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KOMPUTER 

KITS 
ARKON KEYBOARD KIT 

ASCII, Parallel I/O Single 5 volts 
COMPLETE KIT  $99.95 

6416 VIDEO 
TERMINAL KIT 

Serial 64X16 with selectable baud 
rate 
COMPLETE KIT $169.95 
BARE BOARD  45.95 

CP10 COMPUTER 
CPM computer on a single S-100 
card. Add memory for a complete 
system. 
ASSEMBLED $495.00 

ASK FOR A DEMO! 

TRY OUR KITS 

Low Cost and Easy To Build 

Logic Probe   $24.95 
Colour Video Modulator  24.95 
B/W Video Modulator  8.95 
LM 380 Audio Amp  5.95 
Wireless Mike FM-2  5.95 

MANY MORE IN STOCK 

WE STOCK ETI 
PROJECT BOARDS 

QUALITY DESIGN 
BEGINS WITH 
QUALITY PARTS 

SPECIALS 
INCREASE 

YOUR MEMORY 
4116 20ONS $8.95 
4116 300N S $5.95 

EPROMS 
2716-2K x 8 45ONS $14.95 
2708-1K x 8 45ONS  8.95 

PROCESSING 
POWER! 

6502 512.50 
6800  8.95 
8080A  6.95 
8085 ..  13.95 
Z80*   12.95 
780A*  13.95 

*(with full data book) 

JUMBO RED LEDS 
8 FOR $1.00 

78H05 REGULATOR 
5 volt 5 amp 

UNBELIEVABLEJUST 4.25 

ARKON GRAB BAGS 
1 lb Capacitors .75 2 lbs Potentiometers 11.00 
1 lb Hardware S .50 100 Grommets $1.50 
2 5 lbs Resistors $1.25 50 Trim Pots $5.00 
50 AssortedSwitches$5.00 30 Tantalums $5.00 
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SUPERBOARD 11 
Complete computer on a board 4K 
RAM expandable to 8K, 8K Basic in 
ROM, video display I/Face & integral 
keyboard, expandable to dual mini-
floppies - requires 5V power supply, 
needs case and video monitor 

 $415.00 

C11) - SERIES 2 
Self-contained with full keyboard 
graphics, 24x24 or 12x48 character 
mode, switchable cassette modem + 
printer interface, 18K total RAM/ 
ROM, new plastic case; sound, music 
and voice output (Video monitor 
extra)  $650.00 

Cl P-MF 
30K total RAM/ROM with 20k 
expandable to 32K; complete with all 
features of Cl P; with 0S-650 oper-
ating system, expandable to dual 
mini floppy. (Video monitor extra) 

 $1,860.00 

We Support OSI 

with Great Software 

S-100 STUFF 
Six slot mother board  $24.95 
Edge connector  $4.95 

Send certified cheque, money order, Charges, Master Charge ... include 
expiry date, card number and signature. We process C.O.D.'s for Canpar or 
Post Office. Minimum order $10.00. Add 5% (minimum $2.00) for shipping 
and handling. Any excess refunded. Ontario residents add 7% sales tax. All 
prices subject to change. Some items available through mail order only. 
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Exceltronix 
Component, & Computing Inc. 

<ZW2  

Christmas Specials 

319 COLLEGE STREET, TORONTO, ONTARIO, CANADA. M5T 1S2. Tir (416) 921-5295 

GIFTS FOR THE 

M ULTIFLEX 
MULTIPLEX Z80A COMPUTER SYSTEM 
• ideal for learning, expandable 
• S-100 bos system, compatible with all S-100 
products from many manufacturers 

• High-speed cassette interface, optional 
os-232 interface, on-board PIA, built-in 
EPROM programer 

• Consists of a 4-slot motherboard and a 

separate processor board which can be 
purchased and used alone 

• Powerful OX monitor-in-ROM makes machine 
language programing fast and easy 

ONLY $375 FOR KIT; $450 ASSEMBLED 

EXPANSION PRODUCTS AVAILABLE NOW 

16K, 32E, 48X, and 64K memory boards: 

• Designed for the S-100 bus 
• Automatic on-board refresh, or jumper-
selectable response to Z80 refresh 

• Up to 8 full boards may be used, giving 
a Ma X ¡MUM 512K capacity Gee 

Bipolar PROM programmers, 

• Designed for Multifles 180A system, 
comes with software ROM 

• Programs 740-188, 287, 288, 387, 470, 
471, 472, 473, 473, 474 and 475 PROMs 

$450 

HOBBYIST... FROM 

assembled & tested 

SEE PAGE 8 IN OCTOBER ETI, OR CONTACT 

US FOR COMPLETE INFORMATION 

LOW-COST LOGIC STATE ANALYZER 

• Similar to professional units coating $2500 
.mre 

• The most sophisticated tool available to the 

hobbyist for design and testing of Mon. 

$350 FOR 5bUlz VERSION IN KIT FORM 

BEGINNER TO EXPERT 

OHIO SCIENTIFIC 
SUPERBOARD II MICROCOMPUTER 
The first single-board complete microcomputer 

• built-in video interface with many special 
graphics characters 

• 8X Microsoft BASIC-in-R0m, 4X RAN on board 

expendable to 8X 
• Built-in audio cassette interface 
• Upper/lower case, 53-key keyboard 

• KbIly aseambled and tested 
• Requires .5V at 3 Amp. and a video monitor 
or TV set with RF modulator 

SPECIAL INTRODUCTORY PRICE $389 
RF MODULATOR KIT AVAILABLE $7.95 

CHALLENGER IP SERIES 

• similar to Superboard but with custom case 
and parer supply 

$469 WITH 4K RAM; $540 WITH 4X 

OHIO SCIENTIFIC Cll. -MF 

• Mnl-floppy based version of C1P, fully 

expandable with 8X BASIC-ln,ROM, 20K RAM 
and 0S-658 software package 

$1789 COMPLETE 

ALL OBI PRODUCTS AVAILABLE. ASK US FOR DETAILS. 

• EXCELTRONIX KITS 0 
Here's a sampling of our 26 kits: 
1, Bicycle Turning Signal  $16.95 

2: Decision Maker  $ 4.95 
3: Code Practice Oscillator  $ 3.95 

5: 3-Channel Colour Organ  $12.50 
7: British Siren  $ 3.95 
8: American Siren  $ 3.95 

14: Windshield Wiper Controller  $ 4.50 
15: Programmable LED Chaser  $19.95 • A/O 

16: Programable Chaser Expander  $16.95 
17: Opto-Isolated Triac board  $23.95 
18: "Lightning Bolt"  $59.95 
19: Dot/Bar LED Wattmeter  $22.95 

23: Automatic Morse Code Generator  $69.95 

26: Car Headlight Shutoff Delay  $ 7.50 
Come in or check our catalogue for full details 

OUR COMPETITIVE POLICY: 
TELL US IF YOU KNOW OF 
ANY BETTER PRICES THAN 
OURS, AND WE ' LL TRY TO 
BEAT THEM. WE ARE ALSO 
OFFERING BIG DISCOUNTS 
TO QUANTITY BUYERS. 

Com in or mite for our 

ANDICOM TECH. PRODUCTS 
Canadian computer systems 

2804 CPU board $524 
Floppy controller $394 

64K Dynamic RAM board $972 

48K Dynamic RAM board $842 Me 
32K Dynamic RAN board $722 

IN board $452 
board $267 

Color Video Graphics board $459 

Alphanumeric display unit $267 

Prototype board $38 
TRS-80 Converter $217 

cetalog. 

COMPONENT SPECIALS 
This is just a sneak preview. Come on in or check 

our new catalog to see the whole lot, 

III. 

@ MEMORY SPECIALS K2 

DYNAMIC RAM 

4116 (16Kxl, 200ns)  $7.39 
4116 (16Kx1, 300ns, CERAMIC) $5.95 

STATIC RAM 

2102LFPC (1Kxl, 350ns)  $1.25 
2114 (1Ex4, 200ns)  $7.39 
2114 (110r4, 450ns)  $4.99 

EPRCM 

2708 (1Ex8, 450ns)  $7.50 
2716 (210:8, 450ms, 3-supply) _ $18.50 
2516 (2Kx8, 450ns, single 4.5V) .. $16 . 00 
2532 (4K*8, 450)   ns $48.00 

-- _ __ - - -- -- -- - __ _ 

EQUIPMENT SPECIALS 
We  couldn't  possibly fit all the equipment 'To., 

this space, but here's a few samples. 

TTL most types in stock 

74LSOO .29 741.090 .57 741.0240 1.53 
74LSO4 .37 741.093 .49 741E241 1.48 

741E08 .43 7410123 1.09 741E244 1.76 
741510 .29 741.0124 1.29 741,3245 3.58 
741.020 .35 741.5136 .85 741-5251 1.89 

741.030 .24 741.5138 .90 741.0253 .77 
741.532 .55 741.0161 1.16 741.5257 1.22 
74/847 .90 7413163 1.27 741E374 1.89 

741048 .90 7410174 .64 7410375 1.29 
TsL$34 .73 741.0175 .68 7410377 1.87 

741.075 .64 741.0193 1.16 741.0640 3.40 
741.586 .96 741.0221 1.14 

FLOPPY DISC DRIVES 

C.D.C. SHUGART 
CDC 4096 8" floppy drive Shugart 04800 8" drive 

Single or Double sided Single sided 

Single or Double density Double density 
IBM 3740 compatible IBN 3740 compatible 

Soft Sectored $649 Hard Sectored $749 

ASCII KEYBOARDS 
  01••••• L J ... 

HE $119,80 CMOS CD4508 7.33 

CD4001 .38 CD4024 .62 084511 .90 
CD4007 .51 CD4027 .57 CD4512 1.00 

CD4009 .64 CD4049 .57 CD4514 2.54 
CD4010 .64 CD4050 .51 CD4518 1.76 

CD4011 .38 CD4051 1.00 CD4522 1.16 
CD4013 .51 CD4052 1.42 CD4528 1.09 

CD4016 .51 CD4066 1.00 CD4532 1.42 
CD4017 .85 CD4075 .38 CD4543 2.24 

CD4018 .74 004081 .34 CD4584 .62 
CD4021 .90 CD4082 .29 CD4702 11.56 

S - 100 BACKPLANES 
er. $75 with frame mop without 

_ 

(GOOD NEWS: Now you can program your own 2708, 

2716 or 2516 EPROM's right here in our store 

for FREE if the EPROM's are bought from us, 

or for $2.00 per PROM if bought elsewhere .) 

Note, The PROM Burner you will be using is 

One of the many features of MULTIFLEX's 2-80A 

Computer KIT. Please write for more info. 

S-100 CONNECTORS $5.00 MICROPROCESSORS 
Z80-671.1 12.80 8216 3.75 6802 14.95 

Z80A-CHU 14.40 8224 4.45 6810 4.85 
Z80-PI0 7.95 8226 3.80 6820 4.25 

Z80A-PIO 10.25 8228 6.45 6821 4.05 
80804 6.95 8251 4,50 6850 4.99 
8085 14.95 8255 8.50 6502 12.85 

8212 3.55 6800 8.40 6522 4.25 

ALL PRICES ARE IN CANADIAN 

WE HANDLE MAIL ORDERS 
Send a certified cheque or money order (not cash). 
Minimum order is $5 plus $1 handling charge. 
Ontario residents must add 7% P.S.T. Master Charge 
and Charges accepted: Send account no., signature 

and card expiry date. 

FUNDS, FEDERAL SALES TAX 

IC SOCKETS: A PENNY A PIN 

et, 
; 1 

j blere 2e CheilJéitteee ... 

9% INCLUDED   2 
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1401111Y-BWIC 
The modular, circuit 
b uilding system for electronic hobbyists. 

Be careful. 
Your hobbY is 

out to become an obsession. 
The 14 modular units in the 
solderless, Hobby-BloxTm system 
are color-coded and cross-
indexed. Projects go feSter, 

easier. 
For the beginner, there are two 
starter packs. One for 'n-ite-
grated circuits, one for discrete 
components. Each has its own 

10 project booklet. 

Once you get in Hobby-Blox, 
look out. You're going to get 

hooked. 
a free catalog, contact 

For your local HOBBY-BLOX 
dealer listed below: 

©AP PPODUC1 S INCORPORATED 1980 Patents Pending: 

AP PRODUCTS 
INCORPORATED 
9450 Pineneedle Drive 
P.O. Box 603 
Mentor Ohio 44060 
[216] 354-2101 

Free "Project of the Month" to Hobby-Blox purchasers! 

ALBERTA: 
Calgary   (403) 287-0520 
Edmonton (403) 454-5254 
Red Deer  (403) 346-2088 

BRITISH COLUMBIA: 
(604) 372-3338 
(604) 438-5545 
(604) 291-1441 

Kamloops  
Vancouver  
Vancouver   

MANITOBA: 
Winnipeg 

ONTARIO: 
Downsview   16 663-5563 
Downsview   

r) 
416) 663-5670 

Dresden  519) 683-6147 
Kitchener   (519) 576-9902 

  (204) 786-8481 

Ottowa 
Thunder Bay   
Toronto  
Toronto  
Willowdale  

QUEBEC: 
Montreal  
Montreal  

  (613) 820-9471 
(807) 345-7334 
(416) 868-1315 
(416) 921-5295 
(416) 221-6174 

(514) 731-7441 
(514) 769-8861 

SASKATCHEWAN: 
Regina  (306) 525-1317 
Saskatoon  (306) 562-6424 

MAIL ORDER: 
London   (519) 432-8625 
Montreal  (514) 731-7441 

21.e-ree 
ELECTRONICS 

Christmas Special 
1/4  watt 5% Carbon Film Resistors 
3¢ each, minimum quantity five 

Offer expires February 1, 1981 

1980 Printed circuit boards 

from ETI magazine: 

Jan. '80 

Feb. '80 

Mar. '80 

Apr. '80 

May '80 

June '80 

July'80 

Aug. '80 

Sept. 'go 

Guit. Eff. Unit $2.80 
ETI 472 $4.85 
(Stereo Amp. PSU) 
ETI 148 $1.45 
(Logic Probe) 

ETI 473 $9.95 
(Moving Coil Preamp.) 
ETI 254 $1.80 
ETI 577 $5.90 
(Power Supply) 

ETI 320 $.75 
(Bat. Cond. Ind.) 
Wire Tracer $1.30 

Electromyogram $13.65 
- ETI 730 $5.00 
- ETI 731 $5.00 
(Radio Teletype) 
Warning Systems Mon. $6.15 
Complex Sound Gen. $20.15 
Complex Sound Gen. $20.15 

Click Elim. $18.70 
Moisture Det. $1.80 
Fuel Mon. $3.70 

Function Gen. $19. 15 
Noise Reducer $9.00 
Overspeed $4:15 

Photo Timer $3.15 
Freq. Meter $2.00 
Hebot I $12.00 
Hebot II $12 00 

ETI 466 $17.30 
(300W Amp) 
Iran. Gain Tester $ 95 
Hebot Ill $4.50 
Passionmeter $2.50 

Home Security Unit $4.55 
Siren $1.95 
ETI 455 $6.60 
(Speaker protector) 
Touch Switch $2.10 

Oct '80 ETI 561 Metal Detector 
Baby Alarm $5.50 
ETI 152 $2.65 

Nov' 80 ETI 452 $15.70 
(Guitar practice AMP) 
Infra red remote control $13.55 
(Set of pcbs) 

Dec'80 Digital Test Meter $16.65 
Survival Game $3.30 
RIM Preamp $1.20 

We accept Chargex/Visa, Mastercharge, 

Certified Cheques, and Postal Money 

Orders. Ontario residents please add 7% 

sales tax to all your orders. 

P.O. Box 4166 Stn. D, Hamilton. 
Ontario. Canada, L8V 4L5 

HAPPY HOLIDAYS 

Circle No. 11 on Reader Service Card. 
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NEWS 
Write On 
A multifunction input device, developed by 
a British company, is equipped with both a 
handprint recognition mode and a sketch and 
drawing mode which give it a wide range of 
applications in industry, commerce and 
government. 

The Image Data Tablet is shaped like a 
desk blotter, only 4mm thick. It will accept 
8" X 11" size paper placed horizontally or 
vertically. It is possible to enter handprinted 
alphanumeric characters and a wide range of 
special characters either on an unformatted 
sheet of paper, and existing form or a speci-
ally formatted document. 

Designs or drawings can be made by 
tracing with a specially designed pen on 
paper, and the results are displayed on a 
screen and stored off or on-line to a main-
frame computer. It is also possible to ex-
press a mathematical problem on a docu-
ment on the tablet, and, as the equals sign is 
written, the solution to the problem is dis-
played on the screen and can be written on 
the document. The device will also accept 
input through a tele type compatible touch 
table. 

Characters entered on the tablet are con-
verted to ASCII code for transmission to a 

Programmable Timers 
A new family of CMOS programmable timers 
and counters for precision micropower 
timing, delay intervals, or sequencing has been 
introduced by Intersil, Inc. The ICM7240/50/ 
60 series of RC oscillators/timers/counters 
have selectable output counts from 1 RC to 
255 RC (ICM7240), 1 RC to 99 RC (ICM-
7250) or 1 RC to 59 RC (ICM7260). 

Applications for the ICM7240 family in-
clude programmable timing, long time delay 
generation, cascadable and programmable 
counting, low-frequency oscillators and se-
quence timing. The new circuits are packaged 
as 16-pin DIP devices, and prices start at 
$2.25US in 100-unit quantities. Availability is 
from stock. 

For more information, contact Len-
brook Industries Ltd., 1145 Bellamy Road, 
Scarborough, Ontario M1H 1H5 or phone 
(416) 438-4610. 

Keeping Track 
A new version of tue Huntron Tracker is now 
available from Cyprus Products Inc. The 
model HTR 1005B1S is designed for trouble-
shooting solid state components and circuits 
with no circuit power applied. 

The dual channel input feature, selectable 
by a front panel control, provides automatic, 
timed A-B input switching as well as fixed 
A or B channel operation. A graticule face-
plate provides a reference standard for visual 
comparison of the devices under test. These 
features allow rapid testing of analog or 
digital devices either in or out of circuit. 

The "Compar-A-Trace" model can cut 
equipment down time by speeding up fault 
diagnosis. An illustrated brochure is available 

host computer via a RS-232-C/V24 interface 
at rates up to 9600 baud. 

The manufacturer? Image Data Products 
Ltd., 1-4 Portland Square, Bristol, BS2 8RR 
England. 

New Omnitronix Warehouse 
Omnitronix Limited has opened a branch 
warehouse facility in the Toronto area to 
better serve its customer base in the Ontario 
marketplace. Direct your inquiries to Morriss 
Gordon, 6295 Shawson Drive, Unit 7, Missis-
sauga, Ontario L5T 1H4 or phone (416) 
678-7170, Tlx: 06968653. (Omnitronix Limi-
ted represents Injectorall, Jersey Specialty, 
Leader Instruments, Oaktron, Telematic, 
UniSound, UniVolt, Waldom, and Winegard.) 

A Really Big EPROM 
Intel will be offering a 64-kilobit erasable pro-
grammable read-only memory (EPROM) that 
conforms to the new industry standard for 
high-density byte-wide memories. It was 
introduced by Intel Corporation. The 
Intel 2764 has a rated worst-case access time 
of 250 nanoseconds, which makes it the 
fastest 64K EPROM available today. 

The 2764 is a completely static device (no 
clocks are required) with two-line control and 
low power dissipation. In active mode, the 
2764 draws 150 milliamperes from a single 
5-volt supply. When not enabled, the chip 
automatically goes into standby mode so 
that current consumption drops to 35mA 
and the eight output lines go into a high-
impedance state. 

Right now, the 2764 is listed as $163.US 
for 100 piece quantities. Only samples are 
available, volume shipments are expected to 
start in early 1981. 

which describes the instrument and applica-
tions. Write to Cyprus Products Inc., 7117 
Tisdall Street, Vancouver, B.C. V6P 3N2 or 
phone (604) 327-8814. 

• 

A DPM Alternative 
User's of Intersil's 7106/7107 DPM ICs now 
have a new source. Teledyne Semiconductor 
now second sources these popular ICs. The 
7107 is designed to be used with LED dis-
plays whereas counterpart, the 7106, will 
drive most LCD display devices. Both de-
vices are pin for pin compatible with the ori-
ginal Intersil devices. 

An evaluation kit is available for either of 
two ICs. Each kit consists of one IC (7106 or 
7107), a pcb, suitable LCD or LED display, 
passive components and a six-page application 
note. 

The 7106 Kit is listed as selling for $33.90 
US and the 7107, $27.90US. For more infor-
mation, write to Vitel Electronics, 3860 
Cote Vertu, Suite 203, StLaurent, PQ H4R 
2B7 or phone (514) 331-7393. 
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Transducers are simply the inter-
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COPYRIGHT 
All material is subject to worldwide copyright protection. All 
PCB patterns are copyright and no company can sell boards to 
our design without our permission. 

LIABILITY 
Whilst every effort has been made to ensure that all 
constructional projects referred to in this magazine will operate 
as indicated efficiently and properly and that all necessary 
components to manufacture the same are available, no 
responsibility whatsoever is accepted in respect of the failure 
for any reason at all of the project to operate efficiently or at 
all whether due to any fault in design or otherwise and no 
responsibility is accepted for the failure to obtain component 
parts in respect of any such project. Further no responsibility 
is accepted in respect of any Injury or damage caused by any 

fault in the design of any such project as aforesaid. 

EDITOR IAL QUERIES 
Written queries can only be answered when accompanied by a 
self.addressed, stamped envelope. These must relate to recent 
articles and not involve the staff in any research. Mark such 
letters ETI.Query. We cannot answer telephone queries. 

BINDERS 
For ETI are available for 86.75 including postage and handling. 
Ontario residents add 7% PST. 

SELL ETI 
ETI is available for resale by component stores. We can offer a 
good discount and quite a big bonus, the chances are 
customers buying the magazine will come back to you to 
buy their components. Readers having trouble In buying ETI 
could ask their component store manager to stock the 
magazine. 

COMPONENT NOTATION AND UNITS 

We normally specify components using an international 
standard. Many readers will be unfamiliar with this but It's 
simple, less likely to lead to error and will be widely used 
everywhere sooner or later. ETI has opted for sooner! 
Firstly decimal points are dropped and substituted with the 

multiplier, thus 4.7uF is written 4u7. Capacitors also use the 
multiplier nano (one nanolarad is 10009F). Thus 0.1uF is 
100n, 5600pF is 5n6. Other examples are 5.6pF=5P6. 
0.59F=Op5. 
Resistors are treated similarly: 1.8M ohms is 1M8, 56k ohms 

is the same, 4.7k ohms is 4k7, 100 ohms is 100R and 5.6 ohms 
is 5R6. 

PCB SUPPLIERS 
The magazine does not supply PCBs but these are available 
from the following companies. Not all companies supply all 
boards. Contact these companies direct for ordering 
information. 
BER Electronics, P.O. Box 6326F, Hamilton, Ontario, L9C 
6L9 
Spectrum Electronics, Box 4166, Stn .13 ., Hamilton, Ontario, 
L8V 4L5 
Wentworth Electronics, R.R. No.1, Waterdown, Ontario LOR 
2H0 
Danocinths Inc. P.O. Box 261, Westland, MI 48185, USA. 
Exceltronlx Inc., 319 College St., Toronto, Ontario, MST 152 
Ark,. Electronics Ltd., 409 Queen St. W., Toronto, Ontario, 
M5V 2A5. 

A-1 Electronics, 5062 OUndas St. West, Islington, Ontario MBA 
1B9. (416) 231.4331. 



Cat News 
The long awaited Exceltronix catalogue is 
finally out. The catalogue is unusual in that 
you get a DuoTang binder loaded with 
inserts. As new products become available, 
Exceltronix will send out updates, suitably 
punched for easy insertion. The catalogue 
is available free by writing to Exceltronix, 
319 College Street, Toronto, Ontario MST 
1S2 or phone (416) 921-5295. 

File Under 'F' 
Designed to fit into a standard filing system, 
the Finkler File, is a complete set of product 
data and catalogues of 18 companies involved 
in electronic and electrical equipment indus-
try, represented in Canada by Len Finkler 
Lim ited. 

For further information contact: Len 
Finkler Ltd., 25 Toro Road, Downsview, 
Ontario M3J 2B4. 

Flat LEDs 
To permit light-emitting diodes to be arranged 
in particularly tight rows, Siemens is now sup-
plying flat types, which with parallel side 
faces exhibit a rectangular radiation cross 
section with the dimensions 2.5 X 5.1mm. 
Large illuminated scales can thus be imple-
mented with high "packing density". 

The flat LEDs with diffuse plastic cases 
are available as standard red (LD 80), TSN 
(transparent substrate, nitrogen-doped) red 
(LD 82), TSN yellow (LD 86) and GaP 
green (LD 87) diodes. The light intensities are 
in three groups, ranging from less than/equal 
to 0.6 millicandela to 3.2 millicandela, 
each measured at a forward current of 20mA. 
The diodes can be loaded with up to 100mA 
(LD 80) or 60mA, the permissible power dis-
sipation is 20mW in all cases. 

For more information contact: Siemens 
Electric Ltd., P.O. Box 7300, Pointe Claire 
Quebec H9R 4RG or phone (514) 695-7300. 

Op Amp Technologies 
A 16-page brochure, "BiMOS/BiFET Com-
parison, " comparing performance character-
istics for operational amplifiers involving 
bipolar-MOS (BiMOS) and bipolar-field ef-
fect-transistor (BiFET) technologies is avail-
able from RCA Solid State Division. 

The booklet uses the industry-standard 
741 op amp as a base reference for compari-
sons and stresses such parameter improve-
ments as input offset current, input bias 
current, input offset voltage, slew rate, 
bandwidth, input impedance, output swing 
capability, zero standby current consumption, 
and supply voltage range. 

New 5" Analogue DPM 
Metermaster announces a new 5" solid state 
analog panel meter, Model AMP 500. The 
panel meter has a 50-segment LED bar-
graph display with a full scale response of 2.5 
msec. Accuracy is -±2% of F.S. It's 100 kohm 
input impedance is well in excess of most 
needle type meters. The AMP 500 will accept 
AC or DC voltages and current, and 7-bit 
binary inputs. 

Options include differential input, "high 
input impedance", single and dual alarm set 
points along with special ranges and scales. 

For more information contact Meter-
master, 214 Dolomite Drive, Downsview, 
Ontario M3J 2P8 or phone (416) 661-3190. 

os, 
e 

Copies of the brochure, "BiMOS/BiFET 
Comparison," BBC-320, may be obtained by 
writing to RCA Solid State Division, Box 
3200, Somerville, NJ 08876. 

Update On Surveillance Video 
Readers interested in Steve Rimmer's video 
surveillance column for October 1980 might 
want to check out this item. A 20-page 
booklet entitled "Management Guide to 
Closed Circuit Television Security Systems" 
is now available from ADT Canada. 

Written by Allan E. Schwartz, ADT 
National Marketing Manager, Closed Circuit 
Television Systems in the United States, the 
publication is an easy-to-read review of the 
basics of closed circuit television systems 
as they are applied to controlling losses. 

Single copies of "Management Guide to 
Closed Circuit Television Security Systems" 
are available without charge from Robert 
J. Wood, Manager, Marketing and Sales, 
ADT Security Systems, 4881 Yonge St., 
Suite 700, Willowdale, Ontario M2M 5X3. 

Looking Back 
Electronic Thermometer 
Designer Circuits, September 1980 
As indicated last month, a pin number fell off 
the schematic during production. The right 
hand leg of C2 goes to pin 8 of IC!. 

Also the pinouts given for the 7805 
regulator are incorrect. Referring to the base 
diagram (not the schematic), pin 1 is ground, 
pin 2 is the input and pin 3 is the output. 

While on the subject of regulators, the 
7805 is really too large for this application, 
a 78L05 would work just as well. Any 4-6V 
supply will work, but it must be well regu-
lated. Any inaccuracies in regulation will 
contribute to inaccuracies in the final tem-
perature measurements. 

The Last Word 
People who are aware of what happens within 
the industry, also know of the fantastic shor-
tages that can occur. In California the situ-
ation is so bad that now some companies have 
turned to theft (the break and enter variety) 
and even armed robbery to get the parts they 
need. In one case over $100,000 worth of TI, 
Fairchild, National and Motorola components 
were taken at gunpoint from General Transis-
tor Supply, Inc. The thieves apparently were 
working from a shopping list. 

The theft is one of a rash of similar hap-
penings in California's Silicon Valley. Most 
distributors are protected against burglary by 
suitable alarms, but it now appears that armed 
security guards will be needed, just as in 
jewelry stores and banks. • 
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10 to 30 MHz oscilloscopes with more 
performance 
and reliability 

than you 
ever thought 

possible. 

It's easy to see why LEADER 
oscilloscopes are now specified more 
than ever. More performance and 
quality for less cost ...with immediate 
deliveries from stocking 
distributors. They come with 
the best two-year warranty in the 
industry.., backed by efficient 
factory service. 

A full-range of reliable, 
medium bandwidth 

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

30 MHz delayed sweep - 
NEW 

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

30 MHz with signal 
delay — $1585. 

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

The* 
surpris 

lea r. 
delay lines. Has single shot triggering, 
X1C sweep magnifier and bright, sharp 
PDA CRT. Triggers to 50 MHz. 

20 MHz dual and single 
trace — $1100., $865. 

LBO-508A and 
LBO-507A give you 
versatility at low cost. 
Rise time is 17.5 ns 
with 1 MD (35 pFd) 
input impedance. 
Automatic or external 
tnggering, X5 sweep 
magnifier, 10 mV/cm 
sensitivity and add/ 
subtract modes. 

20 MHz battery/ac 
portable —$135o. 

LBO-308S provides lab performance 
and high reliability in field service 

applications. Sensitivity is 2 mV 
with a complete set of triggering 
controls and 18 sweep ranges to 
0.1 ws/div. with X5 magnifier. 
Compact. lightweight with 3-inch 

rectangular, internal graticule CRT. 
(Optional 2 hour internal battery pack is 
recharged during ac operation.) 

Two-year warranty. 
Evaluation units. 

A history of high reliability permits 
LEADER to provide a generous 2-year 
warranty. . backed by factory service. 
Call or write for: 

•an evaluation 
•a catalogue 
•the name or your 
nearest franchised 
distributor 

eadd it iona l information 

Oscilloscopes, frequency counters, 
function generators, video and 
audio instruments ...a LEADER 

instrument for almost every need. 

10 MHz with 1 mV 
sensitivity — $895. 

LBO-514 has both vertical and 
horizontal X5 magnifiers. Sensitivity 
is from 1 mV/cm to 10 V/cm Sweep 
speeds from 0.2 s/cm to 0.1 ps/cm. 
Auto or normal triggering. Z-axis 
modulation. (Single trace version, 
LBO-513, $775.) 

Circle No. 16 on Reader Service Card. 

When Quality Counts 

LEADER 
Instruments Corporation 

REPRESENTED IN CANADA BY: 

omnitronix ltd..2n1: 

2056 Trans Canada Hwy. 
rj Dorval, Quebec. 
• H9P 2N4 
\/ (514) 683-6993 

Telex: 05-822692 

Unit 7, 6295 Shawson Dr. 
Mississauga, Ontario. 
L5T 1H4 
(416) 678-7170 
Telex: 06-968653 



Good news for you and your 
customers. NESDAIISCET 
rates RCA serviceability: 

`1EXCe 
"The RCA CTC io8 

and CTC 109 chassis 
have earned the highest 
possible serviceability 
rating category: . . 
Excellent ...by incor-
porating serviceability 
features reuired in the 
ISCET Serviceability 
Rating Form. 

"RCM many years 
of cooperation with 
ISCET's Serviceability 
Committee has helped 
produce excellent 
results." 
—Dean R. Mock, Chairman, NESDAI 
IS CET Serviceability Committee 

ISCET's 92% (CTC 
108) and 93% (CTC 109) 
ratings were good news to 
us. Because they mean that 
some of the most demanding 
critics in the industry agree 
that we've succeeded in de-

eat' 

signing chassis that not only 
give your customers a first 
rate picture, but are easy to 
repair too. Here are some 
reasons why they think so: 

All subassemblies 
plug into chassis. No tools 
are needed to remove chassis 
(main circuit board). Just 
remove the cabinet back, 
unplug subassemblies and 
the chassis is ready for 
removal. 

Roadmapping on 
both sides of the board. 
Although the XL-100 
chassis use single-sided 
circuit boards, double 
road-mapping means you 
can easily trace circuits from 
either side. 

Circuits and 
voltages directly 
identified. Major circuit 
areas as well as power supply 
source and key pulse 
voltages are labeled by name 
on the board. So you can 
find them fast. 

That all means that 
when you do have to repair 
our new XL-100 chassis, in 
most cases you can fix them 
quickly and easily. 

And you won't have to 
waste your valuable time 
trying to find out where to go 
to fix what you already know 
is wrong. 

Because to us that's 
what really counts. Making 
your job easier and 
your customers 
happier. 

RCA 
RCA IS MAKING 
TELEVISION 
BETTER AND BETTER. 

For your free subsentnion to RCA 
COMMUNICATOR. our maga2ine of news 
and advice for service technicians. write: RCA. 
Dept /45.5. 600 North Sherman Drive. Indianapolis. IN 46201. 

Circle No. 2 on Reader Service Card. 



DIGITAL 
TEST 
METER 
This unique and modestly priced piece of test gear uses the very latest 31/2 digit LCD DVM module and 
acts as a combined 25-range digital multimeter and a 5-range digital frequency meter. It's another 'first' 
from ETI. 

TWO OF THE most useful pieces of modern electronic test 
gear are the Digital Multimeter (DMM) and the Digital Fre-
quency Meter DFM. These instruments are highly accurate, 
rugged and can be used in an attitude (vertical, horizontal, 
upside down, etc). Trouble is, they tend to be a bit expensive; 
a decent pair of such instruments can cost about $400.00. 

We have overcome the price by producing a unique 30-
range digital instrument that acts as a combined 25-range 
DMM and 5-range DFM. We've decided to call this new instru-
ment a Digital Test Metgr, or DTM. Our DTM is designed 
around the very latest 31/2 digit liquid crystal digital voltmeter 
module (thereby simplifying construction), is powered from 
two 6V battery supplies and typically gives several months of 
operation from a single battery set. 

The AV (alternating voltage) ranges of the DTM are fre-
quency compensated; they are typical responses that are flat 
within 1% or 40Hz or to within 1dB to 120kHz. 

The resistance indicating section of the DTM uses a ratio-
metric measurement technique and a test voltage of about 
300nnV maximum, thereby enabling in-circuit resistance 

measurements (such as a resistor in parallel with a semicon-
ductor junction) to be made without forward biasing in-circuit 
junctions. The DTM is provided with an independent facility 
(via a specific test terminal) for testing semiconductor junc-
tions. 

The frequency meter section of the unit can be used to 
measure frequencies in the range 10Hz to 1.999MHz. The 
input impedance of the section is roughly 200k and signal 
levels in the approximate range 10mV to 100V can be ac-
cepted. 

The DTM is provided with a built-in precision 1V22 DC re-
ference, which can be used for basic calibration of the DC and 
DV ranges. Resistance calibration is automatically established 
by built-in standard resistors. The instrument must be com-
pared with external standards to calibrate the basic AC, 
AV and frequency ranges. 

