtained, either the pre-
amplifier or the transmitter is defective.

When you are satisfied that the IR system is func-
tioning correctly, you can set it for maximum sensitivity
by simply adjusting frequency control RV1 in the trans-
mitter to give the maximum possible operating range.
When the transmitter and receiver pre-sets are correctly
adjusted the system should have an effective range of
about 30 feet. Finally, fix the transmitter front panel
firmly into place. ®
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Fig.9.
PCB
for the

transmitter
close

IR Remote
Control

Fig.10. Overlay for the receiver PSU

8085

MICROPROCESSOR KIT

. - CPU Board can be expanded into a stand
" 80854 i alone microcomputer system or used by

COoNmOOK itself as a dedicated controller for OEM
apphications. Includes a complete step-by-
step tnstruction manual on 8085 operation
and architecture. 8085 based CPU board is
expandable with 1K eprom, 1K read/write
memory, one serial porl and three program-
’ mable parailel ports. 44 pin CPU edge con-
3 1 ‘it nector can be configured for any buss
wif —— " structure. Area on CPU board for custom
wirewrap design of user cernec imeriace circuitry $249.95 Per Kit

$299.95 Assembled

8085A COOKBOOK Basic concepts. system control, memory systems and
types. interfacing. 8085A--tamily-compatible chips. You design several completely
operatonal 8085A-based microcomputers No. 21447 $10.50
8080/8085 SOFTWARE DESIGN A detailed approach to assembiy language
programming for 8080 or 8085-based computers. Including complete. tested
programs. No. 21541 $9.50
TRS-80 INTERFACING Use basic language to control external devices and
sense external events. Level Il basic and 4K available memory required

No. 21633 $8.95

PRI EIRE Nt T DEPTETS =
—

REDMOND. WA 398052 (206 883-8200) @
Add $2.50 postage and handling. ’

ENCLOSED 1S § FOR EACH

Okt OCOOKBOOK [OSOFTWAREDESIGN [ TRS-80INTERFACING

NAME

ADDRESS

CITY, STATE, ZIP

CARD NO EXP

SIGNATURE I B B R |
SEND FOR OUR FREE 8-PAGE CATALOG O visA O MSTCD
64 Prices are In U.S. doliars

Circte No. 53 on Reader Service Card.

T ooxh

Close up of the receiver boards. The relay current handling must
be within limits for the load to be switched.

PROBLEMS? NEED PCBs? Before you write
to us, please refer to ‘Component Notations’
and 'PCB Suppliers’ in the Table Of Contents.
If you still have problems, please address your
letters to ‘ETI Query’, care of this magazine.
A stamped, self addressed envelope will en-
sure fastest reply. Sorry, we cannot answer
queries by telephone.

Fig.11. PCB foil pattern for the receiver
front-end
Fig. 12. PCB for the IR receiver decoder.

IRSYSTEM
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INTO

’ELECTRONIC(I)ART 2)

In this second part we look at passive compon-
ents and how they behave in electronic circuits.
by lan Sinclair

IN A COMPLETE circuit, DC current in the form of
moving electrons can flow around the circuit, pushed by
the EMF (electro-motive force). If the current is AC, the
electrons never flow right round the circuit, but only
dance to and fro, moving in one direction when one end
of the circuit is positive, and in the other direction when
the EMF reverses. As we’'ve seen, it doesn’t matter to a
resistor whether the electrons move steadily or to-and-
fro, the power is converted into heat anyway. For some
other components, though, it matters a lot. For example,
moving-coil meter simply cannot cope. The coil and
needle cannot reverse direction more than a few times
per second, so that for AC of 10Hz or more, the reading
is effectively shown as zero.

Other - components behave differently; think of a
circuit with a break in it. Because electrons won’'t move
across the gap, there is no steady current. When the
EMF is alternating, there is still some movement of
electrons in the restof the circuit. With the EMF in one
direction one end of the gap is positive, the other end
negative. When the EMF reverses, the polarity across
the gap must also reverse. -

Now for this to happen, some electrons have to

— -—

t { ) ) ¢
| -- + +|+

AC AC S
GENERATOR @ GAp GENERATOR C’\D S aE
+ +|+ = -]-

[ 1
} ! ¢ t
- \ -

Fig.1. An alternating EMF will cause a to-and-fro movement of
electrons even if there is a break in the circuit. Each time the
EMF reverses, electrons must move along the wires as for as the
break.

.

move. For one end of the gap to be positive and the other
end negative, electrons have. had to move from the
positive end to the negative end (remember that the
electron is negatively charged). When the voltage
reverses, the electrons have to shuffle around in the
opposite direction. Even with a gap in the circuit, then,
there can be some to-and-fro movement of electrons, the
type of current we call alternating current.

You could call a capacitor a carefully designed gap in
a circuit. Like any other gap in a circuit, a capacitor does
not allow steady current to flow, but it will allow
electrons to accumulate on one side and drain on the
other side of the gap. The first capacitors were made in
the shape of jars (because it was thought that electricity

ETI-NOV 1980
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Capacitors come jn all shapes and sizes. Here are a few,
but there are many more ta choose from.

was a liquid!) with gold leaf on the inside and also (but

-not electrically connected) on the outside. Later, metal

plates separated by an insulator (known as the dielec-
tric) were used. Nowadays, we use paper or plastic
insulators coated with metal film each side but we still
talk of "'plates’’, and the symbol for a capacitor (Fig. 2)
shows two plates separated by a gap.

Fig.2. Symbol for capacitor. This symbol is used for a fixed cap-
acitor, meaning a capacitor whose value is not deliberately changed

(as for tuning a radio). A slightly different symbol is used for an
electrolytic capacitor.

It's not so simple as a gap in the circuit, though. The
greater the area of these plates, and the closer they are to
each other, the greater the nusnber of electrons that have
to be shifted from one side to the other to create a
voltage across the plates. Even the type of material that
lies between the plates can affect this number of
electrons. In electronics language (parliamo elec-
tronico?) a lot of charge has to be shifted to get a voltage
across the plates. The ratio

* amount of charge
. amount of voltage
is called capacitance and is measured in units called
farads (abbreviated F). A large amount of capacitance
means that a lot of charge has to move to give one volt
between the plates, a small capacitance means that only
a small amount of charge needs to move to obtain the
same one voit between the plates of this device, called a
capacitor.
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We boobed a bit with the unit, though. Using the
definition: P

’

charge

capacitance=———
voltage

and usmg the units of coulombs for charge (the coulomb ’
is the amount of charge that moves when one ampere
flows for one second) and volts for voltage, the unit of
capacitance, the farad, is the coulomb per.volt, and it's
miles too big for practtcal purposes. We have to make
use of the sub-multiples micro-, nano- and pico- when
we work with capacitors, so that values such as 10uF,
2.2nF (written as 2n2) and 100pF are the sort of values
we are likely to see and use.

The way we make capacitors depends on the sort of
values we need. For the smallest pF (picofarad) sizes,.we
can use small discs or rectangles of insulators, such as
silver-mica, coat each side with metal, then make
contacts to the two separate metal layers. For larger
values, a few nF perhaps, we can pile these plates on top

of each other, separated by uncoated plates for insula-

tion, and connect alternate sides together (Fig. 3b).

20pf  SOV.W,

10%

Fig.3. Some practical methods of construction. a) Single ‘metal-
lised plate. b) Multiple plates — showing plates separated, ‘with
interconnections, befor pressing together and covering with plastic
coating. ¢) Rolled paper of plastic construction.

’

When we get to values of 10nF or more, an easier
construction is to.use a ribbon of paper or plastic,

etallise each side, then roll the ribbon up along with an |
unmetallised ribbon to make sure that the metal surfaces |
do not touch; this gives the tubular capacitor. For values
ot TuF upward, even this constructiorn is too bulky, and
electrolytic capacitors, constructed like dry cells, are
used. The insulator here is a thin film of hydrogen gas, so
thin that it will be damaged by having too grea* a voltage
across it. Electrolytic capacitors can have very large
capacitance values in a very small size, but work only at
comparatively low voltages, and must be polarised.

Polarised? Yes, like a battery there’'s a + and a —'

connection to an electrolytic, and the markings must be
observed, with the + lead always.connected to a higher.
positive voltage than the — lead. Get these reversed
and, at best your circuit will. not work, at worst you will
have the corrosive paste from inside the capacitor
sprayed all over you!
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Inductors and Transformers N
If a gap in a circuit can become a circuit component for
AC signals, what else is in store? Watch this space for
the curly wire trick. Take a length of wire, connectit up in
a DC circuit, find its resistance. A few ohms, perhaps?
Fine, now coil the wire up, and find the resistance. Just
the same, you find. Do all this with an AC circuit,
working at high frequency and you find that coiling the
., wire up has a very great effect on the current, just as if
5 the resistance had increased.

7

=
AC ac
T ELERR AMMETER
" AC
GENERATOR
S © ® )
P AC AC
VOLTMETER VOLTMETER
5

”

'

Fig.4. The curly-wire trick a) in an AC circuit a straight wire with
low resistance has only a small voltage across it. b) Coilling the
wire has the effect of making it behave like a higher resistance,
so that the voltage across the wire is greater. This would be notice-
able only when the supply frequency was fairly high.

It's no mystery, really. Coiling the wire up makes it an
electromagnet when a current flows, and when the
current reverses, the direction of the magnetism has to
reverse also. It needs a bit of energy to do'this though, so
that passing an alternating current through such a coil,
called an inductor, is not so easy as pasging the same
current through a straight wire or passing DC through
« the coil. The size of this effect is measured by a quantity
called inductance, measured in units called henries
(Mr Henry was an American physicist who died in
1878). As usual, we make use of submultiples like
millihenries (mH) and microhenries (uH), though it is
possible to make coils of several henries of inductance.

. Because inductance is caused by magnetism,
winding a coil of wire around a magnetic material, such
as soft iron, makes the amount of inductance very much
greater than that of the coil alone. Materials like soft iron
concentrate magnetism, and it's this effect, called
permeability, that makes a coil with an iron core have
so much more inductance than a similar coil with an air
core. For two similar coils, the addition of a magnetic
core can make the inductance value many thousands of
times greater.

Iron cores are less useful, though, when the currents
through the wire in a coil are high-frequency signals,
because then too much energy is wasted in magnetising

.and demagpnetising the iron. Inductors intended for use
with high frequency signals must use air cores or special
materials called ferrites.

That's not the end of the tricks we can play with coils,
though. Suppose we wind two separate coils, insulated
from each other, on to the same magnetic core. Connect
one coil to an AC circuit and pass AC current through the
coil. This will magnetise the core, but the magnetism will
be alternating, changing direction as the current
changes direction. Now for the crunch — tbe alternating
magnetism will generate alternating EMF in the other
coil. We can use this other coil as if it were a generator of
alternating EMF — which itis. This arrangement is called
a transformer. The coil which is used to create the

.
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alternating magnetism is called the primary coil, and the
coil which has the EMF generated in it is called the
secondary coil.

The reason for the name, transformer, is that the
voltage that comes out of the secondary coil isn’t
necessarily the same as the voltage across the primary
coil. We put an alternating voltage, a sine wave, across
the primary winding, and we get an alternating voltage,
a sine wave with the same frequency from the secondary
winding, but the voltages don’t have to be the same. In
fact the voltage at the secondary depends on the number
of turns in each of the two coils as well as on the primary
voltage. The law of the transformer is Vs/Vp=ns/np;
where ns is the number of secondary turns, np is the
number of primary turns, Vs is the secondary voltage, Vp
is the primary voltage

LAMINATIONS

CORE BOBBIN

BOBBIN

SECONDARY

PRIMARY
d

Fig.5. The transformer. a) General appearance, b) Core and bobbin,
c) Sectioned view, d} Symbol.

For example, if we have a transformer with 5 000
turns of wire for a primary winding, and a 250V AC
supply, what voltage can we expect across a 500 turn
secondary winding? The equation is Vs/Vp=ns/np,
and filling in values we get Vs/250=500/5 000; so
that Vs =256V.

This we would call a step-down transformer, be-
cause the secondary voltage is less than the primary
voltage. We could just as easily make the secondary
winding have a greater number of turns, so that the
transformer is a step-up transformer.

None of this happens when DC is used. Slap some DC
through a transformer and all you get is a hot trans-
former, a smell of burning and a few blown fuses. DC will
magnetise the iron core all right, but it won't cause the
alternating magnetism that makes the thing work.
Worse still, because the resistance of the wire used for
transformer windings is low, far too much current will
flow through the wire if DC is used. Transformers are
strictly AC devices.

ETI-NOV 1980

Joining them Up

In a circuit, components like resistors, capacitors and
inductors can be connected together. Before we look at
what happens in such circuits, let’s see what the effect is
of joining similar components together. There are two
ways of connecting compcenents, in series and in paral-
lel. In a series circuit, the same current flows through the
components, one after the other. In a parallel circuit, the
same voltage is across each component, though the
currents can be different.

- .

|
L3 ]I

)
§ l’ Riotal = Ry+R2+R3

a
A3
k’- -
I2 12
- -y

4 4

Y Ry v Riotal

¥ ¥
b

1 1 1 1
Riotal Rq Rz PR3

Fig.6. Resistor circuit connections. a) In series. Total resistance
means the resistance value which would Kave the same voltage
across its terminals for the same amount of current passing through
it b) In parallel. Using the same definition of total resistance leads
to the formula shown.

Connecting resistors in series has the effect of in-
creasing the total resistance, as we might expect.
Formula: R =R ,+R+R, . . . for as many resistors
as we have connected In one series circuit with the same
current flowing. For example, a 6k8 resistor in series
with a 2k 2 resistor gives a total of 6.8+ 2.2=9k. This is
a value we can’t obtain in the usual 10% series and this
is one use of series connections. A more valuable
application is the potential divider shown in Part 1 of this
series.

