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WHAT?

YOUR PRESENT TESTING

CAPABILITY...

CAN’T
TEST DIGITAL AND ANALOG CIRCUITRY
WITH EQUAL EASE?

CAN’T

TEST DELICATE IC’S LIKE MOS, CMOS,
PROMS, RAMS, EROMS...IN CIRCUIT?

CAN’T
TEST ELECTROLYTICS... ISOLATE
PROBLEMS TO A GATE OR JUNCTION?

-..IN CIRCUIT.... WITH NO CIRCUIT POWER REQUIRED!

s GAAINIE

IN CIRCUIT TESTING OF DIODES, TRANSISTORS, FET’S
J-FET’S, OP AMPS, ELECTROLYTICS, BIPOLARS,
UNIJUNCTIONS, DARLINGTONS, IC’S OF ALL TYPES

EXCLUSIVE CANADIAN DISTRIBUTOR

CYPRUS PRODUCTS INC.
7117 Tisdall St., Vancouver, B.C. V6P 3N2 « Tel.: (604) 327-8814

Circle No. 14 on Reader Service Card.
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pr—C Pe o [Qee 1 SD SYSTEMS e ARKON GRAB BAG DISKETTE
An S-100 system card, wired and tested that will | A fully compatible line of S-100 system cards. | Assorted good parts at an unbeatat:le bulk price | 8 Control Data or Wabash ... .$7.95
outperform the mass market systems in versatil Full data and specs on all kits sent free on .perfect for the work bench or service area. 8 Dysan .$8.95
ity, price and speed. It has ali the CPU (8080} |} request GB-100 100 disc ceramics o ......s200 | 5% Control Dataor Dysan ?7450
disc control {1771) and 10 (8255} needed for a | EXPANDORAM 1 48K 5775 GB-101 60 Mytars $4.00 | 10% off for orders of 10 or more. Attractively
disc based CPM system. Interfacing to all com- 0K $299 64K $900 GB-102 60 Electrolytics .$4.00 | boxed.
mon 8 and 5%’ drives. (Shugart, Memorex, § 16K $399 S-100 BOARD KITS GB-103 40 Tantalums 1$5.00 : P =1 Sl
BASF, Siemens, Wang). Also features EIA RS- | 32K $499 SBC-100 $375 | GB-104 20 Ceramric trimmers '§7.00 olte 0 anging
232 port {110 to 9600 baud}, fully vecored inter 48K $599 SBC-200 $435 | GB-113 50 Miniature trimpots 1$5.00 e fro 00 o 0 8g
rupts (TMS5501), on board digital data separ- | 64K $650 Z-80 Starter Kit $450 | GB-117 200 Asstd % wres 1$3.00 08 » av o
ator, 2K bytes eprom, 24 fuliy handshaked 10 MPB-100 $325 | GB-118 100 Asstd 1-2w res $3.00 = on DO
lines, dual mapped |0, cassette interface on | EXPANDORAM II ExpandoProm $225 | GB-120 25 Asstd switches .$5.00
board, fully buffered......... c..5495.00 | ok s399 VDB 8024 $475 | GB-1395 Lbs hardware ) sa.95 P : AW 2
16K $525 Versafloppy | $325 | GB-160 5Lbs circuit boards $4.95 - Py ;
A SCII KEYBOARD KIT 32K $650 Versafloppy I $450 | GB-146 100 Grommets ...$3.95
60 key complete ASCII character set. Fully buf- P - GB-147 100 Inductors, coils ; $3.95 ord bbon and co 3 hle
ferroq outut for TTL/DTL/MOS logic. Caps " i":c’egf “"f,;;:’f"ﬁ’f,','e"“" GB-150 2 Lbs patentiometers $1.00 K it
lock for upper case alpha characters. Uses a KR outstanding 1tachi ~ scapes. T TT
2376 ST encoder IC. Uses 100 ma at +5 to 30 Also ammeters, ARKONKITS INTEGRATED CIRCUIT Sem
volts. Parity invertable. Data Invertable. Repeat volt meters, multi-meters. All ARKON kits are complete with PCB. ;JI‘NEAR . 2011 s 70 4582 $2.15
ke SOFTWARE Decision Maker Kit $4.95 0 3 $ s 2 & S
Complete kitof all parts ... . ...$99.95 For 8080 8" di Transistor tW Amp Kit $8.95 ) a8 3/$1.00 4015 $165 74008 s 75
Power supply kit................ .8 7.95 co' Is¢ 555 IC Timer Kit $ 3.95 ;2‘; :v gg g:s :26‘0 %:E:gs :‘ 658
CPM1.4. $130 00 | 555 Code Oscillator Kit $ 395 | 224 $1.10 4018 S1.60 74 59,95
RE6416 ¢CPM2.0 $190.00 ¥ R 232 10 TTL Converter Kit $ 995 | 3 $1.00 019 -
VIDEO TERMINAL :SIDdebugger -$ 95.00 | BN-g (LM 380) Audio Amp Kit $ 5.95 3‘;‘; A 33 ﬁg? :‘ 3 L& 5 &
; MAC assembler $11500 } TRg 80, Apple 1| 16K Upgrade Kit $89.95 | 80 5200 ag22 S180 732 : 8
piselay 1Slinesofics RS CTEX text editor $ 95.00 | yp-3 video Modulator Kit s 895 %80 s S0 402 $ 80 7a3 s a1
Format: 5x7 Dot matrix ¢ DES despooler $ 65.00 ’ 381 $200 4024 $1.50 7408 $2.00
. 0 . - TD-1567 Tone Decoder Kit $ 695 32 $1.80 4025 s 50 &0
Vert sync: 60 Hz Xtal controtled <CPM manual set $ 30.00 - e e S 7405 s
. 0 . FM-Wireless Nlike Kit $ 3.95 e & $1.90 7406 $ 50
Hor sync 15,840 Hz Xtal controlled opynight FM-2 Wireless Mike w/ Preamp Kit $ 595 555 5200 4027 s 95 7408 s 83
Video o/p: Iv Peak to peak ©FORT//80 fortran for 8080, 280, 8085 $95.00 : X . ' S8 §9%5 a0z $175 7410 $ .30
10 Parallel, 20 Ma. RS232 ¢ RT ’80 | 2000 Music Light Ki $12.95 1 565 180 4029 $1.60 7416 5 .80
: : 2 : F0 manuals $20. LED Blinky Kit § 295 o6 S175 4030 s 50 7420 s e
Datal o 1100 9600 baud Ll Mad Blaster Noise Generator $ 495 563; 29 2033 2 ;5 1427 .84
- 1 ° 5 45 4034 $4.25 7430 5 80
IR BYCE 1AL HES-I C BASIC ll SL500 UT-1 Universal Timer Board $ 395| 728 $ 70 2040 $215 7432 S %
RE6416: Kitofall parts ... .....$169.95 | For OSI, CI, on cassette MA 1003 Car Clock Module $19.95 | 7 S wa $170 743 $ 75
RE6416: Lower case option $ 16.95 | Star fighter $ 895 | MA 1023 Car Clock Module $19.95 | $ .65 28‘22 & 3‘5’ ;ﬁ; z ??,
RE6416: 5V pow. sup. option $ 16.95 | Alieninvaders $ 895 | MA-1008 (State 12 or 24 Hr ) $12.95 1’;‘1 $ ‘gg 4049 S 80 7a4r 5115
RE6416: +12Vpw.supply ..............$ 16.95 ?_ea\;(vcfxlfet : ggg 12V Clock Transformer 5 4.95 5 = fgt;xz) : ag 7'4:.; :;g
G iy (049 2 LCD Alarm Ciack Moduie $29.95 .50 4053 S160 7448 $165
e S-100 MOTHER BOARD=={ Bormber $ 8.95 | £1) 50und Generator Kit $44.95 | 1338 %0 a060 5280 7491 5.8
Exclusively ARKON's..the A65100 6 slot | Barrierball $795 % ioes o0 = 24
mother board, designed for the system builder | Breakthru $ 795 A parade of speakers and 50 4068 60 7472 $1.40
using modern boards where few siots are re- :‘('9“'1“:)'0‘""01 : ggg enclosures, telephones, clock Erlad 5 ZE 2 K
ired. Provision for semi-active termination. 0L t2 tch 50 407 50 1
unﬁ'Sr?OO o IIOH . l . " e...ml $19.95 Lunar Lander $ 4.95 modules, L.C.D. q wa el ;; 50 }ﬁ : g
7 s 60 7485 1.40
$-100 edge connector ... 595 gggg:?;aggr 223'32 OHIO SCIENT IF | C | g o ik %
Fun, games, tests, helpers and Time Trek $12.95 | SUPERBOARD I1-4K Computer 34 5 4077 s 50 7e s 8
more with a galaxy of ETI projects! eSS Cluly $1295 | on-a-board $415.00 | 3% 535 400 08 I o
Data Sheets CHALLENGER IP  Superbaard 8K 39 % 402 <50 s 8
H box & F.5 $875.00 | 4136 60 apg $125 7412 s 60
Graphic instructions $ 4.00 na 41 65 4086 95 7412 $110
=2 LAl LU RS 232 for the C1P and superboard s 3.95 | SUPERBOARD 8K Memory expansion 80 408 550 7312 05
Auto headlight reminder .. $ 3.95 1 joustick instruction and plans $ 3.95 SUP;:CREIB%ARD 2051 % e 300
12 volt high power flasher $ 7.30 Reverse video for the C1P 5 395 C> o p Memory expanstan S 4 0 o 00
OTZOvoIl 1 ampere power supply . 82565 | g1 conversion $ 1.00 :AB( K 3 al; . .0¢ 2502 G a5 M
Zulng:e channet colour organ, 300W o : ggg Saving data on tape s400]| C col(L)tErTg R4 K with sound o1 045 00 :293 va ,:15& g Z,i
ec . M. $ 4. iy, r 2D 1
Shimmer right kit s 7.65 | Utilities CHALLENGER4PMF 4P with e Be @ o Ko
Xenon strobe kit......... 51580 g;P CULSO' control :ggg minifloppy + 10 $2.559.0C | $9% $ 5 i 0 st s
3 CH. colour organ, 300W, PCB incl. $18.95 numberer AN ) 50 i $hes >
30 watt soldering iron kit ......$ 8.25 Autoloader $ 7.95 mmuan{C SOCKET SPECIA L S ‘tz“ ji:g f? % v:“g‘ :‘ gg
PCB'’s available at extra cost. Ask for our giant list of software available for Wire - o 3@ 1Y
Fi Jity fo. # Appley, PetwTRS-80;uby  Programma  Int'l #Pins Standard Amp  Wrap E"\J{'OS c o B2 250 74190 $1.40
inast quality for you from Instant Software, Creative Computing, Hayden 8 $ 15 §.25 $ 65] o0 : 4528 163 L $160
00 s K 531 51 74192 s zo
“Mammond”...transformers, and Softape 20% oft 14 825 $35 s 95] 5 S %0 a3 G350 74193 ¢
H 16 $.25 $ .45 $1.00] w006 5180 4543 25 74194 sn 70
ower supplies, power bars, for orders ! < X = o o
- - ol ¢ TXB0DOT MATRIXm= o/ 2000ces 10 2 2 s ol 15 5 10 &5 0
Arainbow of electrolytic capacitors PRINTER Mixormaich 24 5 40 5 80 $1.6) RCOMPUTER POWER SUPPLY3*
...All types in endiess supply. A tractor feed printer featuring 100 mullion char %B $ 45§ .8 51801 Ap astounding value. Fully regulated and crow-
acter head life and printing speed of 150 charac $ 65 $ 95 $3.00 barred with heat sink and fan. Gives 5V at 10A
ASCIIENCODEDKEYBOARDY ters per second using 96 ASCil characters. The i REGULATOR SPECIALS=mmd pius 5V at 2A plus 12V at 5A plus -12V at 2A.
RCA VP X plug fits any centronics type mnterface making A Each voltage separate and floating. Very com-
-601 kevboard_ with 58 key typewriter | 1hisprinter compatible with all types of mini and 7805 +5v 1A $1.65 7905 5\»/ 1A. $1.95 pact cubic design, standard parts 16''x10"'x7"*
format for alphanumeric entry. Modern flexible | micro computers thus giving a wide range of | /808 ~8v 1A $1.40 7915 -15v 1A $2.00 | 190,220 VAC 60/50 Hz. $45.00 plus $10.00
membrane key swltch_es offer a contact life _rated operations. Standard paper is available at Arkon 7815 +16v tA . .$1.50 79LO5 -5v .1A $1.50 freight
at greated than 5 million operations. A finger | anq elsewhere. Various intertaces orovided as | /824 +24v 1A .. 81 59 79L12 -12v 1A . $1.60
positioning overlay combined with light positive | gptions including EIA RS-232C. This provides | 78L05 +5v.TA .5 65 79MG -ad) 2"‘" $2.00 “Elektor”’ Magazines,
aouvation key pressure gives good operatdr | qutstanding equipment design! It provides the 7§Hé ol Ud 2 dgeii :g'gg Canadian premier issues 30, 31, 32.
eel’’ and an on-board tone generator gives | Lusiness and home computer markets with an |/ +adj 5A..$2.00 +5v .$6. Unbeatable price...All 3 for $2.00.
:ural key_ press feedback. The keyboard operates exceptionally inexpensive. sturdily built and A rkét of book: o
ro;fn a single 5 volt DC power supply and the highly reliable dot printer Supermarket o S 8B COMPUTER FANFOLD
mhegge ST B T CEapmib  Complete | TX80 with paralel iterface $995.00 magazines features fabulous PAPER CD
............... . ; Replacement ribbons $ 4.00 electronic knowledge.
Build croatively with “Vector 8210 PET cable $ 40.00 MEMORY SPECIALS: Single Double Triple Quad
Graphics perforated breadboard! 8220 TRS-80 cable expansion s57.00 : lh28510) (h1200) r(]95<t) ) r§72?s1
8221 TRS-80 cable bus $ 40.00 ] 4116 - 16K 300NS TI dynamic memory.....$ 9.25 sheets) sheets} sheets) sheels
e MULLEN EXTENDER====4 373, 7pp. € |1 cavle $ 40.00 81or§72.00 | 8% x11"  $3000 $3300 $35.00 $38.00
BOARDTB4 8110 PET 2001 interface board $ 83.00 200NS .$12.95 | 9% 'x11"PerF $40.00 w0 56000
8120 TRS-80 interface board $ 70.00 | 21L14 - 4K 450NS low power staticram....$ 7.95 1 15" x11 $45.00 $49.00 $56. $60.
The best extender board made, complete with a | 8130 APPLE (I interface board $105.00 | 2114 - 4K 200NS static memeory .$10.95 Labels — one up (price per 1000)
digital probe for in circuit checkout and tracing 8140 RS232 intertace board $ 95.00 | 2102 1K 450NS static mernory .$1.25 0 . oo o6
3% ''x15/16 $7.00 47'x2-7/16 $20.00
for S-100 buss ... . $69.00 | 8160 IEEE interface board $ 350NS $ 1.35 — E Do

Send certified cheque, meney order, Chargex, Master Charge ... include expiry

ou" pu"ChaSing power 4 date, carc number and signature. We process C.0.D.’s for Canpar or Post

3 Office. Minimum order $10.00. Add 5% (minimum $2.00) for shipping and

prOduceS brand-name ﬂ r ke n handling. ‘l:‘ny excess refqued. Ontario residents add 7% sales tax. All prices
- - bject B,
quality at no-name prices... v | eI

electronics Itd 409 Queen Street West, Toronto, Ontario, M5V 2AS5. 868-1315






Cover Photo: Taking this
month's cover was quite a
procedure. The ‘smoke’ effect
was produced by pouring
bolling water over dry ice and
‘pouring’ the condensation
down a slope. Thanks are due
to Martin Craig of the Toy
Shop, 62 Cumberland Street,
Toronto, for the loan of
Robots.

ISSN 0703-8984

Build your own Robot, p.16

Automate your Enlarger, p.46

Analogue Frequency Meter, p.50

Kéep in Rhythm, p.58

Photographic Timer

A timer with two fully variable ranges
covering 0.9 seconds to 100 seconds
with a relay to control an enlarger on
and off.

Analogue Frequency Meter . . ... .50
An inexpensive item of test gear using
a neat and unusual circuit. Only two
1Cs are used to give an easily calibrated
linear scale.

Accentuated Beat Metronome . . . .58
Not just a ‘tick-tick’ version but one
which can give 2-4, 3-4, 4-4 and 6-8
time at any reasonable speed; the tone
of the non-accentuated beats can also
be selected.
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STROBE LITE KIT g

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

Model # EK80SL001 PRICE: $21.95

16 CHANNEL LED CHASER KIT

A very familiar sight seen at discos, department stores, and
on neon signs. 16 LED’s flash in sequence up-down or alter-
nate. Adaptable to 120 vac. (Extra)

Moel # EKBOLCO16 PRICE: $22.95

16 CHANNEL MULTI-MODE LED CHASER KIT

We're proud to add this to our line. It's similar to our 15
channel led chaser but with many extra features. There are
over 60 selectable modes. A few are: Up, Down, Skip, Pulse,
Scramble, Single Pulse, Multi Pulse and many more. An
optional 120 vac board is available. (Extra)

Model # EK80LCM16 PRICE: $32.95

POWER SUPPORT 120

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

Model # EK80PLC120 PRICE: $24.95

CRYSTAL RADIO KIT

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

Modei # EK80CR001 PRICE: $8.95

STEREO AUDIO MODEL EKBJAMOD?

MIXER Kit

1-AUX.

1-MASTER
AVNLA SUON EXPANDABLE

RESP. 20H: - 20KHz

SV OUTPUT

1% DIST,

0-28 VOLT POWER SUPPLY KIT

A true 0 to 28 volts capable of delivering 1 amp continuous.
Full wave rectification, filtering and capacitance multiplica-
tion provides a clean dc source for sensitive audio and digital
work An ideal supply for the experimenter.

Model # EK80PS028 PRICE: $39.95

1.5t0 24v POWER SUPPLY KIT

*ALL KITS COMPLETE WITH DETAILED INSTRUCTIONS & PCB.

*DEALER & EDUCATIONAL INQUIRIES INVITED.
535 Yonge St., Tor., Ont. MAY 1Y5

A variable Power Supply suitable for many
digital and linear applications. Delivers an
output current of 100ma. from 1.5v tg, 15v and
500ma. from 16v 10 24v.

MODEL # EK80PS024 PRICE $24.95

Circle No. 5 on Reader Service Card.

LTD.

STEREO PHONO PREAMP KIT

Anyone with a ceramic input receiver can enjoy the guality
of a magnetic cartridge with this simple but very effective
Stereo Phono Preamp.

Standard RIAA

20Hzto 2KHz + 1.5dB
Smv input for 500mv output
700mv rms

100mv rms

Greater than 60dB

Specifications:
Frequency Response:
Input Sensitivity:
Maximum Output:
Input Overload:

S/N Ratio:

Model # EK80SP001 PRICE: $11.25

5 WATT IC AUDIO AMPLIFIER KIT

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

Specifications:
Frequency Response:
Power Output:

40Hz to 15KHz B{-3dB)
5 watts at 4 ohms
7 watts at 2 chms

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

Model # EK80A005 PRICE: $19.95

BBD AUDIO DELAY LINE KIT

A unique Special Effects Unit which gives a
variable or fixed delay of Analog Signals,
Reverb, Echo and Flanging.

Specifications

Maximum Input .. ..., .. .. 2.0vrms

Delay Time .............. 6 1o 30ms.{int.osc.)
Distortion at 1vat 1IKHz ... 0.3%
S/Nat2vinput........ ... 67d8

Vsupply ............. ... + 5vdc and -15vdc
MODEL #EK80BBDO1 PRICE: $69.95
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Super Colour
in a Desktop Computer

Invitations to press conferences come in on
a regular basis to our offices and we usually
go as an opportunity to get a firsthand look at
new products and to meet the people who
send us news releases.

One such event took place at Hewlett
Packard’s headquarters in Mississauga to intro-
duce the System 45C Desktop Computer.

The system, featuring graphics computa-
tion is capable of displaying results in up to
4913 colours on a cathode ray tube (CRT)
display.

The HP Series 9800 System 45C is de-
signed for engineers and scientists who have
complex design and analytical problems. It
constitutes a complete workstation — with
built-in colour graphics CRT display, light
pen, operating system, read/write memory,
enhanced-BASIC language, keyboard, mass
storage system, and thermal line printer —
all integrated into a single desktop unit.

The System 45C can solve complex
graphics-computation problems and, at the
same time, provide three-dimensional re-
presentations in solid or wire-frame form.
Results can be displayed in vivid colours
coded to enhance interpretation of results.
The system provides 70 graphics statements,
which relieve the user of many programming
tasks such as generating geometric figures.

The colour commands allow displaying
alphanumerics and lines (vectors) in eight
colours; a choice of 4,913 shades of colour
are available.

Geometric figures — such as circles, rec-
tangles, regular polygons, and objects repre-
sented in matiices — are drawn on the CRT
through simple commands. An additional
“FILL” parameter quickly adds colour fill
to any of the drawn figures. Assigning such
computational tasks to the System 45C’s
firmware relieves the user of writing appli-
cation routines to accomplish these graphics.

The light pen, supplied as part of the
standard System 45C, provides a convenient
way for the user to pick, move, and con-
struct objects on the CRT display, Using
the light pen, selection of an individual
pixel (dot) is possible. A second-order,
predictive algorythm (located in firmware)

moves the cursor in the direction and speed of
the light-pen motion.

The colour of the high resolution CRT
makes most colour TVs look sick by compari-
son, Under darkened conditions the colours
came across with intensity that was quite
simply staggering. The demo program we
watched ran through the various applications
with emphasis on the value of calour on data
interpretation.

The standard system comes with 187K for
a mere $56,801 Cdn. If you're keen on

knowing more write to' Inquiries Manager,
Hewlett-Packard (Canada) Ltd., 6877 Gore-
way Drive, Mississauga, Ontario L4V 1M8.

More MOS From RCA

The CA080-series BIMOS operational ampli-
fiers, RCA equivalents of the industry type
TLO80 BiFET series, have been introduced by
RCA Solid State Division. These BiMOS
amplifiers offer improved characteristics over
the TLO80 BIiFET devices. The CAO080 is
an externally phase compensated single amp-
lifier, and the CA082 and CA083 are inter-
nally phase compensated dual amplifiers.
The CA080, CA081 and CA083 have pro-
visions for external offset nulling.

The CAO080-series types feature gate-pro-
tected MOS/FET (PMOS) input transistors for
high input impedance (1012R typ.) and a
wide common-mode input voltage range, and
bipolar and MOS output transistors for a wide
output voltage swing and high output current
capability. Other features include very low in-
put bias and offset currents, low input offset
voltage, fast slew rate, a typical unity-gain
bandwidth of § MHz, and low distortion. All
types are direct replacements for the TLO80
BiFET series in most applications.

The CA080 types are supplied in a variety
of package options, including the 8-lead plas-
tic DIP (Mini-DIP), the 14-lead DIP, the 8-
lead TO-5 style, the 8-lead TO-§ style with
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dual-in-line formed leads (DIL-CAN), and in
chip form.

Typical prices are less than $1.00 US in
quantities of 100-999.

Further information and copies of the
data bulletin may be obtained from RCA
Solid State Division, Box 3200, Somerville,
NJ 08876.

Cheaper Fiber Optics

All of Morotola’s Fiber Optic components
have been reduced in price by approximately
one third, The price reductions mark the ini-
tial transition into the volume production
phase of manufacturing, and are expected to
accelerate the implementation of fiber optics
in equipment designs.

Included in the price reduction are Moto-
rola’s latest ferrule emitters and detectors
as well as its earlier TO-18 fiber optic compo-
nents.

You can of course win an evaluation
kit of these components absolutely free.
Details are in the June 1980 issue on page
43, but hurry, contest closes on the eigh-
teenth of this month.
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THE BEST BUYS AVAILABLE!

15IVIHz Oscilloscopes :
CH:ZZEX $695 each g@
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Model 65610

Model 65310 -
5" DUAL TRACE Bench Scope %?

3" DUAL TRACE Portable Scope

4 i

The Model 65310 is a truly portable, dual trace, The New METERMASTER Model 65610 scope
156MHz scope offering battery operation as a standard employs an extremely bright 5" rectangular CRT .
feature. This is an ideal oscilloscope for the service - with internal graticule. External DC operation i?%
man who needs a combination bench and portable permits floating measurements. Take a look at the =
instrument. This scope is packed with features: features this scope has to offer: "

* Operates from 3 power sources: * Operates from 2 power sources: @f

1) Rechargeable NiCad batteries 1) 120VAC line if,%
2) 120VAC line (also charges batteries) 2)11.5-30 VvDC -
3) 11 — 30VvDC * Frequency Response 15MHz(-3dB) o

* 3" High Brilliance CRT * Fully Automatic Triggering y 2

* Fully Automatic Triggering * Built-in Calibration Source L

* Built-in Calibration Source * Trace Rotator 3

* Trace Rotator * HF Rejection 32

» 2mV Vertical Sensitivity * 5mV Vertical Sensitivity &

* Operating Modes CH-A, CH-B, Dual, Add/Sub ) * Operating Modes CH-A, CH-B, Dual, Add/Sub .

Chop, and X-Y Chop, X-Y, and Z modulation. &
WEIGHT: 13.5 Ibs. WEIGHT: 16 Ibs.
OPTIONAL ACCESSORIES: Combination 1:1 and OPTIONAL ACCESSORIES: Combination 1:1 and &f
10:1 switchable probes{compensated). Priced at 10:1  switchable probes(compensated), Priced at %’55
$39.00 F.S.T. included. $39.00 F.S.T. included. o

Vinyl carrying case for Model 65310 only, priced ¥
at $62.00 F.S.T. included. @

-
Call one of our offices (below) for a no obligation, free of charge evaluation. '

B aaE FEs o A FomR
=eace Mleatermaster o ans

-
N

W
B

R.H. NICHOLS f

#% Toronto (416) 661-3190 ® Montreal (514) 337-0425 ® Edmonton (403) 432-7746 ® Ottawa (613) 238-7007 **~ “§

Circle No.2 on Reader Service Card.




NEWS

MPU Jet Engines

An aviation fuel savings of 1%% doesn’t
sound like very much, but when translated
into actual figures, it amounts to more than
7,500,000 gallons a year for Pan American
World Airways’ fleet of 747 Jumbo Jets.
That’s what Pan Am will be saving when it
finishes the installation of Delco Electronics’
new Flight Management Systems. The heart
of the system is the Flight Management
Computer which utilized Motorola’s NMOS
LSI circuits. In today’s dollars, this savings
amounts to approximately $5.55 million per
year.

Pan Am began installation of the Flight
Management Systems in early 1980 on its
fleet of 10 Boeing 747 SP’s (long range jum-
bo jet) and on 29 standard size Boeing
747-121 models.

Pan Am’s selection of the system con-
taining Motorola LSI circuitry was awarded
following a year of flight test and evaluation
on a 747 in regular scheduled service. The
result showed a fuel efficiency improvement
of some 1.5 percent when the FMS was used.

Each Pan Am FMS System is composed
of four ‘black boxes’ — a computer, an alpha-
numeric control display, a switching unit for
electrical hookup, and a unit to monitor
engine data.

Fuseful Catalogue

Bussmann Manufacturing, St. Louis, have
just introduced their new 40 page Small
Dimensional Fuse/Holder Catalogue SFB-
80.

This new Buss catalogue covers their
complete line of fuses/holders for the elec-
tronic industry. v

Included in this full colour Buss catalogue
are complete specifications and blowing
curves on fuses and detailed information on
fuse blocks and holders.

Bussmann Manufacturing is represented in
Canada by Atlas Electronics Limited, 50
Wingold Avenue, Toronto, Ontario M6B 1P7.

Britain To Get CB

Plus Garbage Channels
Although in North America and most of
Europe we take CB for granted, it has re-
mained illegal in Britain. This has not
prevented its use and an estimated 100,000
CB’ers are active using smuggled rigs — even
the import and sale of these is prohibited. The
level of activity is such that if the skip is rea-
sonable you’ll hear the much higher noise
level on Channel 14 which is used for calling.

The pressure for legislation has led to
almost weekly demonstrations and finally the
British Government have said they’ll consider
it, not on 27 MHz, but 900 MHz. There will
be 40 channels but what is interesting is that
another 40 channels are to be introduced for
other uses such as digital transmission be-
tween computers: these are entitled ‘Gar-
bage Channels’.

900 MHz may seem a high.frequency with-
out much hope of getting out far — but think
how small the antennas will be!
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High Fidelity With Jana
Those wonderful folks who brought you CBs,
Jana Kits and components arz now plunging
into the audio field with a line of no less
than eleven record and tape care products.
Additionally look for consumer pro-
ducts such as portable radios, car stereos and
speakers, headphones and intercoms bearing
the Jana name.

CANADIAN
PROJECTS

BOOK NO.I

25 of the most popular projects from
our earlier issues including:Audio Limit-
er, SW Stereo, Bass Enhancer, Modular
Disco. 50W/100W Amp_ modules, 18
Metal iocator, Heart Rate Monitor,

Phaser, Touch Organ, Electronic
Mastermind, Double ~Dice, Reaction
Tester, Sound Operated Flash, Burglar
Alarm, injector-Tracer, Digital
Voltmeter. 100 pages.

$3.45 (inc postage)

Special Publications
from ETI

Usetul design ideas

e

from Zlectronics Today.

Over 150 circuits plus articles on Circuit
Construction, Test Gear, a project on a
Digltal Panel Meter, Design notes on
Speaker Crossovers, TTL pin-outs,
Design notes on Crystal Osclilators.
108 Pages.
$4.95 (inc postage)

To order, use the card facing page

44 or send money to: ET| Magazine

25 Overlea Bivd., Unit 6, Toronto,

Ontario M4H 1B1




NEWS

Wireless Security
A two-part, ultrasonic security system that
uses the existing electrical wiring to sound an
alarm has been developed by a company loca-
ted in Markham, Ontario. The Tellus TSS
simply plugs into any electrical outlet. When
the Intruder Sensor detects motion, it sends a
signal through the existing household wiring.
The Receiver/Alarm is activated only when
it receives that signal and sounds a loud 105
decibel horn. This principle allows the alarm
to be plugged in anywhere, even in your
neighbours home if you are going to be away.
The Tellus TSS can be used to protect your
home, apartment or cottage and any number
of sensors or alarms can be used to provide a
totally integrated security system.