Accuracy 
The basic 31/2 digit DVM module used in the DTM is intended 
to read 100mV full scale, with 100% over-range capability 
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HOW IT WORKS 

The heart of the DTM is a DVM 176M Rev C 31/2 digit liquid 
crystal DVM module. This module has a built-in voltage re-
ference and is intended to be powered from a single 9V battery. 
The complete module (including the readout) typically draws 
only lmA of current and is intended to read 100mV DC full 
scale with 100% over-range capability (giving a maximum reading 
of 199.9mV). 

In our particular application we need, for various reasons, to 
power the module from a split 12V (6-0-6) battery supply, 
which makes it necessary to ignore the module's built-in voltage 
reference, and supply it with a reference voltage from an exter-
nal source. IC1 and the RV1-R23 divider are used for this 
purpose. 

In the completed DTM, voltage ranging is obtained by 
feeding inputs to the DVM module via the R6-R12 potential 
divider network. AC voltage ranging is obtained by feeding in-
puts to the DVM module via the same potential divider (which is 
frequency compensated via C2-C3 and C4) and via a precision 
AC/DC converter (designed around IC7). 

Current ranging is obtained by feeding the test current 
through the appropriate one of the RI to R5 ranging resistors 
and monitoring the voltages that they generate. In the DC mode, 
the generated voltages are fed directly to the input of the DVM 
module. In the AC mode, they are fed to the module via the 
AC/DC converter. 

Frequency indication is obtained by feeding input signals to 
the DVM module via a precision frequency-to-voltage converter. 
The f-to-v converter has a basic range of 10Hz to 1,999kHz and 
frequency ranging is achieved by feeding input signals to the con-
verter via switch-selected decade divider networks. 

Resistance measurements are made by disconnecting the 
external reference from the DVM module and connecting the 
test resistor in series with the appropriate one of the R13 to 
R18 ranging resistors and powering the combination with a 
few hundred millivolts DC (via the Id1-Q1 network). The voltage 
of the ranging resistor is monitored at the reference-input 
terminals of the DVM module and the voltage of the unknown 
resistor is monitored at the module's signal input terminals. The 
DVM module compares the ratios of the two voltages (and thus 
the ratios of the resistors) and gives a readout that is interpreted 
directly in terms of resistance. 

This 'ratiometric' system of resistance measurement has two 
distinct advantages. First, maximum test voltage of only a few 

hundred millivolts are applied to the unknown resistor, thereby 
enabling in-circuit resistance measurements to be made without 
causing semiconductor junctions to become forward biased. 
Second, the accuracy of measurement is independent of the 
energising voltage and is determined solely by the accuracy of 
the ranging resistors, thus eliminating calibration problems. 
Our circuit measures resistances of OR1 to 19.99M in six ranges. 

In the DTM, multi-pole switch SW1 is used to select the 
mode of operation and SW2 is used for range selection. SW2f 
sets the decimal point of the display to a position appropriate 
for the selected range. 

The DTM has a facility for testing semiconductor junctions. 
To use this facility, the unit is switched to the 100uA range in 
the DC mode and the test device is connected between the DT+ 
and + terminals of the instrument. The DT + terminal is ener-
gised from the built-in 1V2 source via RV2 and R25 and the 
resulting device current is read out by the DVM module. Open 
circuit devices give a reading of zero. Short circuit devices give 
a reading of 100.0. Good silicon junctions give a forward reading 
of roughly 60.0. 

The AC/DC converter section of the instrument is designed 
around IC7, which is connected as a precision rectifier. The gain 
of the circuit can be pre-set, for calibration purposes, via RV5. 
The output of the converter is integrated by the R46, C17 net-
work and by an additional network that is incorporated in the 
DVM module. 

Frequency to voltage conversion input test signals are fed to 
high-impedance (roughly 200k) input buffer Q2 via safety 
resistor R26 and are then amplified by Q3 and converted to 
square waves at the input frequency via IC2. The resulting square 
waves are then divided down by decade dividers IC3 to ICS. 

The heart of the converter is IC6 which, quite simply, is a 
dedicated precision frequency-to-voltage converter chip, in 
which the input signal is fed to pin 11 via R32 and a propor-
tional analogue voltage appears at the junction of R38-R39. In 
our applications, the IC is configured to cover the basic range of 
10Hz to 1.999kHz. Frequency calibration can be set via RV4 
and offset nulling (zero output for zero input) can be achieved 
via RV3. 

Frequency ranging of the complete converter circuit is ob-
tained by feeding the input of IC6 from an appropriate point 
in the IC2-1C5 network via SW2e. Thus, on the lkIlz range IC6 
is fed directly from the output of IC2; on the IMHz range, IC6 
is fed from the output of IC5. 

Resistors 
'4W 5% unless specified 
R1 
R2 
R3, 12 
R4, 11, 13 
R5, 10, 14 
R6, 18 
R7, 17 
R8, 16 
R9, 15 
R19, 30, 39 
R20, 24, 25, 43, 44 
R21, 26 
R22 
R23 
R27 
R28, 45 
R29, 46 
R31 
R32, 47, 48, 49, 50 
R33 
R34, 35 
R36, 41 
R37 
R38 
R40 
R42 

Potentiometers 
RV 1,2 
RV3 
R V4 
RV5 

OR1 VAN 1% 
1R0 'AW 1% 
10R 'AW 1% 
100R '4W 1% 
lkO 1/2W 1% 
10M 1/2W 1% 
1 MO 1/2W 1% 
100k 1/2W 1% 
10k '4W 1% 
lkO 
10k 
5k6 
3k3 
22k 
680k 
3k9 
470k 
47R 
4k7 
390k 
2k2 
100k 
820k 
15k 
22R 
2M2 

PARTS LIST 

4k7 miniature horizontal preset 
47k miniature horizontal preset 
470k miniature horizontal preset 
2k2 miniature horizontal preset 

Capacitors 
Cl 
C2 
C3 
C4 
C5 
C6, 7, 9, 11 
C8 
C10 
C12 
C13 
C14 
C15, 17 
C16 

Semiconductors 

DVM 
IC1 
IC2 
IC3, 4, 5 
IC6 
IC7 
01, 2, 3 
D1-4 

lOn 2kV ceramic disc. 
33p silver mica 
470p silver mica 
4n7 silver mica 
150n polycarbonate 
470u 16v electrolytic, PCB type. 
100n polycarbonate 
470n polycarbonate 
2n7 ceramic 
470p ceramic 
10n polycarbonate 
220n polycarbonate 
4u7 electrolytic, PCB type 

176M Rev. C. 
Teledyne 9491 AM 
4093B 
4017B 
Teledyne 9400CJ 
CA3140 
2N3904 
IN4148 

Miscellaneous 
SW1a, 8 pole change over interlocking push button 
SW1b, c, d, e, 6 pole change over interlocking push button 
SW1a-f, 2 pole 6 way wafers (3 off) rotary switch 
SW3. DPDT miniature toggle 
SK1-4, banana sockets 
2, 4 section battery holders for AA cells 
1, 11/,‘" fuse & holder chassis fixing or similar 
1 winged knob 
Case Hammond 9H CM BG 
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PROJECT 

(giving a maximum reading of 199.9mV). The basic module 
is capable of reading with an accuracy that is within 0.1% 
(one digit, or 100uV) of full scale, once it has been initially 
calibrated against a suitable reference standard. 

In practice, all other ranges of the DTM are obtained by 
feeding inputs to the DBM module via resistive potential 
dividers, current ranging resistors and resistance standards. 

In our prototype DTM we've used 1% resistors in all perti-
nent positions, thus giving the completed instrument an overall 
accuracy of 1% which we consider to be adequate for most 
practical purposes. If you want higher accuracy, you'll have to 
locate a source of supply of ultra-precision resistors. 

Construction of the unit presents a bit of a challenge 
due to the complexity of the interwiring. Construction needs 
to be tackled in a methodical manner, with the unit being 
given a functional check at the end of each building stage. 
The following building sequence is recommended. 

DV Ranges & AV Ranges 
Gather all hardware together (switches, battery pack, sockets, 
fuse holder and the DVM module and bezel) and secure them 
in their final positions in the instrument case. On our proto-
type, we've used a bank of push-button switches for SW1 
(mode selection) and a rotary switch for SW2 (range selec-
tion). On/off switch SW3 is mounted on the rear of the 
instrument. SW1 is mounted on a small PCB and fixed, via 
self-tapping screws and a 1/8 inch spacers into studs moulded 
into the base of the case. 

Make up PCB A as shown in the overlay, taking special care 
over the construction. Note that 1% resistors are used in the 
range-determining positions. Fit Veropins or flea clips in all 
appropriate positions on the board, to facilitate wiring inter-
connections. Make up the power supply (+6V, OV and —6V) 
connections to the board via SW3. 

Make up the following interconnections to the DVM 
module, noting that the module is a MOS device and can be 
damaged by static charges; Vss to —6V and VIDo to +6V on 
PCB A. Connect COM, IN LO and TEST together and connect 
to the OV power supply line. Connect the OV line to the in-
strument's common input terminal via FS1. Connect RFL to 
the common terminal of SW1f. Connect RFH to the common 
terminal of SW1d. Connect IN HI to the common terminals of 
SW1c and SW1e. 

Refer to the main circuit diagram and make the following 
connections. Wire up SW1d and make the connection to RV1 
slider on PCB A. Wire up SW1f and make the connection to 
COM terminal on the DVM module. Trace the DV (direct 
voltage) path through the circuit and make the appropriate 
connections as follows. From SK2 to SW1a common; from 
SW1aDV to R6 and from the R6-R12 chain to the 1 to 6 pins 
of SK2c; from SW2c common to SW1b DV/AV; from SW1b 
common to SW1c DV and AC; from SW1c common to SW1e 
common and to the IN HI terminal of the DVM module. 

With all the above connections made, double check the 
wiring and then switch the unit on. Short the instrument's 
input terminals and check that the DTM reads 000 on all 
ranges in the DV mode. Switch to the 1V range, connect the 
unit's input terminal (SK2) to SK1 and trim RV1 to obtain a 
reading of 1V22 (1220). The unit is now approximately cali-
brated (within 5%) on all DV ranges. Remove the connec-
tion from SK1 and check that the unit is functional on all DV 
ranges. 

If you have access to a precision DV source or to an ac-
curate DMM, you can precisely calibrate the DTM by 
switching it to the 100mV DV range, connecting a known 
input test voltage (100-199mV) and adjusting RV1 for a 
correct reading. 

SW2 I. 

RANG 

SW1 'MODE' SETTINGS 

I DC AC DV AV R 

1 — 100uA 1006A 100mV 10OrnV 10012 

2 1kHz ImA 1mA 11/ IV lkO 

3 10kHz 10mA I0mA 10V 10V 10k 

4 100kHz 100mA 100mA 100V 100V 100k 

5 1MHz 1A IA lkV lkV IMO 

6 lA IA 1kV IkV 10M 

Table 1. SW2 range details for the six meter 
functions. 

Fig. 2. The wiring of SW2 (above) can become 
a veritable jungle if you're not careful. Lock 
yourself away from all distractions for half an 
hour and work round each pole in turn. 

- h -

1 V CORM RTER 
Ve V. 

OV 

OWE RM. 
OWE RI 141 

CRON P38.18 
RV1 WIPER 

SV128 COMM 
SEEM COMM 

C8 

-h 

EIS 

Rai 

CC R13 

DTI& RPM 

OWE COMM 
CE.Ri.SWIE 

Fig. 3. The mode switch assembly fits on its 
own PCB (above). 

Note that, due to the low-voltage ratiometric resistance 
measuring technique used in this instrument, the readout tends 
to jitter somewhat when used to test resistors with values in 
excess of 200k or so. This tendency can be minimised by 
keeping test leads as short as possible, to avoid hum pickup. 

Make the connection from R25 (on PCB A) to Diode Test 
Socket SK1. Short SK1 to SK2 and adjust RV2 for a reading 
of 100.0 on the 100 uA DC range. Remove the short and 
check that a reading of 0.00 is obtained. Connect a silicon 
diode between the two sockets and check that a reading of 
about 60.0 is obtained in the forward direction and 00.0 in the 
reverse. 

Frequency Ranges 
Construct the frequency-to-voltage converter circuit on PCB B 
and make its supply connections via SW1g (+6V) and SW1h 
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6V 

DIODE TEST 
SOCKET 

SW1d 

0V ••—•-4Ei;' 

SW2c1 COM 
• SWIe 

SW14 

.6V 

F ROM 
COM 

ov 
(-6V) and the supply common line. Make the input connec- 51, 
tion to the PCB from SW1a and the output connection to 
SW1c. Wire up SW2e as shown, noting that a 4k7 res;stor is 
connected directly to each of the lkHz, 10kHz, 100kHz and 
1MHz output pins of PCB B, with the connections to SW2e 
made via these resistors. 

When construction is complete, switch to the lkHz range 
in the 'f' mode, short the unit's input terminals and adjust 
RV3 for zero reading on the meter. Remove the input short, 
connect a lkHz input signal and adjust RV4 for a reading of 
1.00 on the meter. Finally, check that the DTM is functional 
on all other frequency ranges. 

Decimal Pointing 
Refer to the main circuit diagram and make the connections 
from +6V to SW2f common via R24 and from the SW2f range 
pins to the D1, 02 and D3 terminals on the DVM module. 
Switch the DTM on, on the DV ranges, and check that the 
decimal point appears in sensible positions on each range (eg. 
100 mV reads 100.0 on the 100mV range or 100 on the 
1V range). 

Refer to the main circuit diagram and trace the AV (al-
ternating voltage) path, making additional connnections as 
appropriate, as follows. From SK2 to the top of R6 via SW1a 
and Cl; from SW1b common to R41 of the AC/DC converter 
on PCB A and to the DV and DC pins of SW1c; from R46 of 
the converter on PCBA and to the DV and DC pins of SW1c 
common to IN Hl on the DVM module. 

When the above connections are complete, set the unit to 
the 100mV AV range, connect a lkHz sine wave of known 
amplitude (100-199mV) to the input of the DTM and adjust 
RV5 for a correct reading. Switch the unit to the 1V range, in-
crease the input signal to a sensible value and check the 
frequency response of the instrument. The response should be 
virtually flat from 20Hz to 40Hz; if necessary, the value of C2 
'can be padded up slightly to obtain the required response. 
Check that the unit is functional on all other AV ranges. 

DC Ranges & AC Ranges 
Refer to the main circuit diagram, trace the DC (direct cur-
rent) circuit path (via R1-R5), add all appropriate switching 
connections and then give the unit a functional check on all 
DC ranges. 

C1 

1,6•••••—•••••• 6V 

SWIa 

OV 

Fig.4. Component overlays of the 
two Digital Test Meter boards. 
Frequency ranging (top board) is 
achieved by feeding IC6 from an 
appropriate point in the IC2-5 
chain. 
Resistance measurements are made 4_ 

by using one of the resistance ranging 
resistors R13-18 (bottom board). 
IC7 is the heart of the AC/DC 
converter. 
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PROJECT 

ETI 
DTM 

pcb A 

Left: Foil pattern for PCB 
board B, from the ETI Dig-
ital Test Meter project. 

Note that this project com-
prises a total of three boards. 

Right: The second of the 
DTM boards. 

ETI has made arrangements with 
Arkon Electronics to supply the DVM 
Module 176M Rev.0 ($64.95) and 
the specified push-button switch for 
this project ($6.95). Add $2.00 per 
order for shipping; Ontario residents 
add 7% PST. See Arkon ad on inside 
front cover for ordering details. 
The Teledyne 9491 AM and Teledyne 

9400CJ are available from Active 
Component Sales Corp. Address and 
other details are in their ad on the 
back cover of this issue. 

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

Refer to the main circuit diagram, trace the AC (alternating 
current) circuit path, add any appropriate switching connec-
tions and give the unit a functional check on all AC ranges. 

Resistance Ranges 
Refer to the main diagram again, trace the resistance mea-

suring circuit (via R13-R18 and SVV2d, SW1d-SW1e-SVV1f 
and from the IN HI pin of the DVM module to SK2 via SW1c 
and SW1a) and make all appropriate connections. Give the 
unit a functional check on all ranges by connecting approp-
riate test resistors to the DTM test terminals. • 
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TRANSDUCERS 
IN AUDIO 
Transducers — the things which convert electronic 
signals into other forms — are at their subtlest 
when that other form is sound. 

"MR WATSON, COME HERE, I want you . . ." No, not a 
line from an Arthur Conan Doyle novel, but the world's 
first telephone message sent by Alexander Graham Bell 
to his assistant Thomas Watson. 

Bell had invented the telephone, or, to be more 
precise had developed the first practical audio trans-
ducers. The telephone consists basically of a 
microphone, earpiece and some connecting wire bet-
ween them. Electric wire was not a new invention — the 
important developments were the transducers at its 
ends, which converted the sound into an electrical signal 
and back to sound again. The development of 
'microphones' was hampered in Bell's day as any form 
of electrical amplifier could not yet be constructed. This 
meant that the technology was limited to producing 
microphones with a sufficiently large enough output to 
drive an earpiece directly. 

Advances in technology since Bell's day (the inven-
tion of amplifying devices like the tube and transistor) 
mean that today we have a wide variety of audio 
transducer operating on a variety of different principles. 

Sound Developments 
Taking transducers which convert sound into electrical 
energy first (although in some case devices can be used 
as either microphone or loudspeaker units), these can be 
divided into two main groups. These groups are devices 
which respond to sound by changing one of their 
electrical properties and devices which directly produce 
an electrical signal as an output. The carbon microphone 
is one of the first group. It is found universally in 

A carbon microphone 

Bell's original transducer! 

telephone hand-sets, although it was not the type used 
by Bell in his first system. 

The carbon microphone consists of a diaphram, two 
electrodes and packed carbon granules. Normally the 
resistance between the electrodes through the carbon is 
a constant value of a few hundred ohms. When the 
diaphragm vibrates with incident sound, the spacing 
between the carbon granules changes. As they are 
forced closer together the resistance decreases and as 
they space out more the resistance increases. The 
resistance of the microphone thus changes with incident 
sound. 

CARBON 
PACROPFONE 

Circuit for using a carbon mike. 

To make the microphone work usefully, the varying 
resistance must be converted to a varying electrical 
signal. This can be done quite simply by putting the 
microphone in series with a low voltage DC power 
source (could be a battery) and a transformer. As the 
resistance of the microphone varies, so too (from ohm's 
law) will the current through it. The current through the 
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FEATURE 

primary winding will also vary, and a similar changing 
signal will be induced in the secondary. 

This type of microphone does not provide a high 
quality signal — it is really only suitable for speech, and 
is also not particularly sensitive — you have to talk quite 
near to it. Despite these two drawbacks, the carbon 
microphone is ideal for use in telephones, although there 
is some talk of it being replaced by electret microphones. 

Condensation 
The other important type of microphone which fits into 
the same category as the carbon microphone is the 
capacitor (or condenser) microphone. These devices can 
be again divided into two groups. 

As its name may suggest, the capacitor mike pro-
vides an output in the form of a varying capacitance. 

Essentially the device consists of two parallel metal 
plates separated by a small air gap. One of these plates is 
rigid but perforated, the other is thin and flexible. The 
thin plate is able to vibrate in sympathy with incident 
sound. As it does so, the distance between it and the 
other plate varies. The two separated plates are essen-
tially the basis of a capacitor. The capacitance being 
given by the formula 

where C is the capacitance, E a constant, the permittivity 
of air, A the area of the plates and d the distance between 
them. As the distance (d) between the plates varies, it 
follows that so too will the capacitance. 

FLEXEILE 
PLAIE-

HIGH DC 
VOLTAGE 

1-77UTPLf  

FIXED PLATE 

/4-11 

Circuit for using a condenser microphone. 

Changing this varying capacitance into an electrical 
signal is quite a problem as the capacitance of the plates 
can be as low as 30p (3 x 10-8 farads) and the maximum 
change only about 3p. Producing the varying voltage is 
done by applying a high voltage to the plates through a 
large value resistor. This voltage can be anything from 
60 volts upwards, depending on the model of 
microphone. 
When the capacitance changes with sound striking 

the plates, the charge on the plates will remain constant 
but the voltage between will vary (this follows from the 
formula Q= CV, Q, the charge on the plates is constant, 
so as the capacitance, C, changes the voltage, V, will 
vary inversely). This varying voltage forms the output. 

The output from the actual microphone capsule is of a 
very high impedance and if it were connected directly to 
a cable, the signal would be severely deteriorated over 
even a few feet. It is thus necessary to have a small 
preamplifier very close to the capsule. This is usually in 

Not all transducers are used in audio work. The condenser unit 
is used in Polaroid's Sonar One Step cameras. 

the body of the microphone, normally only a couple of 
centimetres away from the capsule. The preamp has a 
very high input impedance, a value of 200M (200 
million ohms) being a typical figure. 

Capacitor microphones are very high quality, very 
fragile, and very expensive. They are also very flexible. 
By having two flexible plates, one either side of the rigid 
plate, and by altering the polarising voltage to the plates, 
the characteristics of the microphone can easily be 
changed. 

Electrets 
A variation on the capacitor microphone is available 
which does not need the high voltage polarising supply. 
Electret microphones are manufactured with a slab of 
electret material between the two capacitor plates. 
Electrets are specially manufactured substances which 
carry a permanent charge. This permanent charge 
removes the need for the high voltage supply, but a low 

o 

o 
o 
o 

METAL 
r.EsH 

o 

OUTPUT 
Section through an electret microphone. 

EiACKPL ATE 

ELECTRET 

voltage supply is still required to power the preamplifier. 
This is usually obtained from a battery housed in the 
microphone body. 

Electret microphones are much cheaper than the 
normal capacitor types. The quality of the microphone is 
not quite as good, but at about 1 /10 of the price, this is 
really only of concern to a professional Jser. 

Many portable cassette recorders have electret 
microphones built in. 

Crystal Clear 
Crystal microphones work on the piezo-electric effect. 
When crystals of some chemical salts are physically 
distorted, a voltage appears across two of its faces. The 
crystal microphone uses this principle — a diaphragm is 
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linked to the crystal. When sound waves make the 
diaphragm vibrate the crystal is distorted and metal 
contacts are used to make connection to the crystal 
faces. 

Crystal mikes are very poor quality but do provide a 
high output. 

Toiling Coils 
If a wire is moved at right angles to a magnetic field, then 
a current will be induced in the wire perpendicular to 
both the magnetic field and the movement. 

This principle is also used in some types of 
microphone. In its simplest form, a ribbon is suspended 
between the poles of powerful magnets. Leads are 
connected to the top and bottom of the ribbon. 
When sound strikes the ribbon, it will vibrate to and 

fro between the poles of the magnet and a current will 
flow along it and through the connected wires. 

Section through a ribbon mike 

The signal generated by the ribbon is very small. Any 
length of wire to which it is connected would have a 
resistance large enough reduce the signal quite consid-
erably. For this reason a transformer is always mounted 
inside the microphone. The transformer increases the 
impedance and voltage of the ribbon's output so that 
any connecting wire has less attenuating effect. For 
obvious reasons this type of microphone is called a 
ribbon mike. 

The actual ribbon is very fragile and has to be well 
screened from winds (or heavy breaths) making it 
unsuitable for outdoor use. If a coil of wire were used 
instead of a ribbon (in a different mechanical assembly) 
the output would be much higher. This is done in the 
common 'dynamic" microphone. A diaphram is attached 
to a coil which vibrates in the magnetic field. The 
mechanical construction of this type of microphone is 
much more rugged as there is no longer a thin vulner-
able ribbon. 

However, the mass of the diaphram and coil is much 
higher than that of just the ribbon. At high frequencies 
this extra mass makes it harder for the sound to vibrate it 
and there is less output. 

Thus, by making the device more rugged other 
problems are encountered. The poorer high frequency 
response could be overcome by making the coil and 
diaphragm smaller and lighter. This would unfortunately 
affect the low frequency response. 

ETI—DEC 1980 

A solution offered by some microphone manufac-
turers is to build two microphones into one body. One 
has a large diaphram, and the other a much smaller one. 
These two-way microphones however, are much more 
expensive. 

The first microphone used by Bell was one of the 
magnetic induction type and not the carbon type by the 
way. The output from it was very low, and as amplifiers 
did not yet exist, the sound reproduced at the receiving 
end very faint. 

Mister Speaker 
It would be logical to assume that if microphones 
produce an electrical signal when excited by sound 
they should produce sound when an electrical signal is 
applied. 

The theory behind this does in fact support this 
assumption to all the microphones mentioned except the 
carbon microphone. 

In practice however, the requirements of an electric to 
sound transducer are such that mechanical design of 
loudspeaker and earphones is different. 

SOFT IRON 
CORE 

RIGID 
CONE 

POLE 
PIECE 

RADIAL 
SURRCUND 

Cutaway of a moving coil loudspeaker 

The moving coil loudspeaker consists of a paper cone 
attached to a fine coil of wire, which is suspended in a 
strong magnetic field. The edge of the cone is attached 
to the metal frame of the speaker so that it is free to 
move. When an electric signal is applied to the coil 
(called the voice coil) a magnetic field is set up around 
the coil. This interacts with the magnetic field caused by 
the large magnet and the coil is moved. The coil and thus 
the cone move in sympathy with the signal in the voice 
coil. 

As with microphones (only more so), large loud-
speakers with big cones are only capable of effectively 
reproducing sound in the lower end of the sound 
spectrum. For this reason, all high fidelity loudspeakers 
contain two or more 'drive' units. Each unit will be of a 
different size and designed to handle a particular range 
of audio frequencies. 

An electronic circuit within the loudspeaker cabinet, 
called a crossover unit, routes the incoming signal so 
that the high frequency sounds are handled by the 
smaller unit ("tweeter') and the lower frequencies by the 
'woofer'. 

The crossover unit in its simplest form consists of a 
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A simple crossover 

capacitor and an inductor. The AC impedance of the 
capacitor decreases as the applied signal's frequency 
increases. The reverse is true with the inductor. 

Dual-Purpose Transducers 
In some applications it is very convenient to use the 
same transducer as both a microphone and loudspeaker. 
An example of this is in simple intercoms. Here, a small 
transducer is used as a loudspeaker when listening to 
messages, but doubles as a microphone when messages 
are being sent. 

A commercial electrostatic loudspeaker. 

Electrostatic Speakers 
Just as there are capacitor microphones, we also have 
'capacitor' or electrostatic loudspeakers. Electrostatic 
loudspeakers provide a very high quality sound at a very 
high quality price. 

The cross section drawing of an electrostatic loud-
speaker shows three plates. The outer two plates have 
charges applied to them by a high DC voltage (the 
polarising voltage). The audio signal (which is stepped 
up in voltage) is applied to the centre plate. 

The charge on this plate will be changing with the 
audio signal. When there is a positive charge on the 
centre plate it will be attracted to the rigid negative plate, 
and repelled from the positively charged plate. The 
centre plate will vibrate, producing a sound output for 
the electrical input. A company in England (Quad) has 
been producing electrostatic speakers based on this 
principle for the last 20 years. • 
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electrostatic loudspeaker. 
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ALARMS 

Baer Alen, 
Photo Intruder Alarm 
Intruder Alarm 
Photo Electric Relay 
Low Temperature Lights Out 
Temperature Sensor 
Coolant level 
Water Level 
Electronic Lock 
Car Battery Watchdog 
Simple Car Alarm 
Simple Lock 

AMPLIFIERS & 
PREAMPLIFIERS 
HQ,' Input Impedance 
Hen Impedance Buller 
Low Output Impedance 
High Input Impedance 
Low Frequency Extender 
Virtual Faith Prearnp 

IC „T,:rees're.17:::e4yer 
25 Watt 
20 Watt Slave 
10 Walt 
Loudspeaker Microphone 
Voltage Controlled Amp 
Wde Band Arnold, 
Vkleo Power Amp 
Broadband Amp 

SIGNAL PROCESSORS 

Fez: Box 
Guitar Fuzz 
Fuzz Boy 
Was Wt. 
Deco Autolade 
Srmple Autolade 
Information Transfer 
Optical Pulse Conditioner 
TV Sound Pickoff 
Cratklefree Potentiometer 
Voltage to Frequency 
Sine lo Square Wave 
Preeeon AC to DC 
Voltage Process.. 
UnIversat Meter 
Double Precision 
Fast Half Wave 
Simple Chopper 
Nose Reiectrng SCR Trigger 
Phase Shale, 

SIGNAL GENERATORS 

Semple 
Venable Duty cycle 
Fast Edge 
FET 
Improved Multfyibrator 
Variable Duty cycle 
Stable RC 
Cheap tCMOSi 
StmPle TTL XTAL 
Uncritical xTAL 
Pu:se 
Zero Crossing 
Simple Pul. 
Needle Pulse 
Stable Linear Sawlooth 
Zene. 
Noise 
Prnk 
Simple Relaxation 
Triangle with independent slope 
Exponenbal 
Wderange Multivibfator 
Multiple Waveform 
Linear Sweep 
Step Frequency 

Simple Siren 
Shtp Siren 
Two Tone 
Toy Siren 
Noel. Startret Z Cars 
Sound Effects 
Sound Effects 

FILTERS 

Sarta pass 
Low t /be Pass 
Reectron Notch 
Bandpass 
Cartndge EC) ePto”tàle 
Hum Stopper 
Tape Hiss Reduction 
Simple Crossover 

DIGITAL 
Thermometer 
Heads or Tel. 
Binary Calculator 
Voltmeter 
Seven Segment to Decimal 
Dia 
Random Binary 
CMOS De 
Multtplexer >tots 
L.Inoion ateinon 
cuos clock 

The ultimate ideas book 
for the experimenter. Get 

yours now! 

Simple Transistor SCR 
SCR Tester 
Crystal Check 
Crystal Checker 
Good Bad Battery Tester 
Battery Tesler 
Op-Amp Tester 
OP.R.13 Checker 
heap Logic Probe 

TTL Probe 
AudIble Slow Pulses 
Log. Probe 
Logtc Analyser 
I and 0 Display Probe 
Simple High Impedance 
Voltmeter 
AudteRF Tracer 
Thermocouple Thermometer 
Metering Stabrlised supplies 
SImple Frequency Meter 

FLASHERS 

Dancing beds 
Low Frequency Strobe 
F lasher 
Ultra Scrnple 

POWER CONTROL 

LOA Mains Control 
Floodlamp Control 
Zero Crossing Sync 
Train Controller 
Low Differential Thermostat 
Simple Temperature Control 
Full Wave SCR Control 

DETECTORS 
TIMERS & DELAYS COMPARATORS 

Low Standby Oren 
741 Timer 
Self Triggering Tinter 
Pulse Timer 
Pulse Delay 
Voltage Controlled Monostabte 
Sequential Relays 
Door Chime Delay 

SWITCHING 

Touch Triggered EIrstabte 
Touch Sensitive Swdch 
El« Nome. Switch 
Sound Operated 2 Way 
SPST Switch Flip Flop 
Two Signals on one W.,. 

INDICATORS 

Line-et-Light 
3 Step Level 
Light Level 
Bargraph DePNY 
Fuse Farlure 
Blown Fuse 
Back Up Lamp 
DC Lamp Failure 
FM Tuner Stab, 
Curren! Flow 
Ode° Cue 

AUTOMOBILE 

Brake Lamp Failure 
Courtesy Light Delay 
Simple Hazard Ltght 
Light Extender A Peduncle, 
Four Way Flasher 
Headlamp ()leper 
Wiper Delay 
Suppressed Zero Voltmeter 
Rev Counter Tachometer 
Aueliary Battery 

POWER SUPPLIES 

Constant 
Temperature Stable 
Constant 
Voltage Controlled 
Precision Voltage Divider 
Dual Polarity 
Simple Balanced 
Voltage Dieder 
Low Regulated 
Short CIICUI, Protected 
Smote TTL Supply 
ZN414 SuPON 
Stable Reference 
Transformeness Invenor 
DC lo DC AC 
Voltage Multtpler 
Automobile Convertor 
Shaver Adaptor 
DC-DC 
He, Voltage From Battery 
Variable • ve or -ve output 
Simple 
12V from Battery Charger 
Bucket Regulator 
Adiusting Zener Voltage 
Venable Zener 
¿tine , Boosting cl Regulators 
High Power 
Electronic Fuse 
Better Fuse 
Regulator g Fuse 
Fas• Act.° 
SCR Crowbar 
Voltage Polarity 
ek CAD Discharge 
Current Limiting 

TEST 

Diode Checker 
GO NO GO Diode Tester 
Zener Check 
GO NO GO Tranestor Tester 
Quick JFET Test 
Current Gain Tesler 
Basic Transistor Tester 

Peak Detect & Hold 
Window Detector 
Peak Program 
%Move Peek 
Reaction Comparator 

RADIO FREQUENCY 

VC 'Itériz ''Ak:er 
RF Voltmeter 
RF Detector 
LED OF Indicator 
RF Arnplifter ProlectIon 
FET•Radio 
Op-Amp Radlo 

MISCELLANEA 

Phase Locked Loot, 
Touch Doorbell 
Phase Look Control 
Audro Mixer 
Virtual Earth Meer 
Plop Eliminator 
Loudspeaker Protectron 
Digital Capacitance Probe 
Digital Tape Recorder Adaptor 
Breakdown Diode Subsliturlon 
Dual Function Charger 
Duet Mode Amp 

Capacitor Substitutton 
Etectrontc Capacitor 
Speeding Up DarlIngtons 
Strutter Saver 
Thyristor Sensdrety 
Sound Operated Flash 
Strength Tester 
Logic Noise Immunity 

TIPS 

denblying 74 Seres 
Supply Pins 
SolderIng IC s 
Tinning With Solder Melt 
PCB Stencils 
Front Panel Ftrush 
DIL Drilling 
Fluorescent Starting 
Avoiding Insulated Heat Sinks 
TTL Mens Interface 
Boost Your Mains 
High Resistance on Low Meters 
High Voltage EtectrolyttcS 
Transistor Identrbration 
Template Heat Sink for 
Power Transfslors 
Transistor Socket 
Solder Flow Problems 
Odd Resistor Values 
Resistors in parallel 
CMOS OIL Handling 
identIfying Surplus 'CS 
Extendong Battery Life 
Battey Snaps 
Power Supply or Elatt•ry 
Battery Checking 
Muck Remover 
Transformers In reverse 
Loudspeaker Checking 
Improving WT LIneerity 
Signal Tracer 
Crystal app... 
Cheap Venceps 
Zone Ltfts Cepacdor Rating 

DATA 

741 Op-Amp Data 
BC 107, 0a Data 
BC 177-17g Data 
CMOS II TTL Data 
203055 Data 
04)2955 Data 
Boole Data Tables 
Bipolar FETs Rectlfeen 
Diodes Pinouls Zone Mi. 
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FLOPPY DISKS 
ETI's own John Van Lierde takes a look at this 

FOR THE average person, buying a 
computer is much like buying a camera 
or a car. One makes the initial financial 
plunge and is satiated for a while. This is 
shortlived, and the owner eventually 
starts looking around for accessories. 

Unlike cameras or cars, most compu-
ter accessories (in the form of software)covE 
are fairly inexpensive. These take the 
form of 'certified' audio cassettes that 
are, hopefully, compatible with the 
system in use. Unfortunately cassettes 
are not the ultimate means of program 
storage. This dilema brings us to the 
topic of this article, floppy disks. 