Connecting resistors in parallel makes the flow of
current easier because there are several paths for current
now. Formally, 1/R__ =1/R, +1/R +1/R, for as
many resistors as are connected in parallel across the
same valtage. For example, a 30R resistor connected in
parallel with a 20R will give

1/R . =1/20+1/30=5/60

total

=60/5=12R.

toal

so that R

This is the value of the resistor which could replace
the 20R and 30R in parallel. Note that two identical
resistors in parallel produce a total resistance equal to
half the value of each resistor, three in parallel are
equivalent to a resistor of one third of each resistor value
and so on; for example, three 3k3 resistors in parallel
give 1k1. Parallel connections are very useful for
reducing or trimming resistance values down to the size
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we want. For example, if we.want to use 6k and we
have 6k8, we must add a resistance R so that
1/6=1/6.8+1/R. Producing the old calculator and
going through the steps we find R=51k. (The nearest
preferred value is 47k.)

E

Crotal= Co*
Crotal total= C1*C2+C3

Fig.7. Capacitor connections — the same formulae apply, but
they apply to the opposite connections. The simple addition
formula applies to parallel capacitors, the inverse formula to the
series connection.

Inductors obey the same laws — adding the value for
series connections, and using the reciprocal rule for
inductors in parallel. Capacitors, just to be awkward
combine the other way round. Connecting capacitors in
parallel is like adding their plate areas, so creating a
larger capacitance. For capacitors in parallel

CtotaI=Cl+C2+C3
Capacitors in series behave like resistors in paralle!, so
that .
1/C

total
Time Constants

All a resistor can do is to dissipate power, converting it to
heat. Capacitors and inductors can store energy and give
the stored energy back again, but both need some time
to act. The thing to remember is that we can't instantly
change either (a) the voltage across a capacitor or (b) the
current through ar inductor. Take for example, the
capacitor and resistor in Fig. 8. Switching on causes the
voltage of plate (1) of the capacitor to rise from O to
+9V. Because of the instant change rule, the voltage of
the other plate (2) is also 9V at switch-on. It can’t stay at
the voltage, though, because current will now flow
through the resistor — this is the movement of charge
that is needed to charge the capacitor. When the charge
has stopped moving, plate (2) voltage is zero and the
capacitor is fully charged. The time constant for this
arrangement is given by C (in farads)XR (in ohms),
result in seconds. Because of the shape of the graph of
voltage plotted against time, the figure of time constant
is not the time for the voltage to each zero but to fall to
37% of its starting value. In this example, the time
constant is the time taken for the voltage to reach 37%
of 9V, which is 3.3V. The point is that the greater the
value of this time constant (great capacitance, greater
resistance, or both) the longer it takes for chargmg to be
‘complete.

The same applies to current in an inductor. Switching
on a voltage across a large inductor does not cause
instant current. Instead, the current grows gradually
with a time constant of L/R seconds (L in henries, R in
ohms). In this case, because current is growing, the time

=1/C,+1/C,+1/C,. ..
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constant is the time to reach 63% of the final current
(which is V/R amps).

We usually reckon that for practical purposes that the
currents have stopped changing after a time equal to
four times the time constant.

1 2
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Fig.8. Time constants. a) A capacitor and a resistor connected
together have a natural time constant equal to CR seconds. in the
graph of voltage against time that is shown here, the time constant
is the time after switch on for the voltage to reach 37% of the
battery voltage. b) An inductor has resistance R (because of the
wire it’s made from), and its time constant is L/R. The time con-
stant of an inductor causes a delay in reaching a steady value of
current when a voltage is applied across the capacitor. The time
constant in this circuit is equal to the time taken, after switch on,
to reach 63% of the final current.

Reactance, Impedance, Resonance

In an AC circuit we can have resistors, inductors and
capacitors. Any circuit that has capacitor{s connected in
series with the other components must be a circuit for AC
only, because capacitors do not pass steady current. Any
inductors in a DC circuit will act only as resistors, their
inductance has no effect once the current has settled
down to its final value. For an AC circuit, however, both
capacitors and inductors pass current and will have
alternating voltages across them. For a capacitor or
inductor, the ratio V/T meaning the ratio of signal
voltage to signal current, is called the reactance of the
capacitor or inductor, symbol X, and is measured in
ohms. It's measured in ohms because resistance is the
ratio of V /I, using DC values that also result in the unit,
ohm.

Why use a dlfferent name for these ‘AC’ ohms? Well,
forastart, DC doesn’t flow through a capacitor at all, and
the resistance of an inductor is only the resistance of the
wire it's made from. For an encore, there’'s another big
difference. When an alternating current flows through a
resistor, there is, of course, an alternating voltage across
the resistor. This voltage is exactly in step. with the
current — when the current is zero, the voitage is zero,
when the current is at its positive peak, the voltage is at
its positive peak, and so on. Reactances don’'t behave
like this. Instead, the voltage wave is shifted compared
to the current wave, so that we have maximum voltage
when the current is zero and zero voltage when the
current is maximum. This effect is called a 90° phase
shift. The reason for the 90° label is that the shift is one
guarter of a cycle, and an aiternator generates one cycle
of AC by 360° of rotation, hence a quarter cycle is 90°

Capacitors cause the voltage peak to be a quarter
cycle later than the current peak; inductors cause the
current peak to be a quarter cycle later than the voltage
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Fig.9. Phase shifts. a) When alternating current passes through a
resistor, the waves of voltage and of current are in step. b) When
AC is applied to a capacitor, the current wave is a quarter cycle

(900) before the voltage wave. ¢) When AC passes through an

A X 6
irductor, the current wave is a quarter cycle (90 ) after the voltage
wave.

peak. One simple way to remember which way round it
is is the word C-1-V-1-L C (for capacitor), | before V; V
before | in L (inductor).

The most noticable difference between reactance and
resistance, though, becomes obvious when we change
the frequency of the AC supply. Inductors have more
reactance at high frequencies than at low frequencies.
Capacitors have less reactance at high frequencies than
at low frequencies. Graphs showing reactance size
plotted against frequency look as shown in Fig. 10. For
an inductor, the size of reactance is given by
X, = 6.3 xfxL, with fin hertz, L in henries.

For example, a 0.1 H inductor at a frequency of 400
Hz has a reactance of 252 ohms.

For a capacitor, the size of reactance is given by

1

Xe=§ axFXC
Now we have to be careful here. C has to be in units of
farads, and we usually use microfarads or smaller units.
For example, the reactance of a 0. 1uF capacitor at 5 kHz

1S:
1

x =
6.3X5000%0.1X 10-6

Because reactance is different in value at each different
frequency, we have to calculate the amount of reactance
from the fixed values of inductance or capacitance.

When a circuit contains a resistance and a reactance,
the whole circuit is neither perfectly resistive nor per-
fectly reactive, but a mixture of the two is called
impedance, symbol Z. The simple laws for adding series
or parallel components don’t apply to reactances be-
cause of the phase shift, and the phase shift of an
impedance is somewhere between O and 90 .

One type of impedance is rather special. When a
circuit contains a resistor, a capacitor and an inductor all

= 317 ohms
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Fig.10. Reactance is not constant, a) The reactance of a capacitor
is very high for low-frequency signals, very low for high frequency
signals. b) The reactance of an inductor is very low for low-
frequency signals, very high for high-frequency signals.

in series, or all in parallel, it doesn’t behave like any
other circuit we have met so far. At low frequencies, this
circuit behaves like an inductor, at high frequencies, it
behaves like a capacitor. At one frequency in between,
called the resonant frequency, or frequency of
resonance, the circuit behaves like a resistance. At this
frequency, the reactances of the capacitor and of the
inductor have balanced each other out, leaving only
resistance. How much resistance?

If the capacitor and inductor are in series, making this
a series resonant circuit, then the resistance at the
frequency of resonance is very low, just the resistance of
the wire in the inductor unless other resistance has been
added. If the inductor and the capacitor have been
connected in parallel, making a parallel resonant circuit,
then the resistance at resonant frequency is very high,
unless cther resistances have been added in parallel.
The effect is shown in Fig. 11. We use resonant circuits
for tuning a frequency we want. If a parallel resonant
circuit is used as a load, then a signal current will
produce a large voltage across the load, but only at and
around the frequency of resonance. Radio wave tuning,
whether of radio, TV or radar signals depends on this
resonance effect which lets us select the frequency we
want from all the possible frequencies which can be
picked up or generated.

o
AT

CURRENT VOLTAGE

RESONANT

RESONANT FREQUENCY

FREQUENCY
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To be continued next month.

FREQUENCY

FREQUENCY

Fig.11. Resonance. a) Series-resonant circuit; the resistance in the
circuit is the resistance of the wire of the inductor. The current
is maximum at the resonant frequency, when the circuit has

only resistance, no reactance. b) Parallel-resonant circuit.
The vohage (and the resistance) is a maximum at the
resonant frequency.
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The Fun of Electronics

| Geiger

For that empty space on your stereo rack, we have the all
new, fully metered quadrophonic, $2,000 ‘Audiophile
Placebo’. It does absolutely nothing, but does it with perfect

L fidelity!
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The transistor | used in this circuit is light sensitive, so |
had to look all over town for a tiny pair of sunglasses.
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, Congratulations! You have just completed Lesson 6 in which
you built your first working prototype electronic circuit!
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This is the latest device for making your model train set more
realistic: it’s a tiny time delay circuit that ensures that your

Lesson 7, on the other side of this record will introduce you .
i i trains are always late. _
o to the idea of polarity. ) L
O ) .
|
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- | don‘t care if you do think it's stupid that we disguise our It's Harold’s latest invention — to go along with his
real alarms as books and make our phoney alarms look like headphones, he built a set of ‘eyephones’ for his colour
real alarms. That’s the way we do things around here. organ. T
eN\gaL - il Vit \ L= J
RITH N T IS 13 >
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FEATURE

USING ,
THERMISTORS

W. Thiel, J. Machin and J. Kornatowski of the Department of Zoology of
University of Toronto descrlbe simplified calibration and more convenient

use for thermistors.

Introduction

Thermistors are temperature sensitive
resistorslusually with a negative tem-
perature coefficient. One of the advan-
tages of using thermistors for tempera-
ture measurement is their small size;
another is that small temperature
changes cause considerable changes in
their electrical resistance. Apart from’
the direct measurement of temperature
they may be incorporated into elec-
»tronic circuits as temperature compen-
sating devices as well as forming the
sensitive elements in hygrometers
vacuum gauges, conductivity cells and
anemometers. Manufacturers typically
supply precalibrated thermistors as well
as less expensive types which have much
wider tolerances (to within 20% qf
nominal calibration). The idea has
grown up, that inexpensive thermistors
are unreliable’ and require frequent and
laborious calibration. Our experience
with the calibration and use of inex-
pensive thermistors in biological re-
search has removed much of this doubt
and has lead to dreater confidence in a
simplified calibration procedure. This
calibration technique together with
some practical consequences of ‘a
mathematical formulation for the tem-
perature-resistance  relationship  are
described below. It is hoped that this
information will encourage the design
and use of inexpensive thermistor
instrumentation by. the individual ex-
perimenter. Those who employ multi-
ple, readily portable remote, readlng
temperature measuring devices with'a
sensitivity in the order of 0.5°C would
benefit most from the type of instru-
ment described.
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Thermistor Temperature Characteristics
The general relationship between tem-
perature and resistance for a thermistor
is given by the following exponential
equation (Philips Electron Devices
1963)

R=Ae(B)T (1
where R is resistance in ohms at tem-
perature T. T is the temperature in
OC and e the base of natural logarithm:s.
Since R equals A at zero degrees Celsius,
A is the intercept and B is the slope in
a semi-log plot given by

] B=In(R)—In{A)/T (2)
We had thought that inexpensive
wide tolerance thermistors would fol-
low this exponential " relationship less
closely. This was found not ta be true.
When comparing a large number of con-

-

-ventionally obtained calibration curves

from Philips thermistors (type 205-
CE/P2K2), we found that values for B
were remarkably consistent. It was only
coefficient A that’ varied considerably
between individual thermistors. It ap-
pears that B is related to the compo-
sition of the temperature sensitive
material used in the thermistor, dif-
fering only slightly within each type
and even less within one batch. Since B
represents the slope, it is also an indica-
tion of the sensitivity of the thermistor.
The value of A is a characteristic of each
individual thermistor and is therefore
related to the nominal values stated
by the manufacturer; The spread in A
for inexpensive thermistors may be as
high as 20% but more recent production
technique or quality controls have re-
sulted in generally’ closer tolerances.
It is now frequently possible to find

-

matching pairs in a sample of ten. .
Thermistors of the same material in
many different physical configurations

.are available in a wide range of nominal

values from a few ohms to hundreds of
thousands of ohms at room tempera-
ture.

Calibration

Thermistors may be calibrated by
mounting them in contact with the bulb
of an accurate thermometer. Calibration
runs are most conveniently performed
by first packing the thermistors in ice
chips and distilled water to obtain zero
degrees. Higher temperatures are then
obtained by stirring various amounts
of warm water. For the present purpose
thermistor resistances were conveniently
measured with a digitial ohmmeter to
the nearest ohm and temperatures were
measured to 0.19C. We have found that
satisfactory calibration curves for ther-
mistors can be obtained by simply
determining thermistor resistance at
zero OC and at one other temperature
preferably at the other end of the
temperature range of interest and by
using Eg. (1) and Eq. (2). In this man-
ner it is possible to derive calibration
curves for any unknown thermistor.
Limited' extrapolation to temperatures
outside the calibrated range can be
made but possibly with increased error.
Comparisons of single resistance mea-
surements can be confidently used to
check for damage. We have found that
undamaged thermistors used at biolo-
gical temperatures do not change their
calibration with time. Since coefficient
B varies slightly over wide temperature
ranges, more accurate calibrations may
be performed at several temperatures. In
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Fig. 1. Wheatstone Bridge circuit modified as a thermistor ther-

mometer.

this case a somewhat better overall fit to
the calibration data can be obtained
with a computer least squares curve
fitting program which computes the
best fit for an exponential equation to
all the observed values. Table 1 com-
pares observed resistance with those
predicted from a computer determined
curve equation based on calibration
measurements made at 109C intervals
and with those predicted from a regres-
sion line between points for zero and
500C. In the latter the log-linear calcu-
lations were performed on an electronic
pocket calculator. It can be sen that
the errors in calculated resistance do not
exceed 0.9% in either case. This 'is
equivalent to a maximum error of about
0.4°C.