The product has been designed, engineered
and is manufactured totally in Canada, by
Tellus Instruments Limited, 91 Esna Park
Drive, Unit no. 9, Markham, Ontario L3R
252 and is covered with a five year warranty
on parts and workmanship.

2

Novel R Box{es)
A flexible resistor substitution system has
been introduced by Electronic Industrials.
The system consists of a series of seven
single decade resistance boxes that can be
‘daisy chained’, to produce values of up to
1,111,111 ohms. The modular concept al-
lows the user to break up the set to be used in
several applications simultaneously.
Additional accessories include a series
ammeter and also a zener substitution box.
Write to Electronic Industrials Company,
P.O. Box 458, Downsview, Ontaric M3M
3AS8.

I

Looking Back
Already inquiries are flooding in on our Click
Eliminator project. Here are a few answers.

The parts list only makes mention of re-
sistors for right hand channel. You will also
need C101-106 (identical to Cl1 to C6),
RV 101 (identical to RV1) and ICs 101-103
(you get the idea).

The TLO83 is a Texas Instruments chip
available from Active Components for $1.30
US. You can also get the LF 356 from them,
but shop around, it’s fairly widely available.

The TDA1022 BBD is the real problem in
this project. At this writing there are 29 units
in Canada and delivery times are approxima-
tely 8 weeks. We have been assured that
Philips Electronics can obtain more stock
should the need arise. This IC can be ordered
through any Philips distributor.

10

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.

P.M.I. Distributor

Zentronics announces the aquisition of a new
product line, Precision Monolithics.

P.M.I. is a manufacturer of high quality
precision linear bipolar intergrated circuits.
The two principal areas of their product line
are operating amplifiers and data conversion
products.

Product will be stocked in all eight Zen-
tronics locatjons.

Write to Zentronics, 1355 Meyerside Dr.,
Mississauga, Ontario L5T 1C9.

The Last Word

‘What will they think of next?’, is a well used
expression quite unsuitable in the news sec-
tion of any magazine, but sometimes you
have to wonder.

A California (where else?) engineer has
developed a solar powered tape recorder that
can be imbedded in a tombstone. The idea is
to activate the appropriate button and you
can hear the last words of whoever is resting
six feet below you. (Oh, I'm sorry, we're you
eating breakfast?)

According to the inventor, Stanley Ze-
lazny, the ‘Memorial Audio Reproduction
System’ has been well received. The device
can also be used in historical monuments to
give visitors a short history lesson. Alterna-
tively it can be used as a warning device in
potentially dangerous unattended instal-
lations.

If you’re really interested you can write
to Miracles In Motion, 10630% Valley Spring
Lane, Toluca Lake, CA 91602. @

ETI Book Service

Single IC
Projects

R, A. Penfold

There are now a vast range of IC's
avallable on the amateur market, the
majority of which are not necessarily
designed for use in a singie application
and can offer uniimited possibilities.

All the projects contained in this
book are simpie to construct and are
based on a single IC. A few projects
employ one or two transistors in
addition to an IC but in most cases the
lCl.)Is the only active device used.

... $6.25

Electronic
Circuits

r
Model Railways

M. H. BABANI, B.5c, (Eng)

In this book a number of construct-
lonal projects and ideas are discussed
Details are given on how to build three
types of model train controller and
ideas on signalling are considered in

detail.
BP213 ...... <. .. $4.50

Use the card facing page 44 or send to:
ETI Magazine, Unit 6, 25 Overlea Blvd.,
Toronto. Ontario. M4H 1B1 >
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FEATURE

CMOS 555

APPLICATIONS

Tim Orr brings you the result of bipolar versus CMOS in the 555 league.

THE BIPOLAR 555 timer has been around for many years,
but there is now a CMOS version that has some very sig-
nificant design improvements. The two devices are
functionally very similar, being interchangeable in
most applications. The operation of the 555 is very simple,
{Fig.1). It consists of a pair of comparators that operate at 3
and %3 of the supply voltage, this being set up by a resistor

. chain. These comparators set and reset a flip flop which in
turn drives the output stage. A second output is available
which is an electronic switch, (Discharge) to ground. Other
features include access to the resistor chain via the control
voltage pin and an extra reset input to the flip flop. This
simple network readily lends itself to all sorts of oscillators
and timer circuits.

GND 14 P8 +vee DISCHARGE 1 d

TRIGGER 2 b7 DISCHARGE THRESHOLD ,d

OUTPUT 34 P6 THRESHOLD CONTROL VOLTAGE 34
RESET 44 P5 CONTROL VOLTAGE RESET

ouTPUT
TRIGGER
GND

P14 +Vee

P13 DISCHARGE

P12 THRESHOLD

b1t CONTROL VOLTAGE
D10 RESET

po ouTtPUT

P8 TRIGGER

-~ DA WN

3
QUTPUT

5 O

CONTROL
VOLTAGE

7
DISCHARGE

TRIGGER

Fig. 1. The pin-out and internal configuration of the CMOS 555.

The bipolar 555 has a few parameters that can make it

difficult to use, but which have been improved in the CMOS

version, {Fig.2.). The bipolar quiescent supply current is

generally about 10 mA which negates their use in small
battery units. The CMOS version consumes a mere 120 ua.

’
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PARAMETER CM 7555 BIPOLAR 555C
QUIESCENT CURRENT TYPICAL TYPICAL
Vee +15V 120uA 10mA
INPUT CURRENT TRIGGER 50pA OuSA
THRESHOLD 50pA OulA
RESET 100pA Om1A
MAX. OPERATING 500kHz 500kHz
FREQUENCY ‘
POWER SUPPLY RANGE 2 » 18V 4VS » 16V
PEAK SUPPLY CURRENT 10mA 370mA
TRANSIENT
RISE AND FALL TIME 40nS 100nS
AT OUTPUT

Fig. 2. A comparison between the Bipolar and CMOS version of the
555.

Also the CMOS inputs are very high impedance having
input currents down in the pico amp region. Another major
improvement is the reduction in the power supply current
transient during an output transmission. The bipolar is very
noisy in this respect and can often be the cause of lots of
‘funnies’ in nearby circuits.

The CMOS 555 is a low power high input impedance
device that should be used where low current consumption
i1s at a premium. The following circuits illustrate some
possible uses of the device.

SUPPLY 200

CURRENT BIPOLAR 555

) 200 400 600 800nS

TIME

Fig. 3. The CMOS 555 displays an impressive reduction in supply
current transient during an output transmission.
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FEATURE

TIME CONSTANTS

C(Ra+Rb) C{Ra R}
CRb cRb
2/3 Vee RA
8
1/3 Veo
Fo= __ 148
R RB {Re+2RBIC
A FREQUENCY RANGE OF
Ve UL 8 A FEW CYCLES AN HOUR

HIS CIRCUIT

TRIG
GND

Fig. 4 (above) A simple oscillator can be constructed using two
resistors and a capacitor. Due to the high input impedance of the
CMOS device, resistor values up to 100M may be used. The
operation is as follows. Capacitor C is charged up via Ra and Rb and
8o rises with a time constant of C(Ra+ Rb). When the voltage B
reaches /2 Vcc, the threshold hold comparator goes high causing
the output (pin 3) to be set low. Also the discharge FET (pin 7) is
tumed on. This discharges the capacitor via Rb with a time constant
of CRb, until the volitage B reaches 3 Vce.

This causes the trigger comparator to go low which sets the
output high and tums off the discharge FET. Thus, the voltage B
oscillates between 3 and #:Vcc. The waveform is asymmetric but
due to the nature of its generation its frequency is virtually invarient
with regards to supply voltage changes. It is possible to generate a
sawtooth waveform by reducing Rb to a short circuit. This causes
the reset time to be very fast, of the order of a few microseconds.
However, there is a propagation delay through the device from the
trigger comparator to the output which the discharging
waveform to overshoot the Vs Vcc limit, thus making the waveform
at B larger. This will cause the oscillation frequency to be lower than
calculated. To maintain the calculated frequency, the discharge
period should be 5 uS seconds or longer.

+Vee
CR
Cl 4 8

B
1/3 Vee 7555 []

N R

2/3 Vec

o>

Fig. 5 (above) This oscillator has a symmetrical output because the
charge and discharge paths are the same and the portion of the
exponential cruve that is used is symmetrical. Note that in this
circuit, the discharge pin (7) is available to do other jobs, such as
drive a LED or some other device. The timing resistor R should be
kept relatively high (above 10k) to prevent loading of the output.

+Vee (4V TO 18V)

1SECONO

R3

470R 10mSEC

> RED LED OFF

-~ ON ON

R
D1
Ng1ag 4K

Fig. 6 (above) This circuit is an oscillator that has a wide mark to
space ratio. it is OFF for approximately 1 second and then tums ON
for about 10 mS. During this latter period the LED is tumed on by
the discharge FET. The long OFF period is generated by the R1, C1

12

TO 500kHz ARE POSSIBLE
USING Ti

time constant, whereas the short ON period is produced by D1
(which is forward biased) and R2, C1. The average current
consumption is relatively low. If the unit were powered from a 9 V
battery, then the current would be 120 uA for the ICM 7555 and an
average of 140 uA for the LED, making 260 uA total. This would
give a lifetime of a few months for a 3V which would be extended
by lengthening the OFF period (increase R1) and reducing the LED
current (increase R3).

T +Vee (+49V TO +18V})

c2
100n

R4
10k

NOTE NO RETRIGGER

oZlJf/‘_/‘_—

2 ov
Fig. 7 (above) The 7555 is used to initiate and terminate a triggered
sweep. Normally the discharge FET (pin 7) is ON and so C1-is
shorted to ground. When a trigger is applied to ths input, the
collector of Q2 momentarily goes low which sets pin 7 of the 7555
in its OFF condition. @1, R1, R2 and D1 form a current generator
that drives C1. Once the discharge FET has been turned OFF, the
voitage on C1 rises linearly. When this voitage reaches + 24 Vcec,
the threshold comparator sets the discharge FET into its ON state
and 80 C1 is shorted to ground. IC1 is used to buffer the voltage on
C1. The sweep generator is not retriggerable and is only initiated on
fazst positive going inputs. To vary the sweep rate, alter C1 and or
R2.

'

—8V NO LOAD
-7V AT 0.5mA

o *07

L
- TITIT .

8v -NO LOAD

Fig. 8 (above) A DC to DC converter can be constructed from an
oscillator and a diode charge pump. The 7555 forms a high

ncy square wave oscillator. The squarewave from pin 3 is AC
coupled via C2 to the charge pump. The voltage on the negative side
of C2 is prevented from going more than 0V.7 positive by D1 and so
the square wave on this side of the capacitor biases itself so that it
moves from +0V7 to —8V3. D2 charges up C3 on the negative
excursion of this waveform and so a negative rail of about —8 V is
generated. The current that can be taken from this rail is rather.iow,
being determined by the oscillation frequency.and C2. Generally DC
to DC converters have a poor transfer efficiency.
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TUNE FOR MAX
I RECEPTION 4 8

ULTRASONIC

40kHx
= AIR TRANSOUCER
Ic1
7585
%7
100V
WORKING

" 1
Fo 40kHz ~ %oon/;;
Va'4"4 AUTOTRANSFORMER
20 TURNS AND 100 TURNS -
TX CURRENT 15mA wouun ON A SUITABLE
FERRITE POT CORE
OUTPUT 40kHz BADPASS FILTER
g 390
" 100k F
1%0 390p
mngh I —4——3 MM 40kH: SIGNAL,
TO DETECTOR
40kHz
RECEIVER 10n

Fig. 9 (sbove) The 7555 can be used as the driving oscillator in an

* ultrasonic remote control system. The oscillator generates a thin
pulse about 2.5 uS long at the natural resonant frequency of the
transducer. This short pulse is used to turn on a transistor (Q1)
which drives an auto transformer with a 10 to 1 step up ratio. The
output of the transformer is connected to the transducer and when
the oscillation frequency is correct a 100 V peak to peak sine wave
will be produced at this point. The transducer is ususlly a crystal
with a high impedance and so a high operating voitage is required to
produce any power output. The receiver is a 40 kHz bandpass filter.
This will amplify any audio signals at this frequency, which can then
be sent to a detector circuit.

+Vee {5 TO 18V)
4 8

2%3Hz
1N4148
01

20701
CONTROL RANGE

7565 13

o
T h

Fig. 10 (above) This oscillator allows the mark space ratio at pin 3 to
be varied from 1 to 20, to 20 to 1, by using two feedback routes.
When pin 3 is high, C1 is charged via D1, part of RV1 and R1. When
it is low, C1 is charged via D2, the other part of RV1 and R1. Thus
the position of the RV1 wiper determines the ratio of the charge and

i periods. The oscillation frequency is slightly dependent
on this ratio.
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27w Y MO 3
7556 3 * A
N 2N3904

+Vec (#8V TO +18V) +Vec
+Vee
FREOQUENCY IL 4u?
CONTROL 47k iF

267

A

+Vee

®
<

p

SPARE CMOS
INVERTER

TO INDEPENDANT OF VCC

33 o

A

Fig. 11 (above) By making a loop out of a 7555, an inverter and an
integrator, a triangle /square wave oscillator is produced. To
operate well at high frequencies (up to 40 kHz) a CMOS inverter
should be used to replace the transistor inverter. The op amp
provides a low impedance triasngle output, the frequency of which
may be controlled with the 1M log pot.

+Vee
? {418 TO +5V)

PIN 4 CAN BE USED
TO GATE THE TONE
ON AND OFF A

2N3906

80R
1.3 kHz

CONTINUOUS 1.3kHz TONE

Fig. 12 (sbove) The 7555 can be used to generate an acoustic tone.
The oscillator is set 1o run at 1k3Hz which has a low period of about
15 nS and a high period of about 755 nS. During the low period the
transistor is tumed OM and so the loudspeaker is connected across
the power supply and sinks at about 100 mA (for a 9 V supply). This
gives it a ‘kick’ on every cycle of the oscillation. As the transistor is
only on for 15 out of every 770 nS the average current through the
spoeeker is quite smali, being about 1.95 mA. Therefore, the total
current consumed by the whole system is only about 2.5 mA (at 8
V), and yet the 20 mW output signal is quite audible.

? +Vee (+ 1BV TO +5V)

? +Vee

22k
7555 4 8

T
T .

IN4T48
- —w—hn
Fig. 13. See next page.
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Fig. 13. A warbling tone can be generated by using two oscillators.
The warble is produced by IC1 which generates a 13 Hz wave form
that is used to frequency modulate the tone generator as described
in the previous example. Pin 5 of a 7555 is connected to the + 24
Vcc tap on the resistor ladder. By tying it to a ‘warble’ waveform,
frequency modulation of the final output tone is produced. A 7556
could be used instead of two 7555's. 2

145 TO +18V)
(P +Vee
‘BEEP"
PERIOD
| 3seconDs

L3 .

7555
1c2

10k

2N3906

f‘s

2 LS
Lzl
" 80R

(Vo
—
=
_

wy

Fig. 14 (above) The police and other emergency services use a
repeating high frequency ‘beep’ on their radio networks. This
doesn’t interfere with the normal radio traffic and allows the
listener to be certain that he is still tuned in correctly to that channel.
The circuit generates a similar ‘beep’ and yet consumes only a
couple of milliamps. IC1 is a slow oscillator (3 second period) with a
large mark / space ratio. The discharge FET is on for most of the time
and only goes OFF for about 15 milliseconds in every 3 seconds.
This FET is connected to the tone generator in such a manner that
when the FET is ON the tone generator is inhibited. When the FET
goes OFF the generator produces a burst of 3 kHz oscillations which
are heard as a ‘beep’.

{45 TO +18V}

? +Vee

100k

7555 ,
1cz o

1 a7n mn
- v 1N8148

INCREASE TO 2k7 FOR A LOUDER OUTPUT

« 1SEC »

Fig. 15 (above) The last type of sound generator to be described is a
simple siren. IC1 generates a sawtooth waveform which is used to
frequency modulate, via pin 5, the tone generator (IC2). As the
sawtooth voltage rises (with a period of 1 S) so does the tone
generator frequency.
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> 2N3906

(+5 TO +18V}

fok 4 I ] d R

7555 Tmono = 1.1 x RIx C2

c

(o

a o 2N3904

¢
470p < Ry 3 1 O E

2

8 N\ N

4 4

+Veo

c “
o —
+Vec -
ol

ov

+2/3 Vec :_/]
E

ov

Fig. 16 (above) The 7555 can be made into a monostable, although
some may occur in its use. A negative going pulse on the
trigger input (pin 2) can be used to start the monostable period. It is
important that this pulse goes high again before the end of the
monostable period, or else it may prolong the period. To this end an
AC coupled transistor inverter has been used so that a rising
positive signal will initiate the event. Initially C2 is discharged to
ground. When pin 2 is taken low, the discharge FET is set to be OFF
and so the voltage at E rises with a time constant of C2, R3. When
this voltage reaches + 2/ Vcc, the discharge FET is turned ON,C2 is
discharged to ground and the monostable period is finished. During
this period the 7555 produces a high output at pin 3.

? +Vec (45 TO +18V)

ov 7555
2 Ic1
+2/3 Veo
g :

oV BCI82L

A_O—i ¢ Le

3
c1
470p 10k
i /7J|77‘
B

OUTPUT,

Fig. 17 (above) The previous circuit has been modified. The timing
resistor has been replaced with a programmed current source, IC2.
Whatever current is put into pin 5 of the CA 3080 (the |1,,. current)
will appear at its output. This will linearly charge up C2 when the
FET switch is turmed OFF. The monostable action will be the same
as in the previous example. The monostable period is linearly
proportional to the |,,. current so by programming this current the
period is controlled.

+Vee
y ~

Vout

fo FTOV

[

INPUT FREQUENCY
FIN

SMOOTHED OUT
Tmono OC VOLTAGE

" “ DC +
PULSE AT SAME
FREQUENCY AS

INPUT

l Vout = [Fin x Tmono x Veel
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MONOSTABLE PERIOD period of 300 seconds. IC3 is used to buffer the triangle to the
EQUALS PERICD

OF FIN outside world. If a 741 is used, then the waveform will become

asymmetrical at low |, currents (below 1 uA) due to the input bias
7w current needed to run a 741. A TLOB1 has very little input current
and so could be used for both low |, currents and high frequency
performance. If low power is needed, then a TLO61 (200 uA
. . quiescent} could be used.
0

By closing switch S1, the oscillator will produce a sawtooth
waveform and a pulse. @

TkHz
APPROX +1V/kHz

- o—i—CR)

? *Veo (+8V TO +18V)

R

Tmono = 116u SEC 4 l

B8C
{ImA MAX)

-8V

into a voltage. The pulses at the output pin of the 7555 in
this circuit are fixed in length but occur at the fundamental
frequency of the input signal. Thus the average equivalent DC
voltage of these pulses will be linearly proportional to their
frequency. This averaging can be performed very simply with a CR TR
low pass filter. This filter determines the response time of the 7 ”J’; JLOsNOR
circuit and the ripple. A long time constant will have little ripgple and
respond slowly and vice versa. Care must be taken to not exceed the iR
range of the monostable. When the period of monostable exceeds
that of the input signal, the circuit will miss every other period and {
s

Fig. 18 (above) The monostable can be used to linearly convert a [ e

TRIANGLE/SAWTOOTH

+Vee

FOSC
(TRIANGLE MODE) » |1ABC

will drop its apparent output by an octave. €x2/3 Veo

Fig. 19 (right) IC1 and 2 form a triangle / squarewave oscillator. IC2
is a non-inverting, programmable rate integrator and its output

ramps up and down between the /3 and %4 Vcc limits set by IC1. i I I o
The rate at which the integrator ramps up and down and hence the e i
oscillation frequency, is determined by the I, current. Becausethe <1 273 Vee

ve
input impedance of IC1 is so high, it is possible to directly connect orFen an\ oT0+5v (O s
10k
£

A SOUARE/PULSE

the timing capacitor to it, without any unwanted loading effects.
This circuit has excellent high frequency performance producing

good quality triangle wave forms at 40 kHz. The circuit can also A —‘"'— '“ ‘ “ “
CLO?EO

produce very low frequency signals by making C a 100n tantalum

and |,,. a current of say, 1 nA. This oscillator would then have a SIMPLE VOLTAGE TO

8 ’\/\/‘ CURRENT CONVERTER ®
TO DRIVE THE CA3080

RBS AT &1

Prices shown include postage and packing. Order using the card facing page 44 or send to Book Service, ETI Magazine, Unit 6,
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PROJECT

HEBOT

‘A chicken in every pot and a Hebot in every garage’, that's the motto at
ET! these days. Combining economy and efficiency, form and function,
we present a realistic, revolutionary and robust robot to terrify your cat!

Since earliest times man has had a fas-
cination for robots in some form or
another. Along with their pursuits for
the Philosopher’'s Stone and matter
transmutation, some medieval alchemists
tried their hand at creating life.

These early attempts were more prac-
tices in wizardry (or fraud) than any-
. thing else. It wasn’t until much later
that writers and dreamers thought of
mechanical men in the service of hu-

manity. Of course evervone knows the
term robot originally came from

Cépek’s play ‘Rossum’s Universal
Robot’, a story of the ‘perfect’ servant.

Since that time, the idea of robots
has taken firm hold in people’s minds.
Robots are the ultimate servant, unsel-
fish, totally obedient and reliable. On
the other hand, robots may well lead to
the ultimate destruction of mankind as
we know it.

Numerous theories have been
advanced to explain man’s fascination
with his mechinaical counterpart. It has
been suggested that the human race is
simply one step in some evolutionary
process (aren’t robots a superior form of
person?). Another theory is that by
making robots, man is trying to play
God; proving his own power of creation.
Then of course, the economic value of
a successful general purpose robot is
beyond measure.

Enough rambling.

o
The basic mechanics (apart from the cover)

are shown here including the drive motors and
wheels
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Enter ETI '
Whatever our motivation might have
been, we at ETI feel that the home
robot is long overdue. Hebot is probably
the most versatile robot project offered
to date.

ETI has co-operated with Remcon
Limited, one of Britain’s foremost man-
ufactures of remote control equipment,
to produce a classy chassis we feel will
become a standard for many years to
come.

The cornerstone of the design is a
hexagonal aluminum chassis pan which
carries the micro-drive units, batteries,
sensors and PCBs on which are mounted
the electronic components. We tried a
number of different collision sensors
and discovered, as Edison used to put it,
an awful lot of ways NOT to do it. Our
prototype features microswitches whose
lever arms have been extended with
pre-formed lenghts of piano wire. How-
ever, the production kits from Remcon
feature sensors mounted integrally with
the chassis pan. Another point worthy
of note is our use of a plexiglass cover
for the prototype. The production kit
features a pre-formed three piece alu-
minum cover as the plexiglass version
costs more than all the other
components put together.

The microdrive units feature a fully
enclosed gearbox and five pole motor
with the drive wheel mounted on a steel
shaft integral with the gearbox. Typical
motor drive current is around 150mA
giving between one and two hour’s life
from 450mAH capacity hicad cells
(AA size). The chassis can turn on its
own axis and will carry a payload of up
to five pounds of weight. Previously
published robot designs in other maga-
zines have been let down by poor mech-
anical design or the use of difficult to
obtain or reproduce electronic compo-
nents. The precision engineered design
from Remcon which has resulted from
our consultation with them removes one

‘) told you not to leave it out overnight!’

of the main pitfalls of any project of
this type.

Superlative

If Hebot’s chassis is good (which it cer-
tainly is), then words cannot do justice
to the electronic design. Though com-
posed of largely conventional circuit
elements, the circuit represents a
breakthrough in systematic design facili-
tating development and operation.

The novel feature of this system is
the separation of executive and control
signals. In a maximal system, up to eight
pairs of motor control signals may be
present simultaneously with Hebot
‘choosing’ between them accourding to
the state of ‘priority’ input sense lines.
a possible arrangement might be

7
8 external control
5
4
3 ‘avoid’ manoeuvres
2 tracking
1 searching’
0

random walk

Level seven has highest priority and
zero lowest priority. Assuming Hebot
was not under external control and was
neither tracking nor searching then a
random walk would be executed. Fol-
lowing any colision, priority sense input
three would become active and Hebot
would manoeuvre himself out of trouble
before returning control to level zero:
random walk. Of course, there is
nothing special about the control signals
chosen and any group of signals could
be assigned priorities and connected to
the appropriate inputs. Control levels
may vary between +5 V (full forward
and -5 V(full reverse) with intermediate
voltages giving variable speed and zero
volts halting the machine.
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We are presenting Hebot in two
parts. The first part (this one) concerns
forward motion, manoeuvres and other
forms of control, the second part will
detail the implementation of the Hebot
system as well as a battery charger and
loop drive circuit.

Hebot is a flexible, open-ended pro-
ject whose scope is limited only by your
resources of imagination, skill, time and
(inevitably) money. Accordingly, the
schedule may be changed to accommo-
date design developments and should in
any case be used only as a springboard
for your own ideas.

Construction

The chassis, aluminum cover and mecha-
nical components are available from
Remcon. The electronic components are
mounted on one PCB which is sup-
ported from the chassis pan by plastic
‘click -fit’ pillars.

The use of Remcon chassis is recom-
mended though not absolutely neces-
sary. The motor drive circuitry would
probably work well with a track drive
vehicle or anything eise that uses two
motors for locomotion and steering.

There are a large number of wire
links on the PCB which MUST be
soldered into place first as many of
them pass beneath components, we sug-
gest you use no. 22 swg. wire for this.

Integrated circuit sockets are recom-
mended for the IC’s and normal CMOS
precautions should be observed to avoid
destruction of the chips by static
charges. Flying leads are used to inter-
connect someof the IC’s and should be
soldered into place after the other com-
ponents have been mounted but before
inserting the chips. It is impossible to
give precise constructional details for
this project which ideally will be de-
veloped by the constructor. However,
you should find out photos helpful.

If, initially, only four inputs are re-
quired then IC5 may be omitted. Un-
commited inputs of IC3 should be tied
low (to the -6 V rail) and not left
floating.

How we installed our batteries.
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A bit of photographic trickery shows Hebot in its random walk mode. A light has been
fitted and the unit photographed with a time exposure followed by a flash to show its final
position. )

The chassis comes with holes for
mounting the batteries between the
drive motors. We used 8 AA nicad cells
held down with rubber bands, alterna-
tively you may wish to use cable ties.
Hardwired Intelligence
Hebot’s major virtue is its flexibility,
which can only be fully realized with a
complete understanding of the circuitry
involved. To this end, we strongly
recommend you read the ’'How It
Works’ section thoroughly.

Essentially there are two major sec-
tions to Hebot’s electronics: the various
motor control circuits and actual
priority encoding circuitry. The
avoidance circuitry is on the first board.
This requires four inputs, one from each
collision sensor. A ’collision’ is detected
by grounding the appropriate input. The
circuitry on the second board described
here is mostly concerned with searching
and driving towards a light (photo-
tropism) and tracking a cable by de-
tecting an AC energising signal. The de-
tails of operation of these circuits will
be dealt with fully next month.

Each motor control circuit has three
outputs, two for motor control and one
‘executive’ signal. With the circuits des-
cribed in this article, Hebot has the
capability to follow a light beam, mag-
netic loop, avoid obstacles, and perform
search manoeuvres.

To program Hebot, decide which
levels you want to assign to which con-
trol circuit. Then, simply connect the
two control leads to the appropriate in-
puts on IC5 or |C4 and executive signai
to the appropriate input of IC3. Then
ground all unused inputs on IC3.

The manner in which you make the
connections is up to you. Sockets may
be employed, or alternatively connec-
tions can be made in Veropins or Vector
flea clips. The latter method isn't as
klugy as it sounds, connections can be
quickly changed with a soldering iron.

More Capabilities

The rest of the circuitry enables Hebot
to perform a random walk, generate a
short tone and respond to loud noises.
‘Random walk is something of a mis-
nomer as Hebot actually executes a
series of spirals, enabling him to ‘look
around’ his environment. The circuit
which generates this motion is very sim-
ple and quite elegant consisting of a sin-
gle op-amp connected as a conventional
astable oscillator. To operate, all you
need to do is connect pin 10, IC3 to
plus 5 V and connect pins A, B to pins
1, 12, IC4 (X O Y, O). It does not
matter whether A or B goes to pin 1 or
12. This only affects the direction of
the spiral motion.

We have also given Hebot a voice.
The circuitry around IC5 accomplishes
this. IC5 is a 555 timer connected as an
astable oscillator whose output is gated
on and off by driving the reset input via
transistors Q6, 7. Whenever input pin Y
is driven to plus 5 V, a-short tone is
produced. |If you connect pin Y to the
‘avoid’ output on the other board,
Hebot will emit a surprised squeak fol-
lowing each collision.

The other 555 is used with Q5 to
detect sounds. Hebot can be made sen-
sitive to loud noises by adjustment of
RV3. Any sufficiently foud noise will
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cause the 555 output (pin X) to rise
from minus to plus five volts for about
one second. Pin X may be connected
to any of the inputs of IC3 {(only one
connection to each input though!) to
make Hebot select control from any X,
Y set of inputs. f pin X were connected

to input ‘7’ (pin 4, IC3 board one) and
X7 (pin 4, IC5) were connected to plus
5 V with Y7 (pin 11, IC5) connected to
minus 5 V then Hebot would execute a
spin following each loud noise. Note that
in this case, the avoid manoeuvre cir-
cuitry would be inoperative as level

Circuit operation may be most easily under-
stood by considering the operation of three
units separately; the motor servo amp, signal
multiplexer and manoeuvre logic. Power for
all three is derived from two five volt bat-
teries. If the voltage seems strange, it is be-
cause each battery is made from four nickel-
cadmium (nicad) cells each having a nominal
voltage of 1.25 volts. You do not have to use
nicads, ordinary AA dry cells will power the
circuit quite happily though battery life will
be restricted to a couple of hours’ operation
or less.