Storage For the Masses 
Both floppy disks and cassette tape 
are methods of mass storage. One em-
ploys mass storage for a number of 
reasons. Mass storage is non-volatile, 
that is to say, the data stored is not lost 
when power is removed. This is useful 
for when you've spent four hours de-
veloping a program and don't want to 
leave it in the computer's volatile 
(an apt term) memory. Nasty things like 
brown outs and the maid unplugging 
your PET so she can dust under it will 
ruin the fruits of your labour. 

Additionally the RAM available to a 
user is not terribly large, typically 
4-8K. This is inconvenient if a user 
wishes to work on several programs at 
once, or, has several K of names and 
addresses to store. 

Additionally, Floppies and cassettes 
are highly portable and easily stored. 
Even if you could unplug your PET 
without wiping its memory, it would 
still be a nuisance hauling it across 
town so a friend could copy a program. 

A Look At Cassettes 
To the early computer experimenter, 
the audio cassette was a natural for mass 
storage. Cassettes and the hardware 
(cassette recorders) were widely avail-
able, proven and inexpensive. 

The cassette method of storage be-
came popular and today virtually all 
home computers available have built-
in cassette interfaces. Indeed, even the 
early Commodore PETs (the ones with 
the hideous keyboards) were equipped 
with built-in cassette recorders. 

The disadvantage of tape storage 
is that, unlike a computers RAM or A 
disk, the data on a cassette is not 
addressable. 

data storage system. 

INDEX 

WINDOW 
LOCKOUT 

Fig.1. Inside a Diskette. 

In order to find a particular program 
or block of data, it is necessary to 
search through the entire cassette. If the 
date you want is at the tail end of a 
C-90, you might as well take your dog 
for a walk. Even then, loading and 
dumping a full 8K will take close to five 
minutes at 300 Baud. 

You can get around this by only put-
ting one program on a side, but this is 
highly wasteful. 

Another possibility is to speed up the 
rate of data transfer. Speeds of up to 
4800 Baud are possible with high 
quality equipment. While this would 
reduce search time, it is really only a 
lateral sort of solution. 

A typical double disk system. 

(Dynalogic). 

reia 
Hey, Y'know what weighs 100 
tons, lives in the ocean, and stores 
200 megabytes of data? . . . . 
Moby Disc. 

Additionally, most cassette trans-
ports do not provide some electrical 
means of control. All cassette functions 
must be initiated by the human digit. 
For this reason there are not many cas-
sette file systems available. 

A New Shape 
\ The idea of storing data on a magnetic 
\ medium is a sound one, the only pro-
\ blem being the actual accessability 
\ of that data. This problem can be solved 
by changing the medium from a strip 
to a surface. An 8-inch diameter surface 
(le. disk) is much more easily searched 
than 130m of cassette tape. 

The construction of a floppy disk is 
depicted in Fig. 1. The disk itself is 
an 8-inch Mylar disk, flexible and 
covered with magnetic oxide. Both the 
disk and its magnetic covering are 
thicker than their cassette counterparts. 
This in itself, results in greater reliability 
and greater freedom from dropouts etc. 

The disk has two holes cut into it. 
A large one is cut into the centre for 
the drive mechanism to spin the disk. 
A smaller one is punched several centi-
meters from the centre to serve as an 
index. 

The disk is kept in a cardboard or 
plastic sleeve which is permanently 
sealed to prevent removal. To access the 
disk several holes are cut into the sleeve. 
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INTERNATIONAL 

At the 
time of go-

ing to press, the 
articles mentioned 

are in an advanced stage 
of preparation. However, cir-

cumstances may result in changes 
to the final contents of the magazine. 

JANUARY 
DIGITAL FREQUENCY METER 

A really neat, single board project which 
covers 20Hz to 2MHz in four ranges 
using just 4 ICs and 8 transistors. 

THE EDISON EFFECT 

Many famous discoveries were made by 
accident: this includes the Edison 
Effect. What makes this unusual is that 
this genius discovered the diode in 1880 
but (unusually for him) failed to 
appreciate its significance: it had to be 
invented much later all over again by 
Fleming. 

ELECTRONIC IGNITION 

C-D 
IGNITION 

o 

Airmelgt 
Now, more than ever, you want to get 
the best from your gas dollar. Many, if 
not most, of the 1981 cars use electron-
ic ignition to peak the performance. 
Next month we give full constructional 
details on how to build your own. 

DIRECTORY OF ELECTRONIC 
PARTS RETAILERS 

ETI has been scouring Canada for 
electronics parts retailers — and there 
are a lot more than we ever believed 
possible. Next month we present a 
'yellow pages' listing all those we 
were able to contact. 

POWER TO THE PEOPLE 

Practically all electronic equipment 
needs some form of power: this may be 
from the line or from a battery. We 
take a look at the merits and practical-
ities of each. In addition we've investig-
ated the new batteries; are they really 
better value considering their high cost? 
we'll tell you next month. 

EPROM ERASER 

Commercial EPROM erasers start at well 
over $100 but you can build your own 
very easily for about a third of that. 
Our author considered a number of 
alternatives before settling on the final 
design. 

STUDIO TECHNIQUES 

What goes on inside a recording studio? 
We hear about multi-tracking, reverber-
ation, vocoders and so on frequently 
enough but how do they all fit 
together? Steve Rimmer reports. 

ALARM CIRCUITS 

Our circuits feature next month covers 
the area of security alarms. The circuits 
and their operation are described by 
Ray Marston. 

Save up to 28% on the newsstand price by subcribing to ETI — see page 21. 
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Fig.2. An expanded view of a disk's surface. 

The largest of these is the one in the 
centre.There's an oval-like hole to allow 
the read/write heads to sweep across the 
surface of the disk. A small hole is also 
cut to allow access to the index hole. 

When a disk is inserted into a drive 
mechanism, it is immediately engaged 
and spins at 360 rpm. A small LED/ 
photocell combination sends out pulses 
to the disk controller corresponding to 
the passage of the index hole passing 
between them. 

The read/write head (or heads if 
we're talking about a double sided 
system) are kept in direct contact with 
the disk's surface. Unlike cassettes, the 
method of recording is digital, with 
several tens of thousands of flux 
changes per second. 

There are several methods of moving 
the heads across the disk, such as lead 
screws, pulley, bands and spiral wheels. 
These are driven by stepper motors. The 
drive has no means if knowing where 
the heads are, instead they are moved 
to the innermost track and the con-
troller counts the number of steps out-
ward. 

Capacity and Formatting 
Most eight-inch disks follow the IBM 
3740 method of formatting which holds 
close to 380,000 bytes of unformatted 
data. There are other systems. For 
instance many manufacturers supply 
51/4 -inch disks that can hold 90K or 
even 315K, however we'll confine our 
discussion to the IBM system. 

Note that the 380,000 byte figure 
quoted earlier is unformatted capacity. 
Some space on the disk must be re-
served for housekeeping, so the ac-
tual formatted capacity is more like 
256,256 bytes. 

The data is stored on the disk in 77 
tracks of 26 sectors (Fig.2). Each sec-
tor contains 128 bytes of data. Addi-
tionally space is devoted to preamble, 
addressing, cyclical redundancy charac-
ter or CRC (which is merely the sum of 
the data in that sector) and a postamble. 
These, however are essentially trans-
parent to the user. It isn't necessary for 
the sectors to be numbered in order, 
the controller always has a starting 
point on the disk in the form of the in-

Inside a Typical disk drive. Note the two motors at the back. 
other one moves the head. (Control Data/Exceltronix) 

dex hole.This is known as soft sectoring. 
Another method, known as hard sec-
toring, has several holes punched into 
the disk, one for each sector. 

The Controller 
The disk drive is a stupid beast. All it 
does is spin the disk, read and write. 
The actual thinking is done by the 
floppy disk controller. 
A simplified floppy disk system is 

shown in Fig.3. Physically the con-
troller is usually a card that plugs into 
the micro's backplane. The CPU treats 
the controller like a memory location. 
A request for data takes the form of 
asking the controller to retrieve a 
specific block of data. The controller 
accepts the required sector and track 
addresses and stores them in its internal 
registers. It then searches and waits for 
the appropriate sector to come up. 
When the data appears, the controller 
generates an interrupt to the CPU and 
dumps the data into memory via DMA. 
The process is virtually instantaneous 
and is, for all intents and purposes, user 
transparent. 

(right) A comparison of a compact cassette 
and 8" floppy. The large notch on the left 
of the diskette can be used to prevent over-
writing by placing a piece of tape over it. 

Fig 3 (below) A basic floppy disk system. 
The 1771 is relatively common controller 
IC manufactured by National, Rockwell etc. 

CPU 

 N 
DATA 

  1771 FLOPPY DISK 
ADDRESSING CONTROLLER 

V 
INTERRUPT 

REOUEST 

The top one drives the disk, the 

Using It 
It would be possible for users to specify 
the individual tracks and sectors and so 
store and retrieve data. This, however, 
is a highly unnecessary drudgery. What 
the average user sees is the Disk Opera-
ting System (DOS). A basic DOS sys-
tem gives a user the capability to name 
erase, edit retrieve any number of files. 
A list of files is kept on the disk itself. 
When the user wants a file, the listing 
is downloaded, and the DOS system 
can then retrieve the appropriate 
sectors. 

The most commonly used operating 
system is CP/M. CP/M can be used alone 
or it can be incorporated within larger 
programs, such as text editors, assem-
blers, compilers, etc. 

DATA TRANSFER 

WRITE CONTROL 

HEAD CONTROL_ 

DEVICE SELECT ,. 

FLOPPY 
DISK DRIVE 

1 

FLOPPY 
DISK DRIVE 

2 
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lo TRANSISTOR 
CIRCUIT 
Ray Marston presents ten simple transistor projects to help while away your evenings. 

REGULAR READERS of ETI will no doubt have noticed 
(and possibly regretted) the almost total absence of 
simple transistor circuits from the 'projects sections of 
the magazine. The truth is, of course, that one- and 
two-transistor circuits are usually regarded as a bit 'old 
hat' these days, when inexpensive ICs such as the 741 
Op-Amp and the 555 timer can so easily outstrip them in 
most applications in terms of performance sophistication 
and cost effectiveness. 

Still, one of the greatest pleasures of hobby elec-
tronics comes from actually 'working' with 
circuits and thereby 'learning things'. In these terms, 
transistor circuits can be as much fun as any other type, 
so, with these points in mind, we devote this month's 
feature to describe ten simple little transistor circuits that 
you can fiddle with when you have a few spgre evenings. 

Linear Amplifier Circuits 

Our first circuit (Fig 1) is a simple common-emitter 
pre-amplifier that you can use for boosting weak audio 
input signals to a more useful level. For a simple 
demonstration of its effectiveness, feed its input from 
the output socket of a radio and then alternately connect 
a crystal earpiece between the circuit's input and output. 
The circuit gives a voltage gain of about 50, so you'll 
notice a great difference between the input and output 
signal levels. 

The Fig 2 circuit is a simple emitter follower stage. 
The main purpose of this circuit is to convert the signal 
from a high-impedance source (such as a crystal pick-up) 
into a low-impedance output. The circuit gives unity 
voltage gain. This particular design has an input imped-
ance of about 1 80k. 
The Fig.3 circuit is a 'souped-up' emitter follower. It 

uses two transistors and lots of feedback (via C2) to 
boost the input impedance to about 4M0. The two 
transistors are wired as a 'Super-Alpha' pair and act like 
a single transistor with a current gain equal to the 
product of the two individual gains, about 10 000 in this 
case. 

Fig 4 shows another application of the 'Super-Alpha' 
principle, in which Q1-Q2 can be regarded as a single 
transistor with a gain of about 1 0 000. In this case the 
'transistor' is used in the common emitter mode and 
uses relay RLA as a collector load. If we assume that the 
relay turns on at about 1 00 tnA, you'll see that this 
current can be obtained with a Q1 base current of only 
10 uA (= 100 mA/ 10 000). This current can in turn be 
obtained via the positive supply line by wiring a resistor 
of IMO or so across the probes. 

In practice, the relay will turn on at less than 100 mA 
and the Super-Alpha gain of Q1-Q2 will probably be 

26 

IN 

Fig.1. Simple Pre-Amplifier circuit gives a voltage gain of about 
50 and has a frequency response extending from 25 Hz to 120 kHz. 
Q1 is 2N3904. 

IN 

Fig.2. This simple Emitter-Follower circuit gives unity voltage 
gain but has an input impedance of about 180k. Q1 is 2N3904. 

Fig.3. This 'Bootstrapped' Emitter Follower has an input impe-
dance of about 4M0 and can be used to convert e High-Impe-
dance Pick Up to the low-impedance signal. Q1,02, are 2N3904. 
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greater than 10 000, so you'll find that the relay will 
turn on if any resistance less than a couple of megohms 
is placed across the probes. Water, steam and skin 
resistance have resistances below this value, so this 
simple little circuit can be used as a water, steam or 
touch-operated relay switch. 
Oscillator Circuits 
Oscillator circuits often make amusing and/or useful 
projects. One of the simplest oscillators is the 2-
transistor astable multivibrator or square wave genera-
tor, an example of which is shown in Fig 5. Here, the two 
transistors are cross-coupled via R-C networks (C1-R4 
and C2-R3) in such a way that the transistors alternately 
switch on and off in opposition to one another. If the R-C 
networks have equal values, as in Fig 5, symmetrical but 
anti-phase signals are produced at the collectors of Q1 
and Q2, with one transistor turning on when the other is 
off, and vice versa. 

In the Fig 5 circuit LEDs are wired in series with the 
transistor collectors and flash on and off in opposition to 
one another at a rate of about 1 flash per second. The 
flash rate can be changed by altering the values of either 
Cl /C2 or R3 /R4. This simple 'flasher' circuit provides 
about 10 seconds of interest to the casual onlooker but 
hours of pleasure to the avid electronics experimenter. 
A simple variation of the astable circuit is shown in Fig 

6. Here, a non-symmetrical waveform is generated and 
is fed to a speaker and limiting resistor in the collector of 
Ql. The unit can be used either as a 'sound generator' or 
as a 'morse code practice oscillator'. The tone frequency 
can be changed by altering the Cl and /or C2 values. 

Fig 7 is a simple crystal oscillator circuit which can be 
used to calibrate the dial of a radio or the timebase of a 
scope. If, for example, you use a 100 kHz crystal, the 
circuit will give 10 uS markers on a 'scope waveform or 
100 kHz harmonic calibration points (100, 200, 300 
kHz, etc) on a radio dial. To calibrate a 'scope you need 
to feed the circuit's output directly to the 'scope's 'Y' 
terminals. To calibrate a radio, no physical contact is 
required and it is sufficient to simply place the oscillator 
close to the radio antenna. 

The Fig 7 crystal oscillator circuit will only work well 
with good quality crystals. The 2-transistor Fig 8 circuit, 
on the other hand, will work with just about any 50 kHz 
to 10 MHz series-resonant crystal that shows the slight-
est signs of life. Q1 is wired as a common base amplifier 
and Q2 is an emitter follower and the circuit acts as a 
strong oscillator that generates a large-amplitude out-
put. An excellent circuit. 
DC-to-DC Converter 
The Fig 9 circuit is a simple design that converts an 
innocent 9 volt battery supply into a shocking 300 volts 
DC output. What you do with such an output in the 
privacy of your own home is your own affair: the mind 
boggles. The circuit is, however, an absolute MUST for 
the experimenter. 

Circuit operation is quite elementary. Q1 is confi-
gured as an L-C oscillator, with the primary of any 
low-power 6 V-0-6 V line transformer acting as it's 'L' 
load. This voltage is stepped up to about 350 volts peak 
at Ti secondary and is half-wave rectified by D1 and 
used to charge C3. With no permanent load on C3, the 
capacitor can deliver a healthy but non-lethal 'belt'. With 
a permanent load on the output, the output falls to about 
300 volts at a load current of a few milliamps. A neon 
'power' indicator can be wired across C3 to indicate the 
presence of the high ouput voltage. 

RI 
10k 

PROBES 

R LA 
12V 
120R  

01 
02 

DI 
1N4001 

 o 
+I2V 

OV 

 o 

Fig.4. Touch, water or steam operated relay turns on when a resi-
stance less than a couple of Megohms is placed across the probes. 
Q1 & 02 are 2N3904. 

6V TO 9V +V. 

LED 2 

R2 
470R 

Fig.5. This LED flasher operates at about 1 flash/second. The 
rate can be increased by reducing the C1/C2 values or vice-versa. 01 
& 02 are 2N3904. 

Fig.6. This morse-code oscillator is a simple modification of the 
Fig.5 circuit. 01 & 02 are 2N3904. 

Fig.7. This simple crystal-controlled oscillator can be used with 
any good 100 kHz to 5 MHz crystal. C2 can be used to set the 
crystal against a standard. Q1 is (you guessed it) 2N3904. 
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FEATURE 

Fig.8. This wide-range oscillator can be used with virtually any 
50 kHz to 10 MHz crystal. 031 & 02 are 2N3904. 

A Lie Detector 
Our final circuit (the lie detector of Fig 10) is most 
emphatically an 'experimenters circuit. Here, the 'vic-
tim' is connected, via a pair of substantial metal probes, 
into a Wheatstone bridge circuit formed by R1-RV1-Q1 
and R3-R4. The meter, which should be a centre-zero 
type, is used as a bridge-balance detector. In use, the 
victim makes firm contact with the probes and, once he 
or she has attained a relaxed state (in which the skin 
resistance attains a stable value), RV1 is adjusted to 
obtain a null on the meter. The victim is then cross-
questioned. 

The theory of operation is that the victim's skin 
resistance will change and the bridge will go out of 
balance if he or she lies or shows signs of emotional 
upset (embarrassment, etc) when being questioned. 
Some people claim wonderful results from this circuit. 

470n 
350V 

+300V 
OUT 

ov 
 O 

Fig.9. This simple 9 V to 300 V 'converter uses a 9 V-0 V-9 V 
line transformer in the oscillator/Inverter mode. Output current 
is limited to a few mA. 01 is 2N3904. 

Fig.10. A simple 'Lie Detector'. The two probes are held in both 
hands and RV1 is then adjusted for a meter 'null'. Any change 
in the skin resistance (due to embarassment, etc) causes the meter 
reading to change. la1 is 2N3904. 
Personally, I find that it gives not the slightest flutter 
when I lie but goes absolutely berserk when I think about 
"thingy' (you know). Maybe you'll find the same. 

--Designer Circuits  
CAR CASSETTE 
POWER SUPPLY 
When using a portable cassette 
recorder in a car or boat it is far 
cheaper to run the unit from the 
vehicle's battery than from internal 
batteries. Many recorders have a 
socket for an external power 
source, and it is not usually too 
difficult to adapt recorders not 
having this facility to operate from 
such a source. This circuit will give 
an output of 6, 7.5, or 9 V from a 
nominal 12 V input with a maxi-
mum output current of 1 A. It can 
therefore be used to match most 
recorders to a 12 V supply. 

The circuit uses a four terminal 
monolithic voltage regulator (ICI) 
to give the voltage stepdown and 
provide a well stabilised output. 
The input to the regulator is 
obtained via D1 which blocks the 
supply if it is connected with the 
wrong polarity, and fuse FS1. The 
input will probably contain a cer-
tain amount of noise which is 
smoothed by Cl. C2 and C3 are 
decoupling capacitors which aid 
the stability of the circuit, and 
should be connected as close to 
IC1 as possible. 

The output voltage of IC1 is set 
by a potential divider connected 

O  
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.11111111 CONT 
01 
1N4001 

INPUT 

o  

IN OUT 

CI • 
FS1 
1A 

across the output and feeding into 
IC1's CONT (control) terminal. A 
negative feedback action stabilises 
the voltage at the CONT terminal at 
5 V, and the output at a level equal 
to 5 V plus the potential dropped 
by the potential divider. The value 
of R1 sets the potential divider 
current at just over lmA, giving a 
drop of about 1 V across R2, 2.5 V 
across R3, and 4 V across R4. 
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114 
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SW1 can thus be used to select 
output voltages of 6 V, 7.5 V, and 
9 V by switching the appropriate 
resistor into circuit. If only a single 
output voltage is required, SW1 is 
omitted and the appropriate resis-
tor is connected directly between 
ICI's CONT terminal and the out-
put. 

IC1 must be mounted on a 
heatsink, and this can be the case 

o 

of the units if a metal type is used. 
The heat-tap of the device connects 
internally to the COM terminal, and 
so the tab must be insulated from 
the case in the usual manner if the 
latter is earthed and the unit is 
installed in a positive earth vehicle. 
The uA78GU1C has thermal 
overload protection circuitry and 
foldback output current limiting 
incorporated in its design. 



New from NRI! grcolor TV that 
tunes by computer, programs an 
entire evening's entertainment. 

Just part of NRI's 
training in servicing TV, 

stereo systems, video tape 
and disc players, car 
and portable radios. 

Only NRI home training prepares you 
so thoroughly for the next great leap forward 
in TV and audio.. digital systems. Already 
top-of-the-line TV's feature digital tuning, 
computer programming is appearing, and new 
digital audio recording equipment is about to 
go on the market. 

NRI is the only home study school to 
give you the actual "hands-on" training you 
need to handle servicing problems on tomor-
row's electronic equipment. Because only NRI 
includes this designed-for-learning, 25" 
diagonal color TV with electronic tuning, 
built-in digital clock, and computer pro-
grammer as part of your training. With this 
advanced feature, you can pre-program an 
entire evening's entertainment., even key lock 
it in to control children's viewing. 

Exclusive 
Designed-for-learning Concept 

The color TV you build as part of NRI's 
Master Course looks, operates, and performs 
like the very finest commercial sets. But behind 
that pretty picture is a unique designed-for-
learning chassis. As you assemble it, you per-
form meaningful experiments. You even intro-
duce defects, troubleshoot and correct them as 
you would in actual practice. And you end up 
with a magnificent, big-picture TV with ad-
vanced features. 

Also Build Stereo, 
Test Instruments 

That's just a start. You demonstrate 
basic principles on the unique NRI Discovery 
Lab e then apply them as you assemble a fine 
AM/FM stereo, complete with speakers. You 
also learn as you build your own test instru-
ments, including a 5" triggered sweep oscillo-
scope, CMOS digital frequency counter, color 
bar generator, and transistorized volt-ohm me-
ter. Use them for learning, use them for earn-
ing as a full- or part-time TV, audio, and video 
systems technician. 

Complete, Effective Training 
Includes Video Systems 

You need no previous experience of any 
kind. Starting with the basics, exclusive "bite-
size" lessons cover subjects thoroughly, clearly, 
and concisely. "Hands-on" experiments rein-
force theory for better comprehension and 
retention. And your personal NM instructor is 
always available for advice and help. You'll be 
prepared to work with stereo systems, car 
radios, record and tape players, transistor 

radios, short-wave receivers, PA systems, musi-
cal instrument amplifiers, electronic TV 
games, even video tape recorders and tape or 
disc video playbacks. 

Send for Free Detailed Catalog 
Mail the postage-paid card today for our 

free 100-page catalog with color photos of all 
kits and equipment, complete lesson plans, 
convenient time payment plans, and informa-
tion on other electronics courses. You'll also 
find out about NRI's new Computer lèchnol-
ogy Course that includes your personal mi-
crocomputer. Or Complete Communications 
with 2-meter transceiver. If card has been 
removed, write to: 

ve NRI Schools McGraw-Hill Continuing 
Education Center 

I 330 Progress Avenue 
Scarborough, Ontario M1P 225 

M en. or telephone 416-293-1911 



ETI-E xceltronix Contest 
WIN A MULTIFLEX Z80A COMPUTER 
OR A LOGIC STATE ANALYZER 

total value $925! After the tremendous response to our May Win-A-Computer con-
test, we just couldn't resist throwing another. The result? Exceltro-
nix Components and Computing Inc. and Electronics Today proud-
ly present Win-A-Computer II. 

This time we're not just giving away a Z80 Computer, but a 
Logic State Analyzer as well. Both units are manufactured by 
Multiflex Inventions and Technology Inc., an Exceltronix affiliate 
dedicated to high performance equipment at the lowest possible 
cost. These are not kits, but rather are fully wired and ready to go. 

The Multiflex Z80A Computer System (advertised in October 
1980 ETI) consists of a separate CPU and motherboard. The CPU 
board comes with 1K RAM (with provisions for another 3K), 3K 
ROMed monitor, provision for 8K or 16K EPROM. The system is 
based on the Z80A CPU, which can operate at clock speeds of up to 
4MHz. The motherboard supports four S-100 cards and features a 
wire wrap area, on board PIA, on board 2708/2716 EPROM 
programmer, on board cassette interface, provisions for an RS-232 
interface with selectable Baud rate, and more. 

Second prize is the new Multiflex Logic State Analyzer, the ul-
timate diagnostic tool for the computer experimenter. The Logic 
State Analyzer allows you to monitor any 16 points within a digital 
system. The analyzer can be triggered by a particular bit pattern or 
word and will then record the next 1023 patterns for subsequent 
examination. It can also be triggered by any combination of MRD, 
MWD, DMA, interrupts or any other control signals. The unit 
features 16 display LEDS, 4 hex digit displays, forward and back 
stepping, switch selectable logic polarity and clocking edge, and will 
operate to 5MHz. Priced at $475, it is comparable to other units 
costing as much as $10 000. The Multiflex LSA is the only way to 
properly 'feel the pulse'of your computer system! 

The Multiflex Logic State Analyzer, worth $475. 

The Multiflex Z80A Computer, worth $450. 

How do you enter? Examine the problem below and enter your 
solution in the entry form provided. Mail the form in and watch 
News Digest in future issues for contest results. 

BLACK BOX" 

AMMETER 
THE BOX shown in the schematic is 

two terminal Passive network -, 
meaning that the circuit 1.151de contains 
no transistors. diodes, relays, or any-
thing else with a non -latear transfer 
characteristic. The meter is indicating 
spine value of Mfr.'. which is greater 
than zero and less than irfinity, As thi, 

A 

10V 10V 

switch is moved back and forth between 
positions A and B. this value of current 
remains the same. Note that in position 
B. 20 volts is applied across the box - 
twice the amount in position A. Bearing 
iri mind that I h , how would you 
construct a circuit within the box that 
would allow this effect to be observed? 

MIMI MI MI MIMI Mifflin...3 BRIM MOM MI MIMI Mifflin 

THE BLACK BOX CONTAINS  

You can draw your 
circuit here but make sure 
you list the components 
in the space above. 

NAME  
(PLEASE PRINT) 

ADDRESS   

  PHONE  
Are you a subscriber to ETI? D Yes D No. 
Would you like an Exceltronix Catalogue?pYes D No 

11111 ffl Mill IM MI MI WM BIM MI MI BIM NMI NMI IME MI MI MI IBM IIMI 1 
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HOW TO ENTER 
When you have determined what you think the circuit is, enter your 
answer, along with your name and address and phone number in the appro-
priate spaces on this form. Mail the entry form to: 

WIN A COMPUTER II 
c/o Electronics Today International 

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

The first two correct answers drawn, win. 
Readers not wishing to cut up their magazines may submit their entry 

on a photostat or handdrawn facsimile of this form. Only one entry per 
person, multiple entries will be disqualified. 

This contest is open to residents of North America with the exception 
of ETI staff members and their families, their printers and distributors and 
employees of Exceltronix Components and Computing, Inc. 

All entries become the property of Exceltronix. 
Contest closes January 16th, 1981. 
Editor's decision is final. 



Electric cars aren't new but although they now seem very attractive with the shortage and price of gasoline, 
a lot of problems remain, principly in the area of batteries. Wally Parsons has been looking at the latest 
developments. 

IT MAY COME as a great surprise to 
many people, but the electric car 
actually predates the gasoline powered 
machine, as far as general public usage is 
concerned. Anyone who has ever 
attended an antique auto show has pro-
bably seen a Baker Electric or perhaps 
the Detroit electric car, both of which 
look a little like modified Hansom cabs 

with nowhere to plug in the horse! 
These were indeed true horseless car-
riages. 

The first known American electric 
car was designed by Philip Pratt, had 
three wheels, room for the driver and 
battery pack. It was first demonstrated 
in Boston in 1888. Although it never 
really caught the public's imagination, it 
was said to have been very popular with 
the ladies because of its "clean odour-
less operation". It had no clutch to 
bother with, no crank to turn as the 
early gasoline engines had, and no boiler 
to explode, as did some of the steam en-
gines around at the time. 

Although it was criticized for its 
lack of speed and hill-climbing ability, 
the first known speeding ticket was 
handed out in New York City in 1899 
to Jacob German who was driving at 
the then-reckless speed of 12 mph — 
in an electric car. Range was only about 
20 miles with the batteries then avail-
able, about the same as was later achie-
ved with the first pneumatic tires 
between flats. 

The eclipse of the electric car was 
brought about by two factors: the intro-
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duction of the electric starter in 1911 
solved one major safety problem with 
gasoline engines; and a major Texas 
oil strike in 1901 made petroleum 
available cheaply at less than a nickel 
a barrel. 

Well, the universe continues to un-
fold as the world turns, and in the full-
ness of time we have reached the point 
where petroleum is even more expen-
sive than in 1900, and supplies are 
also diminishing. 

In the meantime, the electrical and 
electronic industries have continued 
minding their own business and impro-
ving batteries and electric motors, 
so that a great many people are now 
seriously looking at the electric car in a 
new light. 
Battery Limitations 
Great! So why aren't the dealer show-
rooms bulging at the seams with elec-
tric cars? 

It must be admitted that there are 
some problems; some technical, some 
political and commercial but there 
are also solutions. 

To obtain an immediate grasp of the 
problems, open your Canadian Tire 
catalogue to the battery section. You 
w,11 notice that automotive batteries 
are no longer rated in Ampere Hours, 
but rather by minimum reserve time at 
26° C and minimum cranking Amperes 
at —17°C. These are, respectively, the 
total time which the battery from full 
charge, can sustain a drain of 25A, and 
the amount of current which can be 

drawn for 30 seconds before dis-
charging. 

Notice that the biggest truck battery 
shown provides for minimum cranking 
Amps of 800A and minimum reserve 
of 420 m,nutes. In other words, it's 
good for about 10 Horsepower for 30 
seconds. 

Not very impressive, to say the least. 
Even with considerable weight reduc-

tions, electric vehicles (or EV's) use 
motors rated at around 10HP. If this 
is needed to run at 50 mph then we're 
using power at the rate of 15 kWh. That 
means a tot of batteries and an enor-
mous amount of weight. 

Indeed, this has been the biggest pro-
blem. The best of the lead-acid batteries 
has a weight/power ratio of about 
20Wh/kg, less than a third of minimum 
requirements. This ratio is important, 
because the batteries must supply power 
to move not only the weight of the ve-
hicle and passengers, but the weight of 
the batteries themselves. As an example, 
with advanced battery sytems, a 
battery weight of 800 lbs is not at all 
unusual. Compare this with Chrysler's 
new 2.2 Litre 4 cylinder engine at 203 
lbs, and you get some perspective on the 
problem. 
Refuelling Time 
Anyone who's been stranded with a 
dead battery knows that it takes consi-
derably longer to recharge it than it 
takes to fill up an empty gas tank. 30 
minutes is about the shortest possible 
time without running the risk of the 
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battery exploding — very many charge 
cycles like that and you won't have a 
battery at all. 

The voltage generally used is in the 
order of 100V, this can be achieved by 
connecting several batteries in series. 
To get 20HP you need about 150A, so 
we are looking at series/parallel or 
parallel/series combinations of high 
efficiency batteries. These batteries are 
available, although not yet at you local 
Canadian Tire, and it's possible to get 
about a 40 to 50 mile range with up to 
20 such batteries, depending on the 
car. 

Obvoiusly, such a range is inade-
quate for anything but short urban 
runs, and fortunately, the majority 
of motor trips fit this pattern. More-
over, most such trips are made up of 
shorter trips of only a few miles each, 
with stopovers of 30 minutes or more. 
Several people involved with electro-
mobiles have discovered a practice 
which electronics enthusiasts have re-
garded as routine for years: when the 
thing's not in use, plug it into the wall 
and charge up the batteries, don't wait 
until they've discharged.A rather obvious 
idea, perhaps, but this is where the poli-
tical/commercial problems come in. 
When did you last drop a dime into a 
parking meter and plug your block 
heater into a convenient outlet mounted 
on it? How many public or employee 
parking lots provide for such facilities, 
except perhaps in the coldest parts of 
Canada? And who would incur the 
expense of installing such outlets when 
there are so few users on the road. 

As an example of circular thinking, 
how many more such vehicles would be 
bought if such outlets were available? 
Dr Victor Wouk, a long time pioneer in 
EVs, has estimated that the cost of in-
stalling 10 million outlets would be less 
than the cost of constructing one 
synfuel plant to convert coal to gasoline 
at a rate of 20 thousand barrels a day, 
enough at best to fuel 100,000 vehicles. 

Obviously this vicious circle must be 
broken so that people will buy the vehi-
cles in sufficient quantity to justify 
someone putting in outlets to make 
more vehicles attractive. 

Since range and refuelling time are 
the problem here, how about combining 
battery electric power for use most of 
the time, with a gasoline engine to 
handle heavy load conditions such as 
acceleration, highway speeds and long 
runs, all of which tax conventional 
battery systems heavily. 

Hybridology 
Such an approach has been tried with 
some success and such a vehicle is 

ETI's Editor Halvor Moorshead sits at the wheel of an electric van made by Marathon Electric 
Vehicles of Montreal. A number of these have already been delivered, mainly for 
experimental purposes. Illustrations of the control console and the on-board computer 
are shown elsewhere. 

called, appropriately enough, a hybrid. 
With this technique the drive wheels are 
connected to an electric motor which is 
battery powered. It is also connected, 
via a transmission, to a gasoline engine. 

In what is referred to as a series con-
figuration, the vehicle is driven by an 
electric motor powered by a battery, 
which is also connected to an electric 
generator driven by a gasoline engine. 
Although at first glance this would seem 
a logical and elegant approach, the in-
efficiencies involved in the multiple 
energy conversions have resulted in 

disappointing performance. The elec-
tronic speed controls which cut in 
the gasoline engine at high peak loads 
must themselves handle extremely high 
currents, so designing a reliable system 
has proven difficult. DC motors also 
are quite inefficient except over a 
narrow speed range. 
A parallel system may use one of two 

configurations. The simplest uses a 
dynamotor driven by a battery. Such a 
motor, when driven by an external 
mechanical force becomes a generator 
and will recharge the battery. Such a 

Under the hood of the very attractive Briggs and Stratton Hybrid. There are no plans to 
manufacture this prototype but it does overcome one of the main problems in electric 
vehicles of power when you need it and a back-up power system should you run out of 
charge. 
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One of the few electric cars that is available right now, the Bradley GTE Electric made in 
Plymouth Maine. The price is about $17,000 and so far about 50 have been delivered. 

force could be dynamic braking, such as 
allowing the vehicle to slow down by 
removing power to the motor, using the 
car's inertia to turn the motor. This is 
similar to the engine compression 
braking experienced with gasoline en-
gines. 

Another source of generator force 
could be gasoline engine, clutch coupled 
to the dynamotor's shaft. When power 
demands indicate, the gasoline engine is 
fired up and drives the shaft and the 
dynamotor rotor together, supplying 
power to the wheels. 

Another parallel system literally 
parallels a gasoline engine via a transmis-
sion, and an electric motor via a fixed 
gear to a drive shaft, to accomplish the 
same end. 