Portable, Linear Thermistor
Thermometers

Accurately known temperature charac-
teristics of a given thermistor permit the
design of specific measuring bridges
{Fig. 1) which because of their simpli-
city, greatly add to the convenience of
actual temperature measurement. It is
possible to use a microammeter as a
temperature indicator if we replace Rx
by a calibrated thermistor (RT), By the
choice of appropriate resistance values,
of the bridge and thermistor can be
matched to give an almost linear re-
sponse to temperature. The thermistor
exponential curve closely approximates
the hyperbolic curve of the bridge {Fig.
2). The closest agreement between the
two curves can be obtained by using a
geometric mean calculation to deter-
mine values for R2 and R3. RTc is the
thermistor resistance at the lowest
temperature to be measured and RTw is
the thermistor resistance at the highest
temperature to be measured. The values
RTc and RTw are obtained from
manufacturers data, previous calibration
or calculations using Eq. (1).
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range limiting resistor.

The best values for R2 and R3 are
given by

R2=R3=v/(RTc)RTw

This value corresponds to the thermistdr
resistance at midscale temperature,
RTm. Since the meter should read zero
at the lowest temperature, R1 must
equal RTc. The voltage V1 which sets
the meter to zero is given by

V1={Vb)R1/(R1+R2)

where Vb equals the voltage of the
battery. The voltage V2, full scale meter
reading is given by

V2=(Vb)RTw/(R3+RTw)

The calculation of the resistance R4,
in series with the meter is according to
Ohms Law, when

R4=[(V1-V2)/Im] —Ri

where Im is the full scale deflection
current in Amps of the meter, and Ri
is the internal resistance in Ohms of the
meter movement.

Since. calculated values rarely fit
standard values the use of trimpots for
R1 and R4 allow accurate alignment of
the instrument. The type of battery to
supply the bridge and the value of Vb
must be chosen with some care to
reduce errors due to thermistor self-
heating to a reasonable level. Maximum
battery voltage may be calculated as
follows

Vb=2+/(P)RTm

where P is the power dissipation cons-
tant of the thermistor in watts. Minia-
ture thermistors have a dissipation cons-
tant of 0.25 milliwatts at 25°C ambient
in still air. This value increases if the

Fig. 3. Slidewire bridge modified for potentiometer readout and

thermistor is dissipating in flowing air,
water or in physical contact with a heat
conducting object. The power dissipated
is best chosen to be one tenth of the
still air dissipation constant given by the
manufacturer. With battery voltages of
under 3V, self-heating errors are not
significant. Mercury batteries should be
chosen over other types because of their
constant voltage over long periods of
time. The meter should be as sensitive
as possible to avoid loading the bridge.
This means that the series resistance R4
is large compared with other resistance
in the bridge. (At least ten times RTw).

Thermistor Thermometer with
Multiturn Potentiometer &

Center Zero Meter

The traditional form of the Wheatstone
Bridge for measuring resistance employs
a slidewire replacing R1 and R2. The
ratio of the R1 and R2 portions of the
slidewire for a zero reading of the
microammeter is directly proportional
to the ratio of Rx to R3 where Rx is the
unknown resistance and R3 is the stan-
dard resistance. Since the ratio of R1 to
R2 theoretically ranges from zero to
infinity at the extreme settings of the
slide wire, it is useful to limit the ratio
by inserting a series resistor (Rs) at each
side of the slide wire potentiometer. In
a practical circuit it is convenient to use
a multiturn potentiometer in place of
the slidewire. When the multiturn po-
tentiometer is equipped with a turns
counting dial, a three digit reading is
possible. The circuit for a thermistor
thermometer is given in Fig. 3. In com-
parison to the circuit in Fig. 1, the cir-
cuit in Fig. 3 has the advantages of both
increasing the resolution of the ther-
mometer and making it less depen-
dent on the battery voltage. The abso-
lute accuracy of the thermometer
will depend on the precision with which
the. components can be selected and
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calibrated. The resistance RTm is  de-
termined as before by

RTm=+/{RTw)RTc

Since, the potentiometer is to read null
balance over this range, the bridge ratio
(Br) to set the span for the range, is

Br=RTc/RTm=RTm/RTw

The value of the series resistors (Rs)
for the potentiometer which set the
range are given by

Rs=Rp/{Br—1})

where Rp is the resistance of the poten-
tiometer. The resistance of the potentio-
meter should be within 100% of RTm.
The considerations for power dissipa-
tion are as outlined previously. The
meter used in this circuit can be any
center zero meter of sufficient sensi-
tivity. Usually a 50 microamp meter is
a good choice. The tinal calibration of
the thermometer is done by using a
decade resistance in place of the ther-
mistor. This results in a table of poten-
tiometer reading versus resistance. @

j
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Fig. 2. Graph showing close correspondence
between thermistor temperature characteris-
tics (O) and Wheatstone bridge response
(A). The Wheatstone bridge response fepre-
sents the voltage across the meter for the
change in the resistance of Rx.
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Appendix

To calculate the parameters of a ther-
mistor that was measured at two points
— zero degree and 50 degrees. The resis-
tance at zero was 4036 Ohms and the
resistance at 50 degrees was 545 Ohms.

First to calculate B

enter R 545
press In x 6.30079
*press minus

enter A 4036
press In x 8.303
press equal —2.00222
press divide

enter T 50
press equal 0400445 answer

Calculate resistance for 10 degrees

enter B —.0400445
press multiply

enter T 10
press equal —.4004447
press eX {inverse In x} .670022
press multiply

enter A 4036
press equal 2704 answer

' ' TABLE | I

Discrepancies between observed and calculated resistances predicted from Eq. (1)
comparing the results from a computer program using all temperature values and
those from an electronic pocket calculator using only two points (zero and 50°C}.

Temperature Actual Computer Error Pocket Error
oC Resistance Best Fit % Calculator %

0 4036 4013.93 +0.6 4036 +0.0

10 2689 2689.20 +0.0 2704 SRS

20 1792 1800.82 —0.4 1811 +1.0

30 1201 1207.12 -05 1214 +1.0

40 808 808.35 +0.0 813 +0.6

50 545 541.86 +0.6 545 +0.0
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What’s New I

Continued from page 50

devices, and producing wallpaper. The
intricacy possible by utilizing the com-
puter’'s eye tor precision rivals that of
even the sober human hand. While
specifying precise shapes is time con-
suming, the system is adept at dealing
with form, and large forms emerging out
of small shapes are really where its cy-
bernetic head is at. It's so happy
working out the beasties of perspective
in three dimensional to two dimensional
conversion that it can produce what

seem to be extra-real looking line
drawings, because of the detail it éan
render.

Moving pyramids around.

All of this happens in real time, on
the screen, which, finally, returns to
video. The potential of the system in
TV graphics is really wild. Psychadellic
headspace features come quickly to
mind — put some John Cage on the
turntable and move that pyramid boys.
However, even if your taste does not
run to such esoteric and possible irrele-
vant fare, the computer images can be
compined with requiar, televised pic-
tures for titles ar. effects. It's more
fun than a laser show with a burnt out
tube.

| should definitely mention that
M&W Computers, 407 (. 2en Street
West, Toronto, Ontario kindly loaned
me the Apple computer and subLOGIC
software package to write this month’s
column, saying in the process that it's a
wonderful little store that has all soits
of fascinating things inside, and recom-
mend tha* you all go down there and
buy some of their stuff — but I‘m sure
Ili forget to.

Stay Tuned.

Help your|
HEART
FUND©

73



/

ETI's classified advertising section allows
you to reach 30,000 Canadian readers
nation-wide. For as little as $15 (there’s
a 20 word min.) you can promote your
business from coast to coast.

WHAT DO YOU DQO?

Send us your typewritten or clearly printed

words, your permanent address and tele-

phone number, and your money (no cash

please). Make your cheque or money

order payable to ‘ETl Magazine’, We'’re
; \

1

Special No. 1: box containing approx-
imately 1000 electronic pieces: capacitor —
transistor — switch — wire resistor — relay —
hagdware —etc . . .. .......... \$10,
Special No. 2: Auto Radio Booster, all
_parts, printed circuit, case & info, 15W
R.M.S. (2XTDA 2002) $19.95. All new
parts, first quality. Money-back guarantee,
Flyer & .sample on request. SURPLUS
ELECTRO QUEBEC 2264 Montee Gagnon,
Blainville, Quebec, Canada J7E 4HS.

ELECTROMYOGRAM. . . .. $85.00! Mini-
synth. ...... $65.00! Parts and PCB, less
misc. . . Add $1.00 Shipping. Sask. add tax.
FREE flyer! NORTHERN
ELECTRONICS, Box 7260 V Saskatoon,
Saskatchewan S7K 43 2

QUALITY printed circuit boards available®
for all ETI projects. Guitar Practice
Amplifier — $13.29; Set of 4 boards for
Infra Red Remote Control — $10.99. No
C.0.D.’s please. Also a large selection of
parts available. Write for complete infor-
mation to: WENTWORTH ELECTRONICS,

R.R. No.1l, Waterdown, Ontario, Canada,
LOR 2HO.

\

Novel New Breadboard
Continued from page 51.

them_into the trays and interconnect
them. In the process of fittinga L.E.D.,
| popped a spring on the shag carpet |
was working on. If you keep the strips
in the trays, this shouldn’t be a prob-
lem.

Further Notes \

Compared to other breadboarding sys-
tems, Hobby Blox are much more ver-
satile and probably offers more value or
use for your money. You can have a
number of projects going at once, in-
stead of trying to fit two or three cir-
cuits on a single breadboard. It would
be possible to keep the various strips in
one of those compartmented ‘tidy’
boxes, and glue the trays to the top of
the lid.'As you build up a circuit, you
just pull out more strips as required.
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WHAT DO WE DO?

We typeset your words (and put the first
word and your company name in BOLD
capital letters).
by the 14th of the month, it will appear
in ETI 1% months later.
if we receive it by October 14th you (and
thousands more) will see it in the December
issue.

- BEAR

If we get your message

For example

b

“ATTENTION Radio Control Enthusiast”
Build your own system and save. Ace Sch,
Digital Commander $269.95. Ace 7ch.
Silver Series $374.95. For more info call
or write DAVE’S R/C SALES & SERVICE,
Box 26, R.R. No. 1, Bath, Ontario, KOH
1GO0. (613) 352-7200. . ,

PROFITABLE HOME BUSINESSES in
Electronic Assembly. Details and marketing
information $2.00 P&H. TECH-AID, *
Box 78S, Nelson, B.C., Canada,

COMPUTER GOODIES! Top quality
DYSAN diskettes from $4.11 ea.; Morrow
THINKER TOYS disk systems from $1500

for a 2D system c/w CP/M; GODBOUT °*

memory boards etc. Probably the best
prices ,in Canada. Write or phone for
detailed price lists. MICRO APPLICATIONS
Box 202, Port Coquitlam, B.C. V3C 3V7
(604) 941-9144,

LOW-PRICED, high quality \ETI Project
Boards. Glass epoxy, drilled, tinned, guar-
anteed. Inquire 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.

As the name suggests. Hobby Blox
represents a strong commitment on A.P
Products’ part to the Hobbyist market.
A project booklet (Fig. 4) is available
with a starter kit that details 10 simple
projects such as an astable multivibra-
tor and a liquid level detector. There is
also a good section on components and
how to use them. incidentally, Fig. 4
may be a bit misleading. The starting kit
consists of a tray and two different pairs
of connecting strips. The LED Strip,
Binding Post Strip, Battery Holder Pack
and the others are available separately.

Aside from being very useful to the
hobbyist, Hobby Blox would be ideal in
schools and colleges. A set of strips for
25 students can easily stretch to 30 or
40. How's that for a way to handie over-
crowding in classrooms?

COMPLETE Electronic Hobby Services.
Custom kits, circuits, technical writing,
special parts, original designs. Free infor-
mation. TEKNIKIT ASSOCIATES, 301
Flora Street, Carleton Place, Ontario K7C

' 3M8.

WSI RADIO - SWL Radios — Ham radios
18 Sheldon Avenue North, Kitchener,
Ontario N2H 3M2. Tel. (519) 579-0536.

Write for giant catalogue, free of coufse!!
(VE3EHC).

PRINTED CIRCUIT boatds from your
sketch or artwork. Affordable prices. Also
fun kit projects. Free details. DANOCINTHS
INC. Dept. ETI, Box 261, Westland ML
48185. U.S.A.

i

NEW STORE! Hobbyist. Parts. Speakers.
Kits. Equipment. GENERAL
ELECTRONICS, 5511 Yonge St., Willow-
dale, Ont. M2N 5S3, 221-6174. Please
write for free catalogue Monday, Friday,
Saturday: 10:00 AM - 6:00 PM. Tuesday,
Wednesday, Thursday: 10:00 AM - 8:00 PM

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.

POWER INVERTER/converter kit - change
12VDC to split +20V, 0V, -20VDC variable
to +35VDC, 0V, -35VDC — 100W Capacity
— Power amplifier modules from your car or
van battery! Quality components - easy to
assemble instructions. Step by step
directions, P.C. & parts layout diagrams,
parts list & suppliers . . .$3.95. Above with
all quality parts, including wire . . . $29.95
Finished P.C. Board. . . ., . $7.95. FELINA
ELECTROLAB, 11097 - 84 A Ave., Delta,
B.C. V4C 3A9.

QUIT HOBBY!

Electronic parts sale.

“Send return envelope for details. L. CHENG
Box 412, Sub 6, Saskatoon, Sask. STN OWO0.