The integrated circuits are powered from
plus and minus five volts giving an effective
voltage of ten volts. The junction of the bat-
teries (0V) is used only as a bias point for the
non-inverting inputs of IC1 and IC2 and as a
return for the motors. ’

Servo Amplifiers

The servo amplifiers formed around IC1 and
IC2 could hardly be simpler. Each op-amp
functions in a standard inverting amplifier
configuration with a gain of one (ie the out-
put voltage equals the input voltage but is of
opposite polarity). Transistors Q4, 5 and Q6,
7 function as complementary emitter fol-
lowers and supply the motor drive current;
about 150mA. IC1 and IC2 deserve a special
mention. These chips are BIMOS op-amps and
feature CMOS output stages enabling the out-
put to swing very close to the supply rails,
very important in this application. Ordinary
741 op-amps could be used but would have a
very limited and unequal output voltage swing
giving low motor drive and loss of torque. The
3130 is a high speed uncompensated device
and capacitors Cl, 2 are essential to prevent
high frequency oscillation which would cause
excessive dissipation in the semiconductors
and could result in overheating in the motors.
Using the circuit shown and our PCB no pro-
blems should be experienced.

Motor Control

Control voltages are applied to the servo amps
via input resistors R1 and R2. If you follow
the connections from these resistors, you will
see that they disappear mysteriously into IC4
and ICS. In fact these chips do not alter the
control voltages passing through them at all.
They are simply multiplexers; an electronic
rotary switch used to select control signals.
Each chip functions like a four-way two pole
switch whose ‘position’ is determined by the
state of three control lines at pins 6, 9, 10.
The binary ‘address’ on pins 9 and 10 selects
one pair of four pairs of inputs. The most
significant address line from IC3 is used to
select either IC4 or ICS by driving the ‘enable’
inputs of those chips.

As this signal is inverted by Q1 before
being passed on to ICS, only one chip is en-
abled at any time. The disabled chip behaves
as though it were a disconnected switch and
exhibits a very high resistance between all
inputs and outputs. This arrangement enables
any 1pair of eight possible pairs of control
signals to be selected according to the control
signals from 1C3 and used to drive the servo
amps.

HOW IT WORKS

Next Month

What we've presented so far should keep
you thinking for awhile. Next month
we'll present foop drive circuitry and a
suitable charger. ®
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IC3 is an eight-input priority encoder. The
operation of the chip is quite straightforward.
There are eight individual inputs and a single
‘enable’ input (pin 5) which is tied high to
enable the chip. The eight input lines should
be held normally low. When any input is
asserted high (ie connected to +5V), the
group select (GS) output goes high, enable (E)
output goes low and the binary address of the
selected input appears on pins 9 (Isb), 7, 6
(msb). For example if input ‘3’ (pin 13) is
asserted high then 110 will appear on pins
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Fig.1. The signal multiplexers and servo amps.

9, 7, 6. However, if — while ‘3’ is still high —
‘5’ is also asserted high then the address out-
put will change to 101 as five has a higher
priority than three and the inputs corres-
ponding to that number will be connected to
the servo amp by multiplexer ICS. In this
way, the motors are controlled by signals
from one set of inputs until a higher priority
line becomes active at IC3 when the address
will change and another set of inputs will be
selected.

For example, let input ‘2’ (pin 12, IC3) be

\

NOTES:
IC2 1S LM324 {pin 4 IS +Ve; pin 11 {S —Ve SUPPLY)
78

Fig. 3. Light seeking
circuitry.

O
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connected to +5V. Motor control inputs 2X
and 2Y (pins 2, 15, IC4) are connected to
+5V via 560k resistors to give a slow forward
speed. -Following any collision, a signal from
the manoeuvre circuitry asserts input ‘3’
(pin 13, IC3) high and motor control inputs
3X and 3Y are selected. The X and Y outputs
(pins 2, 3 and 9, 10, IC8) from the man-
oeuvre circuitry are connected to inputs 3X
and 3Y and these signals are used to steer
Hebot out of trouble. Following the man-
oeuvre, control is returned to the next lowest
priority level which is currently high; in this
case level 2 — slow forward.

Manoeuvre Logic

The manoeuvre logic has four inputs, one for
each sensor, and three outputs; two motor
control signals and ‘avoid’ (pin 12, IC11)
which goes active (high) for a certain period
determined by adjustment of RV1 following
any collision. It is this signal which applied to
IC3 causes Hebot to select control by the
manoeuvre circuitry.

The sensor inputs use 40106 hex Schmitt
to add an extra degree of noise immunity to
the system.

Following any collision, pin 11, IC9 goes
high causing capacitors C5, 6 to be discharged
via transistors Q3, 2 and monostable timing
periods to be initiated.

The overall manoeuvre time is adjusted by
RV1 while RV2 sets the duration of straight
motion before a turn is executed. If RV1 is
first set then adjustment of RV 2 will alter the
degree of turn. Hebot chooses forward or
reverse and the direction of turn by exa-
mining internal registers which ‘remember’
which sensor signalled a collision.

There are two registers to control manoeu-
ver information, ‘straight ahead’ and ‘turn’.
These are made from parts of IC9 (‘straight
ahead’) and IC6 (‘turn’) which form bistable
set/reset flip flops. For straight ahead control,
the output is applied to motors via two 4016
CMOS switches (IC8).

In the case of the ‘turn’ register, one
switch is fed directly from the register while
the other receives an inverted signal. In this
fashion signals of opposite voltage are applied
to the motors and Hebot turns.

The ‘turn’ and ‘straight ahead’ signals are
enabled by control pulses from monostable
timing circuit. These are kept out of phase
from each other to prevent the outputs from
conflicting.

If there are ‘too many’ collisions within
a certain period then pin 10, IC11 will go low.
This output may be optionally connected to
pin 1, IC6 where it will cause Hebot to
execute a turn immediately following a colli-
sion without any straight motion. The useful-
ness of this strategy will depend on the
settings of RV 1, 2 which may be optimised
for different obstacles. The circuitry has
been designed to enable a flexible and versa-
tile system to be developed and there may be
many changes which can be made to adapt
Hebot’s behaviour to this environment.

The Second Board

All the circuitry on this board is powered
from the plus and minus five volt supply.
Although the junction of the batteries (0 V)
is available, an artificial 0 V is generated on-
board by R2, 3, C2 and appears at pin 1,
IC1. The op-amp is connected as a voltage
follower and merely provides a low im-
pedance cutput to drive other circuitry.
This feature enables the board to be operated
from a single supply ensuring a more flexible
system and also allows the remaining op-
amps to operate normally even if the one side
of the supply is abnormally low.

The ‘random walk’ is produced by driving
the servo-amps with signals from an astable
oscillator formed by components R4, 5, 6,
C1 and one of ICl1’s amplifiers. The out-
puts are taken from C1 and the junction of
RS, 6 and appear at A and B. Resistors R1, 7
protect the diode networks inside the CMOS
multiplexer chips IC4, 5 to which these out-
puts will be connected. Note that the bottom
of R6 goes to pin 1, IC1; effectively 0 V.

Wire Tracking

The remaining two amps in IC! 2nd all of IC3
together form the wire tracking circuitry en-
abling the Hebot to follow a cable back to its
nest by detecting an AC signal. There are two
identical input stages whose outputs are pins
7, 8, IC1. An AC signal from the sensor coils
is coupled to the inputs (pins 6, 9, IC1) by

Fig. 2. The manoeuvre logic.

capacitor Cx or directly. Each amplifier
operates as a current-to-voltage converter and
praduces an alternating voltage output. The
detection stages are identical. The signal at
pin 8, IC1 is coupled via C3 to rectifiers
D1, 3 and charges C5 producing a DC vol-
tage which is proportional to the strength of
the input signal from the sensor coils. This
voltage varies between -5V and approximately
+1V and appears at pins E, F where it should
be coupled to pins G, H. Two of the amps in
IC3 are used with resistors R16, 17, 18, 19
to convert the output voltages from C5, 6 to
signals swinging between 0 V and +3.5 V suit-
abte for driving the motors forward via the
multiplexers and servo amps. The signals ap-
pear at pins I (X) and J (Y).

Hebot needs to know whether there is any
useful signal at these outputs and this is
accomplished by measuring the average
voltage across capacitors C5, 6. This signal ap-
pears at pin 14, IC3. When it rises above
about 0.7 V (measured with respect to Q1
emitter) transistor Q1 is biased ‘on ’ and the
voltage at its collector will fall towards -5V.
This signal is input to the Schmitt trigger (pin
9, IC3) and appears inverted at pin M. An
identical signal appears at pin L. However,
this output may be disabled by pulling pin K
to -5 volts. Resistors R25, 26 and capacitor
'C7 provide a bias voltage for the Schmitt trig-
ger.

Phototropism

The circuitry around IC2 enables Hebot to
detect and steer towards a source of light. The
two input stages are identical. A current flows
through Q2 which is proportional to the inci-
dent light. This is converted to a voltage
which varies between 0 V and +3.5 V and is
output at pin 1, IC2 (pin P). The output from
Q3 appears at pin Q.

The output levels at P (X) and Q (Y) are
suitable for driving the motors forward via the
multiplexers and servo-amps. Resistors R27,
28, 29 form a potential divider which drives
the Schmitt trigger (input pin 9, IC2) whose
output is normally ‘high’ (at about +3.5 V).
When the average voltage at P, Q rises above
about 0.5 volts, ie when Hebot sees light, the
output of the Schmitt trigger goes ‘low’ (to
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about -5 volts) biasing off Q4 and causing the
voltage at its collector (pin T) to rise from
-5 V to +5 V. This signal is repeated at pin U
but may be disabled by pulling K to -5 volts.

On Board Test Facili

The remaining section of IC2 may be used to
give a visual indication of operation of other
parts of the circuit. It is connected as a con-
ventional inverting amplifier with an input
resistance of ten million ohms.

With the input (pin S) disconnected, the
LED will glow at medium brilliance.
Connecting pin S to pin V will cause it to
glow brightly indicating a -positive input,
while connecting a negative input (pin R) will
extinguish the LED (this input should be tied
to the negative rail when not in use).

Sound Generation & Dectection

Integrated circuits IC4, 5 enable Hebot to
detect and generate sound. Both devices are

Board.

Fig. 5. Sound seeking and speaking.

The pc overlay for the Manoeuvre and Control
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5§55 timers. IC4 will produce a positive out-
put at pin X of monostable period determined
by R44, C13 (about one second with the
values shown) when triggered by a sound at
the microphone, MIC1. The sensitivity of the
circuit is set by adjustment of RV3. The trig-
ger input of the chip (pin 2, IC4) is normally
held above the trigger voltage of one-third of
the supply voltage by bias resistors R41, 42,
RV3. Any sound picked up by the micro-
phone produces an alternating voltage at QS
collector which is coupled to the trigger by
C12. A loud noise will produce a signal of
sufficient amplitude to trigger IC4. The
output signal (pin X) could be used to throw

TQ RIGHT
MOTOR

o

U Gue——. 1T 4
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Hebot into reverse, a spin, or just stop him in
his tracks.

ICS produces a short burst of sound each
time input Y is taken from -5 volts to +5
volts. Each positive transition of this input
causes Q6 collector to go low to -5 volts. This
signal, coupled to Q7 by C14, R47 causes the
reset input (pin 4, ICS) to be pulled to +5
volts enabling the oscillator to produce a
short tone burst. Any digital signal may be
input to pin Y. If ‘avoid’ (pin 12, IC11 board
one) is connected, a tone will be produced
each time Hebot encounters an obstacle.
The loudspeaker is AC coupled to ICS to
avoid excessive current flow. The frequency
can be changed by adjustment of R49 or C16.
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Above, The overlay for the options board, How we constructed our Hebot maze. Anything will work such as
full size artwork to follow next 2 x 4 wood or 1” square steel tubing (expensivel We know).
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The connections to IC3 and IC4, Mote the shorting link at the side
of IC3.

Brand New —
Top Quality Performance & Value

HM 307 HM 312

Single Trace DC-10§ Dual Trace DC-20 MHz
MHz 5mV/cm 5mV/cm. Sweep Speeds
Includes Times 40ns-0.2s/cm 8x10

One Probe cm display.

$449.95

$855-00

B c ELECTRONICS
LIMITED

980 Alness Street, Unit 35,
Downsview, Ontario, M3J 252
(416) 661-5585

Prices include FST and Shipping. Other models Available at your Local Dealer
up to 50 MHz Bandwidth available. Prices and
full specs on request.

Circle No.25 on Reader Service Card.
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Service News

David Van lhinger returns from Korea with some impressions of a service

industry that is virtually non-existent.

YOUR NEWS reporter has taken to the
Orient to see how the other half of the
world lives. Here we are in Seoul, the
capital city of South Korea, where a
good many of the electronic products
we use in Canada originate.

| visited Seoul, the capital, and
Pusan, a seacoast city: population of
these citites just about equals that of
the whole of Canada! Both cities are
veritable beehives of activity, with shops
crowded together, row on row, street
on street. No space is wasted. Aside
from arteries, streets are narrow, with
pedestrians sharing with push-carts,
bicycles, cabs and trucks, the very pre-
cious space left for them between
the endless faces of storefronts. Even
the back lanes become shopping malls,
jammed both sides with temporary and
permanent shops, vying with the mer-
chants out front for passing trade,
offering fast foods, fruit, fountain pens,
fish, French perfume, fresh water, fancy
clothes, fiery flavoured delicacies, furni-
ture, films, frilly lace, footwear, exotic
females and other fabulous paraphena-
lia. The quality of merchant and merc-
handising is exceptionally high, particu-
larly towards the central areas — the
competition being so fierce. Although
there are a few department-type stores,
upwards of ten stories high, the bulk of
businesses appear to reside in shops
averaging about ten feet wide and not
much deeper. This leads to smaller
inventories, less variety and tighter
specialization down to a very few name
brands, extremely efficient layout and
display — total area usage as there is
absolutely no room for waste. |t seems
that every nook and cranny fronting to
any form of pedestrian traffic is plugged
with an enterprise, shoe shine stand,
candy stall, sandal sales, cigarette
lighters, sweet things, sour things, soft
drinks, much resembling the CNE
midway on its busiest day. Most shops
in Seoul are open from early morning to
late at night, 365 days a year!

Getting 1t All Fixed

Now, what about service? Getting in-
formation on TV and electronic service
was most difficult. Sales people were
not ready to admit that their product
would ever require service, and no one
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could actually point your reporter to
a genuine (by Canadian standards)
service shop. Original factory replace-
ment parts are very scarce, even im-
possible to obtain, particularly im-
ports. Substitutions are possible, but
time-consuming and often requiring
circuit alterations. Circuit manuals, data
parts lists, service tips, and factory-
recommended modifications are vir-
tually non-existent. What service is pro-
vided by the local merchant is either on
a carry-in basis or home service on foot,
in central areas. | saw a new refrigerator
being loaded on a push-cart, the favorite
delivery vehicle.

Average house call $6.00 (equivalent
Canadian cost of living to money value),
plus parts. | did not see any colour test
equipment, not even a oscilloscope. {t
appears as though the service industry
in this country has not kept pace with
sales and that replacement of the pro-
duct is their answer. | could not locate
any service association.

TV broadcasts are only in black and
white — channels 7, 9 & 11. Antenna
requirements are quite simpie, the most
common antenna appearing to be a
small 5 element yagi, broadly tuned
across the three channels. Although the
American forces also broadcast on
channel 2, very few antennas include it
in their design. This channel of course
uses English. =

Anyone owning a colour set has to
rely on video recorders or reception
from Japan. There are quite a few verti-
cally-polarized UHF heads, equipped
with mast amplifiers, pointing towards

Sports programmes are a favaurite of the
Korean audience.

The sort of Korean electronics assembly line
on which your TV may have been made.

Japan. The high cost of this reception
equipment is written off by dividing its
cost among neighbour-subscribers, a
practice not particularly approved by
the authorities, but somewhat resem-
bling a form of bootleg cable system. If
legitimate cable systems do exist, no
one could tell me. Some hotels in Seoul
are equipped with excellent master an-
tenna systems, covering not only regu-
lar broadcasts, but some print-outs as
well. This may have been CATV,
however no one could confirm it one
way or the other.

Stations broadcast a lot of reruns of
American movies and old programs,
sound dubbed in Korean very cleverly —
so cleverly it is hard to believe that
Kojak ever spoke English! | must admit,
it is oddly humorous to view and listen.

My overall impression of TV in
Korea was of disappointment, parti-
cularly from the point of view of a ser-
vice technician. It surely demonstrated
to me what can happen to an industry
that is not organized.

Announcements

Electronics Technicians Association,
International Inc. Annual Meeting:
July 11th & 12th at lowa State Uni-
versity, Ames, lowa. Contact: Ron
Crow, D.E.T. (615) 294-6060, or
Dick Glass, C.E.T. {(317) 241-7783.

International Society of Certified Elec-

tronics Technicians (ISCET) announce
release of a free booklet "Careers in the
Electronics {Industry’ available from
2708 West Berry, Fort Worth, Texas
76109, self addressed envelope.

NESDA/ISCET Electronics  Service
Convention and trade show August
18-23 at the Galt House, Louisville,
Kentucky. .

Technicians wishing to take C.E.T.
exams may obtain a booklet by writing
to ISCET at 2708 West Berry, Forth
Worth, Texas 76109.

Thanks to VEA Reporter for the plug.
We'll try to warm up those arctic masses
before we send them on down to You,
next year.® '
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'FEATURE

CAPACITORS

Are you in a dilemma over dielectrics? or just confused by capacitors? then read on. Richard Maybury
takes a look at the often ignored subject of the dielectric material in fixed capacitors.

FIRSTLY WE SHOULD EXPLAIN that this article is not
intended to be an in-depth study of the workings of the
capacitor, that has been done so many times before,
usually punctuated by complicated formulae. This article
is designed to give an insight into the construction o6f
capacitors, with particular reference to their dielectric
material (more of which later).

From our point of view (the capacitor users) the ideal
capacitor will be physically small with as great a range of
capacitance as possible. Any leakage (current paths
across the plates) should be minimal. This capacitor
should ideally be stable with regard to both capacitance
and leakage, under as many adverse conditions as
possible. It should be able to operate with a large
variation of applied AC and DC potentials, current and
frequency, enjoy a long and healthy life and cost next to
nothing.

Faced with all these constraints the poor old capacitor
manufacturer may well be seen burying his head in his
hands in despair, but compromise to the réscue, the
ideal capacitor does not exist as such — but you can bet
your boots there’'s one available for the apphcatlon you
have in mind.

Let's take a look at the (almost limitless) choice on the
market, and to what use they can be best put.

The first capacitors were possibly just two plates of
metal placed close to each other, the insulating material
being air. (On a historical note if you've read Erich Von
Dannikens “‘Chariots of the Gods’* you may be con-
vinced otherwise. Apparently in the old testament there
are instructions for building an Ark (a kind of altar) you
were required to construct a wooden box, lined on the
inside and outside with gold leaf, anyone touching this
sacred shrine would be struck down by lightning; we'll
leave you to draw you own conclusions about the
suitability of wood as a dielectric!).

SQUARE CERAMIC

A couple of miniature ceramic capacitors the value is stamped
on the side, often a major source of confusion.
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Air spacing is thé oldest and simplest type of capaci-
tor, it can still of course be found today. namely the
variable capacitors. We won’t dwell too long on this just
long enough in fact to point out that the measurement of
dielectric quality uses air as the standard, air has a
dielectric value of 1 (a polystyrene capacitor has a

_dielectric value of 2.5 at 50 Hz, so you can see that apart

from its use as the standard it's not too clever as a
dielectric material).

DISC CERAMICS

Glass Fiiled
—-— Eponide Resin

Silver Terminated
Marobloc Chip
Capacitor

Soldered
Termination

— Copper Wire Leads
Dra.0-64mm 0-05

PLATE OR

Fig. 1. Cut-away diagram showing construction of Ceramic
Capacitors.

Far and away the most common type of capacitor in
use today is the Ceramic capacitor

The Ceramic Capacitor

The ceramic capacitor is available in several physical
shapes. and two distinct grades: fow Permittivity (low-K)
and high Permittivity (high-K). Both types are physically
small (small compared to other types of capacitor), both
are relatively fragile physically but there the similarity
ends.

High-K ceramics suffer large non-linear changes of
value with temperature and strength of applied AC/DC
fields (the capacitance will decrease as the voltage rises)
the value will also change with frequency (up to 20% in
the 1 kHz-10 MHz range).'

As High-K types are none too stable they find appli-
cations only in non-critical positions ie. DC blocking,
by-passing and de-coupling but these account for.a
very high proportion of all uses.
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Plastic Film Capacitars
There are three main types of plastic-film capacitors:
Polystyrene, Polyester and Polycarbonate.

Polystyrene is probably the most common at the
moment.

Just a small selection of the multitude of capacitors available to
the amateur market.

Low-k Ceramics
These are the opposite of High-K types in many respects,
low-loss, good temperature stability and wide frequency
and voltage ranges. In some cases they are deliberately
manufactured to be temperature conscious for thermal
compensation in temperature sensitive equipment.
Ceramic capacitors are made in a variety of styles (see
Fig 1). their shape often affects the frequency range, e.g.
tubular ceramic operate up to about 50 MHz, disc or
plate to 100 MHz, feed through to 500 MHz, and button
ceramic to 1000 MHz.

Because of the simplicity of their construction the .

capacitance range of ceramics is usually towards the low
end (one or two picofarads (pF) wupwards). The

Four ‘low k’ ceramic capacitors.

construction 1s often nothing more than a round disc of
ceramic material, the two faces coated with a metallic
film to which the connecting wires are attached. The
capacitance will depend upon the thickness of the disc
and cross-sectional area of the metal coating. The
resulting device is then dipped into a variety of caating
materials to offer a degree of protection.
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PLASTIC FILM
DIELECTRIC

FOIL SOLDERED TOGETHER
ALSO TO LEAD

Fig. 2. Method of forming Polystyrene capacitors, note that
entire edge of rolled foil is connected to the lead-outs.

Polvstrene s ] . .
This type of plastic-film capacitor is constructed using

interleaved sheets of polystrene film and metal (usually
aluminium) foil, the beginning of the roll is staggered to
enable the leads to be attached (see Fig. 2). In certain
applications, instead of a separate foil layer a thin
coating of metal is deposited onto the plastic film directly
(this technique applies equally to polyester and poly-
carbonate types). The resulting sandwich of plastic and
metal foil is rolled tightly into a tubular shape (this tube
may then be flattened to suit a rectangular encapsulation
which gives greater edge-on component packing de-
nsity).

Polystyrene capacitors, easily
destroyed by excass heat.

Electrically the polystyrene capacitor has average-to-
good characteristics, the voltage range can extend to
650 V, they find many applications in tuned circuits,
coupling frequencies of up to 100 MHz. The higher
values (10nF and above) can be used for by-pass etc.

The polystyrene capacitor does have one or two
drawbacks; it's extremely sensitive to heat, not in the
sense of capacitance changes but physically, they melt
very easily! They are also sensitive to attack from a wide
variety of solvents and greases, so a great deal of care
shou!d be taken with polystyrene capacitors, firstly when
soldering and secondly in their application to ensure
they do not come in contact with harmful chemicals.
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Polyester and Polycarbonate

Polyester capacitors can be examined along with
Mylar, Melinex and polypropelene materials, they all
have basically the same dielectric properties, they all,
however have superior electrical characteristics to
polystyrene, particularly in the case of Polycarbonate
capacitors. All of the plastic-film capacitors (apart from
polystyrene) have excellent resistance to attack from
corrosive or solvent chemicals.

Polycarbonate in particular seems to have become a
definite favourite among digital equipment manufac-
turers, possibly due to their very high tolerance rating.
They are usually a lot smaller physically, for a given
voltage rating, than other plastic-film capacitors.

One- last property of plastic-film capacitors is the
ability of some types to 'self-repair’; these are
metallized-film capacitor. In the event of an arc jumping
through the dielectric film (it will never be completely
impervious) the area around the arc will vapourise thus
clearing the fault, and reducing the possibility of another
arc. This does not happen on any other type of capacitor,
a dead short will usually result after such an arc.

C—// MICA
FOIL

LEAD LEAD Y

GENERAL CONSTRUCTION
OF MICA CAPACITOR

Fig. 3. Construction of Mica capacitors, the entire assembly is
then dipped into a bath of fluid coating to ensure a hermetic seal,
and prevent ingress of harmful chemicals.

Mica and Paper |

Both these types of capacitor were once popular but now
have largely disappeared from the amateur electronics
scene; they do however have specialised properties that
ensures their continued manufacture.

Mica

Mica is a natural mineral which can be cut into very thin
slices; a variety of methods are used in their manufacture
(Fig. 3). Moulded Mica types are made from layers of
Mica, interleaved with metal film, the range of capacit-
ance of this type is about 10pF-100nF.

Silver Mica capacitors are noted for their very high
stability and are often used in oscillators and filters. They
are usually quoted as 5% tolerance or better and have a
value range of 5-3300pF.

Metal-clad Mica types are used in high power RF
circuits.
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Resin dipped polyester capacitors.

Button Mica capacitors exhibit low inductance and
are mostly constructed in stand-off or feedthrough style,
the main applications being in UHF circuits. Finally there
are Dipped Mica types; these are dipped in a resin
coating at below atmospheric pressure, and used where
reliability is the prime concern; values range from 10pF
to 100nF. g

‘

Paper

Paper capacitors are rarely seen these days except where
high voltage AC and DC currents are to be found; in
these situations paper is just about the best dielectric.

The method of construction is similar to the plastic-
film type of capacitor, but instead of plastic the dielectric
consists of a layer of impregnated paper, the substance
used for the impregnation can be one of several natural
oils, waxes or synthetic resins.

As in the plastic-film types, the construction can be by
one of two methods: metal foil or metallized film. Unlike
other types zinc is often used instead of aluminium. The
use of zinc usually results in a device considerably
smaller than an aluminium type. The voltage range of
paper capacitors is considerably larger than that of most
other types, often extending up to 4 kV.

Encapsulation of paper types usually consists of a thin
coating of synthetic resin or metal cannister.

Electrolytic Capacitors

The difficulty of producing large value capacitors is
highlighted by the electrolytic, it is at best a compro-
mise, for example the tolerance is often quoted as
—20+100% or —50+100%!

Electrolytics fall into three distinct groups, the con-
ventional type, most often encased in a metal cannister,
the non-polarised electrolytic, usually a little larger than
a capacitor of the same value, and finally the Tantalum, a
fairly recent newcomer to the capacitor field.

(At this point it must be said that there are several
other types of capacitor we have not dealt with. It is very
unlikely that they will be encountered by the average
amateur, however it might be an idea to take a look at
them in a future article )

Getting back to the electrolytic capacitor, we’ll deal
with the most common type first, the metal foil type.
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A selection of tubular metal-foil electrolytics, voltage is usually
proportional to physical size.

Metal Foil Electrolytics

Electrolytic capacitors consist basically of two
aluminium foils interleaved with an absorbant paper,
and wound tightly into a cylinder. Contacts are provided
by tabs of aluminium attached to the foils. The winding
is impregnated with an electrolyte and housed in a
suitable container, usually an aluminium can, which is
hermetically sealed (see Fig. 4).

WOUND FOIL (PAPER IMPREGNATED)

SECTION WITH ELECTROLYTE ) :‘RES&‘;EEL'%gEQE‘-SlN)
/
f ] - !'}
CATHODEL | # ANODE
LEAD A LEAD
WOUND ALUMINIUM
FOIL AND WIRES SECTION CAN

F_ig. 4. Electrolytic capacitors, use a similar method of construc-
tion to Polystyrene capacitors, note that the start if the roll is
staggered to enable the lead-outs to be attached.

A dielectric layer is 'formed’ electrolytically on the
surface of one aluminium foil which acts as the positive
plate or anode, of the capacitor. The electrolyte serves as
the second plate of the capacitor and also to repair any
flaws in the oxide film when the electrolyte is polarised.
The second foil, usually called the cathode, provides
contact with the electrolyte. Since this film will have a
thin oxide layer, due to natural oxidation, it will also
possess very high capacitance. The thinness of the oxide
film, and their high breakdown potential, is responsible
for the very high capacitance per unit volume and high
working voltages of electrolytic capacitors.

Similar to the plain foil type of electrolytic is the
Etched foil electrolytic, the aluminium foil on the anode
and cathode are chemically etched to increase the
surface area and hence the capacity, this results in a
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Some ‘power’ electrolytics in the background,
used instead of leads.

tags are usually

physically smaller device but has the disadvantage of not
being able to withstand high AC currents, compared
with plain foil types.

The capacitance value and leakage both increase with
temperature on foil electrolytics, leakage also increases
with applied DC voltage, this increase becomes more
rapid at voltages above its rated working voltage. This
can lead to excessive heat dissipation, and ultimately to
its destruction. Most electrolytics are designed to with-
stand short surges of up to 20% ove the rated working
voltage

e ————

s - F

!
Sbme new miniature PCB- -maunting electrolytlcs, for greater com-
ponent density.

SN SSSSS————

Non-Polarised Electrolytics

These capacitors are constructed using several foils in
one winding and connected back-to-back. They are
usually larger than polarised capacitors of equivalent
value since double the {coil area is normally required, the
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Just some of the multitude of capacitars currently available to
the amateur.

leakage current will often increase as a result. These
capacitors are most often used in spesker crossaver
networks or speaker coupling circuits. Values are
obtainable from 1u to 100u.

Tantalum Capacitors

Tantalum oxide is used as the dielectric. This has a much
greater permittivity than aluminium oxide resulting in
high value capacitance in a relatively small space, they
will normally be polarised.

There are three different types of Tantalum capacitor.
These are the tantalum foil, similar in construction to
ordinary electrolytics. Sotid tantalum, this uses

|
l
-

Miniature tantalum capacitors, small size, large capacity, but usually
fow working voltage.

manganese dioxide (a semiconductor) as the electrolyte,
and a tantalum anode. These are often coated in epoxy
resin or a polyester sleeve with epoxy seals. The third
type is the wet sintered tantalum, this type is rarely seen
other than in specialised applications and can be
manufactured to a very high tolerance.

Tantalum capacitors have a much lower voitage
rating than electrolytic capacitors, typically 3-100 V for
the solid type. up to 125 V for the wet sintered type and
up to 450 V for foil tantalums. Tolerance is typically
—20% to +50%. Their small size makes them ideal for
transistorised applications @
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BP66 Beginners Guide to Microprocessors and
Computing. $7.25 plus 30c post.