An example of the first type of paral-
lel system is an experimental vehicle 
built by Briggs & Stratton. It uses an 
18 Hp Briggs & Stratton engine, 8 Hp 
Baldor electric motor and 12 Globe 
Union batteries. Cruising range is over 
200 miles at about 60 mph, and gets 
over 40 mpg on alcohol fuel. It's fast 
enough for Indy 500 winner Johnny 
Rutherford to have set a hybrid speed 
record with it, averaging 71.009 mph 
for 20 miles at Long Pond, Pennsyl-
vania. The extra set of wheels at the rear 
is used to take the batteries' weight and 
functions as a captive trailer. Thus 
straight-ahead stability is maintained 
while cornering is not sacrificed. 

Having seen it in the flesh, as it were, 
about the only thing I can find wrong 
with it is that there are no plans to 
produce it commercially. 

Another series system is that used by 
Marathon Electric Vehicles, of Mon-
treal. It too uses the common cen-
treline which also appears in the Briggs 
& Stratton, in a body formed of alu-

minum urethane sandwich material 
developed specifically for electric vehi-
cle use. 

Back To All Electrics 
This is all very well, you might say, but 
isn't there something Rube Goldberg-ish 
about such an arrangement, which 
might appeal more to a mouse named 
Mickey. 

No more so than carrying an out-
board motor on a sailboat for use 
when there's no wind. No more so than 
the practice in hospitals of installing 
generators as back-up in the event of 
power failure. 

But an all-battery system would 
certainly be more elegant, and logical. 
The problem has been batteries and re-
charge facilities. 

So let's look at some batteries other 
than the familiar lead-acid. 

Zinc-Chloride 
The best known of the exotic battery 
systems, it was recently announced by 
Gulf + Western (yes, indeed, the same 
conglomerate whose logo appears under 
Paramount Pictures). Unlike other deve-

dAT,LSY PACK 
COY... RELAY 

DIFFERENTIAL 
AND DRIVE AXLE 

4 SPEED TRANSMISSION 
MAN' IAL CLUTCH 

ELECTRIC MOTOR 
COOLING FAN 

lopers, G + W plans to manufacture 
and market their own voltmobile fitted 
with their own power plant. 

The G + W system is quite literally 
a system; this is no rectangular block 
which you drop in place. Rather than 
having closed individual cells, it pumps 
an electrolyte over graphite plates. 
Chlorine is mixed with water then 
chilled to a slushy consistency. Ordin-
arily, chlorine is a poisonous gas, and 
this method is used to contain it. G + W 
claim that a 1200 pound installation is 
equivalent to 4000 lb of lead-acid, 
for a 45 kWh capacity. 

During the charge cycle, zinc-chlo-
ride dissolved in water is circulated by a 

You need a lot of batteries to drive an electric 
vehicle at the moment; this shows the array 
under the hood of the Bradley. 

•TIM 

The simple control panel of 

the Marathon. 

IB HP 
BRIGGS NET TARROS 
MODEL £2 
TWIN CYLINDETT 
ENGINE 

ACCESSORY BATTERY 

AUTOMATIC 
ONE W. CLUTCH 

ELF CiRIC ORIVt MOTOR 

The guts of the Briggs and Stratton Hybrid. A low power gasoline engine (18 HP) is connect-
ed in series with an electric motor. The reason for the double rear wheels is to provide an 
independent suspension for the battery pack at the rear. This prototype has been built 
on a chassis made by Marathon in Montreal. 
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An impressive range of electric vehicles were shown at the recent Energy Lifestyle Show held in Toronto. The vehicles shown above were on display 
in addition to the Briggs and Stratton Hybrid and the Bradley GTE Electric. On the left is shown an experimental vehicle for the Canadian Armed 
Forces; another experimental vehicle from Varta is shown together with a modified Volkswagen. 

pump over the electrodes. DC applied to 
the electrodes results in zinc collecting 
on the negative electrode, while chlorine 
collects at the positive, to be dissolved 
in the water and carried away. 

The electrolyte passes from the 
plates and is chilled to a chlorine hy-
drate slush which is retained in a 
holding tank. Excess solution is re-
turned to the plates and the process 
continues until the holding tank is 
full. 

During discharge the hydrate is 
carried to the positive plates, allowing 
withdrawal of current. This causes the 
zinc metal to react forming zinc-chlo-
ride ions. Circulation of the zinc-chlo-
ride rich solution, which has now 
warmed up in the process causes further 
decomposition of the hydrate. 

The chiller unit is powered up at the 
same time charging current is supplied 
to the battery. Charging takes from six 
to eight hours for a fully discharged 
battery, but of course, partial charging 
is possible. 

Overcharging or overdischarging will 
not harm the cells, and the system is 
designed to discharge itself every 

ELECTRIC VEHICLE SYSTEM 
USING AN ALUMINUM AIR POWER CELL 

Aluminum plat 

Add aluminum plates IV 1600 

Remove reaction product lei 400.800 'am) 

1500 miles to clean the graphite cells. 
The range of such a vehicle can be 

competitive with gasoline engines, but 
there is still the problem of recharge 
time, if partial charging facilities are un-
available. 

Now, if only we could get a power 
source which could be recharged as con-
veniently and as quickly as filling a gas 
tank. 

One of six vans purchased by Ontario Hydro from Marathon for evaluation purposes. 

The Aluminum-Air Battery developed at the Lawrence Livermore Laboratory in California 
shows some promise. It is a primary cell but has fifteen times the charge capacity per 
kilogram than lead-acid types. A cut-away and block diagram of it are shown. Although 
it is a primary cell, the hydrargillite produced can be recycled by the aluminum industry. 
This could present certain advantages; instead of recharging you would simply have to 
replace the water and anode plates which could be as fast as a fill-up. 

Aluminum-Air 
So far this is only in the experimental 
stage, but offers more promise than 
other types. While the energy/weight 
ratio for lead-acid is only about 20W/kg, 
and zinc-chloride about 84W/kg, Alumi-
num-air offers densities as high as 
300W/kg, according to researchers at 
the Lawrence Livermore Laboratory in 
California. Continued on page 36 
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Now Available! 80E01 DISCOUNT 
6 hr VHS VCR  $899 
6 hr VHS tapes  $19.99 min of 6  $20.99 for 1 

COLOUR CAMERAS    from $599 up. 

SANYO Beta video recorder  $888 
6 hr portable with tuner  $1299 

Video accessories available: 
-Dust covers (specify model)   $22.95 
-Cleaning kits   $9.99 
-Others available. Write for catalogue. 
Movies from  $49 + up 
Satellite Earth Stations  $4995 

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

if/H0141/P 
TORONTO 
582 Yonge St. 
(N. of Wellesley) 
Toronto, Ont. 
921-0264 

1158 Queensway 
(W. of Islington) 
Etobicoke, Ont. 
255-7543 

Head Office & 
Mail Order Address: 
780 Wilson Ave. 
(W. of Dufferin) 
DownsvIew, Ont. 
M3K 1E2 
(416) 638-2974 

1375 Danforth Rd. 
(N. of EglInton) 
Scarborough, Ont. 
265-3525 

LOWEST PRICES. 
WE SHIP ANYWHERE. 

AWA 
1 154 Bank St. 
(at Glenn) 
236-0475 

SARNIA 
773 Confederation 
Sarnia, Ont. 
336-8433 

NORTH BAY 
1138 Cassells St. 
North Bay, Ont. 
476-0007 

Other locations opening soon in Montreal, Calgary and 
Vancouver. Call telephone operator for phone number. 
Retail (non-mall 9rder) customers must present this ad 
(or a photocopy) to get these prices. 

(DEALERSHIPS AVAILABLE) 
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OUR ALL NEW 
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ELECTRONIC 

COMPONENTS 

CATALOGUE. 

60 pages contain 

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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PROV CODE  

len finkler ltd 
25 Toro Road, Dovvnsview, Ontario M3J 2A6 • 630-9103 
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GRAYMARK KOMPONENT KITS 
112 Proximity Detector 

Turn lights on and off, adapt 
to alarm or chime circuit. 
SCR controlled, AC opera-
ted. - 0.2 Kg 

Optional PC Board: 69012 $1.80 - 0.2 Kg 
Optional Cabinet: H4-724 $3.45 - 0.2 Kg 

$3.95 

114 Audio Amplifier 

High sensitivity-high gain, 
use as intercom, PA amp, 
phone pick-up and others, 
push-pull output, battery 
operated. - 0.9 Kg 
Optional PC Board: 69014 $3.95 - 0.5 Kg 
Optional Cabinet: H4-727 $4.95 - 0.3 Kg 

$9.45 

117 Tunable Electronic Organ 

Tunable 7-note scale, play 
sing-a-long favorites, bat-
tery operated. - 0.5 Kg 

Optional PC Board: 69017 $3.15 - 0.3 Kg 
Optional Cabinet 114-727 $4.95 - 0.3 Kg 

$11.95 

126 Programmable Doorbell 

Adjustable rate and pitch for 
15 musical notes, play fa-
vorite tunes. 6 IC's. Use 
existing transformer and 
switch.- 0.3 Kg 
Optional PC Board: 69026 $10.25 - 0.2 Kg 
Optional Cabinet: F14-799 $9.45 - 0.5 Kg 

$25.45 

128 Digital Clock 

Four 5/8" led digits, sec-
onds control, AM. PM and 
power failure indication, AC 
operated. - 0.9 Kg 

Optional PC Board: 69028 $4.35 - 0.2 Kg 
Optional Cabinet: 114-729 $9.45 - 0.5 Kg 

$24.95 

133 Logic Probe 
Test TTL or CMOS circuits. 
Hi-Lo-Pulse readout using 
3 LED's. 3-18V operating 
range. - 0.5 Kg 

Optional PC Board: 69033 $4.45 - 0.4 Kg 
Optional Cabinet: 114-722 $4.15 - 0.2 Kg 

$10.95 

134 Digital Key 

Six push-buttons allow for 
more than 46,000 possibil-
ities. Timed entry/exit with 
automatic latching. 5-18V 
operation. - 0.5 Kg 
Optional PC Board: 69034 $4.45 - 0.3 Kg 
Optional Cabinet: 114-722 $4.15 - 0.2 Kg 

$11.95 

M'e 

138 Double Fun Box 
Hook between amplifier and 
guitar for expanded sound. 
Select Fuzz 1 or Fuzz 2. 
Includes two foot switches 
and gain control. Battery 
operated. - 0.3 Kg 
Optional PC Board: 69038 $5.95 - 0.3 Kg 
Optional Cabinet: H4-727 $4.95 - 0.3 Kg 

$14.95 
t 

GRAYMARK INTERNATIONAL INC. 2120 LAVOISIER ST., STE FOY, O 

Quebec residents add 8% sales 

tax. Shipping - - add 5%, 

minimum $2.00. Excess 

refunded. 

C.O.D. NOT ACCEPTED. 

Ask for our catalogue. 

Total of 52 kits. 

EBEC, P.O. GIN 4BI 
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FEATURE 

Continued from page 34. 

In addition, the battery is recharged 
by replacing the anode plates every 
1600-3600kM, and water ever 400kM. 
That's better range than the average gas 
tank, and the anode replacement is a 
quick in/out procedure. 

Basically, power is generated by the 
reaction of aluminum with water and 
air in an electrolyte of sodium hydrox-
ide. The product of the reaction is a 
polymorph crystal of aluminum trihy-
droxide cal led "hydrargillite". Ob-
viously, aluminum and water are used 
up, so to recharge, the water is replaced, 
and the hydrargillite is replaced with 
metallic aluminum. This is not a rever-
sible process, and in a sense the battery 
is a primary one. 
A secondary side benefit of the 

process is that the hydrargillite is used 
as a feedstock of the aluminum indus-
try. Therefore, it is not a waste product, 
but is recycled. 

Although these seem the most 
promising battery technologies around, 
there is some competition, such as a 
Lithium-Molybdenum disulphide system 
under development at the University 
of British Columbia, a Nickel-iron 
system which offers long life but is 
quite expensive, and Nickel-zinc which 
potentially could deliver high peak 
currents, the lack of which has resulted 
in poor accelleration characteristics. 

Motors 
Most drive systems use a DC electric 
motor coupled to the drive wheels in a 
manner not a lot different from that 
used with gasoline engines. 

DC motors, as mentioned before, 
offer efficiency over a limited range, 
but can deliver high torque at low 
speeds. Total weight to HP ratio is a 
limiting factor, as is the mass of the 
rotor itself. 

One US designer has two electric 
motors under development, one an elec-
tronically commutated DC motor which 
has operated at 24000 rpm, with a 
mass of 1.3 kg/kw. Another has a 
disc-type rotor using a samarium-cobalt 
magnet, for a mass of 0.7 kg/kW. 

General Electric and Westinghouse 
are also working on disc rotors. GE uses 
electronic commutation and multiple 
manganese-aluminum magnets. 

Then there's the unusual motor first 
used over ten years ago in military 
vehicles in which the motor and the 
wheel are integral: something like a 
direct drive turntable. Actually, the idea 
goes back to the early part of the 
century and was supported by no less 
eminent a figure than Ferdinand Porsch. 

The big car makers are probably doing more in the field of electric vehicles than they care 
to divulge — it's a competitive business after all. This experimental version was made by 
Chrysler Corporation for the US Department of Energy, it has a range of 75 to 100 miles 
under ideal load conditions. GM have cornmited themselves to an electric car for introduct-
ion in 1985. 

Inside the Bradley it looks very like a 
conventional sports car. 

With range limited by battery capacity, it is 
important to make the best use of what you 
have got. This shows the computer on the 
Marathon. 

This offers an easy route to four-wheel 
drive, but does present problems with 
unsprung weight to give suspension 
designers headaches. 

While not exactly a motor, the fly-
wheel has been used sort of as a load-
leveling device, reducing variations in 
battery load variations from cruising to 
acceleration, much as a capacitor in an 
electrical circuit levels the instantaneous 
drain on the power supply. Most bat-
teries deliver a lower watt/hour rate 
at higher discharge rates than at low 
rates. In one design, the flywheel is set 
in motion, up 25000 rpm. On the road, 
it's momentum is tapped to generate 
electricity for the motor. When braking 
to a stop, the car's momentum generates 
electricity to respin the flywheel. Mean-
while, the battery puts out a steady cur-
rent to help run the car's motor. 

The electric car can be efficient, 
non-polluting, very driveable, and quiet 
as a Rolls-Royce. More important they 
are not necessarily dependent on non-
renewable resources. 

Once we've converted our electrical 
generating systems to nuclear, they can 
break the umbillical cord to OPEC 
which is rapidly strangling the Western 
world. 

Saving a civilization is a pretty 
worthy achievement. • 
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RIAA PREA MP 
Fit a magnetic cartridge to your system with our 
economical preamp design. 

CERAMIC OR CRYSTAL cartridges have found wide app-
lication in lo to mid-fi stereo systems. Manufacturers like 
them because they are cheap. As they have a high output 
level (100mV — 2V) no preamp is required, enabling a simple 
and economical system to be readily assembled. Of course, 
the disadvantage is that the quality of reproduction reflects 
the cost. 

The next step up the hi-fi ladder is the use of a magnetic 
cartridge. However, you cannot simply plug one in. Magnetic 
cartridges have a comparatively low output level and their 
playback response coupled with all the jiggery-pokery that 
goes into the manufacture of a record results in a very squeaky 
sound. 

Stylish Motion 
Ceramic and magnetic cartridges are distinguished by their 
different responses to the movement of the stylus as it follows 
the fluctuations of the groove. A ceramic transducer produces 
an output proportional to the deflection amplitude of the 
stylus, whereas the output of a magnetic cartridge reflects the 
rate of change (velocity) of the stylus. Recordings could be 
made in either a constant velocity or constant amplitude 
(against frequency) mode. Each has its advantages. In fact 
a combination of the two is used in an attempt to get the best 
of both worlds and a standard was set out by the Record 
Industry Association of America (RIAA — get it?). 

Ideal Response 
Our graph shows the RIAA playback equalisation curves with 
the ideal response shown dotted, and what you actually get PCME 
indicated with a solid line. With a OdB reference at 1kHz, it 
can be seen that the response ranges over nearly +20dB bet-
ween 20Hz and 20kHz, a scale of 100 to 1. The high gain 
at low frequencies means that care must be taken to avoid 
line hum pickup and screened connecting cables are essential. 

Two Into One 
The preamp and equalisation are neatly combined in one 
circuit. Our design utilises a single chip from National which 
features dual amplifiers with an internal resistor matrix. Use 
of the internal resistors enables an RIAA response to be 
achieved with just a few components. The unit exhibits a gain 
of 46dB (200) at the OdB reference frequency of 1kHz and 
may be powered from any 10-14V supply. Current consump-
tion is around 16mA maximum. 

141 

12, 131 

Vs 

LIM 

J111) 

N% 

N% 

ies 

Fig. 1. Circuit diagram 

Cl IS LM382 

HOW IT WORKS 

The desired RIAA frequency response is achieved through the 
use of a resistor-capacitor network in the feedback loop of an 
op-amp. Use of an internal resistor matrix in the LM382 chip 
enables a very simple practical circuit to be used. The circuit is 
absolutely conventional. A 12V supply was chosen as the LM382 
is characterised for operation in automobiles and its output is 
biased to 6V. 

The circuit offers a gain of 46dB(200x) at the RIAA OdB 
reference frequency of 1kHz. As the output of a typical magne-
tic cartridge is in the range 2-7mV, this should result in a preamp 
output of around IV, an ideal level for the 'line' input of most 
amps. A 47k resistor at the input provides the standard cartridge 
load and a single 1,000uF capacitor is used for overall supply 
decoupling. 

Note that the integrated circuit pins are identified for the left 
and right channels with pairs of numbers on the circuit diagram. 
Also that all components except IC1 and C6 are duplicated on 
the component overlay. 

(s. II) Fig. 2. Internal structure of the LM382. 
16, II 
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PROJECT 

Construction 
Use of a printed circuit board is recommended for this project. 
If you use another method of construction, ensure that con-
necting leads are kept short and locate the decoupling capa-
citor close to the supply pins of the integrated circuit. The 
unit may be assembled into a metal case for good shielding. 
Once assembled, just connect your cartridge to the inputs and 
connect the outputs to your amp, either directly to the 'line' 
input or via the passive tone controls if you have them. Then 
put on your favourite disc, relax and enjoy it. • 
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5.,132 C3 1- 
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Fig. 3. Component overlay. 
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C4 
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PROBLEMS? NEED PCBs? Before you write to us, please refer to 
'Component Notations' and 'PCB Suppliers' in Table of Contents. 
If you still have problems, please address your letters to 'ETI Query' 
care of this magazine. A stamped, self addressed envelope will 
ensure fastest reply. Sorry, we cannot answer queries by telephone. 
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PARTS LIST 

47k 
1k0 

luO tantalum 
330n polyester 
1n5 polyester 
47u tantalum 
22n tantalum 
1000u electrolytic 

LM382 

CO 
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Fig. 4. RIAA playback equalisation curve. 

ORION 
Electronic Supplies Inc. 

ELECTRONIC DISTRIBUTOR 

INDUSTRIAL — EDUCATIONAL — COMMERCIAL — HOBBYIST 

flea -Se: 
cospoecc] , !et 

Authorired  lhulor KCA. (.0,1 1( oil 

New! VP 111 $129.50 
Microcomputer .... 

Features 

• RCA 1802 Meroprocessor 
• K Bytes stabc RAM 
Expandable on-board to JK 
Expaoc1able to WK Bytes total 
• 512 Byte ROM operaing system 
• CHIPB nterprebve language or 
macnne language programmable 
• HemcleCrmal keypad 

• Audio tone generator 
• Stogie cçerabon 

START WITH ORION FOR 
A NEW ERA IN THE WORLD 

OF ELECTRONICS 
We have the most complete selection 

of electronic components. 

Full line of TTL, CMOS, Linear, 

ICs, Computer Interface, Support Chips 

and CPUs. 

SIEMENS 
DISK DRIVE *SALE* 

FDD 100 -5 Single 5 " $425.75 

FDD 200 -5 Double 5"  $597.75 
FDD 100 -8 Single 8 "  $649.75 

FDD 200 -8 Double 8 "   $1175.75 

Visa/Master Charge add 3% 

E Please send more information on 

Siemens disk drives. 

POWE RACE 103 

$159.00 
Assembled' and tested. 
• Vgeo output to monitor or modulator 

• Cassette enterface-100 Bytes/sec 
• inslructron Manual war 5 yrleo game 

schemalcs. CHIP-8 much more 

Ideal for leer-cost team' apercabons 

Expandable to loi VIP capabtilty onth 
VP-114 K1 

'Uset bee only corner Cables teCludmIl a 
Seat POWn, SUPPIe end K." 

Tnple-output power 

supply tor prototyPing 
both linear and Olga.' 
circuits. 

AP Products 
The all - new line of ACE 

All-Circuit Evaluators 

WITH POWER 
POWERACE 101 

The general purpose 

model tor 0j0t0tVP.9 
all types of erreur,, 

$107.93 

POWE R ACE 102 

The complete dogital 
prototyping lab with 
FREE logic probe built 
in! 

$159.00 

Orion Electronic Supplies Inc. 
40 Lancaster Street West 

Kitchener, Ontario 1\12H 4S9 
(519) 576-9902 

Master (...harge & Visa, COD, Cheque, 
Money Orders accepted. CODs, shipping 
& insurance extra. Write for our FREE 
catalogue! 

lets you create and 
play video games and 
generate graphics  !I  
• Easy to operate • Easy to proHreno 

• A challenor for the serious hobbyist 

AND Its Expandable!! ! 
VIP-Hobby Computer An assembled meu. 

compeer Built.. cassene intertace. video «very 

tooe. l6-key know,. IK HAM. ROM opererng 

system. C111,111 language era power supply. Out. 

no, nmrs monnor n module., 
VP-711 (CliPl8S711)  $259.75 

VIP Coax El* Orsparys VIP output e colon Rogan, control ol 

tour hackgrott.rd colon and eight forearcand cobra CHIP-13X 

langs., adds color commands Includes two sockets to. VP-580 

towns on Keyboards 

VIP-590  

MUSIC 

RCA COSMAC VIP 

"nu 

Mktg 

«Ir 
IteW 

$94.75 

VIP Simple Sound Seard 

256 different frepuencoes on place In 

VIP singleron• output Ideal for use 

«Mt Ve590 Color Bose tor simulten 
sous color and sound Great tor simple 

muse or sound ettectslIncludes speaker 
lye VP-595  

.1.,,ye.›. VIP Super Sound Board Tum your VIP into a owl n 

_Tate sri Provides two i.ependant sound channels ncy 

--e,- eion aod see... envelope (voicel e each share nr 
gram control Omboard tempo control Provision fOr muludre 

ecording or slaw, VIP s Output drwes audio prep, Does not per 

m.t simultaneous Yee° Maple 

VP-550  $6 7.50 
VIP Super Sound AChennel EEEEEE er PaeltegeVP-551 pray.« tom le) ondependam 

round treciumcy Ouratoon and empinune enyelopelor exn channel includes Cathay.modem, VP-550 super sound board. VP•576 Iwo hoard wea n e 

wire Oebennel PIN•8 program. and onstroction manual IT.orres OK RANI yds 

VP-550 Super Sou. Bore 

VIP E Ian Keyboard Adds two•pleyer • 

VP-551   

15.key key's.; we., come Connects sock es provided 

on Ve 590 Colm Boarder VP•585 Keyboard Interlace Board 

VP-580  

VIP Keyboard Interlace Board $ 7.98 

bow. dir•ctly tothe VIP Nut rebored 

Interlaces two VP-580 E combo, Key g 
Mom VP•590 Color Board is used 

VP.585   $22.50 . 
VIP Memory Expansion Board Plug in 4K 

static RAM memory Jumper locates RAM in any OK block 

lust 22X of VIP memory space 

sbern Selectable $128.70 

VP-570  

ASCII Keybeerd luny ,s,odect 1213 -cod, 

.4,.1101111PIIC keyboard 58 Itght touch keys b' 

UTiper•Case•Only  

1 . 
VP-601  $98.75 

u ASCII/Nmeric Keybo 
Keyboard trlenocal In 

6 key nornerec entry keyboard 

VP-611   $114.95 
Cable: ASCII Keyboards to VP-711 F tat rebbon cable. 24 in length .nr 0.• 

' Our V, •ol I ,d / 1 I Includes elatChing connector on tst ., 

VP-620   $27.50 
Cable: ASCII Keyboards Flat ribbon cable. 36 In length wen roal,nel 

P.. .6 b, ge.61 I Keyboards °the; end is bromminaled 

  $27.50 
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THE PICTURES ON OUR 
SCREEN CAN... 

LL  

SAVE YOU TIME! 
SAVE YOU MONEY! 
SPEED REPAIRS! 

mum-tuln(0)Ni 
APPLICABLE TO ALL ELECTRONICS 

Computers/Peripherals 
Telephones/Microwave 
Radio and Television 
Business Machines 
Aircraft and Missies 
Electronic Controls 
Radar 

Medical Electronics 
Video Games 
Vending Machines 
Process Controls 
Automotive Electronics 

mmmirmoim 
omEirim[mirkrifiel 

HUNTRON TRACKER 
A unique troubleshooting instrument 
designed especially for service and 
repair of solid state devices and cir-
cuits. 

TESTS "IN-CIRCUIT" 

Accurate, effective, in-circuit testing 
with shunt resistances as tow as 10 
ohms. 

CURRENT LIMITED 
Testing circuits within the instrument 
protect devices from damage through 
an inverse application of voltage and 
current. 

TESTABLE ELECTRONICS 
Huntron Tracker will test a broad range 
of discrete solid state components and 
IC'S: 

Diodes and diodes back-to-back 
Transistors of all types 
LED'S...display optics 
FET'S and J-FET'S 
Op amps 
Seleniums, Zeners, Unijunctions 
IC packages: 

Digital or analog 
Hybrids or monolithics 
DTL-TTL- RTL-ECL 
MOS and C-MOS 

RAM•ROM•PROM-EROM 
Electrolytics 

Gate control switches 

TESTS ANALOG OR DIGITAL 
CIRCUITS 

Fully applicable to either, Huntron 
Tracker is exceptionally useful in 
troubleshooting POWER SUPPLIES in 
the lower impedance ranges. 

REAL AID TO TECHNICIANS OF ALL 
LEVELS 
Beginning and trainee level technicials 
quickly begin to improve output and 
work flow. Top technicians couple past 
experience with unique concepts to 
find and repair the really tough pro-
blems with greater ease and less 
headaches. 

CUT COST...SPEED REPAIRS 
Our customers report cost savings of 
30...40...50%. Turnaround times can be 
shortened. 

Exclusive Canadian Distributors: 

CYPRUS PRODUCTS INC. 
7117 TISDALL ST, VANCOUVER, B C. V6P 3N2 

(604) 327-8814 
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SURVIVAL  
GAME 
A highly addictive but infuriating game. Escape from 
the tyranical machine if you can. Naturally, the game 
has sound effects, LED readouts and a skill level 
control. 

SURVIVAL IS A small hand-held game in which the con-
testant pits his wits against those of the machine. The machine 
is a tyrannical device, dedicated to enslaving you by repeat-
edly making threatening gestures towards you (indicated 
by a brief flash of a LED as the threat is unleashed). When 
a threat is made you can either submit, by doing nothing, 
or you can defy the tyrant by pressing a JUMP button and 
trying to escape up a flight of steps (indicated by a vertical 
column of ten LEDs). 

To escape, you must press the JUMP button only when the 
threat LED is on. Each time you make a successful jump, you 
move a discrete amount towards the top of the steps and even-
tual escape (indicated by a pulsed WIN sound as the top of the 
column illuminates). If you make a single wrong move while 
on the steps, however, the tyrant will instantly strike you 
(indicated by a 'bleep' sound) and send you tumbling back 
down to the bottom of the steps. Alternatively, if you submit 
to the threats (by doing nothing) the tyrant will slowly lure 
you down from your perilous perch. 

An Evening's Work 
The machine makes a threatening move once every second or 
so, but the actual threat lasts for only a fraction of this time. 
The game is provided with a SKILL level control, which 
enables the threat duration ( and thus the escape time) to be 
varied from over 200mS to less than 50mS. At the lowest skill 
level, it is possible to escape from the tyrant in only four to 
five successful moves. At the top of the skill level, between 
thirty and forty successful moves are needed to ensure escape. 
The escape 'steps' are exponentially weighed, so that climbing 
becomes progressively more difficult with each move. 

The SURVIVAL game is designed around three ICs and 
three transistors, is reasonably inexpensive to build and is 
powered from a single 9V battery. The project can be built 
in one or two evenings. 

Construction 
Construction of this project should present few problems if 
the overlay is followed with care. Note that IC3 is a CMOS 
device and should be mounted in a suitable socket. 

When construction of the PCB is complete you can either 
make temporary connections to the eleven LEDs and the 
transducer etc and give the unit a functional check, or you 
can dive in and fit the whole shebang in a suitable box and give 
the unit a functional check afterwards. If you decide on the 
latter approach, note that the unit typically consumes some 
30-40mA and should ideally be powered from a 416 or larger 
battery, but that our own prototype is in fact powered (or 
under-powered!) from a 216. 

„, , e •••-• e '//7•4 5 

TRANSDUCER LED10 ANODE 

RV1 
RV1 

LED11 ANODE 
PB1 

PB1 

Fig.2. Component overlay. Lots o' LED 
leads to lace up — there's nothing to it. 
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SW1 
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TRANSDUCER 
LED11 CATHODE 

LED2 CATHODE 
LED3 CATHODE 
LED4 CATHODE 

LEDO CATHODE 
LED6 CATHODE 

LED7 CATHODE 
LED8 CATHODE 

LEDS CATHODE 
LED10 CATHODE 

PROBLEMS? NEED PCBs? Before you write to us, please refer to 
'Component Notations' and 'PCB Suppliers' in Table of Content& 
If you still have problems, please address your letters to 'ET! Query' 
care of this magazine A stamped, self addressed envelope will 
ensure fastest reply. Sorry, we cannot answer queries by telephone. 
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Figla. Circuit diagram of the game. 02,3 collecto s connect to the 
sound effects part of the circuit (Fig.lb.) Press PB1 every time 
LED 11 flashes on to ascend the ladder of LEDs 1-10. 

PARTS LIST 
Resistors 
all hW 5% 
R1, 11, 14, 16 10k 
R2 220k 
R3 33k 
R4 100R 
R5, 6 4k7 
R7 820R 
R8 12k 
R9 120R 
R10 330k 
R12 470R 
R13 1k2 
R15 
R17 68k 

Potentiometer 
RV1 470k 

Capacitors 
Cl, 4 220u electrolytic axial 
C2 4u7 electrolytic 
C3, 5 100n polycarbonate 
C6 lOn polycarbonate 

Semiconductors 
IC1 NE555 
IC2 LM3914 
IC3 4011B 
Q1 2N3904 
02,3 2N3906 
D1-D4 1N4148 
LED 1-10 TIL 220 or square LEDs 
LED 11 TIL 220 standard red 0.2' 

Miscellaneous 
PB1 momentary push button 
SW1 SPST miniature toggle 
B1 9V (No.416) 
Tx transducer Projects Unlimited No. AT32 
Ceramic resonator 
Case 

OV 

HOW IT WORKS 

B1 
9V 

NOTE: 

D1-4 are 1N4148 
Q1 is 2N3904 

Q2 & Q3 are 2N3906 
Cl Is 555 

IC2 is LM3914 

IC3 is CD4011B 

The basic operating principle of the game is quite simple. ICI is a 
low frequency (less than 1Hz) astable; its output switches alter-
nately between the low (zero) and high (+9V) states, driving LEDII 
on whenever the output is high. The idea of the game is to close PB1 
whenever LED 11 is on, thereby causing C4 to slowly charge up via 
R8, but to ensure that PB1 is open whenever LED 11 is off, thereby 
preventing C4 from rapidly discharging via R9 and D2. The voltage 
of C4 is monitored by a LED voltmeter (IC2 and ten LEDs) and the 
game is won when C4 charges to roughly half supply voltage (LED 
10 on). IC3 is used as a sound effects generator and produces a brief 
tone whenever C4 goes into the discharge mode or a pulsed tone 
when the game is won. 

The operation of the ICI astable is slightly unusual. Here, C2 
alternately charges (LED 11 on) via RI-DI-RVI-R3 in parallel with 
R2 and discharges (LED11 off) via R2 only, thereby producing a 
non-symmetrical output waveform in which LED 11 is on for a 
shorter period than it is off. The on/off ratio is variable via RV I, 
which thus acts as a Skill Level control. 

The pin 1 ('ground') terminal of ICI is taken to the OV line 
via the base-emitter junction of Ql, shunted by R4 and C3. When-
ever C4 is inadvertently discharged by closing PB1 at the wrong 
time, the capacitor discharges through this junction and turns 
Q1 on, thereby causing Q2 to turn on and activate the IC3c-IC3d 
half of the sound effects generator circuit. 

Capacitor C4 charges slowly in the exponential mode via R8 
when PB1 is correctly closed and discharges rapidly via R9 and 
D2 when PB2 is incorrectly closed. The capacitor discharges very 
slowly via R10 when PB1 is open. The C4 voltage is monitored by 
LED voltmeter IC2, which drives a line of ten LEDs in the `dot' 
mode. The voltmeter is programmed (via R11) to read full scale 
and is offset by approximately 600mV via D3. The base-emitter 
junction of Q3 is wired in series with LED 10, causing Q3 to turn on 
and activate the IC3a-IC3b half of the sound effects generator when 
LED 10 turns on (game won). 

The sound effects generator is made up of two gated astable 
multivibrators. IC3c-IC3d act as a fast (1kHz or so) astable which 
directly drives a piezo transducer or sounder and is gated on via 
Q2 collector when ever PB1 is incorrectly closed. IC3a-IC3b act as 
a slow (a few Hertz) astable which is activated via Q3 collector when 
LED 10 turns on and pulses the fast astable on and off to produce 
a distinctive pulsed-tone GAME WON sound. 

The entire circuit is powered from a 9V battery. The circuit 
typically consumes some 30-40mA, so this battery needs to be a 
416 or larger size. 
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Construction of the Survival game is relatively straightforward — PCB in one half of the case, LEDs 
and controls in the other 

It is advisable, before completing the interwiring, to func-
tionally check the performance of each of the eleven LEDs 
used in the unit. 

When construction is complete, switch the game on and 
check that LED 11 flashes briefly once every second or so and 
that the flash duration can be varied by RV1. You can check 
the action of C4 and the ten-LED read-out circuit by tem-
porarily shorting the top of R8 to the positive supply line, 
in which case the LEDs in the column should sequentially 
illuminate and the WIN alarm (a pulsed tone) should sound 
when the upper LED (LED 10) turns on. Finally, remove the 
temporary short and press PB1 when LED 11 is off, checking 
that the column of LEDs turn off and a brief tone is gener-
ated. Your game is then complete and ready for use. • 

Fig.113. The sound effects generator consists 
of two gated astable multivibrators. The 
game just isn't complete without it. 
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and switches is by 
no means a complete project. 

You need ETI Panel Transfers. 

ETI Panel Transfers are a really high quality system for fini-
shing off your projects. The sheets include a mass of lettering and 
control scales for both rotary and linear pots. 

The markings are on two sheets (a full-sized one cut in half for 
easy postage) and contain sufficient lettering for dozens of projects. 

SenJ $5.00 (postage included) to 
ETI Panel Transfers 

Unit 6, 25 Overlea Blvd., 
Toronto, Ont. M4H 1B1 
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FROM ETI 

You've been getting ETI for a few months and 
already they're getting tattered and dog eared. 
Protect your investment with ETI binders. 
They're made of quality durable plastic and 
will hold twelve issues. Cost? Just $6.75 post-
paid (Ontario residents add 7% provincial sales 
tax). 