Fig.4. A P Products also produces an excsl-
lent project booklet. Note that these are the
parts we had, the starter kit does not have all
these components.

s

If you're in 'the| market for a bread-
boarding system, you can write to
Weber Electronics, 105 Brisbane Rd.,
Downsview, Ontario M3J 2K6, or phone
(416) 663-5670. They Il give you infom-
ation on a dealer near you.
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AM Stereo is fast becoming a reality. For those readers who
believe AM is incapable of Hi-Fi, Wally Parsons presents this

month’s discussion.

I JUST SPENT a few hours glancing
througF\ back issues of ETI, with special
attention of ‘“Audio Today” (and, in
answer to a reader’s enquiry, yes, | do
read my own stuff, just as when |
worked in radio | listened to my own
air checks).

In the process | made a most startling
discovery: in almost three years writing
on a variety of audio topics, | have not
yet written on one of my favourites.
And to think that when | started this
department | feared that | might run
out of material!

Anyway, a little background ma-
terial, maestro. As it happens, although
my taste in television runs more along
the lines of drama and films, in radio it
tends more towards news and public
affairs, including some attraction to
phone-in-shows. | don’t generally bother
with FM Muzak, and about the only
disc jockeys for whom | have any use
are Johnny Fever and Venus Flytrap,
especially when well, seasoned with
Luscious Loni. | prefer my music either
from my own records, live, or via live
broadcast.

Consequently, most of my radio lis-
tening consists of CBC-AM, with a
smattering of DX’'d American stations.

AM Comes of Age |

Over the past five years, studies have
been underway to_develop a system of
transmitting stereophonic sound on the
Medium Wave AM Band, and several
proposed systems were outlined in ETI
in December 1977. Finally, a system
was adopted and approved by the FCC
for implementation in the United
with approval likely to follow in other
countries, including Canada.

This is all very good, but before con-
sidering the new system it might be a
good idea to look at the whole question
of why anyone bdthered.

The reasons for giving high priority
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to AM Stereo rather than, say, stereo
sound for television seem to be a great
mystery to many people. As a matter
of fact, | first heard the announcement
one night on the 'Larry King Show,
broadcast on Mutual from Las Vegas at
the time of the Engineering Convention
of the National Association of Broad-
casters. ‘To my utter amazement,
Larry King, a veteran broadcaster,
hadn’t the foggiest idea what use stereo

‘would be on AM, and none of his Con-

vention guests or telephone callers were
able to offer any enlightenment.

Herewith, then, this column, dedi-
cated to the Larry Kings and other
Big Movers of radio, that they may be as
informed abaut their own industry as
are members of the ETI elite.

Some History

Back around 1962, FM radio had gone
through a period of growth thanks to
an increased public awareness of High
Fidelity sound. However, there was also
a great public awareness of stereo disc
recordings. FM had fallen behind in at
least one aspect of its prime reason for
existence, and no amount of snob
appeal in the form of “’quality pro-
gramming” could help.

Consequently, the development of
FM Stereo assumed a high priority and
was realized in 1962.

This helped spur quality sound as a
consumer commodity, but as a side
effect established firmly in the minds of
the public the myth that FM stood for
“Fine Music” and quality sound, while
AM stood for ““Abysmal Mediocrity’’
and equally abysmal sound. To this day,
most peopie seem to believe that good
quality sound on the AM band is im-
possible, a belief reinforced by the
miserable performance from the AM
sections of many otherwise respectable
receivers.

AM radio does, indeed, have a couple

of limitations. The best known of these
is bandwidth limitations. Many people
believe that the muffled quality they
associate with AM is due to the 5kHz
cutoff characteristic of the medium.
Well, long time members of the Audio
Today Show and Tell Club know this
to be just a lot of ether dust. We've
discussed bandwidth and balance in
these pages in the past, so there's no
need to go into it here. Suffice to say
that, although a bandwidth limitation
of bkHz does not contribute to the ul-
timate in realism, it still allows a high
degree of naturalness, clarity, and
intelligibility, as any collector and re-
storer of vintage 78's can attest. What
is not beneficial is the intentional
rolloff above about 2kHz frequently
built into many receivers.

This rolloff is used to cover up the
other basic problem of AM reception,
and is a lot cheaper than actually
dealing with the problem,

The problem is one of noise sensi-
tivity, specifically, man-made and at-
mospheric noise.

All broadcasting systems use a trans-
mitted carrier of some fixed frequency.
With the exception of code trans-
mission, information (sometimes called
“intelligence”, a somewhat ironic term
in this context) is transmitted by
modulating the carrier, either ampli-
tude, frequency, or phase. This pro-
duces sidebands, signals whose fre-
guencies lie above and below that of
the carrier.. In the case of amplitude
modulation, these sidebands consist of
the sum of the carrier and the modu-
lating signal, and the difference between
the carrier and the modulating signal. It
doesn’t take a mental giant with access
to IBM to figure out that the greater the
audio bandwidth, the wider the pass-
band requirements of the tuner, and in
fact to accommodate the: sum and
difference sidebands requires twice the
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audio bandwidth. Moreover, the tuner
must pass them alf at equal level. Loss
of sidebands means loss of high fre-
quencies. Loss of one sideband and not
the other resuits in distortion at the
frequency generating the sideband.

Obviously, to achieve this response,
the RF and |F sections must have a flat
response across their pass-bands.

At the same time, the RF and |F
sections must reject signals outside
the desired passband because such
signals would constitute interference
from an adjacent station. .

To achieve this adjacent channel re-
jection most manufacturers cheat, by
tuning sharply to the centre frequency,
resulting in severe high frequency loss
and/or distortion.

§
Reluctant Audiences
It should come as no surprise, then, that
most people prefer FM with its wider
practical bandwidth, freedom from
atmospheric and man-made noise, and,
of course, stereo.

But FM too, has its problems. The
first of these is range. FM reception is
limited roughly to line of sight. This
means, literally, the ability ‘to see the
transmitting antenna from the receiving
antenna. To achieve long transmission
range requires that either or both be
raised high off the ground. This is why
most Toronto stations transmit from
the CN tower, and accounts for the
better reception experienced in cities
with MATV Cable systems, whose
operators. place their systems on high
towers, often on a mountain. AM, on
the otter hand, suffers from no such
difficulties. At the frequencies involved
{and.it should be pointed out that this is
a function of frequency rather than
system of modulation) signals are often
received by reflection off the iono-
sphere and re-transmitted back to
earth for distant reception. At FM fre-
quencies the ionosphere simply passes
the signal. Although Medium Wave AM
signals are deflected by large steel struc-
tures in the vicinity of the receiver, this
can usually .be overcome by either
increasing receiver sensitivity or trans-
mitter power or both, But no increase
in either power or sensitivity can over-
come the line-of-sight limitation of
VHF FM signals.

So, what is the significance of this?

_Over the past few years, the public
has become so accustomed to the tech-

nical superiority of/FM that they have"

taken it on the road. Automotive sound
is, now big business, with AM stations
Iq;fhg audiences to FM not only in the
home but in the car as well.
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From the listener’s viewpoint this is
of more than 'academic interest. One
reason for going mobile FM is the desire
for quality, along with’the belief that
the difference was inherent in the
system. In addition, FM provided one
thing unobtainable from even the best
AM receivers: stereo.

You might think that this wouldn't
matter to the talk show host, but an
examination of listening habits reveals
that most people do not listen to
programmes, but rather they tune into
stations. With all the FM sations on the
air operating all day and night listeners
are more inclined, if not to stay with
one station, at least to stay on one
band. This is especially so when driving.

Thus, the listener accustomed to
quality stereo sound is literally captive
to whatever programming is available
locally on FM. It's one thing for me to
drive to Kingston, literally from one end
of Lake ‘Ontario to the other with the
radio tuned to CBC's Toronto, station,
but most people just don’t behave this
way.,

The other problem with FM is par-
ticularly common in cities, and affects
FM’s most desireable characteristic,
stereo reception,

VHF signals have a most discon-
certing tendency to bounce off things;
buildings, trees, people. | recall parking
in "a shopping plaza one. evening and
noting the changes in recéption as
people walked by my car.

Even the best of receivers is not
always too bright, It doesn’'t know
whether a signal came directly from a
transmitter, or reflected off the gold-
tinted windows of the Royal Bank’s
megastorey monument to usury, It will
pick up either one. Or both. And at the
same time. This wouldn’t matter too
much on the AM band but at the fre-

guencies involved in FM (and TV) it
matters a great deal.

Radio waves travel at a rate of about
186,000 miles per second, give or take
a bit. This is true no matter what the
frequency is. Since frequency, time, and
phase are each different expressions of
each other, and since for a given velo-
city, the wavelength of any trans-
mitted frequency varies inversely as the
frequency, then the higher the fre-
quency, the shorter the wavelength.
If a signa! is delayed in time, it will be
shifted in phase. And since the higher
the frequency the more cycles there are
in a given period, it follows that for a
given time delay, phase shift increases
with frequency.

If a receiving antenna receives a
signal directly from the transmitter and
by reflection from another object, the
reflected signal wili have travelled a
slightly longer path than the direct sig-
nal, and will arrive slightly delayed in
time and shifted in phase, We often see
this on the television screen as a ghost
image, which is simply the image pro-
duced by a reflected signal received
slightly later than the direct signal.

FM stereo is transmitted in matrix
form, similar to the matrices described
in this corner last summer. This sum sig-
nal modulates the frequency of the
main carrier. The difference signal
amplitude modulates a 38kHz subcarrier
which is removed at the transmitter,
so that only the sidebands are trans-
mitted. This sub-carrier is reconstructed
in the receiver using a 19kHz pilot tone
as a reference. In order that the de-
modulated sum and difference signals
may be combined accurately to produce
a left and right signal} they must retain
the same phase and amplitude relation-
ship which existeds before they were

ETI-NOV 1980




matrixed. Reception of “‘ghost’’ signals
upsets this relationship, and screws up
the recovery of the stereo information.
Even in mono, if the distances (that is
signal path lengths} are right, the re-
flected signal can completely cancel the
direct signal, resulting in signal loss or
distortion.

Needless to say, if things are that
tough with a fixed installation, imagine
what happens in a moving automobile!

There are areas in large cities where
FM reception in the car is absoiutely

hopeless.

The AM Solution

The wavelengths involved in the
Medium Band occupied by AM broad-
casting stations is about a hundred times
as great, and the resulting phase shift
effects are less by the same magnitude,
if they occur at all. Remember, Medium
Band signals pass through objects which
reflect VHF signals. Indeed, the only
likelihood of such a problem is a "'skip”’
from the ionosphere involving a rela-

tively close powerful
such an event is quite rare.

In other words, mobile AM reception
is generally far superior than FM.
Quality can be almost a good. All that's
needed is stereo.

An next month we’ll take a look at
the approved system and see how it
works.

And if you want to look up Decem-
ber 1977 ETI and do some home-
work, the system approved is the one
by Magnavox. L4
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(I Power Class:1°
Amplifier Kils
Now you too can afford to experience
and enjoy the exciting, almost no-dis-
tortion sound of the latest Class “A"
amplifiers with unique circuit designs

vou can only find in expensive brand
name products.

BUILD YOUR OWN AND SAVE!

No. 1000 250W maximur: ($5W R.M.S per
channei) Stereo L' vumlc Bias Class A"
Dual Differential Fully Complementary
Preamp. and Power Amplitier with
$Speakes Protector and Power
Supply o oo $189.50

N0.920  70W R.M.S. per channel Stereo Class “A"
OCL DC Preamp. and Power Amp. with
Built-in Mic Mixer, Speaker Protector and
Power Supply oo a . .$138.50

No.7777 130W R.M.S. per channel Stereo FET
Super Low T.L.M. Dynarmi Class "A’
Power Amplifier with Speaker Protectfor
and Power Supply a $169.50

No.100A 100w naximun: { SW R.M.S. per
channel) Stereo Lramic Bias Class
Dual Differential Pure Comptementary
Power Ampl»h:r with Speaker
Pratector $75.50
No.1200 120w R.MS. slngle channel DC FET
Super Class “A’’ Power Amplifier with
Super Low-Naise Maiching Pair FET
Differential Qurput $6.00

No.100DP DC Class “A" Professional Stereo Preamp.
with Regulated Power Supply $84.50

Add 5% for postage and handling (no
charge on orders of $200.00 or more).
Ontario residents add 7% sales tax. Send
cheque or money order. Master Charge
or Visa accepted.

PHONE ORDER (MASTER CHARGTI

OR VISA ONLY): {416) 499-0401
FREE CATALOGUE:

AUDIOVISION SERVICE
P.O.Box 955, Station B

\ Willowdale, Ontario M2K 2T6 J

Circle No. 3 on Reader Service Card.
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Oaktron loudspeakers.

heard Oaktron in studios, theaters,
discos, and the homes of the Hi-Fi pros.
From living room to jazz festival, you’'ve
heard Oaktron. And you've liked what
you’ve heard.

We'd like you to get to know our
speakers. Call us for the name of your
nearest dealer or drop in and hear them
at:

..more than you’ve heard of &KRON

If you've heard the “1812 Overture” lately, with
its earth-rocking cannon — or a full-throated jazz band
with soul-searing brass — you may have been hearing

Oaktron has made speakers for some of the leading
names in the home entertainment field — and all fields
where clear, full-range sound is important.

Over the past 25 years, you may have heard more
Oaktron speakers than any other brand. You've

Oaktron’s
FEW18Y2 18"
Full Bass
woofer, 175
watts RMS.

Ask for
Oaktron's
latest
Catalogue.

REPRESENTED IN CANADA BV

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

Ui Agp 2Na L5T 1H4

(514) 683-6993 (416) 678-7170

Telex: 05-822692 Telex: 06-968653

For further information, circle No. 2 on Reader Service Card.

Dealer inquiries invited.