Aimed as an introduction to the basic theory and
concepts of binary arithmetic, microprocessor operat-
ion and machine language programming.

BP67 Counter Driver and Numeral Display Projects.
$7.25 plus 30c postage.

Numeral indicating devices have come very much to
the forefront and find increasing applications in all
sorts of equipment. The book features many
applications and projects using various types of
numeral displays, popular counter and driver IC’s etc.

BP68 Choosing and Using your Hi-Fi. $7.25 plus 30c
post.

Gives an understanding of the technical specificat-
ions of equipment and the author’s opinion of the
minimum standards to look for. Also describes how
to use your equipment properly.

BP69 Electronic Games. $7.25 plus 30c post.

Contains a number of projects using modern [C’s.
Contains two sections, the first with basic and simple
circuits, the second with projects for the more
advanced reader.

BP70 Transistor Radio Fault-Finding Chart. $2.10
plus 30c post.

Drawn up by the author from several years of
experience, it will enable the most common faults
to be quick!y identified.




Everybody's making money

selling
Somehody
serv

microcomputers.
s going fo make money
icing them.

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

Seems 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
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meaningful experiments building and
stud%ing circuits on the NRI Discovery
Lab® Then you 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 micracom-
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

you warking experience in detecting
and co-recting problems. It's the kind
of “hands-on” training vou need to
repair and service
units now on the
market.

demonstrates important principles, gives

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

for our 160-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:

LU
(_H

Hll'|

NRI Schools

McGraw-Hill Continuing
Education Center

330 Progress Avenue

Scarborough, Ontario MIP 2Z5

or telephone 416-293-1911




300W Amp
If you absolutely abhor clipping dist-
ortion, like loud music, or simply
want to impress your friend, have
we got an amp for YOU. Our beast
will push 300W through a 4ohm load
with only .3% thd.

PASSIONMETER

Passion Meter

A project for people in human relations
(parties, etc.). The Passion Meter
provides a quantitative measure for
your level of excitement. Calibration ?
Sorry, we couldn’t find any metric
units for arousal.

INTERNATIONAL@AUGUST 1980

FINGER TESTING GOOD

Transistor Tester
For most transistor applications, the
experimenter is realy only concerned
with current gain and leakage. Next
Month we present a project which
enables you to measure those char-
acterisitics.

FET Special

The Field Effect Transistor is a high
impedance device which finds appli-
cations in RF circuits and sensitive
amplifiers. Next Month we present
selected circuits from the babani book
BP 39, 50 FET Projects.

Test Gear

Planning to build up your lab? Next
Month we look at some basic test gear
and how to choose it.

L.ife Out There?

For some time there has been a con-
viction that life exists in other solar
systems. Next Month we look at what's
being done in this field.

S$100 Bus System

The S100 bus system has been an
informal standard since it first appeared

the Altair 8800 (yes, it's been around).

Next Month, we describe the basic
system.
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ELECTRONI

IN THE
STUDIO

Tim Orr — the man of a thousand circuits — takes us on a tour

around the cables of a recording studio.

THE LAST DECADE has seen an enormous growth in the
quantity of electronic hardware that is used in recording
studios. The list of equipment now available includes 24 track
tape recorders, 48 channel mixers, computer assisted
mixing, spectrum analysers and a whole host of elect-
ronics effects gadgetry. These high  technology
solutions have made the job of producing recordings much
easier but the tasks now demanded of the studio engineer
have increased.

It is sobering to remember that the early Beatles’
albums were produced in one day on a four track recorder.
No matter how hard we try, technology cannot produce
music; it can only provide the ‘tools for the job’. In fact
technology has in some ways, had a detrimental effect on
music production with the idea that if you have sufficient
recording tracks to spare you can get it right on the final mix
down.

A Typical Studio ]

A typical recording studio is split up into two working areas:
the performance area and the control room — containing all
the electronics and associated hardware. The performance
area is soundproofed to provide about 80dB’s of acoustic
isolation from the outside world. The walls, floor and ceiling
are all made from very dense materials to absorb sound.
The room itself is usually acoustically flat, having little or
no reverberance or resonances. Often there are mobile
acoustic baffles, (vertical sheets of board), that can be
positioned in between musicians to provide some amount
of acoustic isolation between them. These are often used
for drums. There is a studio talk back system so that the
control room can talk to the musicians or play them
recordings. The microphones plug into floor or wall sockets
and are connected directly to microphone ampilifiers in the
control room. A large double glass window separates the
two halves of the studio.

The contro! room houses all the electronic equipment
needed to produce the recording. Ali signals pass through a
multi-channel mixer which is used to provide control over
the volume, tone and any special treatments that need to be
performed on a particular sound. The usual approach for
producing a recording is to build it up track by track so that
the music is broken down into its basic ingredients, (i.e.
bass line, melody, vocals, strings, drums), which are stored
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. . and now its time for a burn from
the urn with a roundup of todays top
funerals around town!

A modern mixing console.

on a multi-track tape. This can then be mixed down by the
producer to get the required overall balance. The mixer can
be used to fade in and out various tracks and to provide
equalisation.

Graphic Equaliser

A Graphic equaliser is a very flexible tone control operating
over the audio spectrum. This spectrum is broken up into
segments, each being controlled by a slider which can
provide up to 12dB of cut or lift. Thus it is possible to draw
out, using the sliders, an overall frequency response which
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will be imposed upon the audio signal. The position of the
sliders graphically display the frequency response curve.
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Fig 1. A typical studio layout.

Compressor/Expander

Two problems that are ever present are noise and over-
loading. To prevent overloading of equipment you can
simply operate at a low signal level but this results in a poor
signal to noise ratio. To obtain a good signal to noise ratio
you should operate at a higher signal level but this will
probably result in overloading and distortion!

An enormous amount of programme material is listened
to on radio sets which typically have a reception signal to
noise ratio of between 40 to 55dB and which are used in
noisy environments. Thus the programme sound level must
be very tightly controlled. !f the signal level is too large then
the radio transmitter will be over modulated causing gross
distortion; if it is too small the signal will be last in noise.
Generally broadcasting companies try to limit their pro-
gramme material to a range of about 16dB. Also when
records are cut the dynamic range must be tightly control-
led as a disc can only provide 60dB (usually less) signal to
noise ratio.

2880 il
Il

20HZ 20HZ | cuT

+| LIFT

FLAT

Fig 2. A graphic equaliser and response.
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If the signal level is too large the cutting will break
through into its neighbouring grooves. Even if it doesn’t
actually break through it can cause a material deformation
of the master disc that produces a noticeable pre and post
echo. When a disc is cut the general brief for the disc cutter
is to get as large a cut as is possible without producing any
cross talk and to do this the recorded material should not
have any nasty signal peaks.

dBm | | |

10 | ] R e |

| f

| | 2-1 COMPRESSION
0 ¢ | iy } -
—10 }— = LIMITING
1‘ =~10d8 THRESMOLD
-20 |— - ——
OUTPUT

—30 — ! IS + } i Y
—a0 | S I | 1A |

—50 ; ! } el — il
—60 - T

—60 -50 —40 30 -20 —10 ¢ *10

/ \ dBm
2TO 1 EXPANSION NOISEGATE

—50d8 THRESHOLD

INPUT
COMPRESSOR/EXPANDER

Fig 3. Compander limits and response

Level Control

There is a large selection of equipment available to control
the signal level of programme material and these are known
as compressors, limiters and expanders.

A typical device will have controls that set the threshold
points, the compression and expansion ratios and the
response times.

A limiter is a device that prevents the output signal from
rising above a set threshold. As the input signal attempts to
do this, a voltage controlled attenuator turns the signal
level down. The effects of limiting are rather harsh and are
usually only used to prevent overloading in some otherpiece
of equipment. Compression is also used to reduce over-
loading but it is more subtle.

If say, a two to one ratio has been selected then as the
signal level exceeds the threshold the output will increase
by only 3dB for every 6dB increase of the input. By using
both a compressor and a limiter at once it is possible to run
at 6dB below the maximum operating signal level for a
system and still handle signal excursions of a further 18dB
without noticeable distortion.

When the input signal is very noisy as for example, a
telephone news report, or an old film sound track, an
expander can be used to clean up the sound quality. An
expander is a device that attenuates the signal when it falls
below a pre-set threshold. A two to one expansion ratio
reduces the output signal by 12dB when the input signal
falls by 6dB. A more dramatic effect is a noise gate which
has an expansion ratio of about 20:1 or even more.

The speed with which compression or expansion occurs
is controlled with switchable attack and decay times. This
aliows the user to select the best time constants for the job
in hand.

Another but more specialised type of signal level con-
troller is the voice over or ducking unit. This enables a DJ to
automatically fade the music down to a preset level every
time he speaks. When he stops the music rises back to its
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original level. The attack and decay times for the ducking
are adjustable.

Above: an Audio Design voice over unit.

Noise Reduction

The signal to noise ratio of a professional tape recorder is
about 60dB, which is mainly due to the limitations of the
tape. This is not good enough for professional recordings,
particularly when many sound tracks have to be mixed
together. What is needed is a system for improving the
perceived signal to noise ratio. An expander does this but it
distorts the natural dynamics of the signal in that the signal
dies away abruptly after it falls below the threshold. A
system that overcomes this problem and which is widely
used in studios is the Dolby A system. The signal to be
recorded is pre-processed with a low level compression.
That is, low level signals are selectively made larger whilst
the high level signals are unaffected. The signal is then
recorded on tape and in doing so tape noise is added.

When the tape is replayed a low level of expansion
exactly complimentary to the compression previously
mentioned is performed. This reduces the effect of the tape
noise in the periods of silence but does not corrupt the
signal dynamics because of the complimentary compres-
sion and expansion.

Also, the process is performed in four independent
frequency bands so that “"breathing’’ effects are reduced.
The advantage of using low level compansion is that the
distortion caused by it appears only on low level signals and
is thus not very noticeable. Also low level compression
makes very little difference to the maximum signal level. An
improvement of 10dB is obtainable using the Dolby A
system.

Echo and ADT
Electronic delay lines are often used to produce a wide
range of effects such as flanging, chorus, automatic double

s

S T S O, S| S | S | | (N S

tracking and echoes. There are two methods of implemen-
ting time delays, one is with bucket brigade delay lines
which are useful for short delay (1 to 40 mS.) low cost
units, and the second is with digital delay lines. These are
best used for 10 mS to 1 S. delay times in high quality
units, {Usually costing $1500 upwards).

/?,( SET TIME DELAY
l/ ECHO
VOLUME
M
WA a8 % + ouTeuT

S

INPUT ()

% REPEAT

Fig 4. {Above) Block diagram of an echo unit.
(Below) The resulting outputs.

A { "

INPUT 4%“ fn " e
v W
~_ \ -
\\ /

MELAYING ECHOS

Automatic double tracking (ADT) simulates the sound of
a second instrument playing along with the original. A time
delay of 10 to 40 mS is generally used and the delayed
voice is mixed in with the original so you effectively get two
musicians or singers for the price of one. To improve the
naturalness of ADT the time delay is slowly modulated,
thus generating very slight timing errors. Another effect
similar to ADT is ‘chorus’ where one or more delays lines
are used with a slightly shorter delay time, (5 to 10 mS) thus
creating a richer, more complex sound structure.

Echo is often obtained using a digital delay line. The
input sound is converted into a binary word with an ADC,
stored in a large RAM and then converted back sometime
later into an analogue voltage using a DAC. The memory
size is often very large. Take, for example, an echo unit
which has to have a 60 dB dynamic range, a 10 kHz
bandwidth and an echo length of 1 second. The system
must be 10 bits wide and have a clock speed of 25 kHz,
thus the number of bits of memory needed is 25K x 10 =
250,000 bits, which would be 250 1K RAMs costing
about $3.00 each!

Flanging

Flanging is a popular effect that is implemented using a
comb filter. The comb filter response is produced with a
short delay line, (1 to 10 mS) where the original and
delayed signal are mixed together. This generates a
frequency response which has a series of linearly spaced
notches, the spacing of these being inversely proportional
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to the delay time. By applying feedback around the delay
line, the comb becomes more peaky and so provides more
colouration of the sound. The delay time is slowly
modulated and this produces an interesting mobile colou-
ration of the sound. Flanging and phasing are often
confused as they are both produced by comb filtering.
Flanging uses a time delay and generally has lots of
notches, sometimes as many as 50, whereas phasing uses
phase delay and usually has only 2 or 3 notches.

ANALOGUE
TO DIGITAL
CONVERTER

RANDOM
ACCESS
MEMORY

DIGITAL TO
ANALOGUE
CONVERTER

R DAC e AUDIO

OUTPUT

DATA : DATA :

l CLOCK

FIXED WRITING SPEED

Fig 6. Digital pitch shifting techniques.

Pitch Shifting

It is now possible to transport the pitch of an instrument
using a pitch shifting device. The shifting is not perfect, but
it is good enough to produce useable harmonies. The
operation is as follows. The input signal is converted into a
binary code and written into memory. At the same time the
memory is read, but at a ditferent speed and this data is
converted into the audio output using a DAC. If, say, the
reading speed is twice that of the writing speed then the
output will be transposed up an octave in pitch. There are
many problems to be overcome. First, the output must not
be significantly delayed. Second, the time varying infor-
mation of the output must rapidly track the input, that is,

34

ONE OCTAVE. READING
SPEED 1S ONE HALF OF
WRITING SPEED. NOTE
THAT C AND D HAVE
BEEN DISCARDED
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WRITING SPEEO. NOTE
THAT ABCD HAVE TO

BE REPEATED TO FILL IN
THE TIME GAP

My
\/\4‘[

DISCONTINUITY,

DISCONTINUITY
Fig 7. Pitch shifting in practise.

the melody should be the same, but the pitch transposed.
To satisfy these conditions the memory size should be
relatively small (20 to 40 mS). Take the case of the up
transposition of one octave. If the reading speed is twice as
fast as the writing speed then each segment of sound will
have to be played twice, otherwise gaps would appear.
However, when the transposition is down by one octave,
then half of the information cannot be read in time and so
has to be discarded. Pitch shifting units are usually
continuously variable over the range of plus or minus one
octave.
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Fig 8. A representation of the Vocoder principle and waveforms

expected.
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Vocoders
A vocoder is a device for producing a cross product of two
sounds. If the two sounds are speech and an electric organ,
then the resultant sound output is a talking organ. When
we speak we produce a buzz in our vocal chords that is
acoustically filtered by our vocal tract. The buzz becomes
articulate, it speaks. The vocoder uses a filter bank to
analyse the speech so it can determine the time varying
frequency response of the vocal tract. It then synthesises a
model of this frequency response using a second filter bank
plus some multipliers. The excitation signal (the electric
organ}, is then filtered by this model and so becomes
articulate. The vocoder output has the melody and har-
nonics of the excitation signal, but the time varying broad
spectrum (the articulation) of the speech.

Above: the EMS Vocoder 2000, a very popular unit and one which
the author helped ta design in his days at EMS.

studio signals can be accomodated. An overload lamp or a
VU or PPM is usually provided so that the signal level may
be monitored. Next is a tone control section, perhaps
consisting of Bass, Middle, Treble and sometimes a few
parametric control functions. Many mixers also have an
echo send control so that reverb may be added to ‘that
channel. A foldback control is often included. This is an
internal mixing system so that a few tracks can be grouped
together and fed back via head phones to the musicians.

A pan control enables that channel to be sent to either of
the left and right output groups. Routing switches are used
to connect a particular channel to any output group. A level
slider, always at the bottom of the channel allows the
operator to fade in and out the sound from that channel?
You might get a nasty surprise! You won’t if you have got a
prefade listen switch. This connects the signal at the top of
the slider to some monitoring device, so that the operator
can have a sneak listen to a channel before fading it up and
perhaps ruining the output.

To produce a controlled mix down the operator will need
to be very skilled and possibly he will need ten pairs of
hands!e

Now Available!

OUR ALL NEW e

f

.
g
L
s

Above: a typical portable mixing unit. This one is produced by
Studiomaster and will mix sixteen channels into eight.

Mixers
There 1s a wide variety of mixers on the market today,

ranging in price from $40 to $60,000. Basically, the more LENLINE - B NL‘NE
you pay, the better the product. A mixer is composed of T I LE ENTS .
input and output channels; for example a 16 into 8 device ELE%OR%%ES ELECTRONIC COMPON

has 16 inputs and 8 outputs. A typical input channel has oM % .

the following controls. An input gain switch so that low CATALOGUE.

level signals from microphone sources up to high level

ing more than
400 items, all
fully illustrated
and described.

SEND FOR

YOUR FREE
~COPY TODAY!

Please send me your LENLINE Electronic Components
Catalogue and the name of my nearest LENLINE Dealer.
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len finkler Itd

Fig 9. The frequency response of a chorus unti which employs three

flanging units without regeneration. The scope picture was
obtained using a swept sin@ wave oscillator set to run the audio
band.
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Power monger.

That’s the Jensen
A-124 Car Stereo Power
Amplifier, all right. Dis-
tributing an ET.C. Con-
tinuous Average Power
Output of 100 watts into
4 ohms.

Not only does it
have plenty of power to
dispense, but it also
knows just how to deal it
out. To get the very most
out of your system. And
do the very most for your
music.

A 4-speaker,
bi-amplifiable unit.

The A-124 ampisan
ideal low distortion
power source for 4-
speaker car stereo
systems. Imagine a fre-
quency response of 20 Hz
to 50,000 Hz, = 1.5 dB.

Flick a switch and it
operates in the advanced
bi-amp mode. Which s

perfect for"asSpeaker
systems or the new Jensen
‘““separates’ speaker
systems which places
woofers, tweeters, and
midrange drivers indi-
vidually throughout the
car.

When switched to
bi-amp, this amp dis-
plays its keen sense for
a balance of power. Two
10 watt output-trans-
formerless amplifiers
drive the tweeters and
midrange drivers for
clear high frequencies.
At the same time, two
hefty 40 watt OTL amps
in this unit distribute the
forceful power needed to
get full, low-distortion
bass from the wocfers.

The Jensen A-124
offers two different low
level nput capabilities,
so that it is compatible

with both pre-amp and
speaker outputs.
Thinking for itself.

When you turn on
your stereo unit, the
A-124 instantly comes to
the ready, thanks to an
automatic on/off switch.

It’s instantly output
short-circuit proof...just
one of the many built-in
protection features. And
the unit comes complete
with 15 meters of low
capacitance shielded
hook-up cable to eliminate
RF interference.

So get the most out
of your music...by getting
the most out of your car
stereo system. With the
Jensen A-124 Amplifier.

JENSEN

SOUND LABORATORIES
AN ESMARK COMPANY

For the name and location of the authorized Jensen dealer in your area, write:
len finkler limited, 25 Toro Rd., Downsview, Ontario M3J 2A6

Circle No.8 on Reader Service Card.
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New dbx Recording Technology Series
“‘dbx Model 224 Type |l Tape Noise Re-
duction System, a simulataneous en-
code/decode system that provides up
to a 40 dB increase in useable dynamic
range. It is suitable for use with 2-head
recorders and provides full monitoring
ability with 3-head recorders. The
system also features a decoding function
for specially encoded dbx Discs, of-
fering full dynamic range and noise-
free playback.”

dbx Model 21 Disc Decoder

“The dbx Model 21 Disc Decoder can
be added to any good home stereo
system for decoding the newly intro-
duced dbx Digitally Mastered Full
Dynamic Range Recordings, as well as
dbx Encoded Discs mastered using ana-
logue master tapes or direct-to-disc re-
cording technigues.

"For the first time, phonograph re-
cords can reproduce the full dynamics
of a live performance without record
surface noise. Use of dbx encode/de-
code technology allows music to be re-
produced with exceptional clarity and
realism, against a background of silence
— sound that is virtually indistin-
guishable from that of the master tape
from which the dbx recording is made.

““The dbx Model 21 Disc Decoder
can be used with any preamp, integrated
amplifier or receiver which has a tape
monitor function, or it can be con-
nected between the outputs of a pre-
amplifier and the inputs of a power
amplifier. Suggested retail price is
$189.95.”

AUDIO TODAY doesn’t usually
open with a product news item; such
items usually appear under a separate
sub-head, as do letters. It's also unusual
to reprint a manufacturer’s press release
verbatim. However, when something
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Our Audio Editor Wally Parsons is enthusiastic about dbx and

explains dynamic range.

exceptional comes along, an exception
must be made, and this is it.

Audio News

A word about press releases. Dozens
of these come across the various desks
at ET| every month. Only a few of these
prove newsworthy enough to print, and
it's interesting to note that many of the
least newsworthy are put out by people
who think it's cheaper than buying ad-
vertising. But even those which are used
are usually rewritten, either to tone
down the goshwowgeewhizboyoboyo-
boy tone which is so popular, or to
make them literate.

However, in the case of those releases
issued by BSR Canada, distributor of
dbx products, this hasn’t been neces-
sary. Usually, the only reason | rewrite
them is either to conserve space, or
because | prefer this column to have
my own personal stamp.

Notice that dbx does not claim that
reproduced sound is indistinguishable
from the original performance; it is in-
distinguishable from the master tape.

The two are not the same. And that
“’“phonograph records can reproduce the
full dynamics of a live perfromance”.
No promise of magic, no little black box
that will deliver the ultimate in fide-
lity from the $295.95 super-fi pur-
chased at the discount mail-order
house. However, the promise is held out
that if your equipment is capable of
delivering a full dynamic range, dbx can
supply the goods to be delivered.

The Why and How of it all
Charter members of Professor Parsons’
Audio Today Show and Tell Club will
recall that in February and March of
last year | dealt with the subject of
noise and dynamic range.

It should be understood that there
are only two real requirements for wide
dynamics, from the standpoint of the
reproducing chain, that is, from the pro-
gramme source, e.d. records, to the
loudspeaker/listening environment. The
system must be capable of developing
sufficient acoustic power to match the
highest level to be reproduced and at

The dbx Model 21 Disc Encoder may well allaw recards keep up with modern equipment.
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COLUMN

the same time the noise introduced in
the chain must be below audibility at all
frequencies.

Until about 1970, the limiting factor
was in the reproducing chain. Bookshelf
speakers were quite popular, but were
incapable of producing truly high sound
levels, and even at tHeir limit required
enormous amounts of electrical power.
| recall calculating the power required
to drive one popular speaker to a sound
level of 110 dB, and came up with a
figure of 10 kilowatts. But even if such
power levels were available, it would
have been futile, since continuous
operation above 50 watts would have
burned it up.

At the same time, a signal to noise
ration of 50 dB from a phono preamp
was quite remarkable, and seldom
achieved, especially with the very low
output levels delivered by the better
pickups.

In fact, it was standard conventional
wisdom up until that time that the
phonograph record was superior to any
equipment available to reproduce it.

The March of Progress

In the meantime, the availability of high
speed high power transistors at a rea-
sonable price and improved ‘circuitry
resulted in the introduction of more
high performance high power amplifiers.
Today it is possible to purchase even a
consumer class receiver with 250 watts
per channel output, and an 800 watt
unit is now available as a basic single
channel amplifier. Couple this with a
greater understanding of rational
speaker design, which has produced
more sensitive speakers, and we have the
capability of producing truly awesome
sound levels.

Similarly, improvements in pickups
have produced higher performance
levels with, in some -cases, greater
output levels, coupled with preamps
with even lower noise levels than a
decade ago.

As a result, the record itself is now
the limiting element in the system.

There is a limit to the maximum
level which can be cut on a disc. There
is also a lower limit to the noise of the
groove itself. Even if this were to be
negated by some wondrous new ma-
terial, and cutters of unlimited power
handling capability, pickup tracing capa-
bility and preamp noise would again
become the limiting factors. The laws
of diminishing returns are setting in,
and it makes sense to try a different
approach.
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The dbx Model 224,

The Solution

In theory, there is a simple answer to all
this. Just as frequency response is
shaped to utilize better the charac-
teristics of the medium, so can the
dynamic characteristics. This is the dbx
approach.

Essentially, dbx has compressed the
dynamic range during the record pro-
cess, so that dynamic peaks are below
the maximum permissible level, and the
lowest levels are above the noise
floor. By itself, this might be all right
for television and movies, but it’s just
the opposite of increasing the dynamic
range, right? But if we expand the dyna-
mic range in an exactly complementary
manner on playback, we restore the ori-
ginal dynamics.

To be precise, dbx compresses every-
thing by a factor of two to one and ex-
pands it by the same amount. Thus,
a 10 dB difference is recorded as 5 dB,
then played back at 10 dB again. And
an 80 dB difference is recorded as only
40 dB, then expanded to 80 dB again.
A 40 dB range can be handled easily
by any record manufacturer you can
name, while 80 dB is impossible no
matter what pains are taken. (see Fig. 1)

Newness?

Of course, compressors/expanders{Com-
panders) are not new. What /s new is the
manner in which it is used. Earlier

MASTER TAPE SIGNAL

T

+
~
o

ENCOOED DISC SIGNAL

TRACING
+10 DISTORTION

devices had problems in controlling
attack and release time, resulting in
peculiarities of reproduction, such as
“pumping” effects. What was needed
was a precision companding system.

The other difference lies in the use
of a totally linear companding curve.
Common practice in the past has been
to use manual compression only on the
lower level material, along with automa-
tic limiting on the peaks. Some attempts
to compensate for this have met with
variable success, depending on how the
thresholds and the expansion rates used
on playback corresponded to the re-
cording characteristic. Sort of a dyna-
mic counterpart to attempting to equa-
lize manually to an unknown curve, like
we did in the early fifties.

This system works. And it works
well. Unfortunately, the decoder cannot
be used on standard discs, and dbx discs
will not reproduce satisfactorily without
the decoder.

Whether or not it sets a trend is
closely related to the compatibility pro-
blem, and how this is handled by the
marketirig people, as well as dealers and
various scribblers. | would like to see it
happen.

This is why the next few columns
will deal with this subject, and a de-
tailed feature article is in the works.

Stick around, kiddies; this promises
to be fun. .

Continued on page 63
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Fig.1. Diagram depicting the combination of signal compression during encoding and expansion
during decoding that results in surface noise reduction and dynamic range retention on dbx

encoded discs.
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PET Plus...... Professional Peripherals

PET 2001 PERSONAL

COMPUTER
8k RAM. . ... .. .. . ... $1195
16k RAM. . .. .. . .. ... . $1495
32k RAM. .. ... ... $1795
Comes with sophisticated
8k+ BASIC interpreter with

graphics, 4k operating system and
1k machine language monitor, full
keyboard, separate numeric
keypad, I|EEE—-488 instrument
interface, and much more.
Separate External Cassette,
C2N, free with purchase
value) PLUS 30
entertainment, educational and
simple business applications
(approximately 90k of programs
— — also free).

Model
($120
music,

DUAL DRIVE FLOPPY DISK

— Uses two microprocessors

— 2 Shugart SA390 drives (5%
minifloppy)

~ 340k bytes total

— Fuli disk operating system
built-in (uses none of the PET's
RANMY i i it e oal = 8 $16655.

NEC SFINWRITER
55 6fs output speed
Changeable type styles
Letter quality output

~ Conrzects directly to PET
Y $4500.

PET TFACTOR FEED PRINTER
Brogrammable spacing
80 columns per line

— 7x6 dot matrix

— Can make up to 3 copies

— Prints 70 lines per minute

— All PET graphics are printable

T s $1295.

All arders processed prompth
Send only cert. cheque, money order Ot
Chargex, M/C. Include bank name,
expiry date, card no. and signature on all
card orders. All delivery from stock and
é&;u@ped within 24 hours oi receipt of |
‘oraer. We pay forlinippifig. “Ontaris
residents add 7% sales tax. All prices
tubject to change.

Circle No. 12 for more information
on hardware and software.

‘ -commodor'e

Educational Institutions: Buy 2
PETs at list price and get 1 FREE
from Commodore! Write or phone
for details.

Come in and see the PET and our
software in action at:

BATTERIES
WICLUDED

Village By The Grange
71 McCaul St.
Just North of Queen St.
Toronto, Ontario M6T 2X1
(416) 596-1405

Circle No.12 on Reader Service Card.

===

MODEL SP100
UHIVERSAL OSCILLOSCOPE PROBE KIT

THROUGH MAIL ORDER AND SAVE MONEY

ON OVERHEAD COSTS. : :
We handle these fine lines: Q - l
p s - .

/|

Jvc
PIONEER
SCOTT
ADS
JENSEN
KENWOOD

BGW
SOUNDCRAFTSMAN
SANYO

ALPINE

ADC SOUNDSHAPER
RTR

Switchable X1 & X10 Attenuation Factor

APPLICATION OTHER KEY FEATURES
100 MHz Bandwidth

Ground Reference Can Be
Activated At Probe Tip

A swiichabie X1 and X 10 aflenuation taclor allows the
Model SF100 Unwersal Oscilloscope Probe Kit to
sabrsty a wide vanely ol user applications_ In addhon. a
gound reference  swilch postion enables he o5cl
loscope «pu 1o be grounded at the probe by This
teature ‘achtates ground ieference location on Ihe

s e e e e * Break Resistant Center Conductor

PHILIPS AVID e rcanon Sihndad accessone: ale rouded Wit * Wide Compensation Range

AKG MAXELL ?S’:WEE':':?:""E sze:fﬁgl::ﬂﬁg%z&;z‘:"g * Slender. Flexible Cable

BOSE FUJI UNT' L SE PT. 30' 1980 * 1.5 Meter Length

STANTON BAYER * Sharp, Heavy Duty Tip (BNC Pin Diameter:
WE AGAIN MAKE THIS

YAMAHA GRACE SPEC|AL * Fits Al Oscilioscopes

LUXMAN CONNOISSEUR INTRODUCTORY

SANSUI HAFLER OFFER

$ 36.00 EA.

PST EXTRA

TEAC
SAE

DISCWASHER
AUDIO TECHNICA

Write for catalogue and prices. Please state brands in
which you are interested. PAY NO SALES TAX.

Alberta Audio

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

SP100 DUAL SWITCHABLE X1-X10 REG.$47.35
NO CODS. MAILING INCLUDED.

WE ALSO CARRY ACOMPLETE LINE OF
HAMEG OSCILLOSCOPES AND COLINE PROBES.