To get yours, use the handy order form in 
this issue or send cheque or money order to: 

Binders Offer 
ETI Magazine 

Unit 6 
25 Overlea Blvd. 

Toronto, Ontario M4H 1B1 
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SPECIFICATIONS 
General: 
Display: max indication 1999 
Over Input Indication: "1" or "-1" 
Polarity: "—" indication automatically 
Input Impedance: 10 meg. ohms 
Accuracy: 0.8% typical 
Size: approx. 172 (D) x 90 (W) x 40 (H) mm 

Ranges: 
DC Volts: 0.2V, 2V, 20V, 200V 

(plus a 600V range for DT-820; 
1000V range for DT-810) 

AC Volts: 200V, 1000V 
DC Amps: 2uA, 2mA, 20mA, 200mA, 10A 
Resistance: 2k, 20k, 200k, 2000k ohms. 
Transistor Check: hFE (0-1000) 
Optional Carrying Case: $9.15 

DT-810 
Power Supply 9V DC battery 
Power Consumption 14mW max (45 

mW for buzzer) 
Display Type LCD 

DT-820 
4 AA batteries 
420mW max 

LED 
DT-810 ORDERING INFORMATION: 
z pave, 5 certifiedeiV,y(eparyly p Ontariomdcehbrae.rrgeaxn,d m  bank sntr eke rs ci ndhaeamnr gte Is . addAinlcl l up7d:/i,cesPsiSg snTua.btrPeracey, 

S to change without notice. Order before December 25, 

d ate, r print t cchaoerujtueno,ur 

and these meters will be shipped prepaid.  
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DT-820 

$112•50 

• 

Hours: 9:30 — 6 pm: Mon, Tues, Wed & Sat. 9:30 — 9 pm: Thurs & Fri. 
5062 Dundas St. West, Islington, Ontario, M9A 1B9. 14161 231-4331e/ 
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AUDIO OPENING 
SPECIALS 

CAMBRIDGE 70Wrms Air Suspension 12" 
Woofer 2' ' Voice Coil, 25Hz Resonance. 

2 FOR S05.00 

MARSLAND TRI-LINEAR 6"x9- Bi-ampable 
100W rms Eac 40oz magnet 1 V. Voice Con. 

2 FORS'S.% 

COMPLETE 
CABINETS 

SYSTEM I 40w rms 2 Way Speaker System 
10" Woofer 2" Tweeter. Walnut Veneer Cab-
inet S71.85PR 

SYSTEM II 80W.rms 3 Way Speaker System 
12" Woofer 5" Midrange 1" Dome Tweeter 
Rosewood Veneer Cabinets tHYB.95PR 

EVERYTHING 

NOW IN STOCK 
Come in and see our newly opened audio room. 
We are authorized Distributors of. A.R K. 
Loudspeakers, Concord. Fanon, Foster. Fop, 
Jana, Koss, Laser, Motorolla, Oaktron. Peer-
less, Philips. R S C , Sanyo, Shape, Shure. 
Sound Design 

WOOFERS 
PHILIPS 

ADM:60MB Bohm 20W.rms 18 75 
AD5060/VV8 Bohm 20W rom 17 30 
AD70620/W8 Bohm 20W rms 19 95 
A070650/W8 Bohm 40W rms 26 15 
AD80100/W8 Bohm 4014 rms 34 50 
AD80671 /W8 Bohm 60W rms 33 25 
ADIOICO/VV8 Bohm 40W rms 69 95 
AD10200/W8 8ohm 80W rms Coming Soon 
AD10240/VV8 (ohm 80W rms 51 00 
AD12200/W8 Bohm 80W rms 72.50 
AD12250/W8 Bohm 100W rms e 10 
AD12240/W8 Bohm 80W rms 57 70 

LAI032AS 
LA1254AS 
LA125IBR 
LA1554AS 
LAI554BR 

LASER 

Bohm 
Bohm 
Bohm 
Bohm 
Bohm 

50W rms 
150W rms 
150W rms 
150W rms 
150W rms 

29.95 
64.95 
64.95 
74.95 
7495 

R.S.C. 
I5B78 Bohm 200W rms 105 CO 

OAKTRON 
F El8Y2W Bohm I75W rms 175.69 

AC0140/T8 
A00141/T8 
AC0162/T8/4 
AD0163/T8/4 
AD01633/T8 

E ERS 
PHILIPS 
809m 20W rms 
Bohm 20W.rms 

4 or Bohm 40W rrns 
4 or Bohm 40W rms 

Bohm 50W rms 

11 95 
11 95 
13 60 
13 95 
16 05 

MOTOROLLA 
65610390 Bohm* 161W rms 10 25 
05610410 8ohm* 100Wrms 11 95 
KSNI005A Bohm* 100W.rms 12 95 
KSNI016A Bohm 195W rms 13 95 
KSN1025A Bohm' 100W.rms 22 50 

'CROSSED OVER ABOVE 6KHZ , 

PEERLESS 
KOIODT Bohm 70W sins 19.95 

FOSTER 
CONCAVE DOME Bohm 40W rms 995 

AD5060/S0 
AD0211/S0 
AD02161/S0 

5" MID 

BF6H MR 
EIHMR 
8F 81( MR 

MIDRANGE 

PHILIPS 
4 or torn 40W rms 
4 or Bohm 40W.rms 
4 or Bohm 60W rms 

20 60 
31 40 
39 95 

R.S.C. 
4 or Bohm 40W rms 995 

OAKTRON 
Bohm 18W rms 
Bohm 18W rms 
Bohm 25W.rms 

SEE OUR FULL LINE OF AUDIO COMPONENTS 

Send certified cheque, money order, Chargez, Master Charge .. Include 
expiry date, card number and signature. We process only prepaid orders. 

Minimum order $10.00 Add 5% (minimum $2.00) for shipping and handling. 
Ontario residents add 7% sales tax. All prices subject to change. 

peeler inquiries welcome. 

409 Queen Street West, Toronto, Ontario Canada, 
M5V 2A5. Tel. (416) 868-1315. 

24.55 
26.45 
38.60 

The (so-Tip 60 can make up to 
125 electronic joints or more 
per charge. When completely 
discharged, the iron can be 
recharged and used in a few 
minutes or fully recharged in 
an hour. Low voltage, battery 
powered, ground free isolated 
tip design. 

WAHL CLIPPER CORPORATION 
ORIGINATORS OF PRACTICAL CORDLESS SOLDERING 

See your Electronics Distributor, or write for Free Lenline Catalogue. î 

len finkler limited 
, 25 Toro Road, Downsview, Ontario M3J 2A6 

Telephone (416) 630-9103 Telex 065-24010 

NEED MORE 

INFORMATION? 

If you would like more information 
on the products or services 
mentioned in the advertisements: 
1. Fill in the attached card 

with your name, address, etc 
2. Circle the appropriate Reader 

Service number for further 
information about advertised 
products. 

3. 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 ETI issue 
and page number. 

Your Company Classification 

(if applicable): 

A. Manufacturer 
B. Retailer 
C. Government 

D. R&D 
E. Servicer/installer 
F. Distributor/Representative 

G. Educational Institution 

In the field of: 

1. Computer and Related 

Equipment 
2. Communications 

Equipment & Systems 
3. NavigatiOn, Guidance or 

Control Systems 
4. Test & Measurement 

Equipment 

5. Consumer Products 
6. Industrial Controls 

& Equipment 

7. Components & 
Subassemblies 

8. Other (Please specify on 

the card) 

Your major job function 
(if applicable): 

A. Buying 
B. Technologist 

C. Educator 
O Not employed in an 

electronics-related field 

E. Engineering 

F. Technician 
G. Management 

H. Sales 
I. Other (Please specify on 

the card) 

What interests you most 

about ETI? 
(your favourite five or less): 
A. Audio 

B. Video 
C. Ham Radio 

D. Shortwave Listening 

E. Servicing 
F. Components & Technology 

G. Reports on the Electronic 

Industry 
H. Microcomputers 

J. Projects 
K. News Digest 
L. Other (Please specify on 

the card) 
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This month we take a look at 
vocoders, what they are, how 
they work and at some of the 
exceptional design problems they 
present. 

DANGEROUS AS HE is with anything 
louder than a broken tin whistle, I was 
beginning to wonder who had let ol' 
Max into the studio to play with the 
percussives. He'd been doing kettle 
drums and timpanies for the last hour 
or so, with just a sprinkling of vibes, in a 
kind of jazz-rock-washing machine 
fusion that was reminiscent of an Abori-
gine funeral dirge played backwards at 
half speed on a defective tape recorder. 
The dog, whom he'd dressed in a 
"Stoned Again" T-shirt, and fitted with 
one of my Indian elephant bells (this 
last outweighing the poor mutt by a 
pound or two) had tunneled its way 
into a pile of instrument covers, hoping 
perhaps for the descent of the calm of 
blessed deafness. By the sound of 
things, the architect of this accoustic 
Dali production had felt it some time 
before. Like Tommy, he now played 
by sense of smell. One of the cats had 
stopped toying with its ball of yarn, 
and in the dim glow of the candelabra on 
top of one of the amps, appeared to be 
weaving it into a hangman's knot. Cats, 
by and large, are cowards. If you'd 
played Max backwards at sixteen r.p.m., 
he'd have said "Paul is dead, Paul is 
dead ... he couldn't stand the noise." 

"Had a few too many o' Josi's mush-
room muffins again, didn't ya?" I asked 
the bearded Quasimoto, clad only in his 
ritual filthy cutoffs and a cloud of 
strawberry incense. 

"Quiet, I'm creating," he intoned. I 
couldn't have said what he was creating 
right then, but, if it had lived, it might 
have spawned a whole new generation 
of Japanese horror films. 

"This place'll never be quiet again," 
I observed. The echoes wouldn't be 
dying out for weeks. "Could you cool 
it a bit, Maxwell, old thing? Some of 
the furniture's comin' apart." 

"Can't stop now man, " he cried, 
placing a pipe in his mouth with grim 
determination. He looked like some 

The Korg VC10 Vocoder. 

bovine sea captain right then, a crusty 
old mariner doing hash. "I'm lookin' for 
the sound." 

"You won't be able to hear it when 
you find it, man." 

"That doesn't matter — it's for art." 
"Whoever Art is, I hope he'll even-

tually appreciate the suffering that 
transpired in his interest. "Hey, listen, 
man," I said at last, "What you need is 
a thing, you know." 

Max punctuated the genesis of an 
idea with a final belt of a kettle drum 
mallet on the high hat, and then, merci-
fully fell silent for a moment. 

"A thing? Like, ya, man, a thing — 
you got a thing?" 

"Hey, man," I replied, hoping that, 
his inertia lost, the drugs would take 
effect and he'd pass out, "When've I 
ever been without a thing, y'know?" 

"Ya, a thing," he mused. He stroked 
his beard, perhaps scratching a few small 
trolls living therein. 

"A thing, man," I was wondering 
how quick I could become a hypnotist. 

Thus it was that I turned Max onto 
the first black box with knobs that 
came into sight, which turned out to be 
a Korg Vocoder that Rod had scarfed 
up a few weeks before. I told him that, 
because of the transconductance of the 
filter channels, it could only be used 
with headphones, and he believed it. 

There has been relative silence since, 
and, I must say, I've gotten quite a bit 

By Steve R immer 

of playing done. The creative potential 
of a vocoder has, thus, been unveiled to 
me, and the unheard of musical heights 
it has allowed me to explore defy des-
cription. 
I think it safe to say that, without 

this marvelous machine, there are many 
sounds I might never have heard again. 
Certainly, anything below 95 decibels 
would surely have been lost for good. 

If Bach Had Had One 
One can but imagine what might have 
happened had Johann Bach had a Voco-
der. Consider the limitless possibilities, 
the boundless horizons of musical deve-
lopment were such a mind to be given 
an instrument of these potentials. He 
probably would have placed his im-
mortal hands upon it and cried, "Ya, it 
ist chust vat I need to keep der vind 
from blowing avay der cheet musick." 

Even Bach had his limitations. 
These days, of course, we realize that 

there are all sorts of things one can keep 
from blowing away by placing a vocoder 
on top of them, sheet music being but 
one. The instrument has countless other 
potentials as well; a doorstop, a dog dish 
raiser for tall, lazy dogs, an egg cracker, 
the list is endless. And, as an added fea-
ture, the thing can also be used to 
process sound and make music! Yes. 
Isn't that amazing? 
A vocoder is, in effect, a speech syn-

thesizer, and, in fact, the first efforts 
which eventually culminated in the 
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COLUMN 

musical vocoders of our day were in this 
direction. About two hundred years 
ago, the earliest attempts at fabricating 
the human voice with non-human bits 
and pieces were undertaken by a fellow 
named Von Kempelen. Realizing that 
there was a scarcity of vacuum tubes 
and other electronic parts at the time (it 
would be well over a century before 
anyone would even get around to inven-
ting the things) he constructed his appa-
ratus out of mechanical devices. The 
first vocoder then, was accoustic, just 
like the predecessors of most contem-
porary electronic instruments. Being 
slightly ahead of his time, Von Kempe-
len never taped his talking machine (the 
wire recorder too, was rare due largely 
to its non-existence) so all we have are 
his notes, which testify that, amidst a 
certain amount of lo-fi wheezing and 
hissing, it could produce human 
sounding speech. The last thing it is 
known to have uttered is "Help! There's 
a leak in my number three bellowsssss!" 

With the coming of the dawn of elec-
tronics, the vocoder was investigated 
anew by the one agency that could view 
it with the proper clarity; the phone 
company thought it might be a way to 
make some money. At this point, the 
notion of what constituted a vocoder 
was becoming a bit clearer. One of its 
components consisted of a vocal spec-
trum analzer, or "encoder". This 
section took the vagaries of human 
speech and chopped it up into a finite 
number of packets of voltage, each one 
representing a small slice of spectrum. 
It was found that if a sufficient number 
of these slices were to be taken, the 
voltages could be utilized to reconstruct 
the encoded speech. This may seem like 
the most complicated way ever of 
sending sound between two points 

CI1AMMEL 1 
CI•AN 

but, in fact, it did look to have a few 
useful applications. The aggregate spec-
trum occupied by all the derived control 
voltages was much smaller than the 
bandwidth of the speech that had 
originally provided them. Thus, in 
theory, Ma Bell could run a greater 
number of channels over the same lines, 
and this made her very happy. 
We may all take heart in knowing 

that this nefarious scheme of these dark 
and inhuman powers, involving the 
overthrow of several natural, physical 
laws, never saw much success. Much of 
its original magic was lost when some 
beady eyed gnome from accounting 
started comparing the cost of the vo-
coders with the expense of just stringing 
some more wire. A futher dampening of 
enthusiasm was felt when the crude 
mathematics of the day pointed out 
that telephone switching stations equip-
ped with vocoders of the required 
stability and resolution would be bigger 
than the towns they served. No one had 
predicted that "vocoder" would become 
a household word, and they were right, 
every one of them. The same was also 
successfully not said about such words 
as "electro-mesoscopic analysis", "di-
oxyribose neucleic acid" and "zort". 
How many times have you been at the 
dinner table talking about "zort"? See. 

The research that Bell labs put into 
the vocoder, at our expense, was not 
however, entirely wasted. It eventually 
became a musical instrument, to be 
used by such bands as The Beatles and 
the Electric Light Orchestra. ELO, as 
you may remember, sang those immor-
tal lines "Ma Ma Ma Bell, I Will Get 
You," So I suppose that justice has 
been wrought. 

If The Beatles Had Not 
The transition of the vocoder from a 
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Typical analysis of filter frequency response for vocoder. 
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speech encoder to a sound processor 
probably deserves some explaining. At 
least, I hope so, or else this next bit is 
to be quite wasted. 

The speech analyser part of the 
vocoder, of which we have spoken mo-
ments ago, can be looked upon as a 
bank of notch filters, to start with. Sup-
pose we had quite a number of these, 
each tuned just a tad higher than the 
one before it. Yes, I know, the signal 
coming out would be exactly what 
went into the things, as, collectively, 
they'd pass the whole spectrum. How-
ever, instead of just mixing the out-
put lines all together again, we're going 
to lay envelope followers on each. 
Now we'll have a number of frequency 
independent signals — control voltages 
— each one representing the instan-
taneous signal level in a given section of 
the spectrum of interest. You may think 
the sound has been processed into 
unintelligibility here, but wait, it gets 
stranger. 

In order to reconstruct the speech, 
what we'd do would be to set up a 
pack of oscillators, whose frequencies 
corresponded to those of the original 
notch filter bank, and run them into 
voltage controlled amplifiers, the con-
trol voltages of which would be those 
derived from the followers following the 
filters. The result, with the output of all 
the amplifiers combined, would be 
speech — sort of. 

This brings us to an important tenet 
of vocoderism — or vocoderization, or 
whatever. As you can probably see, this 
principal would work perfectly if there 
was a filter and corresponding amplifier 
for absolutely every frequency involved. 
With one hertz resolution, a nice 
ten kilohertz bandwidth, 103 channels 
would be needed. Aside from being as 
big as a house, this sort of system would 
like about twenty amps of power and 
produce some 35 dbm of combined 
random noise. Even Dolby can't fix 
that. 

Thus, any practical vocoder is a 
trade-off between resolution and com-
plexity, and, as such, is imperfect 
in its reproduction. By cutting down on 
the number of channels, usually to 
something less than fifty, we, in effect, 
are substituting one frequency for 
several. 

At this point, all we've succeeded in 
accomplishing with the vocoder is 
getting out an unfaithful reproduction 
of what we put in. With vocoders 
starting at about a grand, one might 
question the usefulness of this. There-
fore, let's push on. Suppose the oscilla-
tors in the reproduction section were to 
be removed. In their place, we'll put a 
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second bank of filters, identical to those 
in the encoder, into which can be fed 
a second signal. We have, at this point, 
turned the beast into a signal processor; 
and at last rendered it useless to the 
phone company. Success. 

If voice is fed into the input of the 
analyser, or encoder, and another sig-
nal, say an oscillator, were to find its 
way into the reproducer, the result 
would be that the oscillator would be 
given the amplitude characteristics of 
the speech, while keeping the frequency 
characteristics of a tone. If the vocoder 
were to have sufficient resolution, it 
would be quite possible to make out 
what the oscillator was talking about, 
which is actually more than what you 
can do with most people. 

Replace the oscillator with a real 
instrument, such as a guitar, and some 
of the potentials of the vocoder will 
begin to become apparent. The guitar 
can actually follow the dynamics of 
accompanying vocals. Alternately, the 
dynamic characteristics of the in-
struments can be controlled through a• 
specially assigned mike. With a vocoder 
having individually assignable filters, 
such that, for example, the five hun-
dred hertz encoder channel need not, 
necessarily, be patched into the cor-
responding five hundred hertz repro-
ducer channel, but, rather, could 
be sent to control any other channel, 
the potential for scrambling up the spec-
trum is truly wonderful. For example, 
if the relationship of encoder to repro-
ducer spectrum is inverted, such that 
the lowest channel of one is patched to 
the highest of the other, and so on, the 
treble of the guitar would be modu-
lated with the dynamic of the bass range 
of the voice. This would also be true 
at the other end of the spectrum. 
However, having the voice's treble chop-
ping up the bass of the guitar would 
result in a great deal of harmonic 
generation, in addition to the two initial 
signals, resulting in a controllable "rich-
ness" in the low end of the spectrum. 
Obviously, one can fool around with 
patches like this for weeks. 
And If You Had One 
Okay, so you gets yerself a raft o' 
filters, like, an' some amps, handful 
o' diodes in there, somewheres, stick 
'em all in a box, put in a pilot light, and, 
crazy, you gots yerself a vocoder. 
What's the expensive part? 

The high cost of vocoders belies the 
fact that our simple "on paper" model 
is a bit too ideal to work. There are a 
number of practical considerations that 
must be taken in before you can ac-
tually get sound out of one of these 
things, and quite a number more if that 

sound is to be presided over by a really 
high degree of control. 

First of all, the notch filters in the 
encoder are quite high brow and fini-
cky, and demand the utmost attention 
if they are not to throw a fit. There are 
two rather conflicting requirements of 
this section. The first is that the adja-
cent filters really be adjacent, that is, 
that the descending edge of the response 
curve of one be right up against the 
ascending edge of the next, such that 
there aren't gaps in the spectrum. One 
can see the difficulty, after all, if the 
note which one is singing happens to be 
located in a gap, with the result that no 
control voltage is produced from it. The 
other hassle, in all this closeness and 
friendly cameradery, is that the res-
ponse curves must overlap as little as 
possible, lest the information from one 
channel also be found in the next, 
leading to a blurring of the frequency 
spectrum at the output. 

This all would suggest that nasty, 
sharp filters are called for; in fact, few 
applications will be found in which 
sharper ones are dictated. Most vo-
coders have a minimum of 48dB per oc-
tave response filters, which are quite 
brutal. 

A filter of these proportions needs 
no small amount of designing. With a 
usual response of 6dB per octave per 
stage, the thing will require a good eight 
stages. This is, then, eight little filters 
which must all be tuned to the same fre-
quency. They must all be very stable 
and all must be virtuously decoupled 
from the supply rails, lest there be the 
least scrap of feedback, and they go 
jolly into oscillations. In designing a 
commercial instrument, this means 
either three battalions of trimpots, or 
many precision parts. The first is a 
drag due to size, the complications of 
initial setup, and mechanical instability 
over time, and the second is expensive, 
plus posing supply problems. Right off 
the bat, a twenty channel vocoder has 
one hundred and sixty op amps in its 
encoder filter section. Even the sockets 
for these little bugs would cost a for-
tune. 

In fact, it is also usually necessary to 
add a buffer to each channel, in order to 
trim out any gain irregularities from 
channel to channel, and to keep the 
overall response reasonably flat. More 
chips. 

Once the encoder filters are all 
accounted for — well, we've got to go 
and repeat them in the reproducer. 
Same filters, same specs, but a further 
problem. Since the actual carrier signal, 
the one which will be heard at the out-
put of the vocoder, must pass through 

these filters, noise is an important con-
cern. With eight filter chips and a 
buffer, very low noise op amps must be 
used. Fortunately, the filters restrict 
their own internal noise to their own 
limited bandwidth, so the aggregate 
noise at the output is, in a broadband 
sense, of only nine chips, not one hun-
dred and eighty; which would sound 
like a day at the beach during typhoon 
season. 

The filters in the encoder, as we've 
said, are followed by envelope fol-
lowers. This would certainly make 
sense, I suppose — envelope followers 
would, by rights, be designed to follow 
something, and, with the post office 
the way it is, actual envelopes would 
certainly be the last thing I'd pick. 
These followers can be thought of 
simply as a diode and a capacitor to 
ground; although, of course, nothing is 
that simple, and the follower circuit 
alone usually employs four or five op 
amps per channel. The time constant 
of the capacitor is quite critical. If it 
is too slow for a given application, the 
intelligibility of the voice will be filtered 
down to a small ripple. If it's too fast, 
the whole voice signal will go through, 
resulting in general hash at the output. 
As you may have guessed by now, there 
is no real optimum point, and most 
vocoders are designed so as to be able to 
permit shifting the time 'constant of the 
follower. Since the capacitor effect is, 
in fact, taken care of by a low pass 
filter, this means having the filters all 
adjustable. Since putting a pot, or rather 
a ganged pot, on each channel's filter 
is a bit impractical, even if only from 
the point of view of the poor sod who 
has to set each one up to play the 
vocoder, this entails that the filters all 
be voltage controlled from a master pot. 
These are usually 12 to 24 dB Butter-
worth low pass affairs, and, again, the 
problems of tuning and component tol-
erances rise to haunt us. 

The last difficult point, (short of 
figuring out how one is actually going to 
pay for all this), is in the voltage con-
trolled amplifiers found in the repro-
ducer channels. Usually when one 
thinks of VCA's, one goes scuttling off 
to a synthesizer, where they are an es-
tablished fact of existence, and copies 
down the circuit. Invariably, this uses 
a chip called an operational trans-
conductance amplifier, or, to its friends, 
a CA3080. This is an op amp whose gain 
is reasonably linearly controllable by 
the current being spewn into its control 
input. However, it has two serious draw-
backs when removed to the more 
critical milieu of the vocoder, where in 
it is sitting side by side with nineteen 
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The Fun of Electronics 

That's the 'memory refresh' input. Every 2 weeks I have to 
pour 5 pints of beer into it. 

Great news, sir! We've just finished tests that show conclusi-
vely that our video pong games don't leave a permanent ima-
ge on TV screens. 

 E.LECT020KnCS ern' Froc,0 OEPT  

It's our new dessert-maker. Its 'A LA MODE' mode is 
especially popular with people who like pie and ice cream. 

Geiger 

We found the trouble; there was too much grid leak because 
you forgot to shut off the center tap. 

Here's another invention of mine that never really caught on: 
a solar powered flashlight—it only works in very brightly lit 
areas. 
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INTO 
ELECTRONICS WART 3) 
This month we take a break from hard theory 
and look at measuring instruments, block diagrams 
and electronic construction. 
Measuring Instruments 

THE MU LTI METE R,is the most commonly used measuring 
instrument for electronics work. It consists of a meter 
dial with switching arranged so that several ranges of 
voltage, DC or AC (R MS), DC current and resistance can 
be measured. The resistance range is used mainly for 
checking that a circuit is continuous (continuity check-
ing), and for measuring the values of resistors, but the 
voltage scales are the most widely used scales, particu-
larly DC voltage ranges. 

To make a reading of voltage at a point in the circuit, 
the negative socket of the meter is connected to the 
negative supply lead, and the positive socket of the 
meter to the point whose voltage is to be measured. 
What we are reading in this way is the voltage between 
the point and supply negative. The meter is then set to a 
suitable voltage range; greater than the supply voltage, 
and the circuit switched on. The reading is then taken, 
making sure that the correct scale on the dial is being 
used. If the meter reading is too near zero to be read with 
any accuracy, a lower voltage range can be switched in. 
Never start with a low voltage range, and never leave the 
meter switched to a current range. The meter operates 
by passing some current from the circuit through a coil of 
fine wire (the moving coil), and too great a current can 
overheat and damage the coil. Connecting the meter to a 
high voltage when it is switched to a low voltage range, 
or connecting to almost any voltage when it is switched 
to a current range will cause too much current to flow. 
The safest setting, if no OFF position is provided, is the 
highest voltage range. 

DC voltage readings can be taken quickly, and can be 
a useful guide to the 'health' of a circuit, since many 
circuit diagrams show the normal voltages that can be 
expected at several points in the circuit. The readings 
can sometimes be misleading, however. The meter takes 
some current from the circuit, and the current has to 
pass through the resistance of the circuit, so that extra 

F ig.1 A voltage measurement. The leads of the voltmeter are 
connected between the points where voltage is to be measured. 

A relatively simple 
multimeter costing approx-
imately $48.00. This 
model has a sensitivity 
of 20k/V and is ideal 
for hobbyist applications. 
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current flows. By Ohm's law, there must be greater 
voltage drops across the resistors, so that the voltages 
are not the same as they were before the meter was 
connected. This is not a fault of the meter — it reads as 
accurately as it can the voltage that is present when it is 
connected, but it cannot read what the voltage was 
when it was not connected. 

The cure for this is to be certain that the resistance of 
the meter is much higher (ten times at least) than the 
resistance in the circuit connected across the meter. The 
resistance of the meter is found by multiplying the range 
value by the figure of ohms-per-volt for the meter. For 
example, using a 10 k /V meter on the 10 V range, the 
meter resistance is 10 X 10 = 100 k, and the voltage 
readings will be unreliable when we are taking readings 
in circuits where resistances of 10 k or more are used. 
One solution to this problem is to take current measure-
ments in circuits that cause difficulty, but this involves 
breaking the circuit and connecting the multimeter 
leads, with the multimeter set to a current range, in the 
gap in the circuit. The most satisfactory solution is to use 
a multimeter of at least 20 k /V and to avoid readings at 
awkward parts of the circuit. 

The Oscilloscope 
The scope is the most useful single electronic measuring 
instrument, since it can be used to measure voltage (AC 
or DC), the time of one cycle of a wave, and also to show 
the shape of a waveform. In its normal use, the 
oscilloscope negative lead is connected to the supply 
negative ("earth' or 'ground') of the circuit being tested, 
and the oscilloscope + or "signal' lead is connected to 
the point in the circuit where we want to take measure-
ments. With the scope switched on, a horizontal line of 
light appears on the screen. The line is caused by a spot 
of light moving at a steady speed from left to right, 
retracing rapidly, then repeating the trace. We can 
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13 TO METER 

Fig.2. Errors caused by a voltmeter. The current flowing through 
R1 must split, some going through R2, some through the meter. 
More current is being drawn through R1 now than when the meter 
was not present. 

adjust the speed at which the spot sweeps across the 
screen. The speed can be varied from very slow, perhaps 
0.1 seconds for 1 cm, to very fast, 1 uS or less for 1 cm. 
This is called "timebase" control. 
A signal voltage applied at the input will cause the 

spot of light to be deflected vertically, up and down. If 
we set the timebase switch to OFF, or to its slowest 
position, we can see the effect of the vertical deflection 
by itself. The amount of vertical deflection is a measure 
of the amplitude, in volts peak-to-peak, of the wave. The 
calibration in volts/cm is shown on the input sensitivity 
switch. To find the peak-to-peak amplitude of a 
waveform, we measure the vertical distance in centime-
/res from peak to peak on the screen, then multiply this 
reading by the setting in V /cm on the Y-sensitivity 
switch. For example, if the waveform measures 4 cm 
vertically, and the setting of the switch is OV5 V / cm, 
then the peak-to-peak voltage of the wave is 4 x 0.5 --
2VO. 

With a waveform input, starting the timebase will 
cause the spot of light (the trace) to draw a graph of 
waveform voltage plotted against time. The shape on the 
screen is the waveshape, and we can measure its 
amplitude. The time of one wave can be measured by 
noting the distance in centimetres, horizontally, from 
one peak to the next, and then multiplying by the setting 
of the TIME/CM switch. For example, if the distance 
horizontally between peaks is 5 cm, and the TIME/CM 
switch setting is 5uS /cm, the time between peaks is 5 
X 1 OuS which is 25uS. The frequency of the wave is 
1 /time, which is 1 / 25 X 10-6= 10-6/ 25 = 4000 Hz or 
4 kHz. 

1cm GRATICULE DIVISIONS 

READING 4V PEAK TO PEAK (4V co--p) 

.4- TIME 

1mS/cm 

TIME/cm 

1V/cm 

VOLTS/cm 

8mS TIME 

1  
FREQUENCY = Hz .008 
= 125 Hz 

Fig.4. Measuring the voltage and frequency of waveforms using 
the oscilloscope. 

Fig.3. The front panel of an oscilloscope. (Leader). 

This is, of course, only a skeleton outline of the use of 
a scope, so that the reader can understand how we 
know the shapes of the waves we use in electronics, and 
how we measure such quantities as wave voltage and 
frequency. 

Block Diagrams 
A block diagram of an electronic system shows us 
what is done to a signal, without any detail of how it is 
done. A block diagram of a car would show an outline of 
an engine, a gearbox, a clutch and the final drive, but 
without any details of what happens inside these com-
ponents. Block diagrams are useful because they show 
us what to look for in a detailed circuit. 

For example, Fig.5 shows a block diagram of a 
simple record player. The cartridge is the transducer that 
converts the squiggles on the disc into electrical waves. 
These are then amplified, the amount of amplification is 
controlled, and the amplified signal used to drive 
another transducer, the loudspeaker. 

Taking another example, Fig.6 shows an alarm 
which sounds when a light beam hits a photocell. The 
light falling on the cell causes a signal which is amplified 
and used to switch on an audio generator, which in turn 
causes a sound from a loudspeaker. The actual circuit for 
this would take much longer to understand. Block 
diagrams are particularly useful for very complex elec-
tronic systems such as TV, radar or computers. 

0 — 

CARTRIDGE 

VOLTAGE 
AMPLIFIER 
AND 
CONTROLS 

POWER 
AMPLIFIER 

LOUDSPEAKER 

Fig.5. Block diagram of a record player. The cartridge converts 
vibration of the stylus into an electrical signal, which is amplified 
and used to drive the loudspeaker. 

AMPLIFIER 

PHOTO-RESISTIVE 
CELL 

RESET 

ee.4, GENERA ron 
(OSCILLATOR) 

LOUDSPEAKER 

Fig.6. Block diagram of a light-operated alarm. Light falling on 
the photocell causes a signal which is amplified and operates the 
electronic switch. This in turn switches on the oscillator, and so 
sounds an alarm from the loudspeaker. The alarm sounds until 
reset by a switch. 
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Circuit Diagrams and Symbols 
If we are to be able to build electronics circuits (and 
that's what we're here for), we need to be able to read 
and understand circuit diagrams. Why not use photo-
graphs and sketches of a finished circuit? Well, it's much 
more difficult, to start with. Photographs and drawings 
are useful only if your components look identical to the 
ones in the photo, and if you want to copy exactly the 
layout in the photo. If you can read circuit diagrams, you 
can use any shape of components, and make your 
circuits as you want them. It's like the difference 
between building from a kit and rolling your own. 

Circuit diagrams use symbols for each component, 
and some of the most common symbols are shown in 
Table 1. Notice the way arrows are used. For com-
ponents like resistors, capacitors and inductors, arrows 
are used to mean a variable quantity (a variable resistor 
or potentiometer, variable capacitors, variable inductors) 
which can be adjusted. A different symbol is used for 
preset values that are set to some value and then left 
alone. An arrowhead used with components such as 
diodes and transistors shows the normal (+ to —) 
direction of current flow. 
A circuit diagram shows what components are con-

nected together, not how they are arranged. A circuit 
may show a line, representing a connection, joining a 
battery + pole to one end of a resistor. In the practical 
layout of the circuit, these components might be near 
each other or several centimetres apart, but they must be 
joined by wires or metal strips. The great advantage of a 
circuit diagram is that it shows the action of each 
component in a circuit, no matter where it happens to be 
placed physically. Trying to figure out the action of a 
circuit by looking at its arrangement on a board is 
nobody's idea of good clean fun! 

4 

Three types of diode. The 
first is just a diode, the 
second is a light emitting 
diode (which glows when 
current passes through it). 
The third is a zener diode, 
used for creating fixed vol-
tages. 

Two types of transistor. The 
first is NPN, the second 
PNP. 

Integrated circuits The box 
can be of almost any shape, 
although the top one is 
usually used to indicate 
some form of amplifier. The 
numbers refer to the pin 
numbers on the IC package. 

Logic gates. Logic ICs 
usually contain several of 
these each, and so they are _{>0_ suffixed IC1a, IC14b, et 
cetera, 

—1=1-

--NW- A resistor. 

In many circuit diagrams the symbol for an earth or 
ground connection is shown and this sometimes puzzles 
beginners. It's a hangover from the old days of tele-
graphs. At first, the electric telegraph used two lines 
connecting transmitter and receiver. The pioneers then 
found that they could use one wire line, with the return 
current flowing through the earth itself, and to do this, 
the return was taken to a large metal plate buried in the 
ground. From then on, its been earth in the U.K. and 
ground in the U.S.A. and ever shall be. 
Nowadays, line operated circuits use a ground or 

connection for safety, so that any line voltage fault will 
cause a large current through the ground connection 
(rather than through you) so blowing the fuses. 