77



R2

7
2
1 6
— R3
a] 58 5 10k

c4 cs C6
1u0 a7 Tm a7

= R
1 c2 o0 100k
100u | 100n -
IC2a
{0

R9
1k0

T0
HORN
RELAY

a1 2N3904
Q2 2N2294
Q3  2N3055

1C1 & IC2 are 4093

Car Horn Repeater
|. Hopkins

This circuit allows the horn to sound
either continuously or repetitively
while the horn switch is pressed. The
second option is activated by pressing
the horn button twice in quick suces-
sion.

When SW1 is pressed initially,
gates IC2a and IC3d propagate the
signal, turning on transistors Q1 -Q3
and sounding the horn in the conven-
tional manner. Releasing SW1 trig-
gers the monostable IC1 (a 5565
umer). If SW1 is pressed again while
IC1 is active, flip-flop IC3a/b is set,
enabling oscillator IC3c and causing
the horn to operate intermittently as

long as the switch is closed.

LED 1 is optional and monitors the
operation of the horn — very useful
during testing. The oscillator
frequency can be varied by altering
C9, while the monostable period is
adjusted using R2 and C5. C3 and C6
suppress the effects of switch bounce
and R7 sets the mark/space ratio of
the oscillator to approx 3 1.

Autowah Without Tears
S. N. Goodwin

The main disadvantage of a simple
wah-wah circuit is that it requires a
manual trigger for the effect, usually
provided by a foot-pedal, which needs
solid (and often expensive)
mechanical construction and also
prevents the guitarist from moving
freely about the stage. After a couple
of hand-made pedal systems col-
lapsed in use, the standard wah-wah
circuit was modified as follows A light
dependent resistor was mounted on
the soundboard of the guitar about 2
cms from the highest string, pointing
out about 1 cm from the front of the
instrument. The shadow of the
player's hand moving across the gui-
tar triggers the effect — the more light
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shining on the LDR, the higher the
frequency-range boosted by the
circuit.

It is tolerant of quite a wide range
of light levels and if the range is found
to be incorrect this can be rectified in
two ways. Lenses or filters can be put
across the LDR, or resistors can be
connected in series/parallel with it.

Fluorescent lights could give pro-
blems with mains hum, but, under
normal incandescent lighting, none
were experienced. The wire to the
LDR should ideally be screened, but
over short distances this is not vital.
Avoid bending its leads close to the
body, as they can be snapped off very
easily.
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Babani Books from ETlI

8P1: First Book of Transistor Equivalents & Substitutes $2.80
More than 25,000 transisiors with alternatives and equivalents make up this
most complete guide Covers transistors made in Great Britan, USA, Japan,
Germany, France, Europe, Hong Kong, and ncludes types produced by more
than 120 different manufacturers

BP14: Second Book of Transistor Equivalents & Substitutes  $4.80
This handbook contains ent rely new material, wiitten 1n 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 in ths freld
BP24: Projects Using IC741 $4.25

The populanity of this inexpensive nteqrated circuit has made this book highly
successtul Translated from the ariginal German with copious notes, data and
circuitry, a* must” for everyone, whatever theis interest in efectronics

BP33: Electronic Calculator Users Handbook $4.25
An invaluable book for all calculator users whatever therr age ar occupation,
ot whether they have the simplest or most sophisticated of calculators Presents
formulae, data, methods of calculation, conversion factors, etc , with the caicula
tor user esps y in mind otten il d with simple

BP35: Handbook of 1C Audio Pre-amplifier
& Power Amplifier Construction

$5.50

This book 15 divided into three parts® Part |, Understanding Audio 1Cs, Part 1),
Pre amplifiers, Mixers and Tone Controls, Part 111, Power Amplifiers and Sup
phes Includes practical constructional details of pure IC and Hybrid IC and
Transistor designs from about 250mW to 100W output. An ideal book for both
beginner and advanced enthusiasts alike.

NO.205: First Book of HI-FI Loudspeaker Enclosures $3.55
The only book giving alf data tor building every type of loudspeaker enclasure.
Includes corner reflex bass reflex, exponential horn, folded horn, tuned port,
ki.pscharn labyrinth, tuned calumn, toaded port and mult speaker panoramic,
Many clear diagrams are provided shawing all dimensions necessary.

"0

BP47: Mobile Discotheque Handbook $5.90
The aim of thrs book 15 to give you enough information to enable you to have a
better understanding ot many aspects of “disco gear”". The appraach adupted 1s
to assume the reader has no knowledge and starts with the fundamentals The
explanations given are simphfied enough for almost anyone to understand.
BP48: Electronic Projects For Beginners $5.90
The newcomer to electronics, will find a wide range of easily made projects
and a considerable number of actual component and wiring layouts. Many
projects are constructed so as to elmunate the need for solder:ng. The book
1s divided into four sections “No Soldering™ Projects, Miscellaneous Devices,
Radio and Audio Frequency Projects and Power Supphies.

BP49: Popular Electronic Projects $6.25
A collection of the most popular types of circuits and projects which will
provide a number of designs to interest the electronics constructor The projects
seiected cover a very wide range. The four basic types covered are Radio Pro
tects, Audio Projects, Household Progects and Test Equipment

BPS0: IC LM3900 Projects $5.90
The purpose of this book 15 13 ntroduce the LM3900. one of the most versatile,
treely obtainable and inexpensive devices available to the Techmician, Exper
menter and the Hobhyist It provides the groundwork tor both simple and more
advanced uses

Simple basic working cucuits are used 1o introduce this 1C. The reader should
set up each of these for himsedf Famiharity with these simple circutts 15 essentiat
0 vrder to understand many more complicated circuits and advanced uses
BPS1: Electronic Music and Creative Tape Recording $5.50
This book sets out to show how electromic music can be made at home with the
simplest and most inexpensive of equipment. It then describes how the sounds
are generated and how these may be recorded 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 built by the
begmner

BPE9: Electronic Games $7.55
Tue author has designed and developed a number of interesting electronic game
projects using modern integrated circuits. The book 13 divided into two sections,
one dealing with simple games and the latter dealing with more complex circuits,
Ieeal for both beginner and enthusiast

BP70: Transistor Radio Fault-Finding Chart $2.40
Aathor Mr Chas. Ml er has drawn on extensive experience in repaining transistor
rahos to dewgn thrs book The reader should be able to trace most of the
common faults quick y using the concise chart

BP71: Electronic Household Projects $7.70
Seme of the most useful and popular electramc constiuction projects are those
that can be uvec 1n or around the home These circuits range from such things as
‘Z Tone Door Buzzer® and Intercom Ihrough Smoke or Gas Detectors 1o Baby
and Freezer Alarms.

BP72: A Microprocessor Primer $7.70
A pewcomer tends to be overwhelmed when first confronted with aritcles or
baoks on microprocessors  In an attempt to give a paintess approach to compu
tng, this small book will start by designing a simple computer that is easy to
learn and understand. Such ideas as Relative Addressing, Index Registers, etc
w- Il be developed and will be seen as logical progressions rather than arbitrary
things to be accepted but not undersiood

8P 73: Remote Control Projects $8.58
Tiats book 15 aimed primanily at the electromics enthusiast who wishes to expery
ment with remote control and many of the designs are switable for adaptation
1c the control of other circuits publi: elsewhere. Full have been
given so that the reader can fully understand how the circuits work and see
how to modity them. Not only are Radro contrl systems considered but also
Irfra red, Visnle hight and Ultrasonic systems as are the use of Logic ICs and
Pulse position- modulation etc.

BP74:Electronic Music Projects

$7.70

Although one at the more recent branches or amateus electronics. electronic
rusic has now become extremely popular and there are many projects which
fall into this category, ranging in complexity from a simple quitar effects unit
¢ a sophisticated organ or synthesiser

The purpase of this book 15 10 provide the constructor with a number of
practical crcuts for the tess complex items of electr onic music eyupment, in
cluding such thengs a5 Fuzz Box, Waa Waa Pedal, Sustain Unit, Reverberation
and Phaser Urits, Tremela Generator etc
8P7S: El Test Equip C

$7.30

This book cowers in detail the construction of a wide range of test equipment for
both the hobbyist and radio amateurs. Included are projects ranging froma FET
Amplified Voltmeter and Resistance 8ridge to a Field Strength Meter and Hetero
dyne Frequercy Meter

Not omy can the home constructor enjoy bwilding the equipment but the
fiushed project can also be usefully utilised in the furtherance of his hobby

An ideal book for both begmner and advanced enthusiast alike
BP76: Power Supply Projects $7.30
Power supplies are ar essenuial part of any electronic project.

The purpose of this book 1s to give a number of power supply designs,
wwcluding simple unstabilised types, fixed voltage regulated types, and vanable
valtage stabilised types, the latter being primarily intended for use as bench
supplies for the elecironic workshop, The designs are all fow voltage types for use
vmth semicondustor ¢ircuits.

There are other types of power supphes and a number are dealt with in the
fnal chapter. including a cassette supply, Nicad battery charger, voltage step up
circurt and a imple inverter.

These books are specially imported from England by us. If someone has already used the form in this issue,
please write to: ET| Magazine, Unit 6, 25 Overlea Boulevard, Toronto, Ontario M4H 1B1.

$5.50

PRelays, silicon controlled rectitiers {(SCR s) and b directional iniodes (TRIACs)
have a wide range ot application in electromics Today. These may extend over the
whole field of mator controb, dimming and heating control. delayed, trming and
Iight sensitive circuits and include warning devices, various novetties, light modu
lators, priority indicators, excess voltage breakers. etc.

The enthusiast should be able to construct the tried and practical working
circuits 10 this book with a mimimum of ditficufty. There 15 a wide latitude
n compenent values and types, atlowing easy modification of circuits or ready
adaptation of them to individual needs

BP37: 50 Projects Using Refays, SCR's & Triacs

BP39: 50 (FET) Field Effect Transistor Projects $5.50
The projects described in this book include racho frequency amplifiers and con
verters, test equipment and recewver aids, tuners, receivers, mixers and tone
controls, as well as various miscellaneous revices which are useful in the home
This book contams something of particular interest for every class of enthustast
— short wave listener, radio amateur, expernimenter or audio devotee

B8P42: 50 Simple L.E.D. Circuits $3.55
50 interesting and useful circuits and applications, covering many ditferent
branches of electromics, using one of the most expensive and freely available
components ~ the Light Emitting Diode (L E D'} Also includes circuits for the
707 Common Arode Display. A useful book for the library of both beginner and
more advanced enthusiast alike.

BP44: IC 555 Projects $7 .55
Every so often a device appears that 1s so useful that one wonders how life
went on betare without 11 The 555 timer is such a device. It 15 manutactured
by almost every and 15 and very eastly
obtainable.

Included wn this book are Basic and General Circuits, Motor Car and Model
Ratlway Circuits, Alarms and Noise Makers as weltl as 2 section on the 556, 558
and 559 timers.

BP46: Radio Circuits Using ICs $5.90
This book describes integrated crrcuits and how they can be employed i re
cevers for the of either or # d d signals
Chapters on amphtude modulated (a.m.} receivers and frequency modulation
{f.m ) receivers Discussion on the subjects ot stereo decoder circuits, the devices
available at present for guadrophomic circutts and the convenience and versatlity
ot voltage regulator devices. An extremely valsable addition to the library ot all
electronics enthusiasts,

ETI-NOV 1980

BP62: BOOK 1. The Simple Electronic Circuit & Components $8.95
BP63: BOOK 2. Alternating Current Theory $8.95
8P64: BOOK 3. Semiconductor Technology $8.95
Simply stated the aim af these books is to prowde an inexpensive introduction
to modern electronics The reader will start on the right road by thoroughly
understanding the fundamertal principles involved.

Although written especizlly for readers with no more than ordinary mathe-
matical skills. the use of maghematrcs is not avoided. and all the mathematics re-
quired 15 taught as the reader progresses.

The course concentrates >n the understanding of the important concepts cen-
tral to electronics. Each boek 1s a complete treatise of a particullr branch of the
subject and, therefore, can e used on its own. However, latter books assume a
working knowledge of the subjects covered in eartier books.

BDOK 1 This book contains fundamental theory necessary ta a develop a full
understanding of the simple electronic circuit 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 circuts.

BP6S: Single IC Projects $6.55
Alf the projects contamned 11 this book are simple to construct «rd are based on
a single 1C A strip board layout 15 provided for each project, together with any
special constructional poirts and settng up nformation. making this book
sustable for beginners as wel as more advanced constructors
BP66: Beginners Guide To Microprocessors & Computing $7.55
Thes book 15 intended as an ntroduction to the basic theory and concepts of
binary arithmetic, microprocessor operation and machine fanguage program-
ming The only prior knowledge which has been assumed 15 very basic arithmetc
and an understanding of ndicies. A helpful Glossary s included, A most useful
book for students of el . L eng) s and Y .

BP67: Counter Driver & Numeral Display Projects $7.55
The author discusses and faatures many applications and projects using various
types of numeral displays. popular counter and driver (C's, etc
BP68: Choosing & Using Your HI-F{ $7.25
The reader 15 provided with the fundamental information necessary to enable
him to make 3 saustactory choice from the extensive range of stereo equipment
currently on the market This should aid him v understanding the technical
specifications of the equipment he 1s interested in buying. Full of helpful advice
on how to use your ster&o system properly so as 10 realise 115 potential to
the fullest and also on duyirg your equipment. A Glossary of terms 1s included.

Prices subject to change without notice.

NO.213: Electronic Circuits For Model Railways $4.50
“The reader s qiven constructional details of how to buitd a simple model train
<ontroller, cortroller with simutated inertia and 3 high power controller. A signal
system and highting tor model trains 15 discussed as is the suppression of RF
interference from model railways The construction of an electronic steam
whistle and a model train chufter 1s also covered.