BCS ELECTRONICS LTD.

980 Alness St. Unit 35, Downsview, Ontario M3J 252,
Tel:(416) 661-5585

C/rcfe No.13 on Reader Service Card. 41
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FEATURE

THE
TESLA

CONTROVERSY

It is not doubted today that Tesla’s name ranks with the major early researchers into the nature of electricity
but some people claim that much of his work has never been made public. We look at his life and career.

BY THE BEGINNING of the 1880s, electrical machines
were finding their way into both the commercial and
domestic fields. Although the nature of AC was under-
stood, practically all motors and generators were DC.
Electricity was becoming accepted and arc-lamps, elec-
tric lifts, photo-flood lamps and a wide variety of other
devices were appearing.

In 1882 however, a young man Nikola Tesla who had
been born in Smijan in what is now Yugoslavia, started
to devote his undoubted talents to investigating AC.
Tesla had the unusual flair for mental visualisation of
highly complex ideas, a virtue shared by Faraday who
was also working at that time.

At the end of 1883, Tesla exhibited a working model

3

5| ]

Fig. 1. Diagram used by Tesla in “The Electrician” to explain
how a rotating field may be produced by a poly-phase system.
ofan AC machine in Paris. (Figure 1 is one of Tesla's own
pictures.) He then began a campaign hopefully to
persuade the emerging electrical giants, such as the
Continental Edison Company, that AC transmission was
more efficient than DC and this resulted in a job offer to
work with Edison in America. A chance soon came, the
repair of DC generators in the ocean-going steamer
“"QOregon,’’ for him to show his skills.

His work must have been good as he soon became
Edison’s chief assistant.

A few years later Tesla set up his own laboratory from
which he finally reported (in 1888) the electromagnetic
rotary field which enabled three-phase power transmis-
sion to be implemented. Shortly after this, George
Westinghouse, of Westinghouse Electric Co., bought
into Tesla’s interests and built a hydro-electric system
(see Fig. 2) of enormous proportion at Niagara Falls.

Tesla was a man of great generosity. It is said he tore
up a contract binding Westinghouse to pay him $12
million — saying that it was more important for the
Niagara plant to keep the home-lights burning than for

42

I

KV/;‘J'\
(P

I/

=

TS ﬁ

Fig. 2. Sketch of turbine and
dynamo installed at Niagara Falls:
5000 horsepower at 2000 V.
Ten units were installed. They
consumed 26,000 Ibs of water
per second. Turbine (TS) shaft
was 140 feet long of 38 in dia-
J meter. Penstock (P) delivers water

to the turbine (T).

Westinghouse to become bankrupt because of a debt to
him.

Tesla and Radio

Notwithstanding his already significant work in power
electrical engineering Tesla turned to thoughts of higher
frequency (RF) currents — higher by far than the typical
100 Hz limit of power generators of that time.

The pioneers of radio had shown how a spark dis-
charge, produced with an inductor and capacitor
(Leyden jars to begin with) was finally proven to be an
oscillatory process lying typically in the radio frequency
band. Rigs that produced such discharges continued to
be developed. The addition of a vibrating bell-like
contact or spark-gap discharge arrangements produced
a continuous train of discharges. When step-up trans-
former action was also incorporated, the Tesla coil was
formed. (Another name is the Ruhmkorff coil.) Figure 3
isa 1910 Tesla apparatus

Fig. 3. Modern (at least in 1910) Tesla coil apparatus.
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It was the spectacular things Tesla did with his radio
frequency extremely high voltage generators that gained
him so much fame. At a lecture to the American Institu-
tion of Electrical Engineers, given around 1891, he
made a memorable impression being reported at the
time as:

“his work places Tesla among the greatest of our
present-day scientists and inventors, such as Edison,
Graham Bell and Thomson.”

Made His Mark With Sparks

Invitations poured in for his spectacular displays with
man-made lightning and RF discharges. His equipment
used two kinds of generator.

The first was a 384 pole AC dynamo running at 50
revolutions per minute to give 19.2 kHz. The otherwas a
Ruhmkorff-type induction coil used with a condenser
(capacitor) and a spark gap. This produced the then
amazing half a million volts at “‘scores of thousands of
cycl8s per second’’. It was the latter that impressed his

audiences, for Tesla “'brandished flaming swords like an

archangel”’

Ed).
Fortunately for everybody these RF discharges were

— see Fig. 4 (or should it be arc-angel! —

Fig. 4. Tesla amazed the scientific world in 1893 by holding glowing
tubes aloft without any electrical connections being made to the
tubes.

not lethal but Tesla said when about to try them out for
the first time (experimenters were naive to say the least),
it was as if | were poised to jump from Brooklyn
Bridge .

Demonstrations included drawing arcs between a
string of people, as recorded, Fig. 5, in a contemporary
magazine. Another was to make Geissler tubes (glass
tubes filled with rarified air but having no electrical
contact with external circuits) glow whilst suspended
between, but well free of, the poles of high high-voltage
transformer.

In his 1899 he built a huge experimental barn at
Colorado Springs in Colorado — 30 metres long and 72
metres wide on top of which was a 25 metre tower
supporting a 60 metre mast. At the top was a 1 metre
diameter copper ball.

He subsequently proved the earth is electrically
charged at a high potential. The Los Angeles Free Press
reported visionary ideas not yet exploited — use of the
earth’s resonance energy and the launching of waves of
electrical energy to transmit power to places remote

ETI-JULY 1980

e
Fig. 5. A contemporary print of Tesla’s expenments conducted
in Berlin in 1894.

from generators. There was talk of charging the earth to
produce tremendous voltages and of terminals to extract
it. Tesla is said to have 7it 200 incandescent lamps at a
distance of 26 miles’. It is said his ideas failed to be
exploited by commerce because the transmitted elec-
tricity could not be charged for.

Powerful Secret?

Tesla died in 1943, his last work being on the use of
cosmic rays as energy sources. The Free Press report
claimed that the FBI seized his papers and confiscated all
of his reports.

Did Tesla have a unique and powerful secret? He
certainly was a visionary, perhaps he did discover
something great that is being withheld.

It has been suggested that the Russians have recently
found out how his way-out experiments were done and
in doing so have tapped some new form of energy.
Frankly we doubt if there is any truth in the suppression
— or rediscovery — of his work but a lot of people do not
agree.

Today he is truly acknowledged. His name is used as
the now adopted unit of magnetic field insensity and
most laboratories possess Tesla-coils for ionising gas in
evacuated tubes.e

Flg 6. This print of 1894 Si\ows the Iaboratory eqmpment used
in Tesla’s experiments.

43



ETI online?

The 'wired-city’ concept has a great future
in Canada. One day you’'ll be able to have
your own copy of ETI transmitted to you in
your home via facsimile reproduction.

We're still waiting.

In the meantime, you're left with the
regular time-honoured methods of getting
ETI.

An ETI subscription assures you of a brand
new copy of ETI every month. Never again
will you be arrested for loitering at news-
stands. You can’t miss . . .

SUBSCRIBE
NOW!

One vyear subscriptions are $14.00, two vyears
are only $26.00. You save at least 1/3 of the
regular newsstand rates! Use the subs card
facing page 45 or write to Bebe at:

Electronics Today
25 Overlea Blvd, Unit 6
Toronto, Ontario M4H 1B1
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Service
information

If you would like more information on the products or
services mentioned in the advertisements:

Fill in the attached card with your name,

address, etc.

Circle the appropriate Reader Service number

for further
products.

information about advertised

Mail the card and the advertiser will send you
literature free of charge. If the card has been
removed, or if you want the information in a
hurry, phone or write direct to the advertiser
and refer to the ET! issue and page number.

Hw

© N owm

YOUR

COMPANY
CLASSIFICATION
(IF APPLICABLE):

. Manufacturer

. Servicer/Installer
. Distributor/

® "moowd

. Educational

. Computer and

. Communications

. Navigation, Guidance
. Test & Measurement

. Consumer Products
. Industrial Controls

. Components and

. Other (Please

Retailer
Government
R&D

Representative

Institution

IN THE
FIELD OF:

Related Equipment

Equipment and
Systems

or Control Systems

Equipment

& Equipment
Subassemblies

specify on the card)

YOUR MAJOR
JOB FUNCTION
(IF APPLICABLE):

. Buying
Technologist
Educator

. Not employed in an
electronics-related
field

Engineering
Technician

. Management

. Sales

Other (Please
specify on the card)

o0omD>»

~zomm

WHAT INTERESTS
YOU MOST

ABOUT ETI? (YOUR
FAVOURITE

FIVE OR LESS):

. Audio

Video

Ham Radio

. Shortwave World

. Service News
Components and
Technology

Reports on the
Electronics tndustry
. Microcomputers
Projects

. News Digest

. Other (Please specify
on the card)

. Tech Tips

rxcI 0 TMpomD

<
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The Fun of Electronics

— ‘ .
I“THI\.\ | . l__l W

fii, |

1 |

It’'s supposed to be an erasable memory chip — but I’ve

Lbeen at this for over half an hour . . . )

SEICER

My regular remote control is being repaired, so they gave
me this loaner.
_J

(U ]

L ELECTRONIC GAMES. |

This is our most realistic model;
as soon as its complex circuitry
senses that it is losing a game, it
switches to the ‘cheat’ mode of

operation.
GE1ER

T . . Il ;{

i GEI6ER ; /
I bodght this calculator because it was supposed to be able
to execute loops, and so far, | haven’t even been able to
\ get it to roll over. J

What do you mean, ‘Qwerzmatronicisoram’ is too long a

( ‘ Like | was saying Harry, there 1
are alot of good reasons for——

grouncing your antenna mast.

name for an electronic component — that's just the
Ac

ronym.

ETI—JULY 1980
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PROJECT

'PHOTOGRAPHIC

TIMER

This project should appeal to the photo enthusiast. Use it to do your enlarger timing

OUR PHOTOGRAPHIC TIMER is a useful project with
- some unusual features. !t has two fully variable ranges,
covering 0.9 seconds to 10 seconds and 9 seconds to
100 seconds. The unit has a relay output for turning the
enlarger on and off, and is battery powered. Timing
periods are initiated by pressing a start switch, and
either end automatically at the end of the pre-set timing
period, or they can be abortec part way through the
timing period by pressing a RESET switch.

Power Saving

The most unusual feature of the timer is that it
consumes power only during the actual timing period.
This feature makes it legitimate to use a battery power
supply, which in turn increases the unit’s versatility by
making it fully portable and suitable for use as a
general-purpose short — period timer. The unit has a

FROM

FROM

RV1
TIME

\

built-in LED (light-emitting diode) that illuminates during
the timing periods.

Construction

Most of the circuit is built on a PCB, and construction
shouid present no problems if you follow the overlay
with care! Be sure to fit the two diodes, the two elec-
trolytic capacitors, the LED and the IC the right way
round. Take extra care when doing the interwiring,
especially to SW1.

When the construction is complete, double-check all
wiring and then give the unit a functional check.
Connect the battery supply, press the START switch,
and check that the relay and LED operate and turn off
again automatically at the end of a pre-set period. The
maximum timing period can be pre-set to precisely 10
seconds on range 1 via RV2, and to 100 seconds on
range 2 via RV3.e

How to wire the ‘TIME’ pot the
‘TIME SET' switch.

TIME SET

HE

PHOTOGRAPHIC TIMER

FROM
i PIN
10
FROM FROM
PIN | PIN
13 a[L L L 17
blee oo o
FROM ‘ [—> FROM
PIN PIN
12 FROM 18
PIN
1" =
TIME SET
Ay
46
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UL, :—: BJ;A STaRT
100k
NOTE:
e § o SE ape
:;?1 1S TIL220 ! s ;ggoa
W1 RANGES: R2 10k
AR { i -4
MAX 6V
ic1 —
> :
D2
—14 L
¥z —
D1
y RLe RESET -
Km >1122\(/)R :..L. T4
c1
100n 9
The circuit diagram for the timer. mn
HOW IT WORKS
The photographic timer is designed around a from the positive supply line via R1 and C1, and
simple and inexpensive IC known as the 555 the timing periods are determined by the values
timer. Fig. 1 shows the circuit and waveforms of of C2-C3-RVI1-R4, which can be switch-
a simple manually-triggered timer built around selected via SW1.
this IC. Here, trigger pins 2 and 4 are normally The timer operation is: initiated by momen-
held high by Ra and Rb, and output pin 3 is low. tarily closing PB2 and thereby briefly connec-
When a brief negative-going trigger pulse is ting the positive supply to the circuit. At the
applied to pin 2 of the IC, via the push-button instant that the supply is connected, C1 is .
PBa, a timing period is initiated and the pin 3 discharged. Consequently, trigger pin 2 is held
output terminal immediately goes high and Ca negative relative to the supply line at this
starts to charge towards the positive supply rail instant, and a timing cycle is immediately in-
voltage via Rc. itiated. As the timing cycle is initiated relay RLA
After a delay determined by the values of Ca operates and contacts RLA/2 close and bypass
and R, the Ca voltage reaches 2/3 of the supply switch PB2, thus maintaining the supply con-
voltage value, and at this point a switching nection to the circuit once PB2 is released. At
action is initiated within the IC in which output the end of the timing cycle RLA turns off and
pin 3 switches rapidly to zero volts and Ca is contacts RLA/2 open, thus breaking the supply
discharged, thus completing the timing cycle. connections to the circuit. The circuit thus
Note that the timing cycle can be aborted part consumes no current when it is in the
way through, if required, by applying a STANDBY mode.
negative-going pulse (by briefly closing PBb) to Pre-set pots RV2 and RV3 are switch-selected
pin 4 of the IC. to connect to modulation pin 5 of the IC, and
Our photographic timer is a modified version enable timing periods to be varied over a limited
of the basic Fig. 1 circuit. Look now at the full range to compensate for variations in the actual
circuit diagram of our timer. Here, the output of values of electrolytic capacitors |C2 and C3 and
the IC is used to drive relay RLA, which has two to enable precise maximum timing periods to
sets of N.O. (normally-open) contacts: one set of be obtained.
contacts is in series with the circuit’s supply
leads, and the other set is used to give cutput iy
control. The circuit’'s START pulse is derived Ra e Re
22K 470K
PIN 2 P ! 3
(PBa) “ = 2 7
5 3 6 -—T
r + 555
(83% ov 4 TIMER EE
‘J. 55 o || % %o
g G = Fig. 1. The waveforms on the left are ;%ZRT I i
(Ca) / ov  those produced by the simple circuit on o ov
! _ the right. ”Jﬂ
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PROJECT

PIN
1
+12V
PB2 ....._—2-
3
RﬁA OUTPUT{_.._..T
5
PB2 3
LED Anode _—_7'
RV1
8
PB m——
i
i
i
9 §
RV1 (WIPER)
10 |
SW1a (COMMON)
11 ¢
SW1b (COMMON)} M .
12
SWi1b (1) 13 |
SWita (1) .n
14 |
LED Cathode TR
PB1
16 -
S 17 ¢
SW1a (2) 18 ; Abova left: The overlay for the PCB
SW1b (2) - Above Right: Inside the bex.
Below Left: The PCB with com-
\ *é-\ ponents in place.
- movse Below Right: The PCB foil
pattern shown full size.

r—— PARTS LIST —

RESISTORS (Al 5%, YaW)

R1 22k

R2 1k

R3 22k

R4 100k

R5 560R

CAPACITORS

C1 100n (0.1uF) polyester, mylar etc.
C2 10u 16V electrolytic, PCB mounting
8 100u 16V electrolytic, PCB mounting

POTENTIOMETER
RV1 1MO linear, rotary
RV2, 3 10k preset

SEMICONDUCTORS

IC1 555 (NE555)

D1, D2 1N40Q01 silicon diode
LED1 TIL 220

MISCELLANEOUS

SWi Miniature toggle, two pole, two way
PB1, PB2 Push button switches, push-to-make
Relay 12V coil with minimum resistance

of 120R. sub miniature type

with at least two ‘normally

open’ contacts (change-over

contacts will contain a normally

open pair)
PCB Pattern as shown
Bulgin mains plug and socket, 2-off HP7 4
section battery holders, 8-otft HP7 battery. Case
to suit

48 ETI-JULY 1980



Bill Johnson advocates HAPPY FLIERS, agrees with a letter from Vancouver and reports on a court case.

IT SEEMS to me that amateurs in Canada
have a distinct advantage over other amateurs
around the worid — we have not one, but two
national organisations to represent our in-
terests to government and the public. Despite
the constant bickering and attempts at one-
upmanship between the two, amateurs in
Canada are taking giant strides ahead at a pace
greater than our confreres in other countries.
So much so, in fact, that it would seem that
someone, somewhere in authority, has our in-
terests at heart, and is doing his utmost to
promote them. | wonder who that couid be!

For many years, amateur radio led a dark
existence. it was a hobby unknown to those
who were not in its ranks. Almost a secret
society. Over the last few years, however, we
have not only gained valuable extra privileges
from the government in the form of modes
of emission, such as packet radio, but it seems
that all government departments recognise the
importance of amateur radio as a communi-
cations resource. With the new Digital
License, we find that amateur radio is not
only the resource of hobbyists, but of Univer-
sity researchers also. Our services as communi-
cators are actively sought out by departments
who need the extra manpower but can’t hire
the numbers of skilled people required. Such
agencies as the Canadian Coast Guard and En-
vironment Canada have shown interest in re-
cruiting amateurs as assistants to their objec-
tives. We appear to be at the threshold of a
new world full of opportunities to serve.

On 'the subject of public service, there is
an organisation in the United States called
“H.A.P.P.Y. Flyers"”, which consists of peopie
who are both amateur radio operators and
pilots of small aircraft. Their objects, in co-
operation with the Civil Air Patrol, are to use
their technical expertise, coupled with their
own personal aircraft, to search for and locate
downed aircraft. Not only do they do a ser-
vice to the general public, but their members
have developed several high-technology
gadgets to aid in the detection and tracking
down of radio signals emanating from downed
aircraft. As the flyers amongst you will know,
an ELT (emergency locator transmitter) is
nothing but a battery-operated transmitter
that emits a wailing tone when activated by
the impact™f an aircraft crash. There is no
position information transmitted, nor does
the transmitter give any directivity infor-
mation such as a VOR (VHF Omni Range)
transmitter gives to guide aircraft on our air-
ways. Location of the transmitter signalling
distress is solely by radio direction-finding
techniques used by VHF amateurs in the big
cities to locate repeater-jammers. The
H.A.P.P.Y. Flyers have developed units which
they will sell in kit form to anybody who
wishes to do direction-finding for either avia-
tion emergency or any other use. The name
“H.A.P.P.Y. Flyers"”, by the way, stands for
""Hams And Pilots, Piloting, Yakking.” How
originall

Since they already have it in the U.S.,
why don‘t we have it here? We don‘t have a
civilian air search and rescue organisation here

as they do in the U.S., but we don‘t need it —
when an aircraft is lost and ELT is heard, the
authorities would be happy to hear from any-
body as to its whereabouts. This could be
another way to demonstrate amateur radio’s
superior technology to the public, and having
a lot of fun in the meantime. With the Cana-
dian Coast Guard forming an auxiliary which
will use amateur communications, it seems a
natural little ‘extra’ to use our direction-
finding capabilities to full advantage in this
area too. (I would be happy to receive letters
from anybody interested in forming an or-
ganisation for Canada’s HAPPY flyers — just
write to me at the ETI office).

Out West

The premier of British Columbia, talking on
the Quebec independence issue, once said that
B.C. is the only province in Canada that has
all the resources, industry, and manpower to
‘go it alone” should Confederation fall apart.
His words were still ringing in my ears when |
received a very interesting letter from an ama-
teur in Vancouver. For several years, new
Canadian amateurs have had a hard time
extracting the information they need from
the various technical manuals available to
them. The old standard handbook written by
Morton Biback in the early sixties was sadly
out-of-date, and no matter how many times
it was reprinted, updated, and re-written, it
never seemed to keep up with the present
state of technology. CARF, with their manual
for students, made a valiant attempt, but
there was still something missing. With all
this as a lbackground, | was delighted to
receive a copy of a new study guide now
being sold in B.C. The content is easy-to-read,
well detailed, and the pace of the lessons are
steady and consistent. Drawing are well-done
and clear, interspersed generously with the
written material.

In his letter Ralph Zbarsky, VE7BTG
writes,

. .. we agreed with your statement (Sept.
79 QRM)} that something was definitely
wrong in the training techniques being used.
As a result of this initial meeting, the B.C.
Amateur [Radio Instructors Group was
formed. The group now comprises 31 instruc-
tors on a province-wide basis and provides a
forum for exchanging instruction techniques,
sample lessons, and new ideas relating to both
group and individual instruction.

“In addition to meetings, at which we
have discussed examination content and for-
mat with D.O.C. officials, regular on-the-air
sessions have been held to discuss problems
and solutions which are monitored by hund-
reds of hams and S.W.L.s across Canada (jud-
ging by the resultant check-ins and letters).
The latest examinations have been discussed
question by question to assist those instruc-
tors who cannot personally attend the
meetings.

"As a result of this activity, we believe
that a more unified approach to instruction in
B.C. has resulted. For the first time, instruc-
tors {and students) have a group to which

they can turn to for assistance, a group that
exists expressly for that purpose, that is not
affiliated with either of the two major warring
Canadian factions (neither of which appear
ready or able to serve this function). Through
the support of individuals and clubs, we are
able to maintain a post office box mailing
address and provide services ranging from a
comprehensive list of typical questions that
students must be capable of understanding to
certificates for successful course completion.
As a representative group, we also believe'that
our representations will have a greater impact
on the D.0.C. than will individual approaches
{which, of course, we also encourage and sup-
port). Anyone wishing further information
can contact me or the B.C.A.R.l. at PO Box
35404, Vancouver, B.C. V6M 4G5.""

All | can say to that is well done, Ralph!,
why can‘t we do something like that in the
rest of Canada?

Amateurs In The Courts

In a Toronto court room, this spring, Murray
Crimless, VE3GAD, of Lindsay, Ontario, ap-
peared before the Judge charged with posses-
sion of a device capable of detecting radar
speed measuring equipment, transmissions
contrary to the provincial highway traffic act.
Armed with jurisprudence stating radio to
a purely Federal matter, and two radio inspec-
tors for expert testimony, Murray was all set
to plead NOT GUILTY with determination to
win the case, even if it meant spending more
than the thousands of dollars that he already
had tied up in the case.

You will all be glad to hear that Murray
got off, but the outcome was more the work
of a policeman not showing up than the legal
arguments of Murray’s lawyer, Lorne Jackson,
VE3CXT. The judge dismissed the case for
lack of evidence, and ordered the radar de-
tector, {(which had been seized at the time of
the alleged offence) returned to Murray. This
presented a problem, however, when the
police refused to allow Murray to transport
the device home in his car, since the transpor-
tation of these devices except in a factory-
sealed carton is also illegal in a motor vehicle.
All was resolved when somebody phoned
‘downtown’ and got special permission. The
‘radar detector’, incidentally, was a unit that
Murray had built from a kit in true amateur
spirit many years ago, and was being used, in
conjuction with a microwave transmitter in
the car, in some collision-avoidance experi-
ments that he was legitimately performing
under his amateur license from the Feds. It's
enough to make you fed up, isn‘t it?

QRM letters are welcome from any reader
who has an opinion to render, whether
licensed amateur or not. @
Write to:—
QRM Letters
ETI Canada,
Unit 6,
25 Overlea Boulevard
Toronto, Ontario M4H 1B1.
73 de Bill VE3APZ
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Get,in tune with the modern age. . . economical testgear made to measure.

THIS LINEAR SCALE AFM will enable you to resolve
frequencies from 10Hz to 100kHz in four decade
ranges. It is low In cost yet high in performance.
Accuracy is unaffected by the wayeshape of the input
signal and the unit is sensitive to input levels down to
about 200 mV. The input circuit features a protection
diode network and the maximum safe input voltage is
effectively limited by the rating of the coupling capacitor
C1. The unit operates from a single 9 volt battery and

-
vl
2]

Calibrating the Audio Analogue Frequency Meter against the workshop signal generator. For those without any test equipment an alternative method

is outlined in the text.
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current drain is low giving a useful life from a 9V battery
or equivalent source.

Cheap Chips

Only two relatively cheap chips are used; a 3140
bi-MOS op-amp which performs signal pre-amplification
and conditioning, driving an ordinary 555 timer confi-
gured in the monostable mode. Timing components are
selected by a five position range control which also
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functions as the power switch. Only a handful of other
components are required and accuracy, after calibration,
is determined by four fixed resistors .

Construction

Construction may take many forms. However, use of a
PCB aids assembly and reduces any chance of error. Our
design is highly recommended. in any event, all leads
should be kept as short as possible to .avoid stray
coupling; keeping signal input leads away from the 555
for example.

Construction should proceed in the usual order. Insert
the IC holders first, followed by the passive components;
resistors and capacitors, paying close attention to the

—

orientation of the polarised components. Finally insert
the diodes and plug the IC’s into their sockets. Pin one
is indicated by an indent at the top of the package or
a dot by the pin itself. Note that the signal ‘low’ input is
separate from the OV line.

Calibration and Use

Calibration of the instrument is very straightforward
owing to the high input impedance. With the unit
switched to the 100Hz range, touch the input with your
finger. There will generally be enough stray power field
to provide an adequate signal. This should cause a
deflection on the meter and RV 1 can be adjusted until a
reading of 60 Hz is obtained.

HOW IT WORKS

The input signal is applied to C1. R1, D1 and 2 4 jow temperature coefficient. This means that its
provide protection against high input levels. IC1is yoltage exhibits little change per degree change in
a high input impedance op-amp configured as a temperature. The reason for this is that the
Schmitt trigger with RS, 6 setting the hysterisis. negative and positive temperature coefficients of
C2, R2, 3 provide a mid-voltage bias source. the zener and avalanche effects almost cancel out
The output of IC1 consists of a train of square in ‘zener’diodes of this voltage.
waves at the same frequency as the input signal. The only possible source of trouble worth men-
This triggers the 555 timer which produces a tion may be failure of the 555 to trigger at all. This
monostable pulse of period determined by selec- could be caused by the value of C3 being too small,
tion of range resistor, R9 through R12 at the output Trouble from this source is unlikely. However, C3
pin 3 from each negative excursion. The trigger = should be as small in value as possible consistent
pulse must be shorter than the output pulse and with reliable triggering.
differentiating network C3, R7, 8 is used to Current pulses from 1C2 are averaged in the
accomplish this. meter whose deflection indicates the input
To avoid inaccuracies owing to falling battery frequency. To allow for variations in component
voltage, the output of 1C2 is clamped at 5 V6 by tolerances, full scale deflection corresponds to

ZDI1 and the meter is driven via current limiting about a 75% duty cycle. C5 is a supply decoupling
network RV1, R14. A 5 V6 zener is chosen as it has component.

OFF
© M iookmz

R10< R11 R12 Vs
RS > 00k 10k k0 b 100Hz

1MO0
’
’
R2
10k /
R? 7
33k S GANGED
e I e v
o
R1 R4 ¥
> A= TS

c1 —
H1 4700
o— + av
INPUT L o o ~iem s

r ( 4700

LOW
o
Ay L
R13
- 7 390R
2 4 !

R14

— 33k
NOTES: ca

IC1 1S 3140 6n8
IC2_ 1S 555

D1.D2 ARE 1N4145 M
100uA|

Fig. 1. Circuit diagram of the Analogue Frequency Meter.
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Of course if a signal generator of known accuracy is
available, you can set up the unit on any desired range.
However, the technique described above will enable
useful results to be obtained. A feature of the instrument
is that only one range need be calibrated; the others
falling into line automatically.

In use, select the highest range (100 kHz), this
automatically applies power to the unit, then connect the
unknown input signal. The reading can be noted and a
lower range selected if required. This is to avoid spurious
readings which can be obtained on the lower ranges
owing to retriggering of the 555 by high frequency input
signals. There are no other adjustments to make so all
you neéd now is something whose frequency you can
measure. @
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Inside view of our prototype. .

INPUT
HI Low TOSWila TO METER TO SWib
(+Ve)
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TO METER

Fig. 3. The component (=Ve)

overlay on the PCB.
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PARTS LIST

RESISTORS (all %AW, 5%)
R1,2,3,5,11 10k

R4,6,9 ™

R7. 14 33k

R8 22k

R10 100k

R12 1k

R13 390R
POTENTIOMETER

RV1 22k preset
CAPACITORS

C1 470n polyester
c2 10up tantalum
C3 56p polystyrene
c4 6n8 polyester
Cs 470p. electrolytic
SEMICONDUCTORS ¢
IC1 3140

1C2 5565

D1,2 1N4148

ZD1 5V6
MISCELLANEOUS

Meter 100 A FSD
SW1 2 pole 5 way
PCB case to suit

Fig. 2. PCB foil pattern for the AFM

VY00 REAUSE her & T OWAWT
Rl CoR - DISCOVERY OC GLETRYITY
NoUh WAVE AN Yo VAT feLe NSO
W oae Sark U

ETI-JULY 1980

e s Wi



Fig.1. A view of
NORSAT's dish

Elementary, My Dear Holmes
| WOKE UP this morning to the sound
of the Fugs being played through my
guitar amp with the reverb turned up
and the tremolo going full blast. It was
not pleasant. You probably don’t know
what exactly a Fug is, even in the singu-
lar and cannot thus imagine what sort of
manifest horror is racked upon the
human brain by finding a bunch, three
in fact, crawling around the inner ear,
trolling for consciousness, at seven AM.
Suffice it to say that if you met one in
the subway, he would be attonal,
obscene, about fifteen years out of date
and, | suspect, probably out of work.
Mid sixties East cost protest drug rock?
Yes indeed. The song | arose to was
called CCD. You may, if you wish, pon-
der the meaning of those initials, or
research them, if you’re really into
nostalgia, in the delete bin.

| thought | hid that album,” | recall
thinking to myseif. | discovered the dog
sleeping in my drawer again.

| may have mentioned my acquain-
tance, Max. He comes over, now and
then, to groove. | hadn’t heard that
word used since | hid the Fugs album,
Grooving is the process of eating food
(mine), occupying space (mine), ex-
periencing technology (mine) and trying
out possibly illegal substances on the
dog (his and mind: his stone, my dog . .
which probably explains why it was
sleeping among my socks). When | got
down to the studio, Max was sitting in a
bean bag chair, which he must have
brought with him, stroking a kitten.
Every piece of equipment in the room
was on. The stereo was playing through
the synthesizer (which was, in fact pro-
ducing the tremolo sound) into the
amp, all the video monitors were on,
displaying different tapes, and there was
a Devil’s Dungeon game in progress on
the computer. Max smiled. He proferred
me the cat. | brought ya this.”
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Steve Rimmer reviews a Canadian Satellite System.

antenna.

| was speechless with gratitude. Or
something.