In battery powered equipment, the earth or ground 
connection may simply be to any metalwork, such as a 
case. This ensures that the case is at the same voltage as 
the signal zero voltage line, usually battery negative. The 
purpose of this is to make sure that the metalwork does 
not cause interference by radiating signals into or out of 
the circuit. For many circuits a ground connection is not 
needed at all, but the ground symbol is sometimes still 
used on circuit diagrams to show which line of connec-
tions is at zero signal voltage. 
Practical Circuit Construction 
Laying out a circuit from a circuit diagram is one of the 
most satisfying parts of electronics, and yet is seldom 
taught. In the old days of tubes, laying out a circuit used 
to be a metal bashing exercise which had the constructor 
pretty cheesed off with the circuit before any wires had 
been soldered, but modern components and circuit 
boards have made the whole process so much easier. 

Start by looking at the circuit and finding the circuit 
junctions. A circuit junction is where wires from various 

TABLE 1 

Two types of capacitor. The 
---II-  lower one is of the "elec-

trolytic" or "tantalum" type 
and can only be used one 
way round. 

A coil. The lines indicate 
what it was wound on. Two 
coils which share the same 
lines represent a trans-
former. 

Various forms of variable 
resistor. The top one is 
panel mounting, the dot 
representing the right-hand 
side when viewed from the 
front. The other two are 
pre-set resistors which are 
used for setting up only. 
The middle one has its 
sliding contact connected to 
one end of the resistive 
"track." 

A variable capacitor. 

Two wires crossing on a 1 diagram without touching. 

Two wires in contact with a 
common line. 

grouila symbol. Usually 
means battery negative ter-
minal or chassis. 

Two different types of 
switch. The upper one is 
only closed while it is held 
closed. 

A loudspeaker. 

A battery. The short ter-
minal is negative (easy to 
remember. it looks like a 

A "jack" socket and a 
I "phono" socket. 
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components are all joined together. For example, Fig.7 
shows a piece of circuit with five junction points. At 1 the 
battery connects to R1. At junction 2 the input signal 
(from a socket) connects to Cl. At 3, components Cl, 
R1, R2, R3 are all connected together and at 4 the 
output socket joins to R3 and C2. 5 is the junction at 
which battery negative connects to C2 and R2. Each of 
the components in this circuit has two leads, and these 
two leads must be taken to different junctions. Later we 
shall be using components with three leads (such as 
transistors) but the same rules apply, the three different 
leads on each component must go to three different 
junctions. 
Why should we disfigure our circuit diagrams with 

these pencilled loops? Well, the reason is that it makes 
circuit construction simple, electronics by numbers! 
Practically all circuits nowadays are built on insulating 
boards which have copper strips laid on them. Each of 
these copper strips can be used as a junction, with the 
wire leads of components soldered to the strips. Some 
types of boards use perforated copper strips, with 
component lead-out wires fed from the plain side 
through the holes to the copper side and soldered. 
Another type of board uses plain undrilled, ready-
soldered strips, and the component lead-out wires are 
soldered directly in place. Whatever type is used one 
strip represents one circuit junction (the strip can of 
course be broken to form two or more). 

Using our example again we take a circuit board, and 
make strips with numbers, 1,2,3,4, 5. All we need to do 
now is to connect the leads of each component across 
the strips shown in the circuit diagram. For example, R1 
is connected between strip 1 and strip 3, R2 is con-
nected between strip 3 and strip 5, C2 is connected 
between strip 4 and strip 5 and so on. One type of board 
even has the strips already numbered for you! Couldn't 
be easier! The only thing to watch is that if you use the 
drilled type of copper strip board, you must have the 
strips numbered on each side. The reason is that a line of 
holes looks pretty much the same as any other line of 
holes, and it's easy to mistake one for another if they are 
unmarked. The undrilled type of board is already 
numbered and needs no other preparation. 

Mastered soldering? Make sure the bit of the iron 
(electric 25W or less) is clean, then switch on and allow it 
to warm up. Place the component so that its lead is at the 
correct part of the track of the board. Hold the iron so 
that its tip touches both track and component leadout 
wire. Now touch this hot zone with the end of a piece of 
resin-cored solder and watch the solder run around the 
wire and onto the track. When it's smooth and before it 
stops smoking, take the iron away. Let it all cool before 
disturbing it. That's all! Do clean the wire and the track, 

IN 

5; 

-r 

6V 

Fig.7. Circuit junctions. Marking out a simple circuit diagram 
so that it can be easily built on strip-board. 

TABLE 2 

RESISTIVITY AT 20°C 

The resistivity figure for a material is a way of 
comparing the resistance, R, of samples of 
standard size. For a wire which is s metres long and 
A m2 cross-section, the resistivity is lie , units 
ohm-metres. The resistivity figures for some 
materials of interest are shown below. 

Material Resistivity in ohm-metres 
Aluminum 2.7 x 10 -8 
Copper 1.7 x 10 11 
Iron 10.5 x 10 14 
Constantan 45 x 10 -8 

(Constantan is an alloy of copper, nickel and 
managanese used to make wire-wound resistors). 

Germanium 
Silicon 
Diamond 
Perspex 
Quartz 
(silicon oxide) 10 2° 

about 10' 
about 104 
10 13 
10 1° 

keep the iron hot and clean. Don't snatch the iron away 
before the solder has flowed freely or keep it on so long 
that the board starts to burn. 

Conductors 
Once upon a time, folks, life looked simple. We had 
conductors, which conducted electric current and insu-
lators which didn't. Then we discovered why some 
materials conduct and others don't, and it's not so 
simple as we once thought. As usual it all boils down to 
these electrons. The best conductors, metals, have their 
atoms arranged so that some electrons are loose, about 
one electron for each atom. These loose electrons can 
travel through the material, so that the metal is a 
conductor. We once thought that this was the only way 
that electricity was conducted through a solid material, 
but it's not. 

Around the turn of the century, a physicist called Hall, 
who had set up an experiment to test the sign of charge 
of the current carriers in metals, found that positive 
charged particles seemed to carry current also. We now 
know that these positive particles exist only in materia!s 
that form crystals and that they are really gaps in the 

regular arrangement of electrons. These gaps can move 
and behave like positively charged particles. We call 
them holes. What convinces us that they are not truly 
particles is that they cannot be removed from the 
material as electrons can. Inside a metal, though, the 
hole is as 'real' as the electron. 

IN 

1 

2 1 - 

OUT 

6V BATTERY 

Fig.8. Piece of strip-board with the circuit of Fig.7. assembled. 
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Semiconductors 
Between the good conductors, like metals, and the 
insulators like so many non-metals, there are some 
curious materials called semiconductors. The difference 
between semiconductors and other materials is not so 
much their resistivity (Table 2) but the way in which the 
value of resistivity can be altered. Take a piece of metal 
wire, measure its resistance at room temperature, then 
heat the wire. What happens? The resistance increases 
by only a few percent. Try the same measurement with 
an insulator, and the resistance is too high to measure, 
both times. Now use a chunk of a pure semiconductor 
material. Whatever value of resistance it had at room 
temperature, it's a darn sight less when you heat it, not 
just a few percent but a really big change. A typical result 
might be a change from 4k to 200R for a temperature 
rise of 50°C. 

That's a very obvious difference, and the other 
difference is even more important. Compare two bits of 
wire, one pure copper, the other copper with about 1% 
zinc. The resistivity values are pretty much the same, 

RESISTANCE RESISTANCE 

TEMPERATURE TEMPERATURE 
(a) (0) 

Fig.9. Resistance/temperature graphs (a) for a metal, (b) for a 
pure semiconductor. 

because the impurity (zinc) has as much effect as you 
would expect from the quantity — 1%. Try mixing two 
insulators and you still can't measure any resistance 
charge. 

Semiconductors behave quite differently. Almost 
immeasurably small amounts of impurity will cause the 
resistance of a sample of a semiconductor to drop 
enormously. The amounts of impurity needed are not 
1%, or 0.1% but something like one millionth of one 
percent to make a huge change in the resistance. 
Difference No. 2, and more to come. 

Pure semiconductors, like germanium and silicon, are 
more like insulators than conductors. Adding other 
elements to the semiconductors will make them into 
conductors and we can even choose how they conduct. 
Elements such as phosphorus make semiconductors 
conduct mainly by electron movement. Elements such 
as indium make semiconductors conduct mainly by hole 
movement. The addition of impurity is called doping 
and is rather a delicate operation, because we don't 
exactly operate with bucket loads! Nevertheless, we can 
now make semiconductors which have whatever resis-
tivity values we want (within reason). What's more 
important we can make them N-type (most of the 
carriers electrons) or P-type (most of the carriers holes) 
by doping with the appropriate materials. Incidentally 
because these doped materials have a good supply of 
electrons or holes, heating them makes little more 
difference to their resistance value than it does for a 
metal. 

Up the Junction: 
We wouldn't think much of the show so far but for one 
discovery — one of the discoveries that's changing life 

P— DOPING 
MATERIAL 

(a) 

SEMICONDUC TOR 

N-DOPING 
MATERIAL 

GAS CF P-DOPING 
MATERIAL rr—BELLJAR 

N —TYPE SILICON 

Fig.10. Creat ng a junction (a) Diffusing solid material into both 
sides of the thin crystal, the old-fashioned method. (b) Modern 
method of diffusing the impurity atoms into oppositely doped 
material from a hot gas atmosphere. 

around us right now. Take one tiny crystal of silicon or 
germanium and slice a wafer from it. Now dope it on one 
side with indium (making P type) and on the other side 
with phosphorous (making N type). Heat it up in a 
vacuum, so that the atoms of the doping materials can 
spread into the semiconductor and at some stage in the 
procedure, P and the N bits will meet each other. 
Logically enough, this meeting place is called a junction. 
We don't make junctions this way now, but the junction 
of P and N is the big step forward, because of its 
behaviour in a circuit. 

Try to imagine a junction. Fig 3 is a diagram that 
helps, showing + and — signs to show which sign of 
carriers can move. If this junction is made part of a circuit 
with one wire connected to the P type side of the crystal 

N 

JUNCTION 

DEPLETION 
LAYER 

• o • — — 
• — -0> • 

• • o — — — • 

Fig.11. Junction action. (a) Diagram showing the signs of the 
mobile charges (b) Action under reverse bias, carriers are drawn 
away from the junction. (c) With forward bias carriers cross the 
junction, so that the junction conducts. 

and another wire connectéd to the N-type side, the 
action of the junction will depend on which way round 
the circuit is connected. With the N-type side connected 
to battery + and the P-type side to battery —, no current 
flows. Why not? 

Good old-fashioned 18th century electrostatics, 
that's why. The battery + ve attracts the loose electrons 
of the N-type material away from the junction, and the 

battery —ve attracts the loose holes of the P-type 
material away from the junction. Nothing moves right 
round the circuit, so no current flows, the junction is 
depleted — drained of electrons and holes, just a chunk 
of non-conducting material. This connection is called the 
reverse bias connection. 
Diodes 
Now, think of the battery connected the other way 
round. This time it's a very different story. The battery 
+ve pulls loose electrons across the junction from the 
N-type side. The battery —ve pulls loose holes across the 
junction from the P-type side. Everything is moving, it's 
all happening, current is flowing; the bias now is 
forward. The whole arrangement of P and N materials 
meeting at a junction is called a semiconductor diode. 
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The P-type part of the diode is called the anode, and 
the N-type is called the cathode. The diode is forward 
biased when the anode is more positive than the 
cathode. A germanium diode will just start to conduct 
when the voltage between anode and cathode is about 
0.1 5 V, a silicon diode will just start to conduct when the 
voltage between anode and cathode is about 0.5 5 V. 
When the bias is in the reverse direction, there are so 

few electrons and holes (called the minority carriers) left 
in the junction that the diode is almost an insulator. A 
reverse current of only a few nanoamps (1nA = 1 0-9A) is 
typical. 
We use diodes, as described above, in great quant-

ities; in power supplies, in radio reception, in com-
puting. Details later, folks, but most of the uses for 
diodes stem from one thing, the current flows one way 
only. The symbol for a diode shows this direction of 

ANODE 

cu.oR1RET i cAruoce Fig.12. Diode symbol and terminal names. 

current by an arrowhead, using the usual convention of 
current flowing from battery positive to negative. 

Zener Diodes 
One exception is the zener diode, though. This type 
of diode (different symbol, too) is always used reverse-
biased, but conducting. Reason is that a junction that's 
heavily doped on each side will break down and start to 
conduct if enough voltage is put across it on the reverse 
direction. How much voltage? Well, that's what is so 
useful. Suitable design and doping will give a range of 
breakdown voltage from around 3 V to around 200 V. 
What's more, the voltage is pretty well fixed in any given 
diode. Whether you pass 1 mA or 1 0 OmA through the 
zener diode (reverse direction) the voltage across the 
diode is the amount written on it — the zener voltage. 
We use them for voltage stabilisation — obtaining a 
voltage which remains steady despite large changes in 
current or supply voltage. • 

FLOPPY DISKS 

Continued from page 24. 

Odds 'n Ends 
There are many advanced techniques 
for storing data on a floppy disk. 
There are two goals to be achieved, 
decreasing access time and increasing 
capacity. The former is achieved by 
more sophistacated formatting techni-
ques, the latter is solved by more sophis-
ticated recording techniques. Interested 
readers might want to check out 'The 
Fitful Journey To Double Density' by 
David Jenkins, which appeared in the 
February 1980 issue of Microcom-
puting. 

Despite their many advantages, in 
some ways floppies are no more reliable 
than cassettes. It's still possible for a 
drive to mangle a disk. Accumulations 
of dust within the sleeve can also lead 
to its early demise. This is why drives 
are often sold in pairs. Aside from in-
creasing a system's capacity, it makes it 
possible to copy one disk onto another. 
In this way important data can be pro-
tected. 

While the initial cost of a floppy 
disk system is high, the cost of a 
diskette is comparable to cassettes 
(typically $8.) and certainly cost 
effective when you consider the volume 
of data it will store. • 
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A Typical disk Controller for OEM use. (Intel). 
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Many manufacturers supply soft-
ware on disk. (Intel). 
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Master Handbook Of 1001 Practical Circuits 
TAB No, 800 
Master Handbook Of 1001 More Practical Circuits 
TAB No. 804 

Digital Interfacing With An Analog World 
$18.30 TAB No. 1070 $12.35 

$18.35 

Here are IC and transistor circuits for practically anything and everything - 
with ALL the data needed to put dam to work. The ideal schematic source' 
book for all active technicians, engineers, experimenters. amateurs - for anyone 
who must occasionally or regularly construct or adapt electronic circuits for 
any purpose whatsoever. You'll find any circuit you're aver likely to need in the 
pages of this ria volume. The schematics are classified according to general 
application, and the Sections themselves appear In alphabetical order. 

99 Test Equipment Projects You Can Build 
TAB No. 805 $11.75 

Here's the A to Z guide you need to build all sorts of electronic test equipment 
- from a simple signal tracer to a sophisticated modularized 50 MHz counter - 
and virtually everything in between! Here are voltmeters and ammeters, cape 
citance meters, resistance and impedance measurers, testers f or' solid-state com-
ponents, digital volt-meters, calibrators and frequency standards, signal genera-
tors, frequency counters, oscilloscopes, end a variety of RF tet equipment. The 
variety is incredible and almost endless ... virtually every tea instrument you 
could possibly want to build for yourself. It's perfect for the hobbyist - and 
indispensable for the professional because you can incorporate each one - or a 
combination of several - into your work bench setup or other gear. 

The Power Supply Handbook 
TAB No. 806 $11.75 

A complete one stop reference for the hobbyist and engineer. Contains high 
and loa voltage supplias as well as mobile and fixed units Everything you need 
to keep your project perking with the right volts and amps. 

Build Your Own Working Robot 
TM No. 841 $8.55 

Here are complete instructions - plans. schematics, logic circuits, and wiring dia. 
grams - for building Butter. Not a project for novices. Buster is a sophisticated 
experiment in cybernetics. You build him in phases, and watch his personality 
develop as you add progressively more advanced circuitry to his mainframe. The 
fire of this threephase robot. Buster I. is "leash-led" and dependent on his 

"wt.' for dwifi.?"'"wkilgi you create da "animal" and give him wheels, 
steering capability, and the capacity to "understand" your basic commands. 
Phi» II makes Buster more independent. Now he has a basic brain he an use to 
decide when he's in need of a battery charge, or trapped into a physically 
binding situation he can't get out of. 

57 Practical Programs & Games In Basic 
TAB No. 1000 $11.55 

From erithmetic progression to statistical permutations to onearin bandits. here 
are 57 practical, useful and fun programs designed to help you really put your 
minicomputer to work' 

Game programs include blackjack, one-arm anat, cram, and two space 

war pan. Math and accounting programs include compounding, straight-line' 
depreciation, statistical perratatrons, instant derivatives, and solutions for 
integrals - even a whole section of geometric solutions for modern-day Euclid, 
For history buffs, there is a Day-eta-Week program for any date back through 
t 753. 

Each Program begins with an introductory paragraph describing its caa• 
bights, end continues with a typical program sequence and flowchart. All 
programs will run on any floating point BASIC. 

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

Here are transistor substitutions, outline diagrams, terminal identifications, 
manufacturers' codes and specs for more than 13,000 devices made in the U.S., 
Japan, Europe, and England. This ultra-complete reference-guidebook is an 
absolute MUST for anyone who deals with transistors or the equipment in which 
they're used .....k,, it at easy to locate transistor substitutes for -Name 
and European imports as for rnasswarket U.S. conturner electronic products. 
Contains info on device ratings, characteristics, case and terminal identification, 
applications, manufacturers and addresses, and voltage ratings - collector•to• 
bee, collector-to-emitter, and emitter-to-base. 

A Beginner's Guide To Computen & Microprocessors - with projects 
TAB No. 1015 $9.70 

Here's a plain-English introduction to the fascinating world of the microcom-
puter - its capabilities, parts, functions, and programming... and how you can 
have one in your own home. Numerous projects, using actual computer parh, 
demonstrate the operation of e computer and lead to the assembly of a working 
minicomputer capable of performing many useful functions around the home 
and office. 
A typical fenny-sized computer, with video areen, printer, and keyboard. 

Is fully described. 

How To Design, Build & Test Complete Speaker Systerns 
TAB No. 1084 $11.85 

If you've always wanted to build your own speaker system, here's a beck 
orerermed with everything you need to know to do it right the first time. 
It contains e variety of ready-to-build speaker system projects, from simple 
eltreeker•ino-box setups to complex multi-driver systems, plus all the 'Mown.. 
tion wen a beginner neat to deign and build his or her own. 

This clear guide shows you exactly how a speaker works, how its power and 
resonance are attained, and how speakers may differ from one another. It's 
as thorough a book es you'll find on the complete subject of speakers. speaker 
systems, and enclosures. 

Are you looking for ways to really put your microcomputer to work ? Thrs book 
tells you how to go about it - how to convert energy produced by pressure, 
force, position, temperature, etc. into an electrical voltage or current that your 
microcomputer can deal with. It's for the user who vie« the microcomputer as 
a bit of hardware to be applied, and who «en software es either • simple set 
of instructions to make the machine go or, more importantly, as a valid substi-
tute for hardware. It presents information. in handbook style, for users of 
microcomputers who want to design a devia or system with a microcomputer 
at its heart. 

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

The Complete Handbook Of Robotics 
TAB No. 1071 $10.90 

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

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

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

Artificial Intelligence 
TAB No. 1078 $11.55 

Artificial intelligence is the branch of computer science devoted to program-
ming computers to carry out tasks that, if carried out by human beings, would 
require intelligence. Here is a book that deals with the entire subject of artificial 
intelligence. It describes what we consider intelligence where computers are 
concerned, and presents an interesting summary of the step-by•step advancement 
of amputer complexity toward the rudiments of human-type intelligence. 

Illustrated Dictonary Of Microcomputer Terminology 
TAB No. 1088 $11.85 

This reference book contarns clear and detailed explanations for nearly 1000 
terms currently used in the exploding field of microcomputers. 

Anyone having trouble understanding the "buzz" words, the jargon. the tech. 
ma' language fo the computer crowd - and the domain of the personal com. 
outer in particular - will find thus authoritative reference book of terminology 
absolutely indispensable 

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

If you want to get in on one of the hottest new frontiers in amateur radio, this 
book is for foul It's your thorough guide to communications via the Orbital 
Satellite Carrying Amateur Radio (OSCAR) satellites. If you think amateur radio 
is tun now, wait till you we what can be done by using tatellite communications. 
Tho easy•to-read manual will tune you in on one the later trend in hem radio, 
and at the same time show you all the details you need to start your own ama-
teur earth station. 

The Actin Filter Handbook 
TAB No. 1133 $9.75 

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

For anyone interested in electronics, thit handy one-stoP guide ro nfOdemo 
filter achnologY will prove invaluable. It introduces filters and their purpose, 
compares different filters, and covers LC passive filter operation. op amps, But-
terworth filters, Chebehe filter,, low•pass filters, high-pass filters, etc This all• 
inclusive manual offers coverage of electronic math and basic electronic theory 
also. Cannot be beat for a complete and practical discussion and examination of 
filter techniques. 

Antenna Data Reference Manual 
TAB No. 1152 $11.75 

Since the antenna system has a large influence on what you get out of a ham 
or CB station or get into a shortwave or an AM/FM receiver, bett results are ob-
viously achieved with the best possible antenna. This book will show you how to 
make and install hundreds of antennas, among them half•wee dipoles, inverted 
vet verticals. yagis quads, deltas, FM broadcast, and CB antenna and tank 
mission line, plus limited space and hidden antennas. Included are precise 
specifications for • huge variety of different designs tuned to bark on most ama• 
tar, marine, international broadcast, AM/FM broadcast and CO bands. 

The Giant Handbook Of Computer Projects 
TAB No. 1169 $13.75 

If micro...Put«, have caught Your «term, or if you've been through the 
ready•nade hardware routine, you're ready for this book. It's a huge collection 
of ready-tousa information designed for the enterprising hobbyist who wants 
more flexibility - and practicality - than that offered by systems assembled for 
the mass market. 

Model Radio Control - 3rd Edition 
TAB No. 1174 

• 
This all new and complete revision will thoroughly acquaint you with everything 
you need to know about model radio control - how it works, how to design a 
system, how to install it, and how to operate model airplanekcars boats, toys or 
virtually anything by radio control. Starting out with fundamental RC concepts, 
the author takes you through all the latest and most modern equipment. in-
cluding coding and coders, relays, superregenerative receivers, decoders, power 

control circuitt, servo motors, tone-operated and proportional control WM^ , 
and much morel 

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

21 Custom Speaker Enclosure Projects You Can Build 
TAB No. 1234 $11.75 

If you really want to get some truly great sounds out of your audio system, this 
unique new book shove you 21 good ways to do it. From simple closed-box sys-
tems to complex omnidirectional speakers, you get complete descriptions, design 
and construction details for 21 build-if-yourself projects - virtually every kind 
of audio speaker you could want. You can pick and choose you, own project - 
from the sonalest to the most advanced , . for home or car, stereo or quad ... 
even for a van or RV. 

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

This is a aaaa ightl orward hoirr•to book about machine intelligence - a practical 
guide that shows you how to build a robot capable of learning how to adapt to 
changing circumstances in its environment. The unique little creature described 
in this book, named Rodney, can pick up signals and stimuli from his enviton-
ment and develop perceptions just like humans and hitater animals do. Yet Rod-
ney is fully trainable, and his "personality" pan be altered and molded by human 
intervention. All in all, Rodney is in a class by himself, and is a most remarkable 
and fascinating machine - he can program himself to deal with the problems 
of ta moment and devise theories for dealing with similar problems in the 
future. Yes, Rodney is self-programming and as a result no two Rodney, behave 
exactly the same way. In fact, if you wipe out his self-generated memory, he'll 
develop another one that's somehow different from the first. 

An Introduction to Personal & Business Computing 
SYBEX C200 $10.75 

This is a basic introductory text on microcomputers. Its main goal is to answer 
the question, "Whet do I need for ... r in specific detail. No previous technical 
background is assumed. The author addresses progressively all the essential 

topics of interest to the microcomputer user (at opposed to the designer). How a 
system works. Which modules are required for which function. How much 
memory is needed. Which peahen,' should be used. The cat. The software. 
Differences between existing microcomputers. Is a mini-BASIC sufficient? The 

real cost of a busiass system. Its limitations. Can you really manage a moiling 
list on a floppy disk? Packages and other programs. The traps for the hobbyist. 
Application techniques. New systems and facilities. 

The book is designed to educate the reader in all the aspect, of a system, 
from the selection of the microcomputer to the required peripherals. No com-
puter background is required 

lis"m rEaz rtrc3 the 6502 

$18.75 

An educational text detigned to teach you programming from the ground up. 
Already one of the most successful programming books ever published. it has 
been revised and expanded at both ta low end and high end of the spectrum. 
The range of programming concepts and techniques presented is such that it 
address« the needs of virtually every programmer interested in using the 6502 
microprocessor, from beginner to experf. 

reeC''Z'OM zs° $20.75 

This book has been designed both as an educational text end as • self-contained 

reference book. As such, it can be used as a complete introductory book on 
pr.-ramming, ranging from the basic concepts to advanced data structure mani• 
pulations. 

It also cont.« • comprehensive description of all the 280 instructions as 
well as its internal operation, and should provide a comprehensive reference for 
the reader who is already familia, with the principles of programming, but 
wishes to learn the Z80. All concepts are explained in simple yet precise terms. 
building progressively towards more complex techniques. 

ra`É'Z'aiel the $22.75 

This book was designed as both en educations text and • self contained reference 
manual. This book patents a thorough introduction to machine language 
programming from basic conapts to advanced programming techniques. 
Detailed illustrative example and numerout programs show the reader how to 
write clear, well.organized programs in the language of the 28000. 

Wirth over 113 illustratrons, a thorough index, and S appendices, Programming 
the 20000 is an indispensable text for engineers, students. PDP•11 users and any-
one interested in learning machine language programming *ills. 

6502 Applications Book 
SYBEX 0302 $18.75 

This book presents practical applications techniques for the 6602. You will build 
a complete home alarm seam, Including fire detection, as well as an electronic 
piano. a motor tpeed-regulator. a tirne•of-day clock, a simulated traffic control 
system, and • Morse code generator. You will also detign an industrial control 
loop for temperature control, including analog-to-digital conversion, and your 
own 'imp'e peripherals from paper•tape reader to micaPrinter. 

Truly the "inputoutput" book for the 6502. it includes more than 50 
exercises designed for testing yourself at every step. 

6502 Games Book 
SYBEX 0402 $18.75 

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

The reader will learn how to devise strategies suitable for the solution of cow. 
Mee Problems, typical of those encountered in games. Hershe can also use all 
the resources of the 6502, and sharpen his/her *ills at advanced programming 
,techniques. All the games presented in this book can be played on a reel board 
(the SYM1, and require a very small amount of additional components. 

All prices include postage le handling. Prices subject to change without notice. 



S.I.UNITS 
We've had a number of letters recently asking about 
the use of SI units. We tend to use them more these 
days so it's as well to find out a little more about 
them. This article by Ian Sinclair will help you do 
just that. 

WITHIN THE LAST TEN YEARS a major revolution in 
scientific measuring units has taken place, with hardly a 
ripple noticeable to the general public. The big change is 
to the use of a system of units which replaces many of 
the old measuring systems of the past incorporates new 
discoveries, deletes old mistakes and generally makes 
life simpler in all branches of science—including elec-
tronics. The new system is called the Systeme Intern-
ationale', SI for short. How did it come about? 

Think for a moment what measuring anything, from 
the length of granny's clothes line to the resistance of a 
length of wire, means. When you measure anything you 
compare it with a standard, called a unit, and find how 
many units you have. This way, granny's clothes line 
gets compared to the standard metre, and the resistance 
of the length of wire gets compared to the standard ohm, 
so that you end up with a length in metres and a 
resistance in ohms. Not much to it, really, is there? 

The trouble with measurement, though, is that we 
didn't start with a set of units for measuring everything. 
There wasn't much call for measuring voltage or current 
or resistance before electricity was discovered, so 
nobody ever thought of measuring units for these 
things. What has happened is that we've invented 
measuring units as the need arose, as new items needed 
to be measured. This business of making up new units as 
we went along, mainly over the last three hundred years 
or so, has served us well, but by the turn of this century 
had left a bit of a mess as far as measurement was 
concerned. 
Why so? Well, it's all because measuring units affect 

each other, so that when you choose a couple of units, 
you automatically make others. If a whole set of units is 
designed at one time, they can be made to fit each other 
properly—but that didn't happen in the early days. The 
SI system is just such an attempt to design one complete 
set of units for measurement. 

New Units for Old 
Let's go back to basics to see why our measuring 
systems got into such a mess. A good illustration is the 
old Imperial units, inch, foot and yard. These are 
measurements of length—which are always the first 
measurements any civilisation has to find units for. 
Reason is, of course, that builders want to be able to 
make measurements of length. Ancient civilisations ran 
through a number of units like the cubit which are 
practially forgotten now because they were never 
standardised—there never was a metal bar which 
everybody agreed was one cubit long. The real history of 
measurement has to start with units which are the same 
everywhere—and that's surprisingly difficult. The 
Imperial yard, for example, is the length of an arm span. 
To be more precise, it's the arm span of Henry VIII from 
breast bone to one finger tip. He needed the other arm 
for the wife, so the yard is shorter than it might have 

been. The foot is, so to speak, a well-trodden unit; and 
the inch was invented by King David I of Scotland. 

In the first attempt at using an average, he decreed 
that the inch should be distance across the thumb, 
measuring the thumb widths of a small man, a medium 
man, and a large man. Quite democratic, when you 
think about it, but not really much more scientific. These 
measurements are all very well for rough work, but 
there's no reason why 36 Scotsmen's thumbs should 
equal half-a-King Henry, is there? Relationships like 12 
inches to the foot and 36 inches to the yard only work if 
the units are fixed so as to be that way, and that took a 
long time. 

CHARGE ql CHARGE q2 

 00 
DISTANCE d 

FORCE = ql x  
d2 

Fig.1. Colomb's law of 1784. For the first time, this estab-
lished the relationship between the size of electric charges 
and the forces of attraction and repulsion between them. 

Bakers Dozen 
By the middle of the eighteenth century, each country 
had its own sets of weights and measures, sometimes 
differing from one end of a country to the other. Phrases 
like 'a baker's dozen' remind us how imprecise these 
measures were. A baker's dozen was thirteen loaves, the 
number he had to supply to be sure that the weight of 
bread was at least the amount specified for twelve. 

All this lack of precision was, of course, a handicap to 
science, and yet in a curious way, a help. It was a 
handicap in the sense that the results of work in one part 
of the world might not apply in another place, because it 
was so difficult to ensure that the same weights and 
measures were used. It helped, surprisingly, because 
news of any discovery prompted dozens of other 
reservers to try out the same methods. In this way, each 
discovery was carefully checked, and, more important, 
relationships were formed which did not depend on 
what units of measurement were used. Just to take one 
example (though from the 19th century, rather than the 
18th) Ohm's Law will always be V = RI no matter what 
units we choose for V and I, as long as the units of R are 
units of . Even if all the units are chosen separately, 
the only effect on the law is to put a constant into it, like 
V = 1528R1—but it's still recognisably Ohm's Law. 

That last point is important. The laws of Physics, 
which includes electrical and electronic laws, don't 
change according to what units of measurement we use. 
Life becomes much simpler, though, if all formulae are 
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direct, with no number constants. In other words, it 
easier to remember V = RI than V = 1528RI. When 
measuring units are just added, one by one, as they are 
needed, we can never achieve this simplicity. In fact, we 
could reasonably argue that it's impossible because we 
would have to know of everything that could be 
measured—and we have a bit of historical evidence for 
this view coming up. 

PRACTICAL 
UNIT 

Volt 
Ampere 
Coulomb 

Henry 

Farad 

Current: 

Inductance: 

Capitance: 

EQUIVALENT 

IN ESU 

1/300 ESU 
3x10 9ESU 
3 xl0gESU 
1  

ESU 
9 X 1 0" 

9X10 11 ESU 

EQUIVALENT 

IN EMU 

10,000,000 EMU 
1/10 EMU 
1/10 EMU 

RELATIONSHIPS 
EMU 

ESU 

ESU 

EMU 

EMU 

ESU 

10 EMU 

10 9 Emu 

=speed of light 

=speed of light 

— speed of light 

Fig.2 Some examples of the three sets of units which were 
all in use until recently. 

French Rulers 

The French revolution started in 1789. We tend to 
remember it now as an example of the general rule that 
revolutions benefit very few and leave most people 
worse off, but the periods of dictatorship which followed 
the execution of the King and Queen did start off 
something of benefit to the rest of us. Dictators always 
seem to be obsessed by order—in more recent times 
both Hitler and Mussolini were fanatical about building 
new motorways and about railways running to time. The 
aftermath of the French Revolution was an obsession 
with standardised weights and measures, culminating in 
what we know as the metric system. 

The metric system was the first attempt to invent a 
system of weights and measures, the units are related to 
each other, and not just chosen at random. That way, 
with a bit of luck, your equations contain no awkward 
numbers. We often speak of the yard, foot measurement 
as the 'Imperial system' but in fact it's not a system at ah, 
just a random set of units with no attempt to relate one tr 
another. 

Let's illustrate this a bit more clearly. The designers of 
the metric system decided to create units which would 
be constant, so that they could be re-checked at any 
time, unlike the arm-span of a dead King. For the 
standard of length, always the first and most important 
unit, they decided to use one ten-millionth of the 
diameter of the earth. Now this was a bit useless, really, 
because the diameter of the earth had only been meas-
ure approximately, and it's not constant—its a bit more 
round the equator than it is round the poles. At times of 
revolution, through, people tend to do rather silly 
things, and no-one working on the committee which 

made the decision wanted to stick his neck out — 
literally! As it happened, they were about 27% out, 
but this has never been important because they had 
standard metres made in the form of metal bars with 
scratches to show the distance of one metre. The present 
standard metre is the distance between two scratch 
marks on a platinum bar kept in a case at a constant 
temperature in the French Standards Laboratory, at Sevres. 

COULOMB'S LAW IN SI 

cl XI F — 
41TE dr 

T - 

F— Force in Newtons 
qq charge in coulombs 
co— permittivity of free space in 

farads/metre 
distance between q,, and q 2 
in metres 

Fig.3. Colomb's law in SI units. The quantity E0 is called 
the permittivity of free space, units Farads per metre. 
The idea behind this quantity is that even a vacuum allows 
radio waves to pass, behaving like a transmission line 
with capacitance and inductance per metre. 

Relationships 

They may have let their revolutionary enthusiasm over-
come common sense (it often does) in that case, but the 
committee made sound decisions all the rest of the way. 
They realised, for a start, that there were only a very few 
units which had to be standardised—the ones we call 
fundamental units. At that time, the fundamental units 
were those of length, mass and time. The need for units 
of electric current, light flux, temperature, and chemical 
equivalence hadn't hit them yet—that's the danger in 
trying to set up a system of units before you know of 
every quantity that can be measured. At the end of the 
18th century the notion that light was measurable would 
aave seemed, shall we say, a 'bit too revolutionary. 