NO.215: Shortwave Circuits & Gear For Experimenters

& Radio Hams $3.70
Covers constructional details of a number of projects for the shortwave enthu
stast and radio “Ham’ iIncluded are an add in crystal tilter, adding an "S™
meter in your receser, crystal locked H F Receiver, AM tuner using phase
locked ioop, converter tor 2MHz to 6MHz, 40 to B0O0MH2 RF amplifier, Aenals
for the 52, 148MHz bands, Sold State Crystal Frequency Calibrator, etc
NO.221: Tested Transistor Projects $5.50
Author Mr Fichard Torrens has used his experience as an electronics develop
ment engireer 10 design, develop, buld and test the many useful and interesting
circuits in this book Contains new and mnovative circuits as well as some
which may bear resemblance to familiar designs
NO. 223: 50 Projects Using IC CA3130 $5.50
In this book, the ¢ uthor has designed and developed a number of interesting and
usefut projects using the CA3130, one of the more advanced operational amp
lifiers that 15 available to the home constructor Five general categories are
covered Audio Projects, RF Projects, Test Equipment, Household Projects
and Miscelizneous Projects
NO.224: 50 CMOS IC Projects $4.25
CMOS 1C's @re su table for an extraordinary wide range ol apphcetions and are
now also some ot the most inexpensive and easily available types of (Cs The
author has designed and developed a number of interesting and useiul projects
The four general categorees discussed i the book are Multivibrators, Ampliiers
and Osciltarors, Trigger Devices and Specia! Devices.

ALL PRICES INCLUDE
POSTAGE & HANDLING
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TECH TIPS

555 Input Reset
P. Davidson

When dealing with a microprocessor
system, there are several features
which place requirements on the
duration of their input leg reset. These

signals are usually negative (in the
author's experience) and so, with the
use of a 555, these requirements can
be filled reliably (as opposed to the
normal flip-flop debounce circuit).
The circuit saves on logic used to
invert the normal 555 monostable
action.
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The SINCLAIR 2X80 ~ /

A complete personal computer —
Only $299.95 plus $5.00 shipping.

COMPLETE: For just $299.95 you get this
powerful full-function computer! Proven by

test to be faster than previous personal
computers.

BASIC: The ZX80 cuts away computer jargon

and mystique. Go straight into BASIC —
the most common and easiest language
to use.

QUICK: Simply take it out of the box,

connect to your TV, turn it on and with the

manual supplied you will be running programs

in 1 hour.

SINCLAIR ADVANCED
DESIGN FEATURES

* 4K Integer Basic.

* 1 stroke entry for key words.

* Automatic error detection.

* Text editing capability.

* Machine code programming too.
* 26 string variables, any length.

* Random function, built-in.

* 1K RAM matches others 4K.

Price includes TV and cassette
connectors, AC Adapter, and 128
page manual.

30 Day money back guarantee.
90 Day fimited warranty.

Qty.

limited.

Orders

shipped in

sequence,

Phone (416) 787-1448

To GLADSTONE ELECTRONICS

1736 Avenue Rd., Toronto M5M 3Y7
Please send me Z X80 personal
computer(s) @ $299.95% each plus
$5.00 shipping. | enclose a cheque/
money-order/credit card number.

Expiry Date:
Amount $

Occupation
Intended Use

*QOntario residents please add 7% P.S.T.

Circle No. 33 on Reader Service Card.
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Simple Keyboard Encoder
Maicolm Coyne

This simple circuit provides decoding
for up to twenty-four cross-point or
momentary contact switches arranged
in the matrix pattern shown. The out-
puts are buffered to drive a single TTL
load and key decoding is static. An
added attraction of this circuit is its low
current drain, approximately 50uA on
standby and 90uA with a single key
pressed.

Circuit operation is relatively straight
forward. The 100K resistors at the head
of the columns normally hold all the
inputs to the 4532 CMOS priority
encoder at ground and the row resis-
tors hold the bases of the PNP transis-
tors at the positive supply and hence
the transistors off. When a key is
pressed, shorting a column to a row, one
one of the inputs to the 4532 is taken
high and its output will be the octal
number for the column. If the key num-
ber is greater than seven then the key-
press allows current to flow out of the
base of one of the PNP transistors
turning it on. This provides the row de-
coding.

It is also necessary to detect the
keypress to distinguish between no
input and zero. This is done using the
group select (GS) output of the priority
encoder which will go high if any of its
inputs go high. The integrator formed
by the 100K resistor and the 100n
capacitor coupled with the Schmidt
trigger formed from the two resistors
and the buffer are used to remove con-
tact bounce and eliminate false trig-
gering. The outputs are buffered by
the 4050 to provide adequate drive
capability.

Tech-Tips is an ideas forum and is not
aimed at the beginner; we regret that we
cannot answer queries on these items.
We do not build up these circuits prior
to publication.

ETI is happy to consider circuits or
ideas submitted by readers; all items
used will be paid for. Drawings should
be as clear as possible and the text
should be preferrably typed. Anything
submitted should not be subject to copy-
right. Items for consideration should be
sent to the Editor.

ETI-NOV 1980
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THE PERFECT f I"Are Vou receiving
]
CHRISTMAS GIFT 1 /\re you ving |
-
. m 1
ORDER EARLY WHILE  our gies !
A
SUPPLIES LAST! ' regularly? if not, !
l ‘A ] .
- ° ; Please return this form i
' Zilog
1 1
% 1980 IC MASTER Pname ]
T RE0DE B FARER over 2700 PAGES i 1
- Hz 12. 80-S10/0 25 MMz 39.65
ZBOA-CPU 30 MHz 14.46  Z80A-SI0/0 < 0 MHZ 47.7 Complete integrated circui data sefector ADDRESS i
Z80-PIO  25MHz 7.98  Z80-S10/1 25 MHz 46.80 Master guide to the latest 1.C.'s including ]
ZB0A-PIO 40 MHz 10.4 Z80A-SI0/t 4 H microprocessors and consumer circuits
Z80-GTC_ 25 M 7.98 Zﬂg-SIsO?Z 22 i R0 po.000fienceltvpestisied s Oookoen & L — !
I30ACYG 10 i 1090 Z00ASI0/2 56 M 8753 D R G e 1 POSTAL !
280-DMA 25 MHz 29.06 ; ]
(2808.0MA 4 Uz 36.40 \ “VERY SPECIAL $39.95 : PROV.. 'CODE_ l
e e =
( \ ( CMOS PLASTIC POWER
OPTO SALE TRANSISTORS
CD4000BE .38 CD4021BE 90  CD4046BE 1.09  CD4082BE 29  CD4527BE  2.41 aCH S AT e
L.E.D. LAMPS CD4001BE .38  CD4022BE 1.55 CDA4047BE 1.03  CD4085BE 77  GD4528BE 1.09 D &) 0 PIENY
LED209  T-12 mm Red 12 CD4002BE .30  CD4023BE 38  CD4049BE .57  CD4086BE .90  CD4531BE 1.16 TIP30 51 PNP 1 AMP 100V
LED211 T-1 3 mm Green 25 CD4006BE 1.29  CD4024BE .62  CD4050BE .51  CD4093BE 1.03  CDA4532BE 1.42 TIP3 55 NPN 3AMP 100V
o re : CD4007BE .61  CD40258E .35  CDA4051BE 1.01  CD4099BE 2.57 CD4539BE 1.03 N 56 PNP 3 AMP 100V
*13mm Yellow 18 CD4008BE 1.03  CDA4026BE 2.33  CDA4052BE 1.42  CD4104BE 2.59 CD4543BE 224 > X "
CD4009BE .64  CD40276€ 57  CDA4053BE 142  CD4508BE 2.33 CD4553BE 3.76 TIP41 .77 NPN 6 AMP 100V
LED220  T-1%5 mm Red 14 CD4010BE .64  CD4028BE .70  CDA4060BE 2.28  CD4510BE .96  CD4555BE .90 TIP42 .83 PNP 6AM® 100V
LED222  T-1% 5 mm Green 31 CD4011BE .38  CD4029BE 1.16  CDA4066BE 1.03 CD4511BE .90  CD4556BE .86 TIP115 77 PNP 2 AMP 60V
LED224  T-1% 5 mm Yellow 21 CD4012BE .35  CD4030EE .55 CDA4068BE .38  CO4512BE 1.03  CD4581BE 2.59
CD4013BE .51  CD4033EE 233  CDA4069BE .34  COD4514BE 2.54 CD4582BE 1.15 TIP120 .83 NPN §AMP 60V
DISPLAYS CD4014BE .83  CD4034EE 3.25 CD4070BE .48  CDA515BE 2.54 CD4584BE .62 TIP122 .96 NPN 5AMP 100V
CD4015BE .83  CD40358E 1.22  CD4072BE .29  CD4516BE 1.29  CD4S85BE 1.12 TIP125 .96 PNP 5AMP 60V
FND357 375" Common Cathode 1.29 CD4016BE .51  CD4040BE 1.16  CD407JBE .44  CD4519BE .64 CDA702BE 11.56 e A
FNDS00 500" Common Cathoce 1.29 CD4017BE .85 CD4041BE 2.03 CD40758BE .38 CD4520BE 90 1P127 1.1 5 100V
FND507 500" Gommon Anode 1.20 CD4018BE .74  CD4042BE .83  CD4076BE 1.03  CD4522BE 1.16 TIP2955 1.08  PNP 15 AMP 60V
DL704  .300' Common Cathode 1.68 (CDA0; 9BE RN, R C D404 BE L 16 RN C DA 0755 E JRres QRN COL526BERIE Y TIP3055 .91 NPN 15 AMP 60V
DL707 300" Common Anode e [|Rh SRS B ERUIEE L CIREE S0 FT3055 .77 NPN10AMP 60V
DL747 630" Common Anode 2.98
DL1416 38.94
4 digit, 16 segment alphanumeric display 16" ht ! )
P Py (me.a ) U[;‘AE;‘N\R '-C,;, S raione st DUAL-IN-LINE — LOW PROFILE — |.C. SOCKETS
LM304CH 1.16 LM33gN .70 LM747CN-14 a7
ISOLATORS LM307N-8 38 (M3a8N-14 129  (M748CN-8 .51 CONTACTS PRICE CONTACTS PRICE
ILD74  Dual Opto fsolator 1500V 1.68 (M308N-8 116  LM358N-8  1.03  LM1458N-8 .55 8 PIN 1 22 PIN 33
ILQ74 Quad Opto Isolator 1500V 514 LM308CH 1.24 555N-8 .42 LM1488N-14 .30 14 PIN 17 24 PIN .36
T [M309K 168  (M556N-14 64  (M148IN-14 90 16 PIN 20 28 PIN 42
5  DualOptolsolator 1500V 1.68 M3 10H: 1.94 723CH s LM3046N-14  1.28
TILI11  Opto Coupl 1500v .70 & i 3 i i 18 PIY 27 40PIN 61
pio Coupler LM311N-8 77 LM723CW-14 64 LM3302N-14 72 20 PIN 30
4N26  Opto Isolator 2500v .70 LM317T 194  LM725CN 228 LM3403N-14 116
4N33  Opto Isolator 1500V .85 (70:220) IM73CH-14 207 [M39OON a4 + LOWEST PRICES ANYWHERE FOR THE MIGHEST QUALITY AN
LM318N-8  1.89 14 168 14 12 UNBEATABLE COMBINATION
\— _J \UM318CH 228 (M731CH 85 ULN2003AN  1.16 S
(" TTL-L ALL CIRCUITS IN STOCK FOR GUARANTEED IMMEDIATE DELIVERY. )
74LS00N 30 74LS20N 235 74L855N 51 74L.S95N .83 74LS137N 1.29  74LS161N  1.16 74LS193N 1.68 74L5245N 3.58 74LS279N 1.09 74LS348N 3.84 74(S379N 2.54
74LSOIN .27 74LS21IN .38 74LS73N .59 74LS96N 96  74LS138N . 74LS162N 116 74LS19zN .88 74LS247N .90 74LS280N 3.50 74L5352N 1.65 74LS390N 2.98
741.502N 44 74LS26N .51 74LS74N 73 74LS107N .59 74LS139N .90 74LS163N  1.27 74LS193N 116 740S248N 2.20 74 5283N 1.55 741.S353N 2.54 74LS393N 3.58
74(SO3N .30 74LS27N .44 74LS75N 64  74LS109N .77 74LS145N 1.33  74(S164N .83 74LS194N 94 74LS249N 1.29 7& S290N 1.09 74[S362N 1554 74LS395N  2.54
74LS04N .38 74LS30N 25 74LS76N 51 74LS112N .57  74LS147N 3.24  74.5165N 1.65 74LS195N .88 74LS251N 293 74.S293N 49  74LS365N 6.10 74LS447N A48
74LSOSN .51 74LS32N .64 74LS78N .46 74LS122N .70 74LS148N 134  74LS166N 2.43 74LS196N 1.46 74LS253N .77  74LS295N 1.81 74LS366N 1.63 74LS490N 2.54
74LS08N .44  74LS38N 42  74U583N 1.22  74L5123N 1.09  74LS15IN 64  74LS169N 16.71 74LS197M 1.20 74LS257N 1.24  74.5298N 1.55 74LSI67TN 257 74LS630N110.50
74LS09N olfl/ 74LS40N 3 74LS85N 113 74LS124N 1.29  74LS153N .55 74LS170N 3.58 74LS22t1N 1.94 741S258N .88 74L.S299N 3.87 74LS368N 1.95 74LS631N110.50
74LS10N 30 74LS42N 64 74LS86N .96 74LS125N .68 74LS155N 1.22  74LSt73N .96 74LS240N 1.53  74LS259N 6.19  74LS320N 3.84 74LS373N 1.92 74LS669N 1.25
74LS1IN .44 74LSa7N 90 74LSOON 57  74LS126N .68 74LS156N 1.B9 74LS174N 64 74LS241N 1.48 74LS260N 1.30 74US321N 5.02 74LS3I7AN 1.92 74LS670N 3.45
740S12N 23  740548N 3.84 74LS9IN 103  74LS132N .57 74LS157N 127 74LS175N 68 74L5242N 1.76 74US266N .90 74.5322N 644 74LS37SN 3.84
74L513N 35 74LSSIN .38 74LS92N .96 74L8133N 3.7 74LS158N 103 74LS18IN  3.09 741S243N 1.03 74LS273N 1.81 74.S323W 644 74LS377N 1.87
\74LS14N B4 74(S54N 31 74LS93N .49  74LS136N B5 74LS160N 2DB 74LS190N 1.63 74LS24iN 1.76 74LS275N 6.44  7415324N 1.79  74LS378N 1.69 ]
3 ¥
(" MOS MEMORIES (O MICROPROCESSOR .., SCR’s and TRIAC's )
atic 's c K amp -
P B price CHIP SETS TIC116B 126  SCR 8 amp 200V TO-220
2102-28 o nciees 142 $CR 12 amp 200V T0-220
PR B : ! e 1 1.29 riac 6 amp 200V T0-220
P ( x } 250NS 16 PIN Part No. Price Part No Price Part No TiC2260 124 Triac & amp 400V TO-220
233 514 | |eosoa s 7.35 6800 § 845 6302 TIC2360  1.8%  Triac 12 amp 400V TO-220
IK (256 x 4) 350NS 18 PIN 8085 15.54 6802 15.54 6504 i pacgliegamp) §
P arag 49 - oot TIC2460  1.89 Triac 16 amp 400V TO-220
1K (256 x 4) 350NS 18 PIN ’ 8212 3.58 6610 4.88 R
21140 579 | |8214 514 6820 6.44 6520 - Bi-Fet OP AMPS
Low Power 4K {1024 x 4) 300NS 8216 3.84 6821 4.88 6522 TLOB4CN 3.58 Quad low power TLOBICP .84 J-FET input
2147 22.04 8224 4.49 6850 514 6532 TLO71CP .77 Low noise TLOB2CP 1.28 Dual J-FET input
4K (4K x 1) S5NS 8 8226 3.84 6852 4.88 6581 TLO72CP 1.55 Dual low noise  TLO84CN 2.54 Quad J-FET input
21 16.84 8228 6.47 JLO74CN 3.6 Quad iow noise
4K (4K x 1) 7ONS 8238 6.47
UART's i '.____-________—---__-_________--_
AY5-1013A 5.14 -
810 40K BAUD 40 PIN _ LATEST “Memory Specials” !
COMB017 Special 514 1 ]
40 Khz Single 5V Supply IN EP ROM’S 1
1K CMOS RAM
5101 6.44 -—-— - e e TECHNOLOGY C2708 o~ s 774 )
1K (256 x 4) 450NS 22 PiN Low Power | 1K x 8 450 ns !
eos0a 4K CMOS RAM U 16K MOS DYNAMIC RAM'S (16 PIN) TMS2532 3 S 46.80
. () S Y BT 00 - 416-3 {200ns) Ceramic 7.09 32K (4095 x 8450 ns o, W
PE514 168s | 1 416-5 {300NS) Ceramic 4.49 TMS2716 1 2e ool
4K (1K x 4) 450NS 18 PIN 110MW 1 . - 16K {2K x 8) 450 ns )
SHIFT REGISTERS 4K MOS DYNAMIC RAM'S . (3 power supplies) T 1. Version
33IAPC FFO I MHZ 715 | 1 TMS4060-30 Special 3.84 C2716/TMS2516 s 13.50 1
3342PC 64 Bit Shift Register 5.79 1 4K (4K x 1) 300NS 22 PIN f
3347PC 80 Bit Shift Register 514 T 514 16K (2K « 8) 450 ns !
ECL RAM 1 MS4060-20 - (Single 5V supply — Similar to intel version) 1
10410ADC/HM2106 Special 9.0¢ 4K (4K x 1) 200NS 22 PIN TMS2564 $344.50
256 x 1 Bit Fully Decoded 15NS 16 PIN | 64K (8K x 8) 450 ns [}
\ m NS En S G G5 U D G G Gh Gh Sn S S G5 EF S0 G D Gb U EE e an S D G S G Ee S o e e e e
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MINIMUM MAIL ORDER $10.00
Add $3.00 to cover postage and handling