“You gonna buy a satellite soon?’’
Max inquired.

“Will you take the cat back if | say
no?”’

“’Course not.”

“What about if | say yes?”’ It's all a
foolish discourse. You can‘t buy sate-
llite systems in second hand shops or
flea markets, the haunts of the finan-
cially inopportune.

“| had an idea how you could shoot
one down, if ya want.”” Max said ser-
iously. You can‘t really tell if he’s grin-
ning through his beard.

“Listen, hit me next week. | gotta do
the column.” Max understood this. He
always reads the column. Fortunately,
| get two copies of the magazine, so |
usually get a chance to see it too.

“Elementary, my dear Holmes” he
said, and left.

It only struck me much later that
this had been a pun, and a rather vile
one. | turned everything off and started
trying to figure out which of several vis-
cously bubbling topics to throw the eye
of a newt into and transform into a
couple of thousand words.

What eventually decided me was the
last stack of mail | got (see; you do
have a say in things). The most frequent
questioh |’ve encountered to date dealt
with satellites: notably, where to pur-
chase downlink hardware from. It seems
like it's about time for another satellite
bit, and this would be a useful area to
cover in some depth. This month, we're
going to look at NORSAT SYSTEMS.
If you've been considering buying a
satellite system, this may be just what
you need.

And | can send Max over to your
place next time.

Norsat
Readers who spend their nights tun-

nelling through ETI’s back pages may
have noticed an ad for NORSAT
SYSTEMS (P.O. Box 232, Surrey B.C.
V3T 4W8). As far as | can tell, to date,
these folks are the only Canadian based
supplier of home satellite ground
station equipment. To be sure, con-
sidering the duty and shipping charges
involved in importing equipment from
the States, this is the cheapest way to
go. Furthermore, as the equipment sup-
plied by NORSAT is of a Canadian
design, it appears to be better able to
withstand our novel climatic variations.
The dish antenna, (Fig.1) for example,
is claimed to be able to emerge un-
scathed from 100 mile an hour breezes.
Those are real miles. Smaller dishes are
available if you wish to convert to
metric.

NORSAT has available both plans
and complete kits.

The dish antennas are sold in three
bits, these being the reflector proper,
the feed (which sits on the dish) and the
mount, which takes up the space be-
tween the dish and the ground. The dish
is supplied in pieces . . . fourteen big
ones, the segments, or “ribs” of the
reflectors, and a somewhat larger
number of smaller ones, which will get
lost, unless you’'re careful. Small pieces
usually do. When it's all put together,
it is twelve feet (or 3.7 meters, if you
want to be difficult) in diameter. The
actual reflector surface is aluminum,
supported by a fairly simple plywood
structure. The plywood doesn’t come
with the kit, as the cost of shipping it
would exceed the actual worth of the
material.

The plans alone go for about a hun-
dred dollars, and the kit of pre-cut
pieces for about a thousand. This is a
bit like a twenty thousand dollar Rolls;
a great price, but it’s still a lot of bread.
If you elect to buy just the plans, NOR-
SAT estimates that you can buy the
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materials (and do the cutting yourself)
for about three hundred.

Judging by some photographs that
NORSAT enclosed. (Fig. 2) dealing with
the bringing to life of one of these
marvelous metal frisbees, any mad fool
with a hammer and a three car garage
could get the dish together. But do
check out that garage. It’s not just any
door that will pass a twelve foot dish . .
and no matter how you turn the thing,
it's still twelve feet across. If you really
get stuck, you can make it 3.7 meters.

The feed system for the dish is avail-
able only in an assembled form, mostly
because it could not be built to the
necessary tolerances as a kit. It is, in
fact, not even built by NORSAT, al-
though it uses NORSAT's design, but
rather, by a firm which specializes in
these things. All this precision goes for
a mere $168.00.

The final component of the antenna
proper is the mounting structure. This is
a bit of a grey area for a number of rea-
sons. The exact nature of what one
uses as a mount will be determined by
a number of factors, such as, what kind
of meteorology is likely to impose it-
self up the dish, whether or not the
antenna is to be steerable, and so forth.
Furthermore, the mount is physically
huge, and made of relatively inexpensive
materials. As such, NORSAT does not
sell a kit of parts, but only plans for this
component, for twenty- eight dollars.

The specifications of the dish will
probably be gite meaningless to anyone
who does not chance to be a microwave
engineer, but, then, probably no more
so than the specs of a stereo. If nothing
else, they are good for party banter and
comparison. The minimum gain at
3.7 GHz is 40.8, rising to 41.9 at 4.2
GHz. The noise temperature at 40° is
less than 25° K. Judging by what |'ve
been told (relatively little), | think this
is pretty good.

The ouput of the feed is type CPR-
229G. If you've taken apart a DEW line
station recently, you probably have one
of these in a drawer somewhere.

The important part of a satellite sys-
tem is actually the receiver, to some de-
gree. The antenna has to be properly de-
signed, stable and of sufficient gain to
be sure, and, from a theoretical point of
view, the receiver could be quite klugy.
With respect to some of the articles that
have been running in a few of the U.S.
technical magazines of late, one could,
it seems, get together a simple receiver
(sort of) that would get useable pic-
tures. However, producing a system that
one could actually watch without going

mad retuning and adjusting, and one
that can make full use of a good

antenna by being able to check out
everything that’s “up there”, requires
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somewhat more expertise. To a greater
degree than the dish antenna, which is
acually just a relatively simple bit of
mechanical work, receivers for personal
systems are a somewhat new frontier.
Until a few years ago, no one was trying
to design low cost instruments to do
this job, because the only people who
needed groundlink sets were quite pre-
pared to pay top dollar for them. Thus
it Is that, while several fairly good
antennas are available, the choice of re-
ceivers is considerably more limited.
NORSAT’s CTC-2001 (Fig. 3) is, appa-
rently, among the more highly regarded
designs in this area. The price . . . a
mind searing, wallet shattering $29.45
... no no, pardon me, that’s $2945.00
. is actually a few hundred dollars
below the landed cost of the American
competition. Once again, the splendor
of the savings is overshadowed by the
sheer magnitude of that which remains
to be spent.

The receiver is housed in a 19” (not
available in metric) rack mounted case,
which looks to be about 5%’ high. It
is capable of being tuned to any of the
up to twenty-four satellite downlink fre-
quencies. The front panel contains a
very complete system to monitor what
the internal wizzbangs are up to, con-
sisting of a switchable meter to deal
with signal levels or tuning lock, plus
fourteen status LEDs. There is also a

headphone jack to monitor received -

sound before it heads out to the stereo
for amplification. The system also con-
tains a regulated power supply to send
out to the dish and fire up the feed
mounted low noise amplifier.

The aforementioned, internal wizz-
bangs of the set live on modular, plug in
cards, to facilitate servicing.

For some of us, twenty-five hun-
dred dollars would certainly mean no
beer this weekend, and, possibly, selling
the front lawn to a sod farm. However,
there are those who have large limits on
their Visa cards, and will want to guild
the silicon lilly. For these depraved,
and obviously grossly overpayed oil
company executives, there are options
available for the receiver.

Option number one is the installation
of an improved discriminator. See why
all the circuitry is modular? This im-
provement will reduce the noise, or
’sparklies’’ seen in a picture when the
antenna and low noise amp are just
about out at their limit. In fact, it will
be of some benefit even in ajlarger sys-
tem, as it reduces the noise generated
by the receiver itself, thus “quieting”
down the picture a bit. At seventy- two
dollars, it's well worth it.

If you are a bit confused as to what
a discriminator has to do with video
quality, remember that satellite down-

-

Fig.2. NORSAT antenna under constr-

uction.

links have the picture component modu-
lated FM, to get a useable signal-to-
noise ratio over the extremely high loss
transmission path.

The second option is a VHF modula-
tor, which bounces both the demodula-
ted video and audio down to a standard
broadcast TV channel, so you can see
uncut Carson shows on your very own
1958 round screen Zenith, instead of
popping for a proper monitor.

As with all modulators used in this
way, there is some degradation of
picture quality when a broadcast TV is
used, as opposed to a direct feed moni-
tor.

The audio on the WESTAR satellites
is somewhat different from that on
SATCOM, and the other “birds”, and as
such, cannot be demodulated by the de-
modulator that comes with the receiver.
This is very sad, especially if there hap-
pens to be something on WESTAR you
want to hear as well as watch. To cheer
you up, | should tell you that behind
option number three there is a brand
new second audio subcarrier demodula-
tor. It plug' into the receiver along with
the existing circuit, and can be switched
in from the front panel when needed.
Isn’t that amazing? It costs $104.00.
Still amazing, but not quite as much.

Option four is a walnut cabinet, at
$98.00. This may be the point to dig
out the saw and take apart the book
shelves.

Option five is a gas. It's a key lock
power switch. For why? It is parti-
cularly useful to censor childrens
viewing of pay TV R and X rated
movies.” Now, | can understand the
thinking behind this, and it’s probably a
good thought. It will either keep the
kids away from the tube when there are
blue flicks about . . . or teach them a
useful trade . . . like locksmithing.

The final option makes use of the
design of the receiver’s frontend, which
employs a voltage controlled oscillator,
as opposed to just a direct drive tuning
capacitor. Because the tuning is accom-
plished via a DC voltage, a remote
tuning control can be plugged into
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the back of the set. Stations can there-
upon be selected from ones chairside.
If you could arrange to be fed intraven-
ously, you'd never have to get up again.
At $137.00, this is most expensive of
the options, and, | feel, is the least
useful. If you are too stoned to get up
and change the channel, you are too
stoned to care what is on the screen.

As before, I'm not sure that the
specifications for the receiver will
be of much practical use, as few of us
are really capable of fully understanding
them in light of the application to
which the system will be put. On top of
this, there are few other sets to compare
it to. However, recognizing that without
numbers, pocket calculators would
never have been invented (and then
where would we be?), I’ll lay a few of
the more interesting digits upon you. In
all cases, the receiver conforms to the
various standards for frequencies and
subcarriers used by the satellites,
including the WESTAR sound channef,
with the appropriate option.

The RF Noise figure is 13 dB maxi-
mum. The FM threshold is 9.5 dB with
the standard discriminator, and 8.5 with
option one. The video bandwidth ex-
tends to 6 MHz with a 52 dB signal to
noise ratio. For comparison, a home
VCR at normal speed has 43 dB signal
to noise. The audio bandwidth is 45 Hz
to 15 KHz, at up to plus 10 dBm into
600 ohms. The headphone jack accepts
normal 8 ohm cans.

In addition to all this hardware,
NORSAT also supplies a “Site Co-or-
dination/Performance Study”, to keep
you from locating your antenna at the
bottom of a well, or other equally un-
suitable place. The cost of this service
is $25.00.

The Law

An lastly, the law. | was talking with
Charlie Pitts, of Spacecoast research, a
Florida based distributor of TVRO
downlink hardware, several weeks ago.
Spacecoast feels that it could offer more
of its products to we poor frostbitten
gnomes North of the invisible line, but
for the duty and postage. To this end,
the company is seriously considering a
Canadian manufacturing facility. Charlie
was up here on a “fact finding” safari,
investigating, among other things, the
possible existence of any legal hassles
dealing with private satellite system
owners. | think he garnered more ques-
tions than answers. The only realty offi-
cial word on broadcasting in Canada is
the Department of Communications,
who were fuzzy at best. They have
only one related document, which,
upon labourious unpacking (and

spreading out all over the floor), re-
vealed to us both that it misses the
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mark altogether. Subsequent forays into
this never-never land of paper marsh gas
monsters have given me no further in-
sights into the question.

To date, the powers that be seem to
be ignoring the private owners of
satellite equipment. This may be, in
part, because there are very few of
them. Then, too, they are not actually
hurting any of the program owners, as
none of the American services, HBO,
STAR CHANNEL, and so forth, could
be had and paid for in the usual way in
Canada. Then, too, there are indivi-
duals like David Brough who use satel-
lite transmissions to provide ersatz
network programming to remote areas
of the country where the CBC fears to
tread . . . even though it has a mandate
to do so.

The fact is, though, that things are
very loose in the legal aspects of satel-
lites. | recall an international statute
that states that anybody can receive any
material transmitted over the (public)
airwaves, provided he does not com-
municate what he has received to any
third party. This seems to relate more or
less to short wave transmissions, but,
technically, it also seems to cover satel-
lite downlinks. Presumably, then, one
could use the material provided one
didn't set up a cable system with it,
sell tapes of it, or, to be sticky, dis-
cuss what was on the tube last night on
the way into work.

| think that this is becoming an in-
creasingly important question, as more
and more Canadians start sinking the
family jewels into downlinks. While it is

NORSAT SYSTEMS CTC-2001
. SATELUTE VIDEO RECEIVER

would be nice to know where we all
stand, especially if some fellow in a red
suit with bowed legs appears at the door
bearing a tool box and an evil grin.

| hape that someone out there, pos-
sibly in some branch of the legal profes-
sion, or a neighbour thereof, knows
something concrete about this impor-
tant question. Or, perhaps you have an
opinion, or some blinding insight into
further ramifications of the problem.
If you checked yes beside any of the
above, feel free to grasp any one of your
sixty-four Crayola crayons firmly in the
termination of any suitable extremity
and write in. If it's in English, or rela-
tively legible sanskrit, we’ll print it.
Maybe.

Switching Off

That moment has come again, when we
must all grasp our volume controls be-
tween our fingers and turn ourselves
off, shrinking rapidly down into a
single, rapidly fading white dot, and
vanish, ultimately, from the screen. One
day we shall no doubt weary of this,
and shrug off this slug tuned, high Q
coil, putting our collective foot through
our respective screens . . if we do it in
unisan, who knows . . . the shock might
kill Mork and Mindy once and for all.
Listen, the risk is great, but consider
the prize if we succeed!

Next month’s column will contain
many words, some beginning with capi-
tal letters, and will undoubtedly deal
with  something related, however
distantly, to video ... unless, of course,
it dees not. | think that pretty well

covers most of the possibilities. Until
probably beyond all humans and most then P
lesser dieties to get the laws changed, it 3
9 9ec, Stay Tuned.®
What's On? Table |
If you are still trying to talk yourself into filling in the pool and putting up
an antenna, you may be interested in the current “TV Guide” for RCA’s
SATCOM F1 “bird”, at present, the most interesting resident of the outer
reaches.
Channel  Program
Number Source
1 KTVU Incependent Station origsnating in San Francisco 12 SHOWTIME {E as1 Cast Verson)
2 PTL-Raligous programming. 13 TRINITY Religious programming
3 WG N-tndepandent Station originaling n Chicago. 14 RCA Ownee used lor various pucpnses,
a4 A Victim of Murphy's Law {Broken & Not in Service) 1% N1 vet occupred .
5 Warner Brothers “Star Channel” -Umnterrupied Mowvies, 6 FANFARE Anather Sports Channel
6 WTBS-Independent {“"Super”) Station originatmg in Atlanta 17 WOR
7 ESPN-All Sports Nerwork -{incessant Howard Cosseliniks), 18 SIN Spamsh Internationat Nenvork
8 CBN-Reluinus progiamming. 19 Nat ver prcupied
9 Alternate: between Madison Square Gardent transmissions and 3 20 HOME BOX OFFICE At present, a spare channel
new service called C-SPAN 21 SOUYHERN SATELLITE SYSTEMS-Pay TV
10 SHOWTIME-A Pay TV Network (West Coast Mersion) 2 HOME BOX OFF1ZE Uninterrupted mowies {West Coast Version)
n NICKELODEQON-A “‘second serwice” of Warner Braothers STAR 23 HOME BOX OF FICE Take 2-(HBO Second service}
CHANNEL 24 HHOME BOX OFFICE (E st Coast Versiont
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Have you ever wondered why the word ‘Decibels’ seems to crop up everywhere in the electronics field?

lan Sinclair explains both the origins and the usage.

LOOK UP THE REFERENCE BOOKS, and they’l! tell you
that Alexander Graham Bell invented the telephone. He
did, true enough, but what he was trying to invent was a
deaf-aid, and it just happened that the microphone and
earpiece he came up with were a lot more suitable for a
telephone than for the deaf. The point is that Bell was
very interested in ears and hearing, which is how a unit
called the bel came about. One tenth of a bel is called a
decibel, and it’s this unit whose name seems to crop up
everywhere in electronics.

Why? Well, it happens that the end result of a lot of
electronic gadgets is something you hear or see, and
Bell’'s work on the telephone led to a very important
discovery about the way we hear sounds. A telephone
microphone converts sound waves into electrical
signals. Now electrical signals are waves that we can
measure, and even a hundred years ago we could
measure the power of electrical signals, so that conver-
ting sound waves into electrical signals is a very con-
venient way of measuring the power of sound waves.

Bell carried out some measurements, and made the
rather surprising discovery that two sounds of the same
pitch, one with twice as much power as the other, did not
sound so very different to the ear. Quite certainly, one
didn’t sound twice as loud as the other.
Ring of Confidence
It's not so surprising when we use modern equipment to
make measurements on the sounds around us. The
softest sound we can just hear (those of us of the
generation before discos, that is); has a power of about
one millionth of a millionth (10-12) of a watt on each
square metre of surface. The loudest sound our ears can
stand (Concorde at three yards, or a disco at 20 feet)
sends out something like 10 watts per square metre.
Now there’s a huge ratio between these two quantities,
some ten million millions, a darn sight more than the
ratio of sizes of an elephant to a flea, and no instrument
can be devised which can handle the full range. How
does the ear cope, then? The answer is that the output of
signals which the ear sends to the brain isn't
proportional to the power of the signals arriving at the
ear, but to the logarithm of the sound power.
Remember your logs? The logarithm of ten is 1, the
logarithm of 100 is 2, and the log of 1 000 is just 3. For

these numbers which are powers of ten (ten mulitiplied.

by itself several times), the log is equal to the number of
zeros which follow the 1.

The other feature of logs which made them so useful
in the days before pocket calculators (that's given my
age away!) is that multiplying and dividing numbers can
be done simply by adding or subtracting the logs of the
numbers. For example, the ratio 1 000/10=100 can
be worked out by taking the logarithms 3 (log of 1 000)
and 1 (log of 10), and subtracting, to give 2 (log of 100.
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You wouldn’t use logs for such a simple one as that, but
it did make more complicated multiplications and divi-
sions a lot easier. ‘

Logs and Watts

To measure how the ear reacts to sound, then, we take
the log of a ratio of powers. We need two measurements
of powers to form a ratio, though, so that we have to
choose some standard to compare all other power
measurement to. In electronics we take 1 mW (one
milliwatt, which is one thousandth of a watt) as the
standard power, though acoustical engineers sometimes
use the threshold of hearing, 10-'2 W /square metre as
their starting point. When someone says that a sound is
95 decibels, then, you need to know from which power
level this is being measured.

When we measure some quantity of power, we find
the ratio of that power to one milliwatt, then find the
logarithm of the ratio, and the result is the number of
bels. A lot of measurements: in electronics are power
ratios to start with, such as the ratio of power out of an
amplifier to the power in (power gain) and we can
change these ratios into bels by taking the log. For
example, a power ratio of 50 000 works out at 4.699
bels.

The bel is rather a large unit, so for convenience we
use its smaller brother, the decibel. A decibel is one
tenth of a bel (is a decimal a tenth of a mal, and what
does that make a decision?), so that 4.699 bels are
46.99, 50 as near as maybe, decibels. As it happens,
the ratio of power corresponding to one decibel is just
about the smallest difference the ear can detect. As a
formula, then, the decibel ratio is:

db = 10 log (power ratio)

Now, strictly speaking, decibels should be used just
for this job of power ratio measurement, and nothing
else, but the idea is so useful that decibel ratios are used
even when what we are measuring is not a power ratio.
One very common use (or misuse) is to compare signal
voltages rather than powers, and when this is done, the
formula is changed to:

db = 20 log (voltage ratio)

Why 20? Well, the reason is that when we have a
voltage V across a resistance R, the power is given by
V2/R, voltage squared divided by resistance. Squaring
any quantity can be carried out by multiplying the log of
the quantity by two, so that the voltage ratio is converted
into "decibels’ and then multiplied by two, giving the 20
in the formula. Strictly speaking, this use of decibels is
justified only when the voltages are measured across the
same value of resistance, such as when we compare the
output of an amplifier at two different frequencies.
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DECIBELS TO VOLTAGE GAIN

To use the table, split up the decibel figures into tens and
units (100 is ten tens) look up the tens figure in the
left-hand column, and the units figure in the top row.
The intersection gives the voltage ratio which corres-
ponds to the db figure. For example, 26 decibelsis 19 9

times.

Units 1 2 3 4 5 6 7 8 9 10
Tens

0 1.12 1.26 1.41 148 1.78 1.99 2.24 2.51 2.81 3.16

1 3.55 398 447 501 562 6.31 7.08 7.94 8.91 10.0
2 Numbers in this row are 10 times the numbers in the first row

3 Numbers in this row are 10 times the numbers in the second raw
4 Numbers in this row are 100 times the numbers in the first row

5 Numbers in this row are 100 times the numbers in the second row
6 Numbers in this row are 1,000 times the numbers in the first row
7 Numbers in this row are 1,000 times the numbers in the second
row

Numbers in this row are 10,000 times the numbers in the first row
Numbers in this row are 10,000 times the numbers in the second
row

Numbers in this row are 100,000 times the numbers in the first
row

o ©ow

Voltage is so much easier to measure directly, using an
oscilloscope, than power that we're stuck with ‘voltage’
decibels for good now.

Pocket Decibels

1f you carry a pocket calculator which has a log key, then
working out decibels is easy — you work out the ratio of
powers or voltages, press the log key, then multiply by
ten for power ratios and twenty for voltage ratios. A few
calculators even have a db key, so that a ratio of voltages
can be converted directly. If you haven’t a calculator, orit
hasn’t a log key, try the tables shown in Fig. 1, which
give voltage/decibel conversions as quickly and accu-
rately as you're likely to need. Remember that a decibel
out either way is hardly noticeablee

VOLTAGE GAIN TO DECIBELS

To use the table, convert the gain to a number (less than
ten) and power of ten. For example, a gain of 52,000 is
5.2x 10,000, and again of 652 is 6.52 x 100. Look up
each part of this number in the table, and add. For
example, 5.2 is, from the table, 14.3, and 10,000 is
80db. Adding these gives 94.3 db. One place of
decimals of voltage gain is enough, because the dif-
ference in decibels is very small.

"0 S ik 3'22 4‘88 4’f7so 5'?25956db
1 .82 4 .28 2.92 3. ! . . 3

2 8.02 6.24 61582 %.22 7.60 7.96 8.30 8.42 8.949.24db
3 9.54 982 10.1 10.4 10.6 109 11.1 11.4 11.611.8db
4 12.0 12.2 125 12.7 129 13.1 13.2 13.4 13.613.8db
5 13.9 140 143 145 146 148 14.9 15.1 15.316.4db
6 15.6 15.7 158 159 16.1 16.3 16.4 16.5 16.616.8db
7 16.9 17.0 171 17.3 174175176 17.7 17.817.9db
8 181 182 18.3 184 18.5 18.6 18.7 18.8 18.919.0db
9 19.1 19.2 19.3 19.4 195 195196 19.7 19.819.9db

Powers of ten

DTN 2 . e s Y i 20db 10,000 ........ 80 db
VOO o o S mr 40db 100,000 ...... .. 100 db
(OO e SRS S 60db 1000,000 ..... . ... 120 db
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PROJECT

For any up and coming musician

a sense of timing is of great importance
(something not easily acquired by most of us). The ET]I
Metronome will at least keep you in strict tempo and save the

METRONOME

physical efforts of tapping your feet to keep in time.

THE TEMPO RANGE of the
instrument is variable over the 10:1
range of approximately 300 to 30
beats per minute via RV1, and thus
fully spans the musical tempo range
of Largo (40 beats per minute) to
Presto (208 beats per minute). The
tempo range can be adjusted, if
required, by changing the value of
C1. Increasing the C1 value lowers
the whole range, and decreasing C1
raises the range.

Music To Your Ears

RV1 can be calibrated in terms of
conventional musical tempo names
by using a watch with a second hand
to compare the number of
metronome beats per minute against
the information in the following
table:

Tempo Tempo Span Mid range
Name Beats/Min Tempo
Beats/Min
Largo 40-60 50
Larghetto 60-66 63
Adagio 66-76 71
Andante 76-108 92

Moderato 108-120 114

Allegro 120-168 144
Presto 168-208 188
58

The instrument can be used as
either a normal metronome, or as an
accentuated beat metronome. Our
design allows for four basic rhythmic
patterns in the time signatures of
2-4, 3-4, 4-4, and 6-8.

The tone of the non-accentuated
beats is variable via RV4, that of the
accentuated beat via RV 3, and the
beat length via RV2.

ACCENT
>

===

ACCENT ~ ACCENT
> >

ACCENT

NEET

i

Fig. 1. The accented beat of the bar.

Construction

Construction of the metronome
should not pose any special problems
providing the overlay is followed
carefully and correct orientation of all
electrolytic capacitors and diodes is
observed.

The type of switch used is a matter
of personal choice; either a bank of
interlocking push button switches, as
used on our prototype, or a rotary
switch may be employed, this being
the cheaper.

The switch assembly is mounted
directly onto the front panel with
stand off pillars to give the correct
recessed depth, all interwiring to
each switch is taken via a six-way
socket.

After checking that all is well the
setting up procedure may now be
carried out.

Calibration

Setting up the metronome is quite
straightforward. Rotate RV2 (located
on the rear panel) fully

anti-clockwise, then select the normal
mode of operation. Switch on the
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POWER SUPPLY CONNECTIONS
+9V 1O
IC2 PIN14

NOTE:

IC1 1S 4017

1C2&3 ARE 4001
1C4 15 4011

1C5 1S 655

D1-7 ARE 1N4148

P31 POSITIONS
l . &= NORMAL o——r-osw‘
" b=2-4 BEAT

c=3-4

™44

*=6-8 )
=i
=

D8

03
D2

D1

+9V

Fig.2. Circuit diagram of the metronome.

MISCELLANEQUS

PB1—5 posit
push bu}ton, . .
(interlocking action). Rotary switch may

change over

40R Loudspeaker 2Y2in dia.
SPST miniature toggle.

—PARTS LIST—

RESISTORS

R1, R7 10k

R2 1k

R3, R4 100k

R5 ak7

R6 22k

POTS

RV1 1MO Lin

RV2 1MO preset (knob operation)
RV3, RV4 100k Lin
CAPACITORS

C1,C3 220n polyester
Cc2 1uo polyester
Cc4,C6 100n polyester
C5 10n polyester
C7.C8 220u elect
SEMICONDUCTORS

IC1 4017

IC2,IC3 4001

IC4 4011

IC5 NE555

LED 1, 0.2in dia D1-D7, 1N 4148

c1

220n
(see text)

unit — the down beat LED should be
permanently on and a steady tone
heard from the loudspeaker.

For the accentuated beat to fall on
the correct note of each bar, an
approximate setting for the accent
and tone controls should be adjusted
as follows:

(set tempo according to time
signature used)
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PULSE
LENGTH

3

RV3 RV4
100k 100k
lin lin
o ACCENT TONE
100n
+9V
R7 ,—1 4
10k J
7 c7
220u
A6 i
1cs
RS 2| & 3 U
a7 b7 R8
60R to
] 100R 100/
@ TOTAL
(3
10w v _1s 8R 10
T T oo

Internal view of metronome showing PCB layout and connections of the front panel.

Beat Accent

2/4 Fully
clockwise
Fully
anti-clockwise
Fully
clockwise
Midway

3/4
4/4
6/8

Tone

Fully
anti-clockwise
Fully
clockwise
Fully
anti-clockwise
Fufly
anti-clackwise

That just about completes the
construction and calibration for the
unit.

Hopefully our metronome will
serve it's purpose as you acquire .
your sense of rhythm, even to the
more complex arrangements that will
follow.e
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Fig.3. Component overlay.

HOW IT WORKS

st

14.P1e  PE1b PBle PBIC

IC3a and IC3b form the Tempo generator,
and are wired as a free-running astable
multivibrator with it's operating frequency
variable over the approximate range 30 to
3000 cycles per minute via RV1; the range of
the generator can be adjusted to cover this
precise range, if required, by adjusting the
value of C1.

The output of the Tempo generator is used
to clock counter IC1 via buffer gates IC3¢c
and IC3d, and simultaneously to trigger a
monostable multivibrator or pulse generator
that is formed from IC4a and IC4b. The
output of this monostable is used to gate on
the circuit’s tone generator, which is built
around IC5, via inverting buffer stage IC4c
and via R5 and D7.

The frequency of the IC5 tone generator is
controlled by either RV3 or RV4, which are
selected via gate diodes D1 to D6 from the
output of the IC1 counter. When the unit is
used as a normal metronome the tone is
controlled by RV3 only, and the circuit
generates a brief ‘tick’ or ‘tock’ tone (depen-
ding on the setting of RV3) each time the
tempo generator completes an operating
cycle. The duration of this tone is variable via
RV2,

IC1 is a 4017 decade counter with ten
decoded outputs. Output ‘0’ is used to control

The full size PCB layout

the ACCENT of the IC5 tone generator via
D1 and RV3, and also to activate beat-
indicating LED via IC4d, and outputs ‘1’to ‘5’
are used to control the TONE via D2-D6 and
RV4. Outputs ‘1°, 2’, ‘3’, ‘4’, or ‘6, are used to
control the counting model of IC1 via SW1
and a logic network designed around IC2.
This network causes the counter to reset
after each clock cycle which the unit is used
in the normal metronome mode, or after each
alternate cycle in the 2-4 beat mode, or after
every third cycle in the 3-4 mode, or after
every fourth cycle in the 4-4 mode, or after
every sixth cycle in the 6-8 mode.