With the metre established, they then decided that all 
larger or smaller units should be powers of ten, such as 
10, 100, 0.1, 0.01 and so on. After a few tries at 
making a decimal scale of time, they decided to retain 
seconds, minutes and hours, but they were more suc-
cessful with the third fundamental unit of mass, the 
gram. Now mass isn't an easy quantity to explain to 
anyone who hasn't been taught what Physics is about. 
Mass is a measure of quantity of material, not its size 
(that's volume) nor its weight (that's the force of gravity 
on it). Masses are compared on a balance, and any sort 
of standard can be used. The metric committee hit on the 
bright idea of taking as their standard of mass a cubic 
centimetre of pure water at 4°C—a standard which 
anyone in.the world could duplicate. 

Having settled the three fundamental units, all other 
units are derived from them, whatever they happen to be 
called, by combining the fundamental units in the right 
ways. The volume of anything, for example, is found by 
multiplying three lengths together, so that the units of 
volume are units of length multiplied together three 
times. That makes the volume units cubic centimetres or 
cm3. Similarly, speed is measured in centimetres per 
second (cms), acceleration in centimetres per (second)2 
or cms2, force in dynes. Dynes? No, its not a new 
fundamental unit. From Newton's Laws of 1666, we 
know that Force = Mass x Acceleration, so that the unit 
of force was a unit of mass multiplied by a unit of 
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acceleration, grams X cms2 — it's too much of a 
mouthful, so that the word dyne was used. 

Political Considerations 
This was the first real system of scientific measure-
ment, and it went hand-in-hand with a complete set nf 
weights and measures for everyday use. The scientific 
measures were called the CGS system (meaning 
centimetre-gram-second), and they lasted until just a few 
years ago, when they were superceded at last by SI. 
What went wrong, and why did it take so long to sort it 
all out? 

The answer is the same old problem—you can't really 
design a sensible system of units until you know every-
thing you might have to measure. The members of the 
revolutionary committee thought they had it all licked, 
but they had, unfortunately, executed a few people who 
might have been able to tell them more about it all. The 
situation is pretty familiar, after all, our own parliament 
often makes decisions which affect the electronics 
industry, and yet these decisions are made by lawyers, 
teachers and good 'Party men' with little or no knowl-
edge of electronics. They don't nowadays execute 
people who know better, just ignore them. 
What the revolutionary committee could not have 

known was that current electricity, static electricity and 
magnetism were all part of the same thing. Nor, of 
course, could they have known that light was an elec-
tromagnetic wave, and that there was an absolute zero of 
temperature, colder than any temperature they could 
imagine. All these things were to come later, along with 
Joule's discovery that heat was just one other form of 
what we now call energy. These, however, were the 
things that with 50 years were to make the CGS system 
start to look rather foolish. Let's look at the electrical 
problems, since they affect electronics more than some 
of the others. 

Coulombs Calculations 
At the end of the 18th century, electrostatics was fairly 
well understood, measurements of magnetism well 
established, and current electricity just a curiosity. Ohm 
was still a young man and Faraday had not started his 
remarkable career. As far as the CGS committee was 
concerned, static electricity, current electricity and 
magnetism were three separate, unrelated branches of 
electricity, which could use units derived from the CGS 
fundamental units. 

For example, Coulomb had discovered in 1784 that 
the amount of force between two electrical charges, Q1 
and Q2, obeyed the equation of Fig. 1. Now since the 
CGS system has units for force ,and for distance, this  
fixed the units of electrical charge as cm X,/dynes 
written as cm.dyn 1/2 ). Around the same time, measure-
ments on long magnets showed that an almost identical 
law held for the magnetic 'poles'. Once again, the CGS 
system appeared able to cope. 

Things started to go wrong when current electricity 
started to be more than a laboratory curiosity. By the 
early 19th century, researchers began to be quite certain 
of something they had suspected for a long time: that 
electrostatics, magnetism and current electricity were 
part of the same thing. By this time, 'practical' units, the 
familiar volt and ampere were in use for making meas-
urements on electrical circuits. The discovery of a few 
more relationships then wrecked the structure of the 
CGS system. 
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Charged Subject 
One discovery was that which we call electric current is 
the movement of electric charge, so that the units of 
current should be units of charge per second. The other 
vital discovery was that magnetism and electric current 
are related, so that electric current can be measured in 
terms of the units used to measure the strength of a 
magnet. 

By now there were three sets of units for electrical 
measurements. For electrostatics, we used electrostatic 
units, ESU, and for magnetism the electromagnetic 

uoIl sine 

err r2 

B IS THE MAGNETIC STRENGTH AT POINT P 
uo IS THE PERMEABILITY OF FREE SPACE, HENRIES/METRE 
I IS THE LENGTH OF A SHORT PIECE OF WIRE 

IS THE ANGLE BETWEEN THE WIRE AND A LINE DRAWN TO POINT P 
I IS THE CURRENT IN AMPS 
r IS THE DISTANCE FROM THE WIRE TOP 

Fig.4. The Biot-Savart law of magnetism. This law shows 
how much magnetic flux density. B is caused by each bit 
of wire carrying current. The quantity u0 is called perm-
eability of free space. Once again, if space is thought 
of as a transmission line, permeability measures the induct-
ance per metre. 

units, EMU. For electrical circuits, however, we used the 
practical units, Ampere and Volt, joined now by Ohms, 
Henries and Farads. All three sets of units were needed 
and used, and anyone seriously working in electricity 
had to learn all three and also the conversions between 
them. For example, an electrostatic volt was 300 
practical volts, and a practical volt was 100 million 
electromagnetic volts. Just to make things more embar-
rassing, the ratio between ESU and EMU was always 
related to the speed of light (Fig. 2). 

Things were equally chaotic elsewhere, with one unit 
of energy (the Calorie) being used for heat, one in 
mechanics (the ERG) and another in electricity (the 
Joule). That sort of thing had been forgivable once, 
when heat, mechanics and electricity were thought of as 
completely un-related, but the work of Joule (1840 on) 
had shown that all forms of energy were equivalent, so 
that only one unit wa._; needed. By the 1880's the need 
for a system of measurement was becoming rather 
pressing, but how could it be done? 

Rationalisation 
The answer was brilliantly provided by Georgi in 1904. 
He proposed that the whole system could be reversed 
without making really drastic changes if only two of the 
original fundamental units were changed, and a few 
more added. The changes were to the metre and kilo-
gram instead of the centimetre and gram, keeping the 
second, and adding the ampere as a basic electrical unit. 
The system became known as the MKS or MKSA system 
(metre, kilogram, second, ampere), and gradually esta-
blished itself until it was being almost exclusively used 
by electrical engineers. This took time, though, and the 
MKSA system was not being taught to engineers until 
the 1950's. Nobody really wanted to upset the esta-
blished system, despite the fact that even college 
students were having to learn three different sets of 

Continued on page 68. 
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BP47: Mobile Discotheque Handbook $5.90 

The aim of this book es to give you enough information to enable you to have a 
better underreendeng of many aspects of "disco gear" The approwh adopted is 
to assume the wetter has no knowledge and starts with the fundamentals The 
explanations given are simplified enough for almost anyone to understand. 

8P48, Electronic Projects For Beginners $5.90 

The newcomer to electronics. will find a code range of easily made protects 
and a considerable number of actual component and wiring layouts. Many 
projects are constructed so as to eliminate the need for soldering. The book 
is divided into lour sections, "No Soldering" Projects, Miscellaneous Deveces, 
Radio and Audio Frequency Projects and Power Supplies. 

13P49: Popular Electronic Projects $6.25 

A collection of the most popular types of circuits and proiects which will 
prowde a number of designs to interest the electronics constructor. The projects 
seleCted cover a very wide range The tour basic types covered are Radio PTO 
pees, Audio Projects, Household Protects and Test Equipment. 

BP50: IC LM3900 Projects $5.90 

The purpose of this hook is to introduce the LM3900, one of the most versatile. 
ereely obtainable and inexpensive devices evadable to the Technician. Experi-
menter and the Hobbyist. It provedes the groundwork for both semple and more 
advariced uses. 

Simple basic working co cults are used to introduce this IC The reader should 
set up each of these for himself. Familiarity with these simple circuits is essent eat 
in order to understand many more complicated circuits and advanced uses. 

BP51: Electronic Music and Creative Tape Recording $5.50 

This buck sets out to show how electronic music can be made at home with the 
simplest and most onexpenseve of equipment. It then describes how the sounds 
are generated and how these may be recorded to build up the final composition. 

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

Babani Books from Eli 
BP1: First Book of Transistor Equivalents & Substitutes $2.80 

More than 25.000 transistors with alternatives and equivalents make up this 
most complete tolde Covers transistors made in Great Britain, USA. Japan, 
Germany, France. Europe. Hong Kong. and includes types produced by more 
than 120 different manufacturers 

BP14: Second Book of Transistor Equivalents & Substitutes $4.80 

This handbook content entirely new outer 'al, written in the same style as 
the "First Book of Transistor Equivalents & Substitutes' The two compte. 
ment each other and make available some of the most complete and exten• 
owe information in this field 

EIP24: Projects Using IC741 $4.25 

The popularity of this inexpenseve integrated circuit has made this book highly 
successful. Translated from the original German with copious notes data and 
circuitry, a "must" for everyone, whatever their interest .0 electronics. 

BP33: Electronic Calculator Users Handbook $4.25 

An Invaluable book or all calculator users whatever their age or occupanon, 
or whether they haw the simplest or most sophistecated of calculators. Presents 
formulae, data, methods of calculation, conversion factors, etc., with the calcula-
tor user especially in mind. often illustrated with simple examples. 

BP35: Handbook of IC Audio Pre-amplifier 

& Power Amplifier Construction $5.50 

Dos book is decoded into three pairs. Part I, Understanding Audio ICs. Part 

Preamplifiers, Mixers and Tone Controls: Part Ill, Power Amplifiers and Sup-
plies. Includes practical constructional details uf pure IC and Hybrid IC and 
Transistor designs from about 250roW to 100W output. An ideal book for both 
begenner and adranced enthusiasts alike. 

NO.205: First Book of HI-FI Loudspeaker Enclosures $3.55 

The only book giving all data for building every type of loudspeaker enclosure. 
Includes corner reflex, bass reflex. exponential horn, folded horn, tuned purr, 
k lepschorn labyrinth, tuned column, loaded port and multi Weak. panoramic. 
Many clear diagrams are Provided showing all dimensions necessary 
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BP69: Electronic Games 57 55 

The author has designed and dew:i.e.,' a numne- of .nterestmg elecoon c game 
Projects using modern integrated Circuits. The book is divided into two sections. 
one dealing with simple games and the latter dealing with more complex circuits. 
Ideal for both beginner and enthusiast. 

EIP70: Transistor Radio Fault-Finding Chart $2.40 

Author Mr Chas. Miller has drawn on extent,se experience in repairing transistor 
radios to design this book The reader should be able to trace most of the 
common faults quickly using he conc. Chart. 

BP71: Electronic Household Projects 

Some of the most useful and popular electronic construction protects ate those 
that can be used in or around the home. These c, rcuits range from such things as 
'1 Tone Door Buzzer' and Intercom through Smoke or Gas Detectors to Baby 
and Freezer Alarms 

BP72: A Microprocessor Primer $7.70 

A newcomer tends to be overwhelmed when first confronted with aretcles or 
books on mocroproCessors. In an attempt to give a painless approach to cornpu 
ring, this small book will start by designing a simple computer that is easy to 
learn and understand Such ideas as Relateve Addressing, Ind. Registers, eto. 
will be developed and will be seen as logical piogresseons rather than arbitrary 
things to be accepted but not understood. 

BP 73: Remote Control Projects $8.58 

This book is aimed primarily at the electronics enthusiast who wishes to expen. 
ment with remote control and many of the des gns are suitable for adaptation 
to the control of other circuits published elsewhere. Full explanations have been 
given so that the reader can fully understand now the cerents work and see 
how to modify them. Not only are Radio comer,' systems considered but also 
Infra cad. Visible light and Ultrasonic systems as are the use of Logic ICs and 
Pulse position modulation etc. 

BP74:Electronic Music Projects $7.70 

Although one of the more recent branches or amateur electronics. electronic 
music has now become extremehr popular and there are many projects which 
fall into this category. ranging in complexity from a simple guitar effects unit 
to a sophisticated organ or synthesiser. 

The purpose of this book is to prowele the constructor with a number of 
practical circuits for the less complex items of electronic music equipment, in-
eluding such things as FU, hoc, WaaiWaa Pedal, Sustain Unit. Reverberancen 
and Phaser Units, Tremelo Generator etc 

BP75: Electronic Test Equipment Construction $7.30 

Tiles hook covers in detail the construction o* a wide range ol lest equipment tor 
both the hobbyist and radio amateurs. Included are plume's ranging from a FET 
Amplified Voltmeter and Resistance Bridge to a Field Strength Meter and Hereto 
dyne Frequency Meter. 

Not only can the home constructor en oy building the equipment but the 
finished project can also be usefully utilised in the furtherance of his hobby 

An ideal book for both beginner and advanced enthusiast alike. 

BP76: Power Supply Projects $7.30 

Power supplies are an essential part cl any electronic project. 

The purpose of this book is to give a number of power supply designs. 
including simple unuabilised types. f iced voltage regulated types, and variable 
WIlage stebilesed WPes. the I  being primarily intended for use as bench 
supplees for the electronic workshop The designs are all low voltage types for use 
with semiconductor Circuits. 

There are ether types of power supplies and a number are dealt with in the 
final chapter, including a cassette supplY. N•cad battery charger, voltage step up 

and A ,o,ple .nver,er 

These books are specially imported from England by us. If someone has already used the form in this issue, 
please write to: ETI Magazine, Unit 6, 25 Overlea Boulevard, Toronto, Ontario M4H 161. 

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

Relays silicon controlled rectef tees (SCR sI and be-directional triodes ITRIACs1 
have a wide range of application in electronics today. These may extend over the 
whole field of motor control, dimming and heating control, delayed, timing and 
light sensitove circuits and include warn'ng devices. vareous novelties, light modu• 
lators, priority indicators, excess voltage breakers. etc. 

The enthusiast should be able to construct the tried and practical working 
cernots in this book with a minimum of difficulty. There is a wide latitude 
in component values and types, allowing easy modification of circuits or reedY 
adaptation of them to individual needs. 

8P39: 50 (PET) Field Effect Transmits. Projects $5.50 

The protects described in this book include radio frequency amplifiers and con 

  test equipment and receiver aids, tuners. receivers. misers and tone 
controls, as well as meow mescellaneous devoces which are useful in the home 
This book contains something of particu lar eeeeeee for every clans of enthuse.' 
- short wave listener, radio amateur. experementer or audio devotee 

BP42: 50 Simple L.E.D. Circuits $3.55 

50 interesting and useful cercuets and applications. covering many different 
branches of electron., using one of the most expensive and freely andeble 
components the Light Emitting Diode IL E D I. Also includes ewerlts for the 
207 Common Anode Display A useful book for the library of both beginner and 
more advanced enthusiast alike 

BP44: IC 555 Projects $7.55 

Every w often a device appears that is so useful that one wonders how life 
went on before without ri The 555 timer os such a device It es manufactured 
by almost every semiconductor manufacturer and es inexpensive and very easely 
obtainable. 

Included on this book are Basic and General Circuits. Motor Car and Model 
Railway Circuits, Alarms and Noise Makers as well es a section on the 55& 558 
and 559 timers 

BP46: Radio Circuits Using ICs $5.90 

This book describes integrated circuits and how they can be employed in re 
pricers for the reception of either amplitude or frequency modulated signals 

Chapters on amplitude modulated la.m.1 receivers and frequency modulation 
(for/ receovers. Discussion on the subjects of stereo decoder circus, the deveces 
wadable at present for rloredroPhone circuits and the convertence and versatilitV 
of voltage regulator devices An extremely valuable addition to the library of all 
electronics enthusiasts. 

BP62: BOOK 1. The Simple Electronic Circuit & Components $8.95 
8P63: BOOK 2. Alternating Current Theory $8 95 
13P64: BOOK 3. Semiconductor Technology S8 95 

Semply stated the aim of these booklisio provede an inexpensive inumluction 
to modern electronics The reader will start on the right road by thoroughly 
understanding the fundamental principles Incolved. 

Although written especially for readers with no more Man ordenarY mathe• 
matinal skills, the use of rnathernatecs es not avoided. and all the mathematics re. 
Suited is taught as the reader progresses 

The course concentrates on the understanding of the important concepts cers 
Irai to electronics. Each book n a complete treatise of a particular branch of the 
sublet' and, therefore, can he used on its own However, latter books assume a 
working knowledge of the subiects covered in earlier books 
BOOK This book cont.os fundamental theory necessary to a develop a toll 
understanding of the simple electronic circuit and its main components 
BOOK 2 This book continues with alternateng current theory 
BOOK 3. Follows on semiconductor technology, leading up to transistors 
and integrated circuits 

BP65: Single IC Projects $6.55 

All Inc protects contained en Met book are temple to construct and are based on 
a senate IC A strip board layout es wooded for each project, together with any 
speceal constructional poents and seueng up information. making Ow book 
womb'e for beginners as Well as more advanced constructors. 

BM: Beginners Guide To Microprocessors & Computing $7.55 

This book is entended as an introduction to the basic theory and concepts of 
binary aothrnetec. microprocessor operation and machine language proven, 
wing The only prior knowledge which has been assumed is very basic arithmetic 
and an understanding of enthcoes. A helpful Glossary os included. A most useful 
book for students of electron., teChnicsns, engineers and hobby's's. 

BP67: Counter Driver & Numeral Display Projects $7.55 

The author discusses and features many applications and projects using vareow 
types of numeral diSplaks. copular counter and driver IC's. etc. 

BP68: Choosing & Using Your HI-FI $7.25 

The reader s prow eded weth the fundamental information necessary to enable 
him to make a satisfactory choice horn the extensive range of slam equipment 
currently on the market. This shoe' aid him in understanding the technical 
Slated...en* of the equipment he is interested in buying. Full& helpful adv. 
on how to use your stereo system properly so as to realise ets potential to 

Inc fullest and .40 on huy.ng your equipment A Glossary of terms 4 included 

NO.213: Electronic Circuits For Moael Railways $4.50 

The reader is goen constructional details of how to build a simple model tram 
controller, controller with simulated mettle and a high power controller. A signal 
system and lighting for model trains es efiscussed as is the suppression of RF 
interference from model railways. The construction of an electronic steam 
whistle and a model nain eh& fer is also covered. 

NO 215 Shortwave Circuits & Gear For Experimenters 

& Radio Hams $3.70 

Covers constructional details of a numb of protects for the shortwave enth u 
past and radio "Ham" Included are an add in crystal filter, adding an "S" 
meter In your receiver, crystal iocked H.P. Receiver. AM tuner using phase 
locked loop. cony ttt e t for 2MIN to 6MHz. 40 to 800INFIr RF amplifier. Aerials 
for 1he 52. 144MH7 hands, Solid State Crystal Frequency Celebrator, etc 

• NO 221 Tested Transistor Projects S5.50 

Author Mr Richard Torre, has used his experience as an electronics develop 
rirent engineer to design, develop, build and test the many useful and interesting 
circuits in this book. Contains new and enemy/dove escuss as well as some 
which may bear resemblance to familiar desegns. 

NO. 223: 50 projects Using IC CA3130 $5.50 

In this book, he author hat deogned and develoied a number of interesting and 
useful proiects using the CA3130, one of the more advanced OPeratiOnal ame 
Mims that es evadable to the home constructor . Five general CalegOries are 

covered Audio Projects, R F Protects, Test Equipment, Household Protects 
and Miscellaneous Proiects 

NO.224: 50 CMOS IC Projects $4.25 

Diem IC's are suitable for an eatraordmary wide range of appliCalions and are 
now also some of he most inexperome and easily available types of ICs The 
author has designed and developed a number of interestini and useful protects 
The lour general categories enscuswd in the book are Mugged:gala., Amplifiers 
and Osc.11ators Trigger Dever. aml Snet,al Dev4es 

ALL PRICES INCLUDE 
POSTAGE & HANDLING 
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Wally Parsons reviews the various proposed AM Stereo systems. 

THE FIRST attempts to broadcast 
stereophonic sound occurred in the 
1950's and used the simple expedient of 
transmitting one channel on AM with 
the other on FM. Since the modern 
stereo disc was not available, pro-
gramme material was limited to pre-
recorded stereo tapes and live or taped 
performances. 

At that time AM-FM simulcasting 
was the rule, so once the problems of 
production were solved, this was fairly 
easy to do. However, only extensive 
operations such as the CBC had the 
material to do much along these lines, 
and, of course, many AM operators 
did not have FM licences, so only a 
handful of broadcasters were able to 
participate in these experiments. 

From the listeners' standpoint these 
experiments were pretty much a bust. 
In the first place, separate AM and FM 
systems were required and even the rare 
person with stereo facilities needed an 
extra tuner since it was very rare to find 
a single unit with independently tune-
able AM and FM sections. But of even 
greater importance, it was not possible 
to receive the entire programme on AM 
only or FM only: not a very satisfactory 
arrangement, even if we ignore the dif-
ferences in fidelity between channels. 
But it does illustrate some of the con-
siderations over and above the purely 
technical which must be satisfied for a 
stereo system to be acceptable. 

First of all, it must do what it is 
supposed to do, to an acceptable stan-
dard. 

It would be economic suicide for any 
broadcaster to adopt a system such that 
his station could not be received on 
existing sets. It would be political 

suicide to legislate the adoption of 
such a system. Therefore, it must be 
compatible with existing receivers at 
least to the extent that a stereo trans 
mission can be received in mono with 
no significant loss of quality. 

Of equal importance, a receiver 
equipped to receive a stereo signal must 
also be able to receive the signal of a 
mono station with no loss of quality. 

It must not cause interference with 
other stations nor should it be unduly 
sensitive to interference signals. 

Finally, conversion of transmitting 
facilities should not be unreasonably 
expensive and the technology should 
allow the manufacturing of receivers 
covering a wide price range, including 
low price portables. 

When FM stereo was approved, some 
performance compromises were ac-
cepted, primarily restriction of fre-
quency response and reduced signal/ 
noise ratio, but since AM is rather re-
tricted in these areas already, it would 
be nice if no compromises had to be 
made. 

The Competing Systems 
Of the five systems accepted for evalu-
ation, two of them were actually disc-
rete systems, that is, each channel was 
transmitted separately and intact, while 
the other three were matrix systems, in 
which both channels were combined 
into L+R and L—R for transmission, 
then recombined after reception to pro-
duce separate left and right channels. 

The simplest was the COMM Associ-
ates, in which the left and right channels 
modulated a carrier just below and one 
just above, respectively, the main 
carrier. The upper and lower sidebands, 

respectively, are filtered out, resulting 
in two single sideband transmission with 
suppressed carrier. 

Reception could be via two receivers, 
tuned respectively to each of the 
sidebands, or a single wideband receiver 
which would separate the two sets of 
sidebands internally. Advantages 
claimed were good fidelity and low 
noise. 

Certainly it would be possible to 
receive such a signal in mono with one 
standard receiver, but the demands on 
the IF characteristic are not likely to be 
met by many AM receivers and tuner 
sections currently in use. Thus the 
compatibility requirement is not really 
fulfilled. 

The MOTOROLA system was a little 
more elegant in that it used two carriers 
operating at the same frequency but 
separated by 90 degrees in phase. Al-
though Motorola claimed to have eli-
minated distortion on mono reception 
due to interaction between modulation 
components, maintaining the precise 
phase relationship would be quite a 
task for stations which use phased 
arrays for pattern control. 

BE LAR Laboratories proposed a 
system which was essentially a comple-
ment of the present FM stereo system. 
That is, the sum signal amplitude 
modulates the main carrier, while the 
difference signal frequency modulates a 
sub-carrier which in turn amplitude 
modulates the main carrier. Trouble 
with this approach is that with the 
limited channel bandwidth available it 
would not be possible to use a sub-
carrier frequency high enough to avoid 
beating with the higher audio frequen-
cies. 
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KAHN COMMUNICATIONS' pro-
posed system virtually combines the 
Magnavox system (coming up next) 
with the COMM Associates, by ampli-
tude modulating the carrier with the 
sum signal, after phase modulating 
it with the difference signal. Additional 
circuitry produces a carrier with the left 
channel on one side-band and the right 
channel on the other. The signal can be 
received in a similar manner as in the 
COMM system, or with a single receiver 
with phase detection to separate the ma-
trixed signals. 

Although field tests yielded excel-
lent results, in the real world one could 
expect the same disadvantages as with 
COMM, and a very complicated system 
as well. 

The MAGNAVOX system which 
was finally approved seems to com-
bine the best features of the other two 
matrix systems while avoiding the worst 
objections. Moreover, it is completely 
compatible with mono reception to 
such an extent that even the poorest 
sample in use at present will receive the 
sum, or mono, signal just as well as it 
receives present mono transmissions, 
and indeed, on such a receiver the lis-
tener is not likely to be able to dis-
tinguish one kind of transmission 
from another. 

In the final system the sum signal 
amplitude modulates the station's car-
rier, while the difference signal phase 
modulates the same carrier. But before 
any of this occurs, a 5Hz pilot tone fre-
quency modulates the carrier to provide 
a stereo indicator signal at the receiver. 

The AM/PM signal is generated in 
three steps. First a 3.69MHz oscillator 
is frequency modulated with the pilot 
tone. Next, a phase modulator adds the 
difference audio signal as phase devia-
tion to the output of a tunable (4MHz 
to 6MHz) frequency synthesizer. The 
two modulated signals are heterodyned 
down to the desired broadcast fre-
quency and fed to the transmitter's RF 
input. 
A suitable receiver system uses a 

single IF system and a standard enve-
lope detector for the Amplitude Modu-
lated signal, that is the sum signal. This 
particular signal path is identical in a 
mono or stereo receiver. 

The Phase Modulation is recovered 
by sampling the IF output, limiting it, 
and detecting it with a phase locked 
loop. One of the advantages of this 

approach lies in the ready availability 
of IC devices to perform this function, 
which reduces lead time in getting re-
ceivers on the market. 

The pilot tone is regenerated by re-
covering the audio tone present between 
the main VCO and the loop filter, as a 
by-product of the phase detection 
process. It is then fed through a second 
PLL to drive an indicator. It should be 
noted that this pilot tone is not an in-
tegral part of the difference signal trans-
mission and is not required for de-
coding. Thus, a simple low-cost bare 
bones stereo receiver could dispense 
with it with no problems. 

The recovered sum and difference 
signals are then combined in a standard 
matrix to produce Left and Right 
channels. 
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Prospects 
Before everyone goes rushing off in all 
directions attempting to buy AM Stereo 
tuners and turn out converters, buying 
up all the Phase Locked Loop IC's in 
sight, remember that it will take a little 
time before the system becomes a wide-
spread reality. 

First, CRTC approval is required, 
and although this is likely to be auto-
matic, we must remember that the 
CRTC is a bureaucracy with all that im-
plies. 

Then the station operators will have 
the job of modifying their transmitters, 
debugging the system, providing proof 
of performance, and getting CRTC 
approval. This is not an expensive 
conversion, but some stations which use 
complex antenna phasing arrays for pat-
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Fig.l. Functional representation of the 
transmitter encoding section. 
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Fig.2. The AM stereo receiver as 
described in the Magnavox system. 
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tern control may find it more compli-
cated than others. To compound 
their difficulties, some stations find it 
necessary to use rather questionable 
signal processing practices in order to 
get maximum penetration. They may 
find it necessary to revert to more 
acceptable practices ensuring a good 
quality signal, and find some other way 
to make themselves heard over their 
neighbours on the band. 
Those stations in major centres who 

also have FM outlets, as well as the 
small town operators who use both 
media, generally have stereo studio faci-
lities so it won't be difficult to provide 
stereo programming, but some AM only 
operations which have already been 
operating on shoestrings may not be 
so equipped, so it will cost more and 
take more time for conversion. But it 
will come. Stereo will increase the 
stations' audience delivery, and the size 
of audience delivered has a direct 
bearing on advertising rates. 

Probably the first stations to convert 
will be CBC outlets, where all the pro-
duction facilities are already in stereo, 
and some of the major stations who 
already have a large investment in 
hardware and probably have FM facili-
ties. These are usually Class I or Class II 
stations operating on fairly clear chan-
nels. 

Educated estimates seem to be 
in the order of about two years before 
the first stereo AM transmissions 
appear. 

Don't expect much in the way of 
stereo converters, though, such as 
appeared with FM stereo. Decoding 
with this system requires a far superior 
IF bandpass characteristic than is com-
mon with most tuners and receivers in 
current use. On the plus side, though, 
it will mean better AM tuner sections, 
and finally manufacturers may start to 
brag about their AM specifications. 

Kudos to Magnavox. I don't know 
whether the motive was magnanimity 
or just plain good business sense, but 
Magnavox has made it known that they 
will waive royalties on any of their 
patents used in transmitting stereo via 
this system, and will limit royalties to 
a matter of pennies to receiver manufac-
turers. This is good thinking, since it 
encourages rapid introduction of the 
system, which is to Magnovox' advan-
tage. A similar approach was taken by 

Philips with regard to the Compact 
Cassette system now in use and we all 
know how well that worked out. 

And in case anyone doesn't know, 
Magnavox is owned by Philips. • 

62 

FREE 
Celestion 
PROFESSIONAL 
LOUDSPEAKERS 
VENTED CABINET 
CONSTRUCTION 
PLANS 

Here at last! Seven Thiele-alignment 

vented systems. All expertly designed 
for concert-hall efficiency and smooth, 

extended bass response. And all using 
professional affordable Celestion 

Power Loudspeakers. 

Also new at your Celestion dealer; your 

choice of pre-cut front baffle board 

only, or complete knockdown cabinet 
kits for above systems. Plus three new 

heavy-duty crossovers. 
Write to Rocelco for complete 

"VENTED PLANS" yours FREE on request. 

PROFESSIONAL AND 
AFFORDABLE 
SYSTEMS START with 

Celestion 
POWER RANGE 
LOUDSPEAKERS 

EXCLUSIVE CANADIAN DISTRIBUTORS: 

ROCELCO INC. 
Dept. ETI 

1669 FLINT RD. DOWNSVIEW, ONT. 
TEL: (416)663-5302 M3J 2J7 

Circle No. 5 on Reader Service Card. 

e 
NEW Jilt CATALOGUE 

It contains a broad spectrum 
of Electronics Parts 
Accessories and Components 
Audio Accessories.... 

SEND $1.00 
FOR YOUR 
COPY OF 
"JMC" 
CATALOGUE & 
WHOLESALE 
PRICE LIST 

Please rush your "JMC" Catalogue 
and Price List 

NAME  
(Please Print) 

ADDRESS  

CITY   

PROV.  CODE  

Distribution JE Distribution Inc. 
C.P. 142 88 Ave., Laval 
Mont-Joli, P.Q. G5H 3K9 

INNOVATION! 
Fanon Message Centre 
—Computer controlled --
answering machine ' - --

-Screen your calls 
—Remote message retrieval 
—Status display 
—Compact size  $269.95 la 

COMMODORE PET COMPUTERS 
$1195.00 t Full keyboard. 

16K. . . . $1495.00 Separate numeric 
32K. . . . $1795.00 ". keypad — 25 lines 
Cassette Deck. $99.00 , of 40 characters. 

Memorex 51/4 " Diskettes . . 10 for $49.95 
Memorex C-10 Cassettes   $1 each 
PET Personal Computer Guide .   $19.95 
Library of PET Subroutines . . .   $24.95 
BSR System X-10 Home Control System 
for lighting and appliances. No special 
wiring needed. Starter Kit . . . .$139.95 
(Includes 1 command module, 1 appli-
ance module, 2 lamp modules) 

Scientific SHARP PRODUCTS 
programmable (Model EL5813). . $59.95 
Metric Converter   $25.95 
Sharp Talking Clock (Pocket size, 
digital, alarm/timer/stopwatch) . . $99.00 
We also carry Apple Computers, VCRs, 
video cassettes, and a vast array of other 
innovative products. Write or call for our 
FREE CATALOGUE. Orcome in &see us. 
Send Money Order, Chargex, Master 
Charge. Include expiry date, card number 
bank name and signature. Add 5% for 
snipping (excess refunded). Ontario resi-
dents add 7% sales tax. All prices subject 
to change. ELEcRoirpg, 

Km7 
5529 Yonge St. (just south of Finch) 

Willowdale, Ontario M2N 5S3 et 
(416) 223-8400 ‘04 

II 
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NOW READY — PRINTED CIRCUITS 
WITHOUT HASSLES by John Cox. Booklet 
has wealth of info on a variety of techniques 
and is jammed with tips and ideas you 
won't find anywhere else. At your dealer's, 
or send 50d to address below. (Booklet 
contains 50d coupon redeemable on pur-
chase of CERES product). 

GORGEOUS 
BOARDS I 

our - 
&DUI! 

69 PATTERNS OF 

ETCH RESISTANT 

RUB DOWN 

TRANSFERS 

PADS. LINES 

CORNERS 

IC DIPS 

LETTERS 

FIGURES 

SCHEMATIC 
SYMBOLS 

21 SCALE 

SOLD ON MONEY BACK GUARANTEE 

Info AIM, of dealers horn 

enall only) 

TRUST US 

CERES 
866 Bloor Street West. 

Toronto. Ontario. 
mec 1M5 

CERES 

NORTH AMERICAN 
ELECTRONICS 

EST. 1949 

AMIDON TOROIDAL CORES, 
FERRITE BEADS AND RODS, 
POT CORES, J.W. MILLER R.F. 
CHOKES, COIL FORMS, 
OSCILLATOR COILS, 
TRANSISTOR I.F.s, HASH FILTER 
CHOKES, MAGNET WIRE, 
XCELITE HAND TOOLS, WELLER 
SOLDERING COMPONENTS, 
KESTER SOLDER, BARKER & 
WILLIAMSON AIR COILS, R.F. 
SWITCHES, ANTENNA CONN-
ECTORS, ELECTRONIC HARD-
WARE, WIRE AND CABLE, RADIO 
TUBES, SWITCHES, AND MORE.. 

Our 44 page 1981 catalogue, No. 
18, is now being sent, free of charge. 
WRITE for it, or CALL us. 

NORAMEL CO. LTD., 
2407, STE. CATHERINE ST. E., 
MONTREAL, QUE., H2K 2J7. 

(514) 522-8422 

The first portable 
scope with a 
component tester. 

o 
Capacitor 33 uF Transistor E-C Transistor BE 

Oscilloscope Specifications: 

Y Deflection 

11E1 uF+ 68 ohms 

X Deflection 

Bandwidth. DC —10 MHz (-3 dB) Timebase: 0.2s —0.2 us/cm 
Overshoot: Less than 1% Triggering: 2 Hz— 30 MHz (3mm) 
Sensitivity: 5 mV — 20 Vim Auto+ level control 
Input Imp: 1 M ohm // 25pf Bandwidth: 2Hz — 1 MHz 

General Information 

Component Tester 
Calibrator 
Power Supplies: 
A.C. Input: 
Weight: 
Size: 

For single components and In circuit 
0.2V±1% for probe alignment 
Regulated including high voltage 
110, 127, 220, 237, VAC., 50 —60 Hz 
8-1/4 Lbs. 
4-1/2"H x 8-3/8"W x 12"D 

BCS 
ELECTRONICS LIMITED 
Instruments For Industry and Service 

980 Alness Street 
Unit 35 
Downsview, Ontario 
M3J 2S2 

(416) 661-5585 

Circle No. 18 on Reader Service Card. 
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7473 
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Ok 

A Pocket Digital Frequency Meter 
S. J. Barlow 
The circuit uses only five ICs and 13 
passive components. It is designed to 
fit into the casing of a pocket calcula-
tor and makes use of the calculator's 
seven segment display. 