PRICES ARE.IN CON. FUNDS. F.0B. CANADA
Federal Sales Tax Incl.
Provincial Sales Tax Extra

5651 FERRIER ST
MONTREAL. QUEBEC
H4P 2KS

Tel.: (514) 731-7441

BAXTER CENTER
1050 BAXTER ROAD
OTTAWA. ONTARIO
K2C 3P2

Tel.: {613) 820-9471

Circle No. 18 on Reader Service Card.

4800 DUFFERIN ST.
DOWNSVIEW. ONTARID
M3H 589,

Tel.: (41€) 661-1115

IN CANADA VISIT OUR NEW CALGARY LOCATION

EaRSpom

LARGE INVENTORY AT ALl LOCATIONS

STORE HOURS:

Monday to Wednesday 9:00 am — 6:00 pm
Thursday and Friday:

Saturday 9:00 am — 5:i

VISA A
ACCEPTED

5809 MacLEOD TRAIL S
UNIT 109

CALGARY. ALBERTA
T2H 049

Tel.: {403) 259-6408

VSR 5J7
Tel

ND
MASTER CHARGE

3070 KINGSWAY
VANCOUVER. B.C

{6043) 138-3321




any wave
shape

with famous
B&K-PRECISION
cost-effectiveness!

o ™
Generate virtually

Model 3010/$250.77

Model 3020/$456.81

The B&K-PRECISION Model 3020
sweep/function generator is the most
versatile signal source in its price range.
This instrument alone can replace a
function generator, sweep generator,
puise generator and toneburst
generator. Frequency coverage spans
0.02Hz to 2MHz in seven ranges, each
with linear 1000:1 frequency control.

A low-distortion, high-accuracy signal
source, the 3020 can generate almost
any waveform, including sine waves,
square waves, TTL square waves, tone-
burst, pulses and ramps. All can be in-
verted. Internal linear and log sweep
capability is'also featured. Both modula-
tion and carrier levels can be varied so
even a double sideband suppressed car-
rier test signal can be generated

For applications requiring standard
signals, the Model 3010 low distortion
function generator is offered. The 3010
generates sine, square, TTL square and
triangle waveforms from 0.1Hz to IMHz in
six ranges. An external VCO input is pro-
vided for sweep frequency tests. Variable
DC offset is included.

The 3020 and 3010 are available for
immediate delivery at your local dis-
tributor.

Prices subject to change without notice,

o PRECISION

DYNASCAN
CORPORATION

ATLAS ELECTRONICS LIMITED
50 Wingold Avenue
Toronto, Ontarlo M6B 1P7
k Tel: 416-789-7761 Telex 065-24140

Circle No. 11 on Reader Service Card.

TECH TIPS

Guitar Treble Boost

J.R. Spink

Q1 is connected as an emitter follower
in order to present a high input impe-
dance to the guitar. C2, being a relative-
ly low capacitance, cuts out most of the

bass and C3 with RV 1 acts as a simple
tone control to cut the treble and hence
the amount of treble boost can be
altered. Q2 is a simple preamp to
recover signal losses in C2, C3 and RV 1.

O
+9V
RV2
10k
ov
O —0
Train Chuffer
C.S. Histed adjusted by the 100k pot (rate and

This circuit will produce a train chuffing
noise and should prove interesting to
anybody with their own layout.

The circuit consists of a white noise
generator, which only switches on with
the high part of the square wave output
from the clock circuit. The frequency of
the clock is adjusted with the 10M pot
and the output voltage of the clock is

volume of chuff respectively}.

The 2M2 pot controls the amount of

noise produced and the 1k pot on the
speaker controls the pitch of the average
noise.

The circuit works by by amplifying

the noise through the seemingly wrong
way around diode and only letting the
circuit on when the clock is at logic '1’.

100k Q1, 2, 3 are 2N3904
1C1 is 4011

+

o
€

Ni-Cad Charger

J. Grainger

This circuit makes use of constant cur-
rent LEDs now available for around 80¢
each. These devices pass a constant cur-
rent of about 15ma for an applied volt-
age range of 2-18V and will also block
voltage peaks of up to 18V in the rever-
se direction. Furthermore they can be
paralled to give any multiple of. 1bma
and, of course, they light up when cur-
rent is flowing through them.

//
Lep1  SW2
SW1a 12v ‘(l - CELLS

The circuit shown will charge a
single cell at 15, 30 or 45ma or cells in
series up to the rated supply voltage li-
mit (about 14V).If it is desired to
charge the cells at less than 15ma,
several cells may be paralled using
suitable sharing resistors, which should
drop about 10V at the cell current. The
LEDs will be damaged if the peak
voltage of the supply exceeds 18V (13V
RMS).

PARALLEL

ey

FS1

E LED3

P |

SW1b

LED2 W "] M
' J e
% ’ SINGLE =
A ceu._L

—Ve
0 e -

Oo—"—
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ee
the logic
—ofitall

with
B&K-PRECISION

logic and pulser
probes

DP-50 $91.75 DP-100 $142.75

Armed with only two portable instru-
ments, you can now trace logic levels
through the most popular types of
logic circuitry. .. TTL, MOS, CMOS,
even HTL and HiNIL.

The new B&K-PRECISION DP-100
is a digital pulser probe that's a great
aid to fast analysis and debugging of
integrated circuit logic systems.
Simple to operate, the DP-100 can be
used alone or with a logic probe or
oscilloscope. It generates a “one
shot” pulse train at a 5 Hz rate and
senses circuit conditions to pull an
existing high state to a low or a low
state to a high.

The B&K-PRECISION DP-50 is the
digital probe that offers more than
logic. In addition to logic status, it ac-
tually displays pulse presence to 50
MHz. The intensity of its PULSE LED
reveals the duty cycle of the signal
observed.

Both the DP-50 and DP-100 are
well protected against overload and
accidental polarity reversal. You can
see the logic of it all today! Contact
your B&K-PRECISION distributor for
immediate delivery.

Prices subject to change without notice.

o PRECISION

CORPORATION
ATLAS ELECTRONICS LIMITED
50 Wingold Avenue
Toronto, Ontario M68B 1P7
K Tel: 416-789-7761 Telex 065-24140 /

Circle No. 14 on Reader Service Card.

O SALE O BRYAN ELECTRONICS O SALEO

PHII.IPS LOUDSPEAKERS MOTOROLA PIEZO CERAMIC
RS

WOOF TWEET!

ADaosuwe (OR) wa-a", a0W $19.95 ea KsN 1036A 3 3/4" Round-Car
ADBOIOOWB(W)-8” 40W, 20 02. $35.00 ea. 95 each
ADBO6TWS 8", 50W, 16 02 $36 95 es. KSN 1005A- 3 3/8” Square-Home
AD10240WB{W). W, 40 0z 569.95 ea. Hi-Fy $12.95 each
AD12240W8- (W} 0! $74.95 ea. KSN 1016A- 2 5/8x5 5/8" Home
AD12650/WB-12" . 20 02 $49 85 ea. $14.96 each
AD12250WB-12", 100W, 40 02 $79.95 ea. KSN 1025A- 3 1/8"x7 3/8” Home
AD15240W8-(W)-157, BOW, 40 oz §74.95 ea. $22.50 each
MIDRANGE ULTRAFLEX LDUOSPEAKERS
AQD50605QB or S04, 40W cone $19.95 ea. WOOFERS.

AO0211SQ8 or SQ4-50W, soft dome . $34.95 ea. soo WB 8 A.S., 8 ohm, 35W, 20 02.. . $19.95 e,

. 8 ohm, S0W, 20 0z. $39.95 ea

TWEETERS 120 ws. 2 8 ohm, 20W, 10 0z. . $19.95 ea.
ADO140T8 or T4-40W Dome . $13.50 ea AGS1520- S.. 8 ohm, BOW,
ADO14178 or T4 40W Soft Dome $14.95 ea 2002 . $34.95 o,
ADO162T8 or T4, or T15-40/80W VHP-15545-15" AS.. 4 ohm, 1500W,
Hi-Output Qome $16.95 ea. 5407 $59.95 ea
SHP-1878-18" B R.. 8 ohm, 400W,
CROSSOVERS 8ot $22995ea
ADJWXSP-|50W. 3way, 700H: &
$4250 eo MIDRANGE
ADJWXAGOW 3-way, 600Hz & M85, 40W $1494 en.
Ha 95 ea,
ADzwxMow 3-way, 1800H; $1 TWEETERS
(W Whae Cone, W, T44 SHm. We T88 OHM HDT-01-Dome typs, 40W $11.95 ea
W15, T15-15 OH
CROSSOVERS

MISCELLANEOUS ORIVERS
VULTAN-12"" Wooles 80W, 40 oz.-(W) $39 95 ea

3WX-6-50, 3-way, 50W Bdb/Octave. $19.96
VULTAN-12"* Wooler 100W, 54 oz 57495 ea.

WX-12-100, 3-way, 100W Bdb/Octave . $24 95 ea

JAMAR-12" Wooler-80W, 40 o: $69.95 ea
OAKTRON BFW15Y2-15" Woote:- 108 02.,
.$119.95 ea.
OAKTRON 35HRT PHENOLIC RING PEERLESS LOUDSPEAKERS
TWEETER, $19.95 ea. WOOFERS
KOB80T WF 8", 9oz, 40W $26 50 ea.
PEAKER CRAOSSOVER CONTROLS KP-8OU-WF 8", 14.7 0z., 80W $34 95 ea.
?0304 MIDRANGE-ADJUST ° $3.50 ea. KP-10V-WF-10".14.7 oz, 100W $39.95 ea.
10305 TWEETER-ADIUST $3.50 ea. KA-12X-WF-12", 38 07., 120W $74.50 ea.

748 S0OKS No. 1238 BRYAN ELECTRONICS e
angumm speaker enciosure projects vwsac;'s‘ Po Box 2068 ::4:2::4”_901..10% $33 50 ea.
OAKTRON LOUDSPEAKERS BRAMALEA . ONTARIO MIRZSIZ = 24°. 4 oz, 50W, $18.50 ca.