Readers should notethat, when the instru-
ment is used in the accentuated beat mode,
the apparent or illusory position of the
accented note can be shifted to the start or
end of a beat sequence by merely altering the
relationships of the Tone and Accent
frequencies. The sound ‘dee-dah-dah’ (accent
at the start of the beat) is clinically identical
with ‘dah-dah-dee’ :accent at the end of the
bat) in a continuously repeating time
sequence, although the change of accent
position is not necessarily noticeable to the
human ear: when frequencies are transposed,
however, the latter sound becomes ‘dee-dee-
dah’, and the accent clearly appears to be at
the end of the beat.

THS  GANGET  PRoMES TD
DRAMATILALLY  RENuCE YoOR
Mreslic ERCTRIUY B!l

BREHE

M. Vquis €

Wil AT ApAr. .
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SHORTWAVE
WORLD

John Garner, our Short Wave Editor, takes a look at some receivers.

FOR MANY YEARS Radio Shack
stores sold the very popular DX-150
Communications Receiver, followed by
the modified versions — the DX-150A,
DX-150B and the DX-160. Since these
sets were selling for under $200. they
were about the only ones affordable for
beginner listeners until about five years
ago when the Barlow-Wadley loop was
invented and used in a number of re-
ceivers at a reasonable price. Except for
the difficulty of tuning the slide-rule
type scale of the DX150 and 160, the
sets operated very well. Most of us who
at one time owned a DX-150 for a while
graduated to a receiver with better
tuning controls, such as the Yaesu
FRG-7. Sales of the DX-160 soon began
to decline and recently Radio Shack
took it off the market. However you
may still be able to find one in some
Radio Shack stores.

The DX200

In April the replacement for the DX-
160 appeared in the local Radio Shack
store selling for $299. Thanks to the
store owners we were able to borrow a
new DX-200 for a weekend to do some
comparative listening.

The general appearance of the DX-
200 is quite attractive. The cabinet is
similar to the DX-300 except instead of
the digital readout there are two large
tuning drums — one for the main tuning
and one for the bandspread — reminis-
cent of the Kenwood R-300. -

Main features of the DX-200, as out-

lined in the Radio Shack Owner’s Man-
ual shown in Table |I.
Front panel controls on the DX-200 are
well placed and these include: BFO
Pitch, S-Meter, Antenna Trimmer, AGC
Switch, Band Selector (0.15-0.4, 0.52-
1.6, 1.6-45, 45-13, 13-30), Band
Spread Tuning Dial, Main tuning Dial,
Headphone jack, Calibrator switch,
Mode Selector, Volume/Off control,
and RF Gain Control.

On the rear panel we have an exter-
nal speaker jack, the power cord,
Ground Screw terminal, Antenna Screw
terminal and the Mute screw terminal.

After an afternoon of listening to the
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DX-200 | have the following observa-
tions on its operation. Tuning the
receiver is, at best, very awkward.
Tuning is accomplished by setting the
main tuning dial, calibrating with the
500 kHz marker, setting the main dial
on a red indicator mark and then setting
the band spread. You should then be
able to read the correct frequency.
However in practice this is not quite so.
After finding Radio Moscow cn 12010
kHz on the other sets we had operating
— Yaesu FRG-7 and FRG-7000, Pana-
sonic RF-2800 and a Radio Shack
DX302 — in a matter of seconds, |
then proceeded to try this same fre-
quency on the DX-200. | finally found
it after a number of minutes of
searching and the dial read 11880. This
is just not good enough for any serious
shortwave listener. The audio quality
was very good. Selectivity and Sensiti-
vity of the set were quite acceptable.

| believe that for a receiver selling for
$300. the tuning method should be
more accurate and simplified. Since this
set would be for the newcomer to the
shortwave listening hobby | think he
would deserve something better.

Features
FREQUENCY COVERAGE - 150 to 400 kiobertz and
520 kilohertz to 30 Megahertz.
Large, easy to read frequency display dials for both man
tuming and band spread.
-Fast and slow AGC setactor.
-Varizble BF O Pitch for reception of CW and SSB wignals.
-Antenna trimmer matches your antenna to the frequency
band you're listening to.
-Five slement ceramic filter for outstanding selectivity
{freedom from adjacent channel interference).
-Dual MOS FETs in the critical RF and mixing stages elimi-
nate cross moduiation and RF distortion,
-All solid state circuitry provides maximum efficiens + with
minimum noise.
-Integrated circuit audio amplifier for high intelligebility.
-500 kiohertz marker for calibration of main tening and
band spread.
-Standby switch and rear panel MUTE contact for use in
HAM installations.
-External speaker jack.
-Band Spread dial el ly expands f y on 10
shortwave bands, 15 HAM bands and the CB bans.

Specifications

Semiconductar

Complement - 4 1C’s, 13 transistors, 16 diodes

and 6 LEDs.

Receiving System - Single Conversion.

Frequency coverage - 0.15 - 0.40 MHz {150 - 400 kHz}
0.52 - 1.6 MHz {520 - 1600 kHz)
1.6-4.5 MHz
4.5 .13 MHz
13 - 30 MHz

Reception Mode - AM, SSB. CW

Table I, DX200

In conclusion | must say | cannot
recommend this receiver for any serious
listening.

Radio Shack’s DX 302

In the early 1970s Radio Shack intro-
duced the SX-190, a direct frequency
readout receiver that was very popular
for a while. The set required a number
of crystals and also suffered a few pro-
blems. When Yaesu introduced the dir-
ect readout FRG-7 the market for the
SX-190 virtually disappeared and Radio
Shack began to look for a replacement
for it. This resulted in the DX-300
which came on the market in 1979,
after very much advance publicity
which sounded very good. We were all
waiting anxiously for the first appear-
ance of the DX-300. Unfortunately the
first sets to appear on the market suf-
fered many problems and changes were
hurriedly made by Radio Shack. Those
who bought the original sets were re-
turning them to stores for refunds or
modifications to make them operable.
Finally by the end of 1979, Radio
Shack stopped producing the DX-
300.

Antenna Impadance -  Lo-Z for 50 ohms antenna and Hi-2
for long wire antenna.

Sensitrvity {AM) - 250 kHz  1uv
1TMHz  1uv
25MHz  1uv
7MHz 1wV
21MHz 1wV
image Ratio - 250 kHz  55dB
1MHz 40dB
25MHz 40dB
7 MHz 30dB
21 MHz 15dB
Selectrvity - -6 dB 4 kHz
-40 dB 6 kHz
LF. - 455 kHz
Signal to-Noise Ratio - 45 dB at 7 MHz, 1 mV
AGC fat 7 MHz) - 10 dB change in output for 80 dB
change in input.
RF Gain Contral
Range - 80dB at 7 MHz
BFO Fitch Range - + 3 kHz.

Fidelity Response

{AM) 300H: -4dB
2kHz .8dB
{1 kHz = 0dB 50 mW)
Audig output - 1.5 watts, 10% THD \

THD - 3 % at 30% modulation

{at 7 MHz, 1 mv) 5% at 80% modulation

Hum & Nose - Speaker output at  minimum
volumn — 3 mV

Headphone output at minimum
volume — 0.3 mV

500 kHz - 20 ppm

AC120 V, 60 Hz

145 mm bhigh, 360 mm wide,

Calibrator accuracy -
Power Requirement -
Dimensions -

220 mm deep
Weight - 4.1 kilograms
Prics - $299.95 Canadian.
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COLUMN I —

In April our local Radio Shack store
received their first DX-302, the re-
placement model for the DX-300 and
we were given this set for an afternoon
of tuning in the bands.

The overall appearance of the
DX-302 is identical to the DX-300 with
a couple of slight changes in wording of
controls. Performance has been im-
proved considerably. Selectivity is much
better and the problem with the Mega-
hertz tuning knob whereby a station
could be heard one thousand kilohertz
above its proper location seems to have
been eliminated in the shortwave range.
| did notice this problem still exists on
the medium wave band, that is our three
local AM stations)on 580, 800 and 1230
also appeared on 1580, 1800 and 2230
kilohertz (exactly 1 MHz higher).

The BFO pitch control was able to
bring in good crisp SSB and CW signals.
Stability of the digital display is very
good. | only noticed a drift of 1 kilo-
hertz on a very few occasions during our
listening experiment. Audio quality is
also quite good.

The Owner's Manual for this set as
well as for the DX-200 include several
pages of information for the newcomer
including some shortwave stations’ fre-
guencies (although much of this infor-
mation is outdated). The manual points
out the main features of the DX-302,
shown in Table 2

Features

-Quart. y hzer.

-Continuous frequency coverage from 10 kilohertz to 30
Megahertz.

-Large digital frequency display.

-Triple conversion circuitry.

6 element and 9 element ceramic filters provide out-
standing selectivity {freedom from adjacent channel inter-
ference).

-Dual MOS FET in the critical mixer stage (freedom from
cross-modulation and undesired RF distort ion).

-All silicon solid state circuitry for maximum circuit ef-
ficiency with minimum noise. .
-Audio power IC provides high intelligibitity sound.

-AC or DC negative ground operation. If the AC power
should fail an automatic circuit switches over to the bat-
tery power with no interruption u" sound.

Specifications

Semi-conductor Complement - 1 LSI C-MOS Frequency
Counter {C, 3 tntegrated Circuits, 39 transistors, 32 diodes,
5 7-segment LED displays, 6 LEDs and 1 thermistor.

Table 11, DX-302

L 1

The DX 302from Radio Shaek.'hnGaer rates thi one very ighly.

batteries — it is also used to check
battery condition), Selectivity switch
for narrow or wide, BFO Pitch for best
reception of SSB and CW, Digital Fre-
quency Readout, Speaker, a jack for
headphones, Mode switch, Volume/Off
control, RF Gain control to adjust sen-
sitivity of the receiver, and the main
tuning — the outer knob for the desired
MHz range and the inner knob for pre-
cise kHz tuning.

On the rear panel are two cord wrap-
ping posts for portable or  battery
operation, battery compartment, the ex-
ternal speaker jack, key jack, tape out-
put jack, coax antenna connector, an-
tenna screw terminal, ground screw
terminal and a mute screw terminal. The
power cord comes out of the back and
is equipped with a three prong plug. A
12 volt jack and fuse are also on the rear
panel.

Two antennas are included with the
DX-302 — one is a back-of-the-set tele-

Image Ratio -

Selectivity -

Reception Modes -
IF

-6 dB -60 dB
Wide 35kHz  6.0kHz
Narrow  25kHz 4.0 kHz

AM, USB, 188, CW
st 56.5 - 54.5MH2
2nd 3 2 MHz
3rd 455 kHz

Beat Frequency -
BFQ Pitch -

78.1 MHz' 05 uV
SsB 50 kHz 15uVv
300 kHz  1uv
900 kHz 05 uV
31MHz 03uv
7.0 MHz 03uVv
15.1 MH2 0.3uv
28.1 MHz 0.3 uV
100 kHz  70dB
300 kHz 70dB
900 kH2  70dB
3.1 MHz 6&0dB
7.1 MHz 60dB
15.1 MHz 60dB
28.1 MHz 60dB

455 kHz t 1.5 kHz
+1kHz

Receiving System - Quartz 1 F
triple conversion.

Frequency coverage - 10 kHz to 30 MH2z continuous.

Preselector bands - 0.01 - 0.15 MH¢ {10 - 150 kHz)
0.15 - 0.5 MHz (150 - 500 kHz)

\ 0.5 - 1.6 MHz {500 - 1600 kHz)

1.6-4.5MHz

4.5-12 MHz

12 - 30 MHz

Digital read-out in five 7-segment

LEDs, 3/8" high.

50 kHz 30 uV

300 kHz 2wV

900 kHz 1wV .

3.1MHz 05uV Weight -

7.1 MHz 0.5uV Price -

151 MHz 05 uV

Frequency Display -

Sensitivity - AM
{for 10 dB Signal -
to-Noise Ratio)

Audio Output -
Antenna Impedance -

Power Requirements -

Dimensions -

bility - Within 1 kHz per hour after 60
minutes warm-up.

Within 2 &Hz during 10 minutes
after initial turn on.

{8 ohms} 1.5 watts maximum,

50 ohms for coax connector.

Hi-Z for long wire.

AC: 120 volts, 60 Hz {220/240
volts, 50 Hz for European/Austra-
lian models), 15 watts . K
DC: 8 'C’ cells or external 12 volts
negative ground only, 8 watts max.

146 mm high, 362 mm wide,
252 mm deep.

6 kilograms.

$499.95 Canadian.

Front panel controls consist of signal
strength and battery meter, preselector
tune and dial, preselector band switch,
attenuator switch (used to attenuate
strong local signals), a light switch
(when using batteries this will save on
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taking the trouble to design this new re-
ceiver to replace the problem-riddled
DX-300.

Thanks to Radio Shack for the use of
the DX-200 and DX-302 and thanks
also to Roy Stokes, Nandor Petrov,

4

/

copic antenna which is handy for por-
table use — the other is a 10 meter long
wire which can be used as a temporary
antenna away from your normal
listening post.

After an afternoon of listening to the
DX-302 | can say that this receiver is
a great improvement over the DX-300
and for $500. it is well worth the
money. It's nice to see Radio Shack
Marc and Bill Butuk for joining with me
in this comparative listening test.

Kenwood R-1000

This is another receiver that has come
on the market since the October Short-
wave Receiver Survey. | haven’t had a
chance to listen to an R-1000 yet but
from all indications, after a few minor
growing pains were corrected by Ken-
wood, this appears to be another good
receiver at a reasonable price.

Grant Manning of Radio West had
this to say about the R-1000 . . .

“Introducing a great new all-brand
communications receiver from a proven
leader in amateur radio manufacturing!
The R-1000 tunes from 200 kHz to
30 MHz continuous, with both analog
and digital frequency readout. An easily
programmed digital clock is built-in and
will turn your receiver and recorder on
and off by simply “punching in” the
times you desire. The blue-green digital
readout frequency display doubles as
the clock display by the use of a front
panel switch.

“This set has one of the best ““front
ends”’ seen here in recent years, immune
to cross-modulation and overloading.
Additionally, it has very clean audio!”

The R-1000 specifications are shown
in Table 3.

Radio West, 3417 Purer Road,
Escondido, CA 92025, USA offer a
modified R-1000 with improved Selec-
tivity for $445. US. This of course, does
not include the exchange rate on the
Canadian dollar and any import duties.

A 20 page catalog is available from
Radio West at the above address. This
catalog lists a number of receivers, both
stock and modified by Radio West, and
accessories for the shortwave listener.
When writing them, mention ET]I.

Next month | will return with some
more tropical band information. Until
then, 73 and good listening. e
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The Kenwood R-1000, shown here with the optio

nal SP-1000 speaknal;..

The Radio Shack DX 280.

——— Table i1, R1000

Frequancy Range - 200 kHz to 30 MHz.

Modesof Operation -  AM, 558, CW

Stabili y - within 300 Hz during any 30 min.
ute perfod after warm-up.

Selectivity - AM Wide 12 kHz @ -6 dB,
25 «Hz @ 50 dB;
AM Narrow 6 kHz @ -6 dB,
18 kHz @ -50 dB;
SSB/CW 2.7 kHz @ 6 dB,
6 kHz @ .50 d8

Sensitvity 200 kHz t0 2 MHz - SSB 5 uVv,
AM 50 uVv
2 MHz 10 30 MHz - 858 0.5 uV,
AM 5 uV
(5§ ¢+ N/N10d8B or more)

Qutput Impedance - 4 1o 16 ohms, external speaker or
headphone.

Power Raquirements - 100/120/220/240/ V AC, 50/60 Hz
at 1.5 Waus.

Dimensions - 300 mm wide, 115 mm high,
218 mm deep.

Weight 6.5 kilograms.

Price - Approximately $650. Canadian

Continued from page 40

AudioToday Letters

Case Of The Missing Speaker,
And Other Tales
| have two 65 Watt speakers but | have
only got a Simpson Sears 12 Watt amp-
lifier. The problem s that the cheap
amplifier cannot bring out the sound. |
am interested in getting information on
ILP modules to finish my stereo system.
! do not know the proper size amplifier
for two 65 Watt speakers or the pre-amp
or whatever else is needed. Information
on the equipment would be appreciated.

| also have a Peavy amplifier, 200
Watts RMS. The speaker is gone. It’s a
Session 400. The amplifier output re-
quirement is for 4 ohms, and has out-
put for two speakers. Hope you would
have information on maybe, SRO Altec
speakers with the required wattage.

This amplifier has high range and a
good speaker is required.

| don‘t know Oaktron speakers but
that 300 Watt speaker interests me.

B.H., Liverpool, N.S.

The question is, where did the speaker
go? Does it have any friends it might
have confided in? Did it run off to Van-
couver? Or even Toronto! Quick, chief,
signal the Dynamic Duo. Speakerman
has struck again.

I've never heard of Session speakers.
If you mean a Celestion Ditton 400,
I've no references to that model. |f
that’s it, contact Rocelco Inc., at 1669
Flint Road, Downsview Ont., M3J 2H7.
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For information on ALTEC, contact
Altec Lansing of Canada, Ltd., 151
Carlingview Drive, Rexdale, Ontario
MOW 5E7.

| can’t lay my hands on the relevant
literature at the moment, but, unless
I'm mistaken, the SRO Line is a pro-
fessional line by Shure. If that's what
you want, contact A.C. Simmonds &
Sons, 975 Dillingham Road, Pickering,
Ontario L1W 3B2.

Oaktron is available from Omni-
tronix Ltd., 2056 Trans Canada High-
way, Dorval, Quebec HIOP 2N4.

ILP Modules are distributed by
Audiex Electronics, 1736 Avenue Road,
Suite B, Toronto, Ontario M6M 2N4.

Several of the above are also on
bingo cards in some issues of ETI, but if
you want specifics on particular pro-
ducts it might be best to write.

| really wish manufacturers would
stop describing their speakers in terms
of wattage rating. It's a meaningless
term by itself and says absolutely
nothing about the product, although
perhaps a great deal about the manu-
facturer or the pointy-headed types in
the advertising agency.

Generally speaking, you don‘t need
65 Watts for a so-called 65 Watt
speaker, but this might be the maximum
continuous power it can handle, or it
might be a recommended amplifier, or
anything. |f you want to use them com-
mercially, | wouldn’t use more than 65

to 100 Watts, but for home use, as-
suming normal levels, rather than
trying to run a radio station without a
transmitter, even 200 Watts might be
quite safe. More important in deter-
mining what you need is the sensitivity
of the speaker. Generally speaking, |
prefer some degree of overpower, to re-
duce the chances of tweeter burnout
(tell you why in a later column) and, for
records, an infrasonic filter to protect
against overload due to record warp.
This is especially important with vented
speakers.

I've never heard of a Peavy, but if
it's a 200 Watts mono, or 200 Watts
per channel stereo, the 4 ohm figure is
probably a minimum load. That might
also be the impedance at which its
power is rated. You can go to a higher
impedance such as 8 ohms, or even two
in parallel, as long as the total is not less
than 4 ohms, but the higher impedance
will give lower maximum power. It
should not affect the sound level, if we
disregard speaker sensitivity. Of course,
if it's 100 Watts total (both channels)
4 ohms, that means 100 Watts per chan-
nel, and maybe 50 Watts per channel

into 8 ohms. If that figure is with both

channels driven, fine, but if not, you
may have to derate to 35 Watts per
channel. This assumes we mean RMS. If
peak power is used for rating, make that
closer to 20 Watts.

Numbers can be fun.e
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Simple Cassette Interface

Elmer Bulman

When your programs develop to the
tength that it becomes a chore to re-en-
ter on a key board, these circuits will
tide you over until you can afford some-
thing more elaborate in software stor-
age.
The record circuit provides a burst
for a one and silence for a zero. The in-
put gating provides software control,
the 555 provides the burst and the out-
put circuit shapes the square wave to a
triangle wave at a level suitable for the
recorder input.

The playback circuit consists of rec-
tification and precise filtering for the
input to the Schmitt Trigger. The out-
put of the 3900 is then gated for soft-
ware control.

The burst frequency (555) will de-
pend on the quality of the recorder
available to the user. The higher the fre-
quency you can retrieve the better. To
determine a suitable baud rate simply
allow a minimum of ten cycles in the
burst. Needless to say your start bits
must be high and the remainder is soft-
ware,
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Function Generator
J. S. Paterson

IC1 is an integrator which, along with
IC2, etc, forms a voltage controlled
ramp oscillator, the frequency of
which is set by RV1. S1 and diodes
D1, 2 control the direction of the
ramp. The output of IC2 is taken to
IC3, which is a comparator providing
a square output at pin 6. RV2 ' ro-
vides control of symmetry. Lastly, this
square wave is fed to an integrator,
which gives a triangular waveform. if.
the control voltage is applied via the
circuitin Fig. 2 the frequency will vary
logarithmically with voltage — useful
for synthesizers.

With RV1 slider grounded, a ramp
can be fed into the circuit at point A,
so the oscillator will sweep through its
range — useful for testing filters, etc.
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am

People
To
People
Development

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

YOUR CONTRIBUTION CAN
MAKE THE DIFFERENCE

OXFAM-CANADA

BOX 18,000 BOX 12,000
TORONTO WINNIPEG
OTTAWA REGINA
HALIFAX CALGARY
ST.JOHN’S VANCOUVER

HERE IS MY DONATION OF §
FOR YOUR WORK.

NAME

ADDRESS -

ALL DONATIONS ARE TAX-DEDUCTIBLE

ETI-JULY 1980

'NOW SAVE AT LEAST

See Card facing pag

off the

Newsstand
price by

Subscribing

e d4

|

this great *39°°
Logic Probe.

With this easy-to-build Logic
Ou Probe Kitfrom CSC and justa
® few hours of easy assembly —
thanks to our very descriptive step-by-step
manual —you have a full performance logic
probe. With it, the logic level in a digital eircuit
translates into light from the Hior Lo LED;
pulses as narrow as 300 nanoseconds are
stretched into blinks of the Pulse LED, triggered
fromeither leading edge. You'll be able to probe
deeper intologic with the LPK-1, one of the
smarter tools from CSC.

Compiete,

easy- to-follow
instructions

help make this a

3 one-night project.

CONTINENTAL SPECIALTIES CORPORATION

—125] —

' 1 len finkler id

g 25 Toro Road, Downsview

Ontario M3J 2A6 Tel (416) 630-9103
Write for free CSC catalogue ana the

Teiex 065-24010
name of your nearest distributor.

i

Guess who bwl;ds

Circle No.18 on Reader Service Card.
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Book 1 (8P 62} introduces the reader to the
nature of electricity, it's sources and simple
electronic circuitry, Additionally there
are chapters on components, electrical
safety and electronic math,

i
l
|
‘

" o il

Book 2 (BP63) delves into the secrets of
AC current theory. Attention is paid o
resonance and Q-factars, impedance, phasor
diagrams and transformers. Includes
ample mathematical appendices.

Book 3 {BP64) centres on semiconuctor
theory. Chapter 1 starts at the physics and
applications theory of semiconductors.
Other subjects include diodes, transistors
and FETs. Applications studied inciude
rectifiers, amplifiers, oscillators, switching
and IC techniques.

To order please use the card facing page 44
or send to:
ETI Magazine,
Unit 6, 25 Overlea Boulevard,
Toronto, Ontario, M4H1B1

Model 218 Transistor Tester
with fast, automatic switching
for instant good-bad analysis of
NPN's, PNP’s, FET's, diodes and
SCR’s in or out of circuit.
$150.00

Model 240 Video Generator with
10 step gray scale staircase for
VTR, CCTV manitor and TV
applications. $175.00

LX304 digital multimeter with
automatic decimal point, built in
low battery indicator and

transistor testing capability.
$117.00

LX303 digital multimeter with
easy-to-read LCD display.
Only $99.95

FOR THOSE ON THE GO

FROM...
the value innovator

mROG ERS clectionic intruments Itd.
P.O. Box 310, 595 Mackenzie Ave. Units 1&2

Ajax, Ontario L1S 3C5. Tel. (416) 683-4211

Duty and FST included. Chargex (Visa) accepted.
Ontario residents add 7% sales tax. Shipping
extra. j

i

66 Circle No.3 on Reader Service Card.

See
thelogic
—ofitall _
with
B&K-PRECISION

logic and pulser
probes

\
DP-50 $76.80 DP-100 $139.95

Armed with only two portable instru-
ments, you can now trace logic levels
through the most poputar 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 fow 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 defivery.

o PRECISION

DYNASCAN
CORPORATION

ATLAS ELECTRONICS LLIMITED
50 Wingold Avenue

Toronto, Ontario M68B 1P7
\\Tel: 416-789-7761 Telex 065-24140

Circle No.6 on Reader Service Card.




TECH TIPS

GSR Meter
D.Chivers

The galvanic skin response meter is
probably the easiest both to construct
and to use. Fig.1 uses a single 2N3704 -
incidentally, the meter used was simply
the TmA range of a multimeter. While
the circuit shown had the required
sensitivity, it was not selective enough
and under all sorts of stresses and strains
the needle refused to budge from a set
position. The darlington pair configur-
ation of Fig.2 greatly increases sensi-
tivity and the 100k pot will bring the
reading down to a usable level — with-
out this, the current passing through the
meter would be about 30mA. This
modified circuit proved to be amply
selective.

For use as probes, silver foil taped
onto the tips of the first and second
fingers proved to work well, though for
more permanent use steel gauze is
recommended. Naturally the hand must
be kept as steady as possible during
experiments.

First experiments proved highly
successful; the meter needle drifted at
first and frequent use of the sensitivity
control was required, but after a few
minutes the needle stabilised.

Since the needle responds to stress
within the body or mind, it is easy to
make it move; talking, thinking hard or
biting a finger all cause the needle to
move up, making it go back down by

External Input For Micros

P. F. Tilsley
O
+5Vv
EXTERNAL
INPUT
1/6 4050
1
/—N\/\/‘ =)
7 100k I/To STANDARD
GENERAL PURPOSE
INPUT PORT
v
Y o5

This simple circuit provides a micro
with an 8 bit switch/external signal
input port. The state of the switches
controls the byte read by the micro,
but any totem pole TTL signal applied
to the external input socket over-rides
the signal from the corresponding
switch. The value of the resistor is not
as critical. The circuit is shown for
only one bit.
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NOTE:

Q1-2: 2N3704 OR SIMILAR

removing the factor causing the stress.
Moving the needle below its mean value
was far more difficult especially while
watching the meter and actually trying
to relax — in fact to start with this

actually caused tension. The easiest way
to do this is to simply close the eyes and
relax, while an observer takes note of
the results. On opening the eyes the
reading would jump up to what it had
been before relaxation commenced.

This circuit will of course function
as a lie detector but since stress is
caused by any question the results are
not too reliable and certainly of no
significance.

An unexpected use for the circuit
of Fig.1 is that of a transistor tester. If
a fixea value resistor of about 2M2 is
used in place of the pot the gain of the
transistor may quickly be tested; FSD=
approx. hfe 250. For NPN transistors,
polarity of the meter and battery must
be reversed.

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.

ORION

Electronic SuppliesInc.

ELECTRONIC DISTRIBUTOR

INDUSTRIAL — EDUCATIONAL — COMMERC!AL — HOBBYIST

rRea
cosmac[] ,‘:"‘- \ g!_
Vi R

Authonized disteibutor for RCA. COSMAC VIP

$124°0

New! VP 111
Microcomputer Y

~eatures

= RCA 1802 Microprocessor

= 'K Bytes static RAM
Expandable on-board 10 4K
Cxpandable to 32K Bytes tota

= 512 Byte ROM op=rating system
= CHiP B interpretnve l[anguage or
machine language programmatie
* Hexidecimal keypad

= Audio tone generator

» Sirle S5-volt operation

Assembled” and tested.

= Cassette interface — 100 Bytes/sec

Ideal for fow-cost conlrol applications
Expandabie to full VIP capablity with
VP-114 Kii

*User nieedt only cornec cables (nciuded) 3
5 voll power supply and speaker

o Video output 1 monitor or modutator

® Instruction Manual with 5 videc game  +
listings, schematics, CHIP-8. much more! *

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

We have the most complete
selection of electronic
components.

Full line of TTL, CMOS,
Linear, ICs, Computer
Interface, Support Chips

O and CPUs

VP 601 58 Key Typewniter Format for Alphanumenc Entry [§

VP—601 $82.75

VP-611 74-Key. Typewriter
Format Plus Separate 16-Key
Numeric Keypad for Fast Entry

VP—611

- 128 character, fully encoded,
ASCII, alphanumerics. Positive light
touch keys — two user-definable.
Operation from single +5 Volit supply

ORION 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 are extra!

Circle No.15 on Reader Service Card.
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WIN! an $89500 'SCOPE

When a magazine iike ETI and a company like Omnitronix get together, you never
know what might happen!

To celebrate their tenth anniversary Omnitronix is putting a Leader 'scope up for
grabs. Flushed with the excitement of our last two contests, we at ET| couldn’t pass up
the chance to throw another.

This scope is no lightweight either. The LBO 514 is a 10 MHz, dual trace oscillo-
scope. Minimum vertical sensitivity is T mV/DIV. Maximum sweep speed is .5 us/DIV
and the instrument is capable of all modes of triggering, including chopped and alternate
modes. The LBO 514 retails for $895.00, some lucky ETI reader will get one free!

Now to the contest. In order to ensure that the most deserving person wins, we have
put together an exercise in waveform analysis. The scope traces shown below at left are
the result of 1 kHz square wave being put through one of the simple circuits at right.
That’s all! Additionally, you might want to know that the square wave had an amplitude
of 10 Vpp and came from a 600 R source. Those values however are not really necessary.

When you’ve got the right picture with the right schematic, fill in the form and send it in
to us.

b How TO ENTER MY ANSWERS ARE

When you have determined your answers, enter them, along with your name,
I address and phone number in the appropriate spaces on this form. Mail the entry

g form to: Al no.. ... B/no.. ... C/no.....
LEADERSCOPE CONTEST

c/o Electronics Today D/no..... E/no.. ... F/no.....
25 Overlea Boulevard, Unit 6
Toronto, Ontario M4H 1B1

The first three correct (or closest) answers drawn, win. NAME. s e e e b aiai - a2 - = n o H bk -
Readers not wishing to cut up their magazines may submit their entry on a | (PLEASE PRINT)

I photostat or hand drawn copy of this form, but cnly one entry per person. ADDRESS
[ Multiple entries will be disqualified.
Only one prize per winner.