OAKTRON SPEAKER KITS-COMPLETE WITH KO-10-DT-1" Dome, 9 oz., 7OW $24'95 ea.
CROSSOVER & PLANS L6T 3S3
ST3-107-10" Woofer, 57 MID, 3% Twester
20w, . $94.50 ea. OAKTRON LOUOSPEAKERS s
ST312H2.12 Wooler, 57 MID, 34" Tweete . . 8 OHM MUS NSTRUMENT SPEA

) 7 7050 ea. _Add $2.00 for shipping and handling. 10T, $44.50 a
5T3-127-12" Woofer, 5° MID, 3%" Tweeter —C.0.0. orders $2.00 additional. M10Y- $74 95 ea
Hilapsss grag oo SRopga e e EERCH _Ontario residents add 7% sales tax. iz s9gs e

-12" Wooter . 3% Tweeter _ 3 5 4 oOW. .

75W. . $13995 ea "é‘““"c"“’g" \:;'“' MoneviOzders, MI5T- - V€30 0 9% e
ST3-15Y-15" Woofer. 3" MID, 3%" Tweeter i o sendicasis M15Y-15", 1v. Ve, oy o0z, 100W, . . $89.95
100w $169.95 0a —Be sure 1o sign your order. V25 2y €. 108 oz, 150W 510965 a

* ALL ITEMS OFFERED AND SOLD BY ORDER ONLY!

“YOU CAN BUILD IT” WITH SPEAKERS FROM BRYAN ELECTRONICS

Circle No. 19 on Reader Service Card.

. . Lt
Take the mystery ouf of making successful projecis, by choosing Zanadas number onc supplicr
of prinied circuitry for the electronics hobbyist: Spectrum Electronics. Gret all the facts loday
Wlrite fo: P.0.Box 4166 Sin.D. Hamilton, Ontario, Tanada, L8V 415,

2WX 6-40, 2-way, 40W 6db/Octave. 511,95 ea.
ea

Circle No. 16 on Reader Service Card.
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LENLINE

UNIQUE TOOLS FOR ELECTRONICS
STRIPPERS & CUTTERS

[T B

MK2FC WIRE STRIPPER

Self adjusting wire stripper with built in wire cutter
strips. Single or multi conductor cables. Lightweight
and effortiess to use. Replaceable metal gripping jaw.

/5

LENLINE

TYPE PTS2 NEW

This new tool functions as both a
cutter and a stripper for electrical
cables of Section (0.2 to 6 mm with-
out adjustment. It can also be empl-
oyed for multiple cables as the out-
side main insulation and the internal
single cables can be stripped without
readjusting the tool.

PTS2 has the functional character-
istics of two separate tools.

The operations of cutting and strip-
ping are here perfectly executed by
one single device.

Suitable for cutting/stripping cables
of Section 0.2 to 6 mm

Stripping blades are flat and they adjust themselves
around the diameter of wire. You can, therefore, strip
with the same ease singile or multiple wires, round or
flat conductors.

LINDSTROM

THE BEST FROM SWEDEN

(>

NIPPERS

575 (Semi-flush)
576 (Full-flush)

OBLIQUE-CUTTING

TYPE PSC-1

With edges set at 75°
Length of cut 15.5 mm
Total length 108 mm (4”)

OBLIQUE-CUTTING
NIPPERS, SHORT

577 (Semi-flush)
578 (Full-flush)

With edges set at 75¢
Length of cut 8 mm

Total length 108 mm (4")

DIAGONAL CUTTING
NIPPERS

670 (Semi-flush)

671 (Full-flush and relieved
back)}

With edges set at 15

Length of cut 9 mm

Total length 110 mm (414,")

SNIPE-NOSE PLIERS,
LONG JAWS

890 (Smooth jaws)

892 (Cut jaws)

Width of tips 1 mm
Length of jaws 32 mm
Total length 132 mm (5")

Our new Cable Stripper PCS-1 is simple to use and it is
suitable for cables of varied diameter without needing adjust-
ment. An indespensible tool when working with heavy duty
cables, (6 to 18 mmJ).

Made of rugged .pressed steel, cutting blades are tempered
and are easily removed for resharpening. Specialiy designed
to allow any length to be stripped at any point in the cable.

PROBE KIT

For probing. picking and poking solder joints. Use in
inspection and production. Stainless steel, tempered
spring wire steel tips for flexibility.

70-180
N

O

<
)




LENLINE

PANAVISE @ CIRCUIT
BOARD HOLDER

Holds boards of any shape, up to 12 wide, in any
position . . . flat, vertically, at any angle. It is
easily rotated, tipped, tilted, elevated, lowered,
moved left or right, or turned over. New model
312 Tray base mount has 6 convenient trays
moulded into the base for neatly holding small
parts and tools.

£94

MCP-3

CLAMP-ON TESTER

The tester is capable of wice-range measurement:
Amperage can be measured in 5 ranges from GA to
300A; Voltage in 3 ranges from 150 to 600 Volts; and
Resistance up to 1K . The Clamp-On tester is supplied
nith a carrying case. (Supersedes CT-300)

JW79-1 SPADE AND PICK

Electronic Service Aid with insulated handle for solid
state electronic equipment.

Both ends of this tool are heat treated, hardened, and
plated to assure you of long and trouble free use

firmly hold small items of any shape.
70-490 — Shipping Weight 1 |b.
70-492 — Replacement Alligator Jaws - Ship. Wt. 2 oz.

“THIRD-HAND" SOLDERING AID

Two adjustable arms with alligator jaws set in a heavy base.
A versatile tool, it can be adjusted to any position and

CIRCUIT PROBE

Circuit Probe produces a tone that varies with resist-
ance, capacitance, or voltage. With a little practise the
Circuit Probe may be used to compare circuit resist-
ances, check many types of components, trace audio
signals (up to 1khz), and check live circuits up to 130
VAC or DC. Because the probe is current limited, it
will not harm any circuit.

Weight: 4 o0z, Size: 7"'x1.2"x 9"

Warranty: 1 year

- A
‘@  Mini*Gen

AUDIQ
' ° GENERATOR & DEvicEs s

130

MINIGEN AUDIO
GENERATOR

The model 130 is a quality generator ina “‘mini’’ pack-
age. This instrument is an excellent source for testing
amplifier frequency response, speaker enclosures, and
tape recorder head alignment. An internal voltage reg-
ulator permits the unit to always remain within specif-
ications. Once set, the output amplitude and frequ-
ency are constant. The frequency is variable from 20
Hz to 20 Khz. The generator can be modified to other
frequency ranges by changing one internal capaciter.

o
bt

A/V LOGIC "
PROBE =

The Audio/Visual Logic Probe has etiminated the need
to continually watch for pulses, + or - transitions, or
high speed pulse trains. A new concept in logic testing.
The model 110 is a complete tester compatible with
DTL, TTL, and CMOS logic. Threshold levels are auto-
matically set. ldeal for analyzing logic circuits in com-
puters, telephone systems, digital test equipment and
desk calculators.

Size: 6.8 x 1.2” x 9" Weight: 2.5 oz.

y,




PCB HOLDERS

The practical and elegant design is particularly suited to shorten the
time in mounting components, parts, etc. in printed circuit boards.
They are 3 piece units; a frame base, printed circuit holder, and foam
rubber component pressing or holding lid. Larger models are available.

Board Sizes:

PCSSO 210 x 180 mm PCSS3 750 x 220 mm

PCSS 1 270 x 220 mm (with Mid Rail)
{with Mid Rail) 750 x 110 + 750 x 100 mm

270 x 110 + 270 x 100 mm PCSS4 500 x 350 mm

PCSS2 500 x 220 mm (with Mid Rail)
(with Mid Rail) 500 x 175 + 500 x 165 mm

500 x 100 + 500 x 100 mm

MOS | /]
Sy \m,

CONTAINS:

be easily attached.

from 8 to 24 pins.

INSERTION/EXTRACTION KIT
EX 1 OS 24-28

N s, B
A~

WK-7

WK —7 Kit items may be purchased separately.

MOS-1416 14-16 Pin, MOS, CMOS Safe Inserter MOS-2428
24 - 28 Pin, MOS, CMOS Safe Inserter

For highly sensitive MOS & CMOS IC’s. Ground strap may

3640 Pin CMOS Safe IC Insertion Tool. Unique new inser-
tion tool. Also aligns bent-out pins.

Dip IC Extractor Tool. The EX-1 Extractor is ideally suited :

for hobbyist or tab engineer. Featuring one piece spring steel B E N DI N G TO 0 L
construction. It will extract all LSI, MSI and SSI| devices of
CMOQOS Safe Dip IC Extractor Tool. Extracts all 28-40 pin

DIP IC's having standard .600 widths, including MOS and
CMOS devices. Easy one-handed operation.

L 1011

green colour.

L 1010

cutoff wire, eliminating flying ends.

o

THIN PROFILE WIRE
5" angled flushcutters with patented shearing action for soft wire :

to 20 gauge. This is a U.S. made, quality tool of high carbon steel LEAD BEND”\JG TOOL
fabrication with significantly longer life.
turn and thin profile tips give you a smooth effortless flush cut
with lower stress and operator fatigue.
slip handles allow vyou a comfortable cushion grip.

CUTTERS TP-8 COMPONENTS

Its double-coil spring re-

Unique vinyl foam non-

THIN PROFILE SAFETY WIRE CUTTER

Same as above cutter but with a built-in lead catcher that retains

<°k ) OK MACHINE & TOOL

MDD SERIES
CMOS, MOS I.C. DISPENSERS

FEATURES:

channel versions as standard.

Simple yet very effective design and capable to handle all known 1.C.
carrying tubes. Dispenses |.C.’s of 0.3, 0.4 & 0.6 pitch up to 42 pins. MOS,
CMOS protected — material is carbon filled. Dispenser clamp to hold tube
firmly in position and adjustable stop to suit length of I.C., empty tubes
can be removed with ease. 1.C.'s cannot “‘piggyback’’ and automatically
release one at a time. Grounding lug fitted and is available in 1, 5 & 10

LENLINE

v

// /(/ /
// ,’

Distinctive

Component dia: max. 12.5 mm.

Simple to operate hand tpol for bending leads of
components accurately, pointers simply adjust to
pitch of holes in board by turning the thumb
wheel, components are then inserted and bent to
the exact pitch by light squeeze of handles. Made
to very high standards of quality, with built-in
compensator for varying wire diameters. This tool
will produce perfect scratch free bends. Technical
Data: Capacity: 0.25 mm to 1 mm. Max. length of
bend: 35 mm. Min. length of bend 9.5 mm.




STRAIGHT LOCK HOLDER

6" O.A.L. stainiess steel, slim serrated jaws. Has two

MINI-DRILL

This is a simple and convenient mini-drill suitable for position snap-lock. Excellent heat sink and clamp.
drilling PC boards with ease and reliability. Also appli- Allows quick disconnect and reconnect for temporary
cable for making panels, name plates, aluminum connections.

plates, handicrafts, home carpentry, etc. 186mm
long, lightweight, with speed of 2,500 r.p.m. Battery
operated {(batteries not included) or can be used with
optional AC adapter (see part number AD-660 below}.
Handles drill sizes 0.6mm to 1.5mm.

70-20S

MINI-DRILL STAND 70-20C

Mini-drill is easily installed in this stand giving you
an ultra-compacting drilling machine. Enables you
to drill printed circuit boards more easily and pre-
cisely. Stop moves easily for fine adjustments. Measures
157mm high x 120mm wide x 70mm deep.

N CURVED LOCK TYPE HOLDER

6" O.A.L. Same as 20S except with a slight curve in
! b the jaws to afford easy access to hard to get to places.

CHUCK &
Chuck for use with E‘E

larger drill bit sizes
1.6mm to 2.6mm.

BATTERY/BULB/FUSE
TESTER

At last, a home-type electrical tester that anyone can
use! Solves all common household electrical problems,
Tests standard zinc-carbon batteries, Checks automo-
tive fuses, Checks round or cylindrical cartridge fuses,
Checks miniature lamps, and Checks standard house-
hold tamps up to-200 w size.

_ AD-660
\ AC ADAPTER

Special 6 volt AC adapter
for use with D-3 mini-drill.

-

SOLVENT DISPENSERS

LONG NOSE LOCKING PLIERS—MODEL 6LN

With all the same features as the original Vise-Grip but
with Gator-Grip

it can do more jobs, faster and easier than any other
long nose pliers.

Get fingertip control.
Cut heavy wire.

Pull cotter pins.
Bend wire shapes.
Use as wrench,
Clamp small parts.

( MAIL TO: '
I f- kl I- -1_ d Precision instruments in every respect. Pump units are
en II'I el' Iml e constructed of the finest stainless steel obtainable to
. . give a lifetime of satisfactory service. Airtight check
80 Alexdon Road, Downsview, Ontario M3J 2B4 valve eliminates evaporation over long periods. Yet
the light pressure of an appticator or sponge on
. dispenser Qish pumps solvent to surface the instant
Please send catalogues and brochures describi you need it Bot'tles are molded linear polyethylene.
I i f 9 ducts { il thi scribing YOlilr Ideal for dispensing: Methyl Ethyl Ketone, Alcohol,
compiete line of products {(mai IS coupon or circle Carbon Tetrachloride, Acetone, Ether, Perchloro-

no. 26 on the Reader Service Card). ethylene, Trichloroethylene and any other solvents.
Company Name:

THESE PRODUCTS ARE AVAILABLE FROM YOUR FAV-
Address: OURITE ELECTRONIC PARTS DISTRIBUTOR. IF YOU
CANNOT LOCATE A LOCAL OUTLET PLEASE WRITE US
FOR THE NEAREST DISTRIBUTOR IN YOUR AREA.

FILL IN COUPON FOR CATALOGUES AND BROCHURES
DESCRIBING OUR COMPLETE LINE OF PRODUCTS. J

anme: )¥

o~y