1 This contest is open to residents of North America with the exception of the | =« == @ s v v v e v e v v vt i v e ety

staff members and families of ETI, their printers and distributors and employees
§ of Omnitronix Limited.
All entries become the property of Omnitronix Limited.
Contest closes August 15th, 1980.
Editor's dCCiSiOn IS final. ................... PHONE ..........

-------------------------------------------------J
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Panasonic

just slghtly ahead of our time

LIGHT SCOPE
FF 393E
30 POWER

Nluminates
subject. Uses 2
| “AA” batteries
(included).

FOR

eScience
eHobby
eExperimenter
eFun!!

$24.95
+ $2.00 for
shipping costs.
Chargex (Visa) accepted. Include expiry
date, card number, bank name and
signature on all card orders. Ontario
residents add 7% PST. Or mail money
order to:

ROVAL VIEW €LECTROMICS

2327 Bloor St. W.
Toronto, Ontario M6S 4W1

Phone: (416)762-8655

BUILD YOUR OWN
AND SAVE!

140w DC Class AB Stereo Amp $129.00

30W + 30W Stereo Amp . . . .. $69.00
100W Class A Power Amp . ... . $39.00
DC Stereo Pre-Amp. . . u . . . $79.00
60W DC Class A Power Amip $58.00
70W Class AB Power Amp . . $41.00
60W Low T.1. D, Power Amp . . $32.00
I.C. Stereo Pre- Hmp C e e .. 343,00
10 Band Graphic Equalizer . . . $42.00
15 Steps Power Level Indicator . $36.00
12 Steps Power Level Indicator . $34.00
S.E.A. Level Display . . . . . .. $659.00
Stereo Speaker Protector. . . . . $19.00
Rack Mount Cabinets:

16" (W)x4"(H;x8'"(D), . . . . . $39.00

19"™(W)x4"(H}x12W(D) . . . . . $54.00

19" (W) x 7" (H) x§2""(OF . $74.00

Add 0% Tor postige and hamdling.
Qmitarsgo Residents add 7% sades tax.
Send gi¥eque or money order with order.
Master Charge or Visa accepted.

Free Catalogue:

AUDIOVISION SERVICE
P.0. Box 955, Station B,
Willowdale, Ont.
M2K 2T6

Circle No.10 on Reader Service Card.
Retailers: Write for wholesale price list.
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| iy | )ll‘LAB 3
Bt

New versatile,
resistors Yaw 1%.
Resistance Boxes

flexible,
Modular Decade
in a convenient
size: 70x50x25 mm. Boxes plug into

smgle 10

each other for compact design
test set up. The use of short test
leads results in less noise pick up,
less coupling and less lead induc-
tance. Order 2 boxes and gradually
expand your set to 7 (1 ohm to
10 M ohms). Patented.

Assembled box . . .. ... ... $20.50
and kit ... ... L.
Compatible modular plug-in meter:
5,50, 500 mA D.C.

assembledonly . . .. ... ... $21.50

Ontario Res. add: 7% PST plus
$1.00 postage and handling. Dealer
enquiries welcome.

PORTLAB
P.O. Box 458, Downsview,
Ontario, Canada. M3M 3A8

SUPERBOARD 11
$ 415 ﬁ?‘iu un:s!t

e L

s

. 8K Microsoft BASIC — in - ROM

. 4K RAM on board expandable
to 8K

.Full 53 — Key keyboard with
upper/lower case and user prog-
rammability

. Audio cassette interface

. Graphics and gaming characters
Fully assembled and tested. Re-
quires +5V at 3 amps and a viceo
monitor or modified TV set.

CIPIBK .ol o o0 Blm s 8 33 e 3560
NEW COLOUR DISPLAY COMPUTER
C4PSBKRAM . ... ........ $1,040
C4P MF 24K RAM, MINIFLOPPY
.................... $2,550
C8P 8K RAM, 8 SLOT BACKPLANE
.................... $1,340
C8P DF 32K RAM, DUAL 8 FLOPPIES
.................... $4,250

* 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,

ETI-JULY 1980

Ontario L3R 274 {416) 495-1599

-
Generate virtually

\

any wave
shape

with famous
B&K-PRECISION
cost-effectiveness!

R

l\ Toronto, Ontario M6B 1P7

Model 3010/$217.9%

Model 3020/$403.95

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,
pulse 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 tinear and log sweep
capaoility 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 isincluded.

The 3020 and 3010 are available for
immediate delivery at your local dis-
tributor. A ten day free trial is available at
many locations.

oA PRECISION

DYNASCAN
CORPORATION

ATLAS ELECTRONICS LIMITED
50 Wingoid Avenue

Tel: 416-789-7761 Telex 065-24140

_—
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CLASSIFIED

ETYI’s not-so-new classified
advertising section allows you
to reach 30,000 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 DO?

»“Send us vour typewritten or clearly printed words

your permanent address and telephone number,
and your money (no cash please). Make your
cheque or money order payable to ‘ET1 Magazine’.
We're at Unit 6, 25 Overlea Blvd., Toronto,
Ontario. M4H 1B1

WHAT DO WE DO?
We typeset your words (and put the first word and
your company name in BOLD capital letters). If
we get your message by the 14th of the month,
it will appear in ETI 1%2 months later. For example
if we receive it by October 14th you (and
thousands more) will see it in the December issue.

The gift
for all
seasons...

(i
e

the gift of life

Be a RED CROSS
Blood Donor

70

PRINTED CIRCUIT BOARDS — 2 sided
1 oz glass epoxy 6”x12” — 5 for $13.75
Postage paid, send certified cheque or
money order, B.C. residents add 4% sales
tax. CYCLOPS ELECTRONICS LTD., P.O.
Box 4089, Vancouver B.C. V6B 3Z6

CAR STEREOS, Tape decks & Radios
Repaired sold & installed. Send your repairs
to us and we will return ship anywhere.
TAPE CAROUSEL LTD., 627 King St. E.,
l:s(itchener, Ontario N2G 3M2. (519) 745-
671.

PRINTED CIRCUIT boards from your
sketch or artwork. Affordable prices. Also
fun kit projects. Free details. DANOCINTHS
INC. Dept. ETI, Box 261, Westland MI.
48185. U.S.A.

WSI RADIO - SWL Radios — Ham radios
18 Sheldon Avenue North, Kitchener,
Ontario N2H 3M2. Tel. (519) 579-0536.

Write for giant catalogue, free of course!!
(VE3EHC). '

GIVE.. willive
HEART FUND

QUALITY printed circuit boards for all
ETI projects. Overspeed Alarm $4.19,
Tape Noise Reducer $7.99, Function
Generator $17.99, Ontario residents please
add 7% sales tax. Large selection of parts
too. Transistors, resistors, TTL, CMOS,
Linear IC’s capacitors and more. Write
for complete information to WENTWORTH
ELECTRONICS, R.R. 1, Waterdown,
Ontario LOR 2HO.

CASSETTE ADAPTOR allows you to play
cassette tapes in any 8-track player. Send
payment of $59.95 + $4.20 tax (total
$64.15) and we will ship prepaid to you.
TAPE CAROUSEL LTD., 627 King St. E.,
Kitchener, Ontario N2G 2M2.

COMPLETE Electronic Hobby  Services.
Custom Kits, circuits, technical writing,
special parts, original designs. Free informa-
tion. TEKNIKIT ASSOCIATES, 301 Flora
St., Carleton Place, Ontario, K7C 3M8.

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.

WE SELL SERVICE! Professional repairs
to all types of equipment: amateur, comm-
ercial, avionics, marine, CB, broadcasting.
We stock Japanese transistors! Service
Division, HAMTRADERS INC., 1845 Bris-
bane Road, Downsview, Ontario. M3]J
2K1.416-661-8800. Telex 065-22234.

FOREST CITY SURPLUS LIMITED, Ever-
ything in electronic surplus for the hob-
byist, manufacturer, educator, and bargain
hunter. Don’t miss visiting us while in
London. 781 Dundas Street, London,
Ontario (519) 438-0233.

¢

What are we
doingabout it?

Contact your local Multiple Sclerosis Society
of Canada Chapter.
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Babani Books From ETI

Please order by number using the handy order card in this issue.

These books are specially imported from England
by us. If someone has already used the card. write
to ETI Magazine, Unit 6, 25 Overlea Blvd. Toronto.
Ontario M4H 1B1.

IC 555 Projects BP44

B Every so often a device appears thatis so useful than onewondershowlife
went on before without it. The 555 timer 1s such a device.

@it was first by Sig . butisnow f by almost
every i and is P and very easily
obtainable a

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

8 Aninvaluable addition to the library of all Ihose interested in Electronics.

$7.25 plus 30c postage and handling.
52 Projects Using 1C741 BP24

B IC741 1s one of the most popular, inexpensive and easily obtainable
devices available to the home constructor. It 1s also extremely versatile and
can be used in a great number of various applications.

B This unique book, onginally published in Germany. shows fifty-two
dilterent projects that can be simply constructed using only the IC741anda
few discrete components

@ Aninvaluable addition to the library of all those interested 1n electronics

$3.95 plus 30c postage and handling.
Mobile Discotheque Handbook BP47

& The vast majority of people who start up "Mobile Discos™ know very little
about their equipment or even what to buy Many people have wasted a
“small fortune” on poor, unnecessary or badly matched apparatus

B The aim of this book 1s to give you enough information to enabie you to
have a better understanding of many aspects ot "disco” gear

B The approach adopted s to assume the reader has no knowfedge Ind
starts with the
enough for almost anyone to understand bu! please not that this is by no
means the fuil story

& The book is divided nto six parts — Basic Electricity, Audio, Ancillary
Equipment, Cables and Plugs, | Lighting and the
information has been considerably sub-divided for quick and easy
reference

$5.60 plus 30c postage and handling.
28 Tested Transistor Pro]ects No.221

® Mr Richard Torrins 15 a well
engineer and has designed, developed built and tested the many useful and
interesting circuits Included in this book

B Some of the circuits are completely new and, to the best knowledge ol the
author, unlike anything previously published while others many bear
similanty to more familiar designs

B The projects themselves can be split down into simpler building blocks,
which are shown separated by boxes in the Circuits for ease of description,
and also to enable any reader who wishes to combine boxes from differant
projects to reahise 1deas of his own

@ Most of the circuits are very on the use of andin
many cases the 5 ploy are itical,
available and inexpensive types.

$5.20 plus 30c postage and handling.

Y

First Book of Transistor Equivalents BP1
and Substitutes

@ Shows alternatives and equivalents to many popular transistors made in
Great Britain, U S.A , Europe, Japan and Hong Kong etc

® Companion Volume to BP14 — SECOND BOOK OF TRANSISTOR
EQUIVALENTS AND SUBSTITUTES

B An invaluable addition to the library of all those interested in Electronics be
they amateur or professional.

$2.50 plus 30c postage and handling.

Second Book of Transistor Equivalents
and Substitutes BP14

B Shows alternatives and equivalents to many popular transistors made 1n
Gt. Britain, U.S.A,, Europe. Japan and Hong Kong etc

Companion Volume to BP1 — FIRST BOOK OF TRANSISTOR
EQUIVALENTS AND SUBSTITUTES
® Allinvaiuable addition tothe library of all thoseinterestedin Electronics be
they amateur or professional.

$4.50 plus 30c postage and handling.

Radio Clrcuits Using IC's BP46
@ This book descnibes integrated circuits and now they can be employed in
for the P! ol either or 1

signals Thechapteron {a. wullbeolmos(
interest to those who wish to receive distant sxahons atonly moderate audio
quality, whilst the chapter on fi {t.m.) s will
appeal to those who desire high hdemy reception of local v.n.1. stations
possibly with stereo (and even quadwphony at some future date). S!evoo
decoder circuits and the devices at present for

circuits are discussed. Voltage regulator devices are also coverad becluse
they are so convenient in all vanicap tuned receivers and because they have
somany applications in all types of circuit.

8 Brian Dance s a highly experienced author who regularly contributes to

many of the popular i thatare bothinthe U K
and overseas.
# Anextremely valuable addition to yolall

$5.60 plus 30c postage and handling.
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50 (FET) Field Effect Transistor Projects BP39

@ Field effect transistors (F E T.s) find application in a wide vanety of
circuits The projects described here include radio trequency amplifiers and
convertars, test equipment and receiver aids, tuners, receivers, mixers and
tone controls, as well as vanous miscetianeous devices which are useful in
the home

@ It wili be found lhanngeneralmeaclualF E T usedisnotcriticaland many
suitable types will pertorm y TheFET 1sah .mghgain
device with many uses, and the dual gate F E T 1sof particular use for mixer
and other applicatios
@ This book contains something of particular interest for every class of
enthusiast — shortwave hstener. radio amateur, sxpersmenter or audio
devotee.

B A vatuable addition 1o the library of all etectronic enthusiasts

$5.20 plus 30c postage and handling.

Popular Electronic Projects BP49

B Included in this book are a coltection of the most sepular types of projects
which, we feel sure, will provide many designs to interest all electronics
enthusiasts.

B ANl the circuits uhlise modern,
components

B The 27 projects selected cover a very wide range and are divided into four
basic areas Radio Prpjects, Audio Projects, Household Projects and Test
Instruments.

8 An interesting adcition to the kibrary of both the beginner and more
advanced constructor

$5.95 plus 30c postage and handling.

== treely

Electronic Music and Creative Tape Recording

& Electronic Music & the new music of the 20th Century I:playsa large part
In “Pop” and “Rock™ music and, in fact, there is scarcely a group without
some sort of electranic synthesiser or other effects genarator
it 15 possible wrth y simple 1t to create
using ic and musical

sources
8 This book sets outtoshow how Electronic Music can be made at home with
the simplest and most how the sounds
are generated and how these may be recorded to buid up the final
composition
B With the constructor in mind, several ideas are given to enable a small
studio 1o be buiit inc luding a mixer and various sound effect units

Circuits are included for VCOs, VCAs, Envelope Shapers, VCFs, Active
and Passive Mixers, Fuzz, Noise Generators, Metronomes and a 10-Note
Programmable Sequencer stc.

All the units shown have been successfulty built and usad by the author
and most of the pro;ecls can be bullt by the beginner.

@ An unusual, g and highly ing ion of electronics.
$5.20 plus 30c postage and handling. BP51
1C LM3900 Projects BP50

8 The purpose of this book 15 to introduce the LM390C to the Technician,
Expeqmenter and Hobbyist. It provides the gi torboth simpfe and
more usesand thanjust ion of simple
circuits or projects °
@ The LM3900 1s ditterent trom conventional ‘Op-Amps™ it can be used for
many of the usual apphications as well as many newones Itisone of the most
versatile, inexpenstve and freely available devices on the market today
B The book is divided into six basic sections. —
Introduction
Audio Applications
Simple Linear Apphcations
Simple Digital Applications
Signal Generator Circuits
Special Apphcations
l The LM3900 can do much more than Is shown here — this is just an
15 the only with this usetul device, bufl
hrsl lhe reader must know the basics and that 1s what this book 1s all about

$5.60 plus 30c postage and hanating.

1st Book of Hi-Fl Loudspeaker Enclosures

W Contains 26 practical designs and over 40 drawmgs to enable the

enthusiast to construct his own Hi-Fi Loudspeaker enclosures

@ Inciudes the following types of enclosures —

Corner Reflex. Bass Retlex, Exponential Horn, Folded Horn, Tuned Port,

Kiipschorn Labyrinth, Tuned Column, Loaded Port, Muluspesker

Panoramic etc _

B Also covers general construction hints and embellishing of cabinets as

well as a considerable amount of other useful information,

8 A must for the hibrarv of all audio enthusiasts.

. No.205

$3.25 plus 30c postage and handling.

50 Simple L.E.D. Clrcuits BP42
® The author of this book, Mr. R.N. Soar, has compiled 50 interesting and

useful circuits and applications, covering many different

Handbook of IC Audlo Preampllifier &
Power Amplifier Construction BP35

@ Shows what audio IC's are, as well as how to use them.

® Includes practical constructional details of vanious IC and Hybnd
IC/Transistor designs of about 250mW to 100W output

@ This book 15 written by the very expenenced and popular author Mr F G.
Rayer who deals with the subject In four parts

Part | Jnderstanding Audio IC's

Part {l Preamplifiers, Mixers and Tone Controls

Part |1t Power Amplifiers and Supplies

Part I¥ Hybrid Circuits

@ An ideal book for both beoinner and advanced enthusiast alike

$5.20 ptus 30c postage and handling.
50 Projects Using Relays SCR's & Trlacs BP37

W Relays, siicon controlled rectifiers {SCR's) and bi-directional triodes
{TRIaCs) have awide range of applicatians in electronics today These may
extend over the whote field of motor control; dimming and heat control,
delayed, iming and light sensitive circuits and include warning devices,
various novaities, light modulators. priority indicators, excess voltage
breakers etc

| In thus book, the very experienced and popularauthar — Mr F G Rayer —
has tiven tried and practical working circuits which should present the
minimum of difficulty for the enthusiast to construct.

& In most circuits mere 1s5a wnde tatitude in component values lnd types,

| i§ ready themtoi

eeds
l Arvideal book for both beginnér and advanced enthusiast alike.

$5.20 plus 30c postage and handling.
50 Projects Using IC CA3130 No.223

® The CA 3130is currently one of the more advanced operational amplifiers

thatis availableto the home constructor Thismeansthatitis often capable of

a higher level of p thanmany other andthatitoften needs

fewer ancillary componants

®In Ims bock Mr R.A, Pentold has deslgned and developed a number of
ful projects which al categories’

| Audo Projects

IR F Projects

11} Teat Equipment

|V Household Projects

V Miscellaneous Projects

@ Andeal book for both the beginner and more advanced enthusiast alike

$5.20 plus 30c postage and handling.
Electronic Projects for Beginners BP48

® In ts bock the newcomer to electronics will tind a wide range of essily
made projects, many compiete with actual component and wiring layouts
Furthermore, a number of projects have been arranged so thal they can be
constructed without any need for soldenng and. thus, avoid the need for a
soldering iron
@ This book which is written by the veryexperiencedauthor Mr F G Rayeris
divided into four sections. —

1. "o Soldering” Projects

2 Miscellaneous Devices

3 Radio and Audio Frequency

4 Power Supphes
B An absolute 'must’ for all beginners in electronics

$5.50 plus 30c postage and handling.
50 CMOS IC Projects No.224

8 C40SIC'sareprobablythe mostversatiterange of digital devicesforuse
by the amateur enthusiast They are suitable for an extraordinarily wide
range of applications and are now also some of the most inexpensive and
easily avaitable typesof | C

B In this book Mr R A Penfold has designed and developed a number of
interasting and usetul projects which are divided into four general
catagones

1 Muluvibratars

1l Amplitiers and Oscillators

11l Tngger Devices

IV Special Devices

& Anvideal book lor both the beginner and more advanced enthusiasts alike

$3.95 plus 30c postage and handling.
Electronic Calculator Users Handbook BP33

8 An nvaluable book for all calculalor users whatever their age or
occupation, or whether they have the simplest or most sophisticated of
calcalators

@ Prosents lormulae, data, methods ol calculation, conversion factors etc
with the calculator user especially in ming, often illustrated with simple
examples.

Includes.

@ The way to calculate, using only a simple four function calculator:
Trigonometnc functions {sin, cos, tan)

Hyperbollcluncnons (sinh, cosh. tanh)

electronics, using one of the most inexpensive and freely lvml.ble
components — the Light Emitting Diode (L.€.0.)

M Also includes circuits for the 707 Common Anode Display

® A useful book for the library of both beginner and more advanced
enthusiast alike

® Companion volume to book No. BP36 — 50 CIRCUITS USING
GERMANLIUM, SILICON & ZENER DIOOES by the same author.

$3.25 plus 30c postage and handling.

square roots and powers

l A section of tactors g such
conversions as Ienglh area, volume and weight etc. through to more

such as Y. .and carg ppINg
measures etc.

@ Formulae and data for VAT, discounts and mark up, currency converson,
intenest, solutions of equations. binary and octal numbaers, areas and
volumes, statistics and mathematics etc

$3.95 plus 30c postage and handling.
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VA éilog l

428001 $195.00 16 Bit CPUwith segmented address space
< to 8 Megabytes

26002 $150.00 16 Bit CPU with non segmented address
space to 64K bytes

All Products Stocked in Depth
Largest Zilog Inventory

- { Z80-CPU 2.5 MHz $10.40 280-SI0/0 25 MHz
ZB0A-CPU 4.0 MHz 12.05 ZB0A-SI0/0 4.0 MHz
Z80-PiO0 25MHz  6.65 Z80-SI0/1 2.5 MHz
ZBOA-PIO 40 MHz 8.00 Z80A-SI0/1 4.0 MHz
Z80-CTC 25MHz  6.65 280-510/2 2.5 MHz
Z80A-CTC 40MHz 8.00 Z80A-510/2 4.0 MHz
| 1280-DMA 2.5 MHz $22.35

4Z80A-DMA 4.0 MHz 28.00

|

. o — e ——1 MOS MEMORIES
N > o
f SOR SCR’s and TRIAC’s - MOS StacRAM:s
- CHIP SETS ¥ SCR S amp 400V T0-220 | Tnhe
5 .97 8 amp 200V TO-220 $ 2102-35
S5 Tra 5 amp 200V 10520 | KK 1) 3sons 16 P
i i 2 £ T 8 amp 400V TO-220 P2111-45
Part No.  Price Part No.  Price Part No.  Price | ¢ ; T:::z 12 aﬁg Aggv TO-2§O 1K (256 x 4) 450ns 18 PIN
: TiIC246D 1.45 Triac 16 amp 400V TO-220 P2112-35
BOBOA  $5.95 6800  $650 6502  $9.95 Bi-Fet OP AMPS R e B
8085 11.95 6802 11.95 6504 9.95 I-re 21140
6505 9.95 | TLOB4CN 275 Quad low power TLOBICP 49 J-FET inpur les Remer 3 (RSB C) e
1 J Low noise TLOB2CP .99 Dual J-FET Input | i 1 £
8212 275 6810 3.75 TLO72CP 1118 Dual low noise  TLOBAGN 1,95 Quad -FET put | i — _MOS Dynamic RAM's |
74CN 2.35 Quad | : 2 ;
8214 395 6820 495 6520 6.05 £ {TLOT4CN 235 Guad ow rse | TMS400.30 s 22 PN
8216 2.95 6821 375 6522 995 | ol TMS4060-20
8224 345 6850 395 6532 1395 SO DD FAA
8226 295 6852 : ; = UART's !
8228 4.98 5 over 2700 PAGES AYS-1013A d I
8238 4.98 e e | Complete integrated clrcuit dala selector. Master OltotioRRaUDLIGIRID i i
. .1 gude to the latest 1.C.’s including microprocessors - AY3-1015 - % |
8251 6.95 and consumer circuits. 45,000 device types listed. 0 to 30K BAUD 40 PIN Single 5V supply
5,000 new device types added. Complete new sec- [
8253 10.95 - tion on MPU boards & Systems. - 1K CMOS RAM
] 5101 -
8255 6.95 Free Quarterly . irseq 1K (256 x 4) 450ns 22 PIN Low Power
8257 1095 || \Updates Special $49.95
8259 12.95

; g 4K CMOS RAM_
e e . s e o P4315-45L 4K (4K x 1) 450ns 18 PIN

6504
4K (4K x 1) 550ns 18 PIN 110MW

2708 s 695 [
1K x 8 450 ns @ Pesta
16K MOS DYNAMIC RAM's (16 PIN) TMS2532 ¢ $119.95 QKX 4) 850ns 18 PIN T1OMW

: 32K (4096 x 8) 450 ns e, i SHIFT REGISTERS g
416-3 (200ns) CERAMIC $6.95 TMS(2716 ) $24.95 ! 3341APC FIFO 1 MHz 5.50 i 't
i ’ 16K (2K x 8) 450 ns 3342PC 64 Bit Shift Register 445 |
' 1K BiPolar RAM (25ns) (3 power supplies) T.1. Version .| 3347PC 80 Bit Shift Register 3.95
93425APC/2511-1 ! fg;}g'/(mgfjgg Extra 2% ECL RAM :

X ns A ———— -
o~ — (Single 5V supply —Inte! version) Special $18.95 10410ADC/HM2106 Special 1.95J v

\ G Sssorncs , 256 x 1 Bit Fully Decoded 15ns 16 PIN

; LINEAR I.C.’s '

1 Lv3oiane 34 LM723CH ] 10% gty discount on 100 pieces per device type

LM304CH d LM723CN-14 y - SUMMER (otfer valid until August 31. 1980) g L.E.D. LAMPS
LM307N-8 d LM725CN-8 LED209 1 3 mm Red

Leo @ e o SPECIAL  “ACTIVE IS AGGRESSIVE” | R iiRNRSEEAI=S

3 mm Yeliow
LM309K d LM741CH
LM310HC . LM741CN-8 LED220 % 5 mm Red

. : ; ; : 1
LM311N-8 d LM747CN-14 . LED222 1% 5 mm Green
ngszw . %gzg?gg‘«\es . DUAL-IN-LINE — LOW PROFILE — I.C. SOCKETS | LED224 1% 5 mm Yellow
LM318N-8 d LM1458N-8 y CONTACTS CONTACTS PRICE ' DISPLAYS
LM318CH . LM1488N-14 . 8 PIN 22 PIN FND357 375" Common Cathode
LM324N . LM1489N-14 . 14 PIN 24 PIN ] FND367 360 Common Cathode
LM339N . LM3046N-14 d 16 PIN 28 PIN : (high brightness)
LM348N-14 d LM3302N-14 . ] 18PN 40 PIN FND500 500" Common Cathode
LM358N-8 a LM3403N-14 d 20 PIN FND507 .500° Common Anode

ooyl S e, o LOWEST PRICES ANYWHERE FOR THE HIGHEST QUALITY, AN FND560 500" Common Cathode

y ! high bright
skt s TSNS UNBEATABLE COMBINATION. SOCKET SALEJ igh brightness)

T
T-
-
T
T
U

FND567 500" mmon Anode
(high brightness)

R DL704  .300" Common Cathode
PLAST'C POWER \ DL707 300" Common Anode
4 DL747 830" Common Anode

CDA4000BE . CD4021BE . CD4046BE 1.25  CD4081BE . CD4522BE 1. TRANSISTORS ISOLATORS
CD4001BE . CD4022BE 1. CD4047BE 125  CD4082BE . CD4526BE TIP2g .39 NPN 1 AMP 100V ILD74  Dual Opto Isolator
CD4002BE . CD4023BE . CD4049BE 69  CD4085BE . CD4527BE 1. TIP30 .39 PNP 1AMP 100V Quad Opto Isolator
CDA400SBE 1. CD4024BE . CD4050BE .69  CD4086BE . CD4528BE . TIP31 .42 NPN 3AMP 100V Dual Opto Isolator
CD4007BE . CD4025BE . CD4051BE .99  CD4093BE . CD4531BE . TIP32 43 PNP 3AMP 100V Opto Coupler
CD4008BE . CD4026BE 1. CD4052BE 125  CD4099BE 1. CD4532BE 1. ; : Opto Isolator
CD4009BE . CD4027BE . CD4053BE 1.25  CD4104BE 2. CD4539BE 1. TIP41 .58 NPN 6AMP 100V : Opto isolator
CD4010BE . CD4028BE . CD4060BE 1. CD4502BE 1. CDA4543BE 1. TIP42 .64 PNP 6AMP 100V : Opto Isolator
CD4011BE . CD4029BE 1. CDA4066BE . CD4508BE 1. CD4553BE 3. TIP115 59 PNP 2AMP 60V Opto Isotator
CD4012BE . CD4030BE . CD4068BE . CD4510BE 1. CD4555BE . : ' Opto Isolator
CD4013BE . CD4033BE 1. CD4069BE . CD4511BE . CDA4556BE . TIP120 .64 NPN 5AMP 60V
80401435 ! 80403435 I gmwogg . gmsmae ; gD4581BE I TIP122 .74 NPN 5AMP 100V
D40158E . D40356E 1. D40T1 : D4514BE 2. D4582BE . ’
CD4016BE . CD4040BE 1. CD4072BE . CD4515BE 2. CD4584BE . g:zs ‘;‘; g:s S:M:f"\\;
CD4017BE . CDA4041BE 1. CD4073BE . CD4516BE 1. CD4585BE 1. 27 . SAMP 100 7408447N 59
CD4018BE . CD4042BE . CD4075BE . CD4518BE 1. CDA4702BE 9. TIP2955 .83 PNP15AMP 60V ? : )
CD4019BE . CDA4043BE CD4076BE 1. CD4519BE .89  CD4724BE 1. TIP3055 .70 NPN 15 AMP 60V BCD to 7 segment decoder/driver o/c
CD4020BE 1. CD4044BE . CD4078BE . CD4520BE 1.25 FT3055 .59 NPN10DAMP 60V

MINIMUM MAIL ORDER $10.00 LARGE INVENTORY AT ALL LOCATIONS
Add $2.00.to cover postage and,handling. STORE HOURS:

o PRICES ARE IN U.S. FUNDS. F.0.B. CANADA Monday to Wednesdav 8:30 am — 6:00 pm
Federal Sales Tax (9°.yand Applicable Thursday and Friday 8:30 am — 9:00 pm
Provincidl Sales Tax Extra Saturday 9:00 am — 5:00 pm
“e“ If payment 1o be made In Canadian Funds an
approximate 20° conversion rate will be added a1
nmp“ 5 ] SCDTP time of purchase.

5651 FERRIER ST. 4800 DUFFERIN ST. BAXTER CENTRE 3070 KINGSWAY

MONTREAL. QUEBEC DOWNSVIEW. ONTARIO 1050 BAXTER ROAD VANCOUVER. B.C.

H4P 2K5 M3H 559 OTTAWA. ONTARIO VSR 5J7

Tel.: (514) 731-7441 Tel.: (416) 661-1115 K2C 3p2 Tel.: {604) 438-3321
Tel.: {613)-820-9471

Circle No.20 on Reader Service Card.