It has a single range measuring up 
to 10 MHz. The display is updated 
with a new reading every seconds. 
The preceding frequency count is held 
in the display during this period, thus 
avoiding a flashing display during the 
sampling interval. 

The 7805 provides the 5V supply 
for the logic. The 4045 and the crystal 
form an oscillator and 21 stage binary 
counter producing 1 /32 second 
pulses at 1 sec intervals as shown in 
waveforms 1 and 2. The 7473 flip-
flop produces the one second gating 
pulse (waveform 3). Waveforms 2 
and 3 are NANDed into pin 14 of the 
ICM 7208s counter chip to produce 
the RESET signal. Waveform 3 is also 
inverted before driving a differentiator 
with a 5V1 zener diode providing a 
clamp and discharge path. The dif-
ferentiated waveform (5) gates the 
new frequency reading into the dis-
play. 

o  

7400 

INPUT 

4045 PIN 7 

4045 PIN 8 

ICM 7208 PIN 13 
(INHIBIT) 

IC151•7208 PIN 14 
(RESET) 

ICM07208 PIN 11 
(STROBE) 

5V1 

9 

1C4 
13 .CM 7208 

14 2 

7 SEGMENT 
7 DIGIT 
(COMMON CATHODE I 

II 
0 

19 .--"A/V- • 
100k 

20 
100k 

E IC3c 
1.7400 

1 CYCLE (2 SECS) 

17400 171 

^ 

h SEC 

1/32 SEC 

2 

IC5 
7805 

ON/OFF 

2 

3 

4 

5 

Slot Car Brake Lights 
P. Ruse 

Add some realism to your slot cars by 
building this little circuit into them. 
When the voltage on the track reduces, 
the LEDs light up. Neat and simple. 
Unfortunately, this circuit is not appli-
cable to model railways as trains don't 
have brake lights. 

SLOT 

CAR 

BRUSHES 

1N4001 

MOTOR 

2 x RED 

LEDS 

4700 

16V 

4-
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TECH TIPS 

Regulator Problems 
P. Dennis 

Some comments on the use of the 723 
regulator IC. 

Firstly, the shown circuit configura-
tion, designed to supply about 500mA, 
will oscillate at times, even with a 220p 
compensation capacitor. The solution to 
this one is to use a transistor with lower 
gain. As long as the ft stays the same, 
then the 3dB corner frequency will go 
up by the same amount that the beta 
goes down. 

Usually the lower gain presents no 
problem to the 723, although it does 
represent a high load. 

Secondly, if for any reason the wiper 
of the output voltage preset pot goes to 
ground, the IC may be damaged as the 
amplifier differential voltage (5V max.) 
may be exceeded. This usually occurs 
with multi-turn pots where the wiper 
position cannot be seen. It can easily 
be avoided by pre-setting the wiper 
to the output end of the track before 
switch-on. 

Thirdly, when operating the 723 
without an output transistor (in which 
case it can supply up to 150mA), 
remember that it may heat up, causing 
the reference voltage to drift. 

Stabiliser For Battery Supplies 
F. Gillespie 

The accompanying circuit is useful 
when voltage sensitive devices (such as 
TTL ICs) must be battery operated. It 
uses very little power from a good bat-
tery voltage. ZD1 should be selected 
to obtain approximately the desired 
output voltage; for fine trimming, 
R2 may be selected between 470 ohms 
and 3k3. With the components shown, 
the output voltage varies less than 2% 
for battery voltages from 5V to 8V and 
output currents from zero to 200mA. 
For higher currents, R1 may need to be 
decreased. 

Always use a power transistor for 
Q2, or it will overheat when the battery 
is nearly flat. Both C11 and Q2 should 
have a current gain of at least 40, 
while the gain of Q3 should be as high 
as possible. Q1 2N4402 

01 Q2,3 2N3904 
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INPUT 

COMPENSATION 
CAPACITOR 

PIN NUMBERS FOR 14-OIL 

CURRENT LIMIT 
RESISTOR 1-500mAl 

OUTPUT 

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. 
Eli 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. 

Your Toolbox Test Bench 
Model 216 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 monitor 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... 

HICKOKifair-
the value innovator 

U ROGERS electronic inttrumenti ltd. 

P.O. Box 310,595 Mackenzie Ave. Units 1&2 
Ajax, Ontario US 3C5. Tel. (416) 683-4211 
Duty and FST Included. Chargex (Visa) accepted. 
Ontario residents add 7% sales tax. Shipping 
,extra. 
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PLAY! 
KEL-CO CLASS 

THOROUGHBRED 
COMPUTER! 

The Racing Form is loaded with infor-
mation; as per Instructions, punch the 
right numbers into the computer and 
derive the ratings. The system pro-
vides a check list of "horse" factors 
so you can fine tune your selections. 

You learn about the importance of 
purse levels and winning horses; fit-
ness; and the different levels of racing 
among North American tracks. 

A survey using the computer was re-
cently conducted covering 200 races; 
obtain the results by sending $1.00 
to the address below. 

FULL PRICE:  $125.00 
(Includes 56 page manual) 
Make cheque or money order payable to: 

EQUINE MANAGEMENT 
& INNOVATIONS 

P.O. Box 2214, Station D 
Ottawa, Ont. KW 5W4 

Phone Enquiries, Charge, or C.O.D. 
(613) 523-4202 

D VISA D MASTE R CHA RG E 
Card No.   
Expiry Date   
Signature  
Print Name.  
Address.  

*Allow 2-3 weeks for delivery. 

e  
IT FEELS GREAT!!! 

affix 
your 
picture 
here 

Everyone has a favourite T-shirt. It's 
the one that's always at the top of 
the shirt drawer and always fits just 
right. 

If you don't have a favourite, get 
an ETI T-shirt. 

The shirt itself is a poly-cotton 
knit and Canadian made. Sizes are 
small, medium and large. 

Send $5.50 (postage & handling 
included) to: 
ETI T-SHIRTS, Unit 6, 25 Overlea 

%Blvd., Toronto, Ont. M4B 1B1. 

Serving The 
Technician 
Since 1971 

— Tuners are 
our only 
business. 

Tuners are cleaned ultrasonically, 
checked on new Wavetek sweep 

equipment for gain, bandwidth, 
oscillator tracking and AFC diver-
gence. Shaft repairs a specialty. 
Affiliated with Tuner Service Cor-

poration, Bloomington, Indiana. 
Only new parts are used, meeting 
manufacturer's specifications. 

$16.95 VHF UHF Varactor 
Same day service. 
One year warranty on workmanship and 
materials on tuner repairs. 

Please do not send mounting brackets. 

TUNER SERVICE Co. of CALGARY 

P.O. Box 5823 
Station "A" 

Calgary, Alberta T2H 1Y3 
(403) 243-0971 

Circle No. 6 on Reader Service Card. 

f Iii tbirer ( lass' I' 
nelifier Itits 

Now you too can afford to experience 
and enjoy the exciting, almost no-dis-
tortion sound of the latest Class "A" 
amplifiers with unique circuit designs 
you can only find in expensive brand 
name products. 

BUILD YOUR OWN AND SAVE! 
No. 1000 250W maximum, (85W R.M.S per 

channel' Stereo Dynamic Bias Class "A" 
Dual Differential Fully Complementary 
Preamp. and Power Arnplifier with 
Speaker Protector and Power 
SuPPIY  $189.50 

No.920 70W R.M.S. per channel Stereo Class "A" 
OCL DC Preamp. and Power Amp. with 
Boulin Mic Mixer, Speaker Protector and 
Power Supply  $138.50 

No.7777 130W R.M.S. per channel Stereo PET 
Super Low TIM. Dynamic Class "A" 
Power Amplifier with Speaker Protector 
and Power Supply $169.50 

No.100A 100W maximum 135W R.M.S per 
channel' Stereo Dynamic Bias Class "A" 
Dual Differential Pure Complementary 
Power Amplifier with Speaker 
Protector  $75.50 

No.1200 120W R.M.S. single channel DC PET 
Super Class "A" Power Amplifier with 
Super Low-Noise Matching Pair PET 
Differential Output  896.00 

No.100DP DC Class "A" Professional Stereo Preamp. 
with Regulated Power Supply . . 484.50 

Add 5% for postage and handling (no 
charge on orders of $200.00 or more). 
Ontario residents add 7% sales tax. Send 
cheque or money order. Master Charge 
or Visa accepted. 
PHONE ORDER (MASTER CHARGE 
OR VISA ONLY): (416) 499-0401  

FREE CATALOGUE: 

AUDIOVISION SERVICE 
P.O.Box 955, Station B 

Willowdale, Ontario M2K 2T6 

Circle No. 8 on Reader Service Card. 

VOCAL 
"TRUTH' 
ANALYZER 

• Works on TV, radio, telephone, tape recorder 

• immediate results — no waiting 
• Analyzes anyone 

* Compares with professional systems at $3,000 — $4,0001 
The LOGICAL SYSTEMS VOICE STRESS ANALYZER KIT is an 
inexpensive yet elegant exploration of a stress theory that has 
gained prominence In recent years. The VOICE STRESS 
ANALYZER will analyze any voice It hears — it utilizes the har-
monics of the voice, which enables detection of stress over 
frequency limited devices such as TV, radio, tape recorders — 
you can even hook it up to a telephone! 

The LOGICAL SYSTEMS VOICE ANALYZER KIT comes com-
plete with all components, hand held case, battery clip, power 
jack, telephone jack, and a detailed assembly and operating 
manual. All components are circuit board mounted, making 
assembly rapid and secure. This kit can be fully assembled and 
operational in an evening or less. 
!STRESS DETECTION 
The stress theory employed by the LOGICAL SYSTEMS VOICE 
ANALYZER was developed from wartime counter intelligence 
work. A measureable frequency of 8 — 12 Hertz was found in 
the voices of relaxed subjects — a frequency that disappeared 
under stress! This frequency, or microtremor, decreases as a 
person's autonomic nervous system takes control. The 
autonomic nervous system generates what we call the 'flight 
or fight' response: muscles tighten, blood rushes away from 
limbs, pupils dilate — and the 842 Hz frequency disappears 
from our voices! 

The LOGICAL SYSTEMS VOICE ANALYZER detects this fre-
quency and displays the presence or absence of it by lighting 
the NORMAL or the STRESS light. Extra lights are built into the 
unit so you may better monitor the degree of stress. 

Phone (416) 787-1448 

$149.95 $139.95 $129.95 
one unit two-four five or more 

VOCAL "TRUTH" ANALYZER KIT 

Logical Systrms 

1" 1-o: GLADSTONE ELECTRONICS 
Ole MMMMffl 

1736 Avenue Rd., Toronto M5M 3Y7 
Please send me Logical Systems Voice 
Stress Analyzer Kits. I enclose a 
cheque/moneyordericredit card number. 

Visa.M/C 
Expiry Date:  
Amount:$   
Signature•  
NAME'  
ADDRESS'  
CITY  PROV  
POSTAI (ODE   

ETI—DEC 1980 
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TV Ad Blanker 
Graham Taylor 

100k 

10M 

Q1 

n n 
14 2 311 12 
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lo 

6,13 

74C14 

45 

11 

CLR, VCC,P 

CLK 

G D 

1/2 
74C74 

D  

TV _L INPUT 
1µ0 

150k 

If you dislike having to watch TV 
ads, then this idea may be to your 
liking. 

Basically, it's a light-controlled AB 
switch. When the photo-transistor re-
ceives a pulse of light —from a flash-
light held by the person watching the 
TV — it toggles the bistable IC2 and 
changes the state of its Q output. 

Depending on whether this output is 
at +9V or —9V, either the TV sound 

i 150k 

RADIO 
INPUT 

\(1) 

02 

1µ0 

150k 

680k 

3 

 
2k2 (1 OUTPUT TO 

1 ) AMPLIFIER 

  1;10 

Q4 

10k 47k 

input or the radio sound input will be 
fed to the amplifier output. This can 
either be connected to your hi-fi amp-
lifier or, if you feel capable of tackling 
it, back into the sound section of your 
TV set. 

Operation is simple. You're watching 
TV, and suddenly the action is inter-
rupted by a commercial. Quick as a sync 
pulse, you pick up the flashlight (which 
you keep on the coffee table) and point 
it at the Ad Blanker, which sits on top 
of the TV set. The circuit senses the 
light and cuts off the sound, replacing it 

S.I. UNITS 
Continued from page 58. 
electrical units. Eventually, the lunacy of it all had some 
effect and an international committee which had been 
considering a change of units came down at last in 
favour of the MKSA system. 

That, in essence, is what we have now, re-named SI. 
The basic units are the metre, kilogram, second and 
ampere, along with the candela for light, the Kelvin for 
temperature and the mole for chemical quantity. At long 
last, there's only one set of quantities for electrical units 
and for energy (though they weakened a bit on light 
energy). Most equations are straightforward, with no 
conversions to remember, at the expense of a few new 
names to remember, like Newtons of force, Teslas of 
magnetism and Pascals of pressure. Nothing changes 
the law of physics, though, and the old business of the 
speed of light still appears. Coulomb's law of electric 
charge appears with a new constant Eo. (Fig. 3), and the 
Biot-Savart law of magnetism with another new con-
stant i, (Fig. 4). The quantity si-É-0  is C, the speed of 
light, reminding us constantly that what we call radio 
waves are just one form of the family of electromagnetic 
waves of which light is another equally distinguished 
member. 
Unified Units 
The future? Well, it looks as if we've made it at last, with 
a set of units that hangs together properly. There are a 
few odds and ends to tidy up, but at last we've made the 
teaching of electrical engineering and Physics a lot 
simpler, without having to change the metric system. 
Mind you, if someone now discovers some relationship 
between gravitation and electricity   • 

Q1,2,4 2N3904 
Q3 2N3906 

with some soothing intermission-like 
music from the radio. As soon as the ad 
is over, you fire another light beam at 
the unit and it reverts to its original 
state. 

The use of this device has another, 
hidden advantage. Listening to the TV 
with the radio sound playing instead 
sometimes produces hilarious combina-
tions. 

NEARLY ALL CONSTRUCTION PROJECTS REQUIRE 
SOME TYPE OF CIRCUIT BOARD. 

VEROBOARD is offered to you in 3 5 sizes, 0.1" x 0.1" 
and 0.15" x 0.15" matrix. Every square inch of 0.1" 
Veroboard has 100 accurately placed holes for maximum 
versatility (imagine drilling those yourself!) 
Vero also manufacture boards for integrated circuits, 
strip boards, plain boards, tools, pins and a superb range 
of plastic and metal cases. All these products are available 
from your local shop or mail order company. 

For your free catalogue circle No. 49 on Reader 
Service Card. Dealers Reply on Letterhead. 

ELECTRONIC PACKAGING SYSTEMS LTD. 
Retail Department. 

P.O. Box 481, Kingston, Ontario 
K7L 4W5 Telephone (6131 3841142 
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The easy way to learn about computers: 

BUILD ONE 
\ 

H14 Serial Printer 

Yes, you can do it. Heath makes it 
simple with easy-to-build kits and 
step-by-step assembly manuals that lead 
you from unpacking to final plug-in. 

And once you build your own computer, 
you'll know it inside-out. You'll know 
how to make it work for you. 

Software, designed especially for Heath-
kit Computers, includes innovative 

111111111111 111111 1111111 111!11,11, 

H89 All-In-One Computer 
with Floppy Disk System 

OIL 
programs for running. your home or 
business, and exciting games your kids 
will enjoy. 

The Heathkit User's Group (HUG), 
made up of owners of Heathkit Com-
puters, will share with you a library 
of over 400 programs that they've 
written to make your computer serve 
you in ways you never imagined. 

FREE catalogue! 
For complete descriptions of the Heath-
kit Computer Line send for the latest, 
free Heathkit Catalogue. 

If coupon is missing write: Heath 
Company, Dept. ETI -1280, 1480 
Dundas Street E., Mississauga, Ontario 
L4X 2R7. 

Heathkit Products are also displayed, 
sold and serviced at Heathkit Electronic 
Centres located in Montreal, Ottawa, 
Mississauga, Winnipeg, Edmonton and 
Vancouver. DEC is a registered trade-
mark of Digital Equipment Corporation. 

H27 Dual Floppy Disk System 

H11A 16-bit Computer (DEC PDP-
11/03 compatible) with Dual Floppy 

Disk System 

Heathkit Computers may be low-cost 
kits. But they're not playthings. They're 
powerful, high-capacity computers 
designed for complex programming. 
You'll find complete systems — hard-
ware, software, accessories — within 
the pages of the colourful, 80 page, 
Free Heathkit Catalogue. And you'll 
find service any time you need it at 
locations across Canada. 

Heathkit Heath Company, 
1480 Dundas St. E., 
Mississauga, Ont. L4X 2R7 

D YES Please send me my FREE Heathkit 
Catalogue. I am not currently 
receiving your catalogues. 

Name  

Address  
City Prov  
Eh-1280 Code.   
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CLASSIFIED 
ADVERT ISING  

FTI's classified advertising section allows 
you to reach 30,000 Canadian readers 
nation-wide. For as little as $15 (there's 
a 20 word min.) you can promote your 
business from coast to coast. 

WIIAT DO YOU DO? 
Send us your typewritten or clearly printed 
words, your permanent address and tele-
phone number, and your money (no cash 
please). Make your cheque or money 
order payable to 'ETI Magazine', We're 

at Unit 6, 25 Overlea Blvd., Toronto, 
Ontario. M4H 161 

WHAT DO WE DO? 
We typeset your words (and put the first 
word and your company name in BOLI) 
capital letters). If we get your message 
by the 14th of the month, it will appear 
in ETI 11/2 months later. For example 
if we receive it by October 14th you (and 
thousands more) will see it in the December 
issue. 

SABTRONICS - Kits and assembled instr-
uments. New 1 GIGA-HERTZ frequency 
counter. 200 kHz Function Generator, LCD 
& LED DMM's. Contact KUMAR AND 
COMPANY, 3344 Mainsail Cresent, Miss-
issauga, Ontario L5L 1H2. (416) 828-
0583. Special prices for schools and educa-
tion institutions. Dealer inquiries invited. 

CHALLENGER SOFTWARE. Quality soft-
ware now available for Superboard/Challen-
ger systems. Send $1.00 for listing (refund-
able with first order). Dealer enquiries 
welcome, write on letterhead or phone 
(416) 789-4458 for information. CHAL-
LENGE SOFTWARE, 1912A Avenue Rd., 
Toronto, Ontario M5M 4A1 or CHAL-
LENGE SOFTWARE, P.O. Box 6984, 
Orlando, H. 32803. 

VIDEO EQUIPMENT— Used. Colour or 
B&W cameras, recorders, monitors, special 
effects, etc. Think of the possibilities! Use 
the encoder from a surplus colour TV 
camera and colourize your CRT display. 
Descriptive catalogue published monthly. 
Phone or write for sample copy. MAGNA-
TRON LIMITED, 889 Kipling Avenue, 
Toronto, Ontario, M8Z 5H2, (416) 
236-1868. 

PRINTED CIRCUIT BOARDS available for 
all E.T.I. projects. Digital Test Meter (3 
boards)$13.99; Survival Game- $2.99; RIAA 
Preamp- $.99. Please send all orders prepaid. 
Why wait again for parts, order them with 
your board and save during our Winter sale. 
For complete information write: WENT-
WORTH ELECTRONICS, R.R. No.1, Wa-
terdown, Ontario, LOR 2H0. 

SPECIAL No. 1: Approximately 1000 elec-
tronic parts: capacitor - resistor - relay - 
hardware - etc, etc, for $10.00. No.2: assort-
ment of 50 tantalum capacitors, luf to 100 
uf (6 to 35VDC) for $10.00. No.3: 500 as-
sorted ceramic capacitors 1 to 5000pf, 
(1000 VDC), for $10.00. Auto Audio 
Booster kit 15W (2 x TDA2002) for $19.95 
- Stereo (4 x TDA2002) for $29.95. Free 
flyer. SURPLUS ELECTRO QUEBEC, 2264 
Montee Gagnon, Blainville, Que., Canada 
J7E 4H5. 

LOW-PRICED, high quality ETI Project 
Boards. Glass epoxy, drilled, tinned, gua-
ranteed . Inquire about our low cost TRS-80 
(TM) printer interface. For latest flyer send 
stamp to: K.S.K. ASSOCIATES, P.O. Box 
54, Morriston, Ontario, NOB 2CO. 

COMPLETE Electronic Hobby Services. 
Custom kits, circuits, technical writing, 
special parts, original designs. Free infor-
mation. TEKNIKIT ASSOCIATES, 301 
Flora Street, Carleton Place, Ontario K7C 
3M8. 

WSI RADIO — SWL Radios — Ham radios 
18 Sheldon Avenue North, Kitchener; 
Ontario N2H 3M2. Tel. (519) 579-0536. 
Write for giant catalogue, free of course!! 
(VE3EHC). 

NEW STORE! Hobbyist. Parts. Speakers. 
Kits. Equipment. GENERAL 
ELECTRONICS, 5511 Yonge St., Willow-
dale, Ont. M2N 5S3, 221-6174. Please 
write for free catalogue. Monday, Friday, 
Saturday: 10:00 AM - 6:00 PM. Tuesday, 
Wednesday, Thursday: 10:00 AM - 8:00 PM 

J&J ELECTRONICS LTD., P.O. Box 
1437E, Winnipeg, Manitoba R3C 2Z4. 
Surplus Semiconductor Specialists. Do you 
get our bargain flyer? Send $1.00 to receive 
the current literature and specials and to be 
placed on the mailing list for future pub-
lications. 

POWER INVERTER/converter kit - change 
12VDC to split +20V, OV, -20VDC variable 
to +35VDC, OV, -35VDC — 100W Capacity 
— Power amplifier modules from your car or 
van battery! Quality components - easy to 
assemble instructions. Step by step 
directions, P.C. & parts layout diagrams, 
parts list & suppliers . . .$3.95. Above with 
all quality parts, including wire . . . $29.95 
Finished P.C. Board ..... $7.95. FELINA 
ELECTROLAB, 11097 - 84 A Ave., Delta, 
B.C. V4C 3A9. 

RECEIVING TUBES, Radio & TV. Large 
quantity, brand new, original boxes, RCA, 
WE, Crossley etc. $2 each while they last. 
Send your requirements to WOLVERTON 
ENTERPRISES, 5, South Hythe, Burnaby, 
B.C., V5B 3H6. 

WHAT'S NEW 
Continued from page 47. 
others just like itself. The first is that 
it's noisy, and the second is that a fairly 
large percentage of 3080's leak to some 
degree. 

The result of all this bad karma is 
that even with silence prevailing, the 
vocoder, will be putting out quite a bit 
of signal; hiss and some snippets of 
carrier that are sneaking through. On in-
expensive instruments, a circuit to shut 
down the output during silent bits 
partially solves this hassle, but it's a 
sneaky way out, and has its drawbacks. 
Usually, the answer is to go to better 
types of VCAs; but to really get up into 
the realm where the results are suitable 
for framing, or, more to the point, 
pressing on wax, fairly drastic and ex-
pensive circuitry must be brought in. 
One recent approach involved an A/D 
converter and a digital step attenuator 

for each channel, which might serve to 
illustrate the lengths to which one must 
go. 
And in conclusion, once all problems 

have been surmounted and wrestled into 
the ground — (boy, is that Freudian) 
well, we are still not out of the artificial 
forest yet. It turns out that human voice 
consists not only of modulated tones, 
but also of sibilance and percussives, 
or modulated noise. This is only found 
in certain sounds, mostly used to swear 
with ("p" and "f" are two examples), 
but is essential, none the less, if com-
plete speech vocoderization is desired. 
Thus, a circuit must also be included to 
detect these sounds in the voice as it 
exists upon entering the encoder, and 
when they are unmasked, fire the cor-
rect amount of broadband noise into 
the input of the reproducer. Considera-

tions of space and sanity prevail upon 
me to leave this one to the imagination. 

This feeling, by the way, is shared by 
several of the vocoder manufacturers, 
who leave these things off all but the 
most expensive instruments. 

Snuffing It 
And now, the story closes, and I shall be 
away. To sleep, perchance to dream, or • 
perchance, to hallucinate, for I think row 
there was something in the muffins I 
had awhile back that Betty Crocker 
didn't call for in the recipe. Next 
month, the Martians may land, and 
declare the planet closed until further 
notice. If this should happen, I'll be 
mailing in my column from beside a 
gently tossing canal. Of course, they 
may be carnivorous. One never knows 
with Martians. 

We'll soon see. Stay tuned. • 

70 ETI—DEC 1980 



1111111111110111111111 
«s› -kCe: wedek 

Technical UISJIVDLT Centralab Specials 
Books 

5000 titles 
to choose from! 
Ask for our 

FREE 
Book Catalogue 

Quality Kits 
„ kit 31/2 Digit LED or 

i\e‘jv LCD Panel Meter Kits 
i) ICL7106 EV Kit-LCD $39.95 
ii) ICL7107 EV Kit-LED $41.95 

7226 EV Kit 
10 MHz Universal Counter-$109.95 

INTERSIL IM6100 
Computer Kit 

look 

CAP. VOLTAGE PARTO PRICE 
5 PF 1000 Volt oo-oso 12 
8 PF 
10 PF 

1030 Volt 
1000 0011 

00-080 
DO-100 

12 
12 

15 PF 
25 PF 

1000 7/017 
1000 Volt 

DO-150 
DO-250 

12 
12 

27 PF 1000 7/011 DD-270 14 
33 PF 
47 PF 

1000 0011 
1C00 000 

DO-330 
DO-470 

16 
16 

50 PF 
68 PF 

1000 \ion 
1000 Volt 

DD-500 
DO-680 

16 
16 

100 PF 1000 0011 DD-101 12 
150 PF 
200 PF 

IODO Volt 
1000 Volt 

OD-151 
130-201 

12 
13 

220 PF 
270 PF 

1000 Volt 
1030 0011 

DD-221 
DD-271 

14 
16 

330 PF 1030 0017 DD-331 16 
390 PF 
470 PF 

1000 Volt 
1000 0017 

DO-391 
DO-471 

12 
15 

500 PF 
880 PF 

1000 Vort 
1000 0011 

DD-501 
00-681 

13 
18 

150 PF 1000 Vol, 0D-151 16 

Memorie 
NO. DESCRIPTION PRICE 

2508 250 no 35.00 

2516 16K EPROM 18.00 
2716 16K EPROM 24.00 

25L32 32K EPROM 132.00 

2532 32K EPROM 44.00 
2564 64K EPROM 270.00 

4116 200 no. 7.50 

4164 64K RAM 210.00 

2114L 450 ns. 6.00 

Deluxe Positive Method 
Printed Circuit Kit $26.95 

FOR $1695", YOU GET 
Apple II 16K   1695°0 
16K Memory  1000° 
RF Modulator  41 0° 

reg.1836°0 
Apple II 16K   16950° 
RF Modulator   41 00 
Cassette Recorder   650° 

Reg.1801 00 

electronics ltd. 

4002 
4010 
4011 
4012 

4013 
4015 
4020 
4023 
4024 

Rectifiers 
3 AMPS 

1-99 100-999 1000. 

105400 50 Volts 20 18 18 

105401 100 volts 24 20 17 

105402 200 Volts .25 21 19 

105404 400 Volts .28 .22 .20 

105405 500 sions 31 26 28 

105408 800 Volts .37 32 28 

ALL PRICES ARE FSTIP 

loo004 -0000J-» 

Sockets .> 
8 Pins .14 
14 Pins .16 
16 Pins .18 
20 Pins .22 
22 Pins .24 
24 Pins .26 
40 Pins .42 

38 
.75 
40 
18 

.70 
1.46 
146 
.40 
108 

30 
00 
1 20 

CAP. VOLTAGE PARTO PRICE 
001 LIFD 1000 Volt DD-102 12 
002 
0022 

0F0 
MFD 

1030 Volt 
1030 Volt 

0D-202 
DO-222 

21 
19 

003 
0033 

MFD 
/AMI 

1000 0011 
1000 Volt 

DO-302 
00-332 

16 
I 

0347 MFD 10130 0011 DO-472 10 
01 
01 

MFD 
MFD 

25 7/011 
50 7/011 

UK25-103 
1.11450-103 

1 
72 

01 
022 

MFD 
MFD 

1000 MI 
16 7/011 

D0-103 
U016-223 

71 
20 

05 51F1) 10 000 U010-503 16 
05 
05 

MFD 
MFO 

12 Voit 
20 Volt 

U012-503 
0020-503 

20 
14 

05 
05 

MFD 
MFD 

25 Voll 
500017 

0925-503 
UK50-503 

22 
36 

05 MFD 600 Vd, DO-503 32 
1 
1 

UFO 
1040 

10 7/011 
72 W4 

U010-104 
1.1102-104 

16 
25 

l 
1 

7.4FD 
MFD 

16 0011 
20 Volt 

1.1016-1011 
U020-504 

25 
29 

1 MFD 25 you UN25 104 04 

4068 
4069 
4070 
4071 
4072 

4073 
4075 
1076 

4093 
4174 
4175 
4490 

4508 
4577 
4512 
4518 
4518 

4520 
4538 
4572 

78 
128 
128 
288 

434 
44 

1.13 
158 
1 15 

Capacitors 
CK05-CK06 
special 

CAPACITANCE 

10 PF 
100 PF 

220 PF 

270 PF 
330 PF 

1,000 PF 

2200 PF 
4,700 PF 
10.000 PF 

10,000 PF 

47,000 PF 
47,000 PF 

100,000 PF 
100,000 PF 

220,000 PF 

470,000 PF 
1 000 COD PF 

VOLTAGE 

200 Volts 
200 Volts 

200 Volts 
200 Volts 
200 Volts 

200 Volts 
100 Volts 
100 Volts 

100 Volts 

200 Volts 

50 Volts 
100 Volts 

50 Volts 
100 Volts 
50 Volts 

50 Volts 
50 Volts 

SELLING PRICE 

.25 

25 
.25 

.25 

.25 

IT'S HERE: The 
19E31 CESCO Industrial 
Electronics Catalogue 

The new 1981 Casco Industrial Electronic Catalogue features the major 
electronic lines together with the very latest developments in the field 
Complete listings and Specifications of all products of the electronics 
industry. Available free to buyers and engineers 

ALL PRICES ARE CANADIAN FS IP 

MONTREAL, QUE. 
4050 JEAN TALON W. • H4P 1W1 • (514) 735-5511 • TELEX: 05-25590 
QUEBEC, QUE. 
909 OUEST BLVD. CHAREST • G1 N 2C9 • (418) 687-4231 
OTTAWA, ONT. 
P.O. BOX 5260, STATION F • K2C 3H5 • (514) 
TORONTO, ONT. 
24 MARTIN ROSS AVE.•M3J 2K9•(416) 661-0220•TWX 610-492-2790 

Circle No. 43 on Reader Service Card. 
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280-CPU 25 MHz 11.38 280-S10/0 25 MHz 31.11 
280A-CPU 40 MHz 12.94 280A-510/0 40 MHz 36.21 
280-P10 25 MHz 8.85 280-510/1 25 MHz 31.14 
280A-P10 4 0 MHz 10.01 280A-510/1 4 0 MHz 36.21 
280-CTC 2 5 MHz 8.65 Z80-510/2 25 MHz 31.14 
280A-CTC 4 0 MHz 10.01 ZISOA-S10/2 4 0 MHz 36.21 

280A-DMA 4 0 MHz 28.15 

e MOS MEMORIES mos Static RAM's 
N 

Part No. Price 
2102-25 IK (IK a 1) 25ONS 16 PIN 1.76 
P2111-35 IK (256 a 4) 35ONS 18 PIN 5.14 
P2112-35 1K (256 4) 35ONS 18 PIN 4.49 
2114L Low Power 4K (1024 4) 30ONS 5.53 
"Further savings by buying a set of 2114LS'• 

8 PIECES FOR S 38.81 

16 PIECES FOR 73.84 

32 PIECES FOR $139.36 
2147 4K (4K x 1) 55NS 15.54 
2147 4K (4K 1) 7ONS 12.94 

UART's  

COM8017/AV5-1013A Special 5.14 
40 Khz Single 5V Supply 

1K CMOS RAM  
5101 1K (256 4) 45ONS 22 PIN Low Power 6.44 

4K CMOS RAM  
P6504 4K (4K 1 I 55ONS 18 PIN 110MW 12.84 
P6514 4K (1K • 41 45ONS 18 PIN 110MW 12.84 

SHIFT REGISTERS  
3341APC FIFO 1 MHz 7.15 

SCR's and TRIAC's 
C1060 .44 SCR 5 amp 400V TO-220 

SCR 8 amp 200V TO-220 
TIC126B 1.42 SCR 12 amp 200V TO-220 
TIC216B 1.29 Trac 6 amp 200V TO-220 
TIC226D 1.24 Trac 8 amp 400V TO-220 
TIC236D 1.89 Trac 12 amp 400V TO-220 
TIC246D 1.89 Triac 16 amp 400V TO-220 

Bi-Fet OP AMPS 
TL064CN 3.58 Quad low power 
TL071CP .77 Low home 
TL072CP 1.55 Dual low noise 
TL074CN 3.06 Quad low noise 
TL081CP .64 J•FET Input 
TL082CP 1.29 Dual J-FET input 
TL084CN 2.54 Quad J.FET Input 

1980 IC MASTER 
over 2700 PAGES 

Complete integrated circuit data selector. 
Master guide to the latest I.C.'s Including 
microprocessors and consumer circuits. 
45,000 device types listed. 5600 new 
device types added. Complete new 
sectron on MPU boards 8 Systems 

"VERY SPECIAL $38.95" 

TIP29A 
T1P2913 
T1P29C 
TIP30A 
TIP3OB 
TIP30C 
TIP31A 
TIP3113 
T1P31C 
TIP32A 
TIP3213 
TIP32C 
TIP41A 

PLASTIC POWER 
TRANSISTORS 

.48 T1P41B .74 T1P122 .94 

.49 TIP41C .77 TIP125 .94 

.51 TIP42A .70 TIP126 1.00 

.51 TIP42B .77 T1P127 1.09 

.55 TIP42C .83 TIP140 1.87 

.55 TIP110 .70 TIP141 2.13 

.49 TIP111 .74 1111142 2.55 

.55 TIP112 .83 T1P145 2.40 

.59 TIP115 .72 TIP146 2.57 

.55 TIP116 .77 T1P147 2.93 

.59 TIP117 .83 TIP2955 1.08 

.62 TIP120 .83 TIP3055 .91 

.72 TIP121 .88 FT3055 .77 

PROM'S 
745288/M87051 5.14 
745188/M87056 5.14 
93427/MB7052 5.14 
93417/M137057 5.14 
93446/M137053 6.44 
93436/M87058 6.44 
93453/MB7122 12.94 
We provide PROM programming. 
Please enclose truth table or master PROM 

256 bit, 16 PIN 
256 bit, 16 PIN 
1K, 16 PIN 
1K, 16 PIN 
2K, 16 PIN 
2K, 16 PIN 
4K, 18 PIN 

I
741500117 .30 71479,11V.33P 9Le .38 S499;10T. TKY 
74LSOIN .27 74/521N .33 74LS73N .49 741596N .88 7415139N 
741502N .36 741526N .51 741574N .90 7415107N .55 7415145N 
741503N .30 74LS27N .42 74L575N.55 741.5109N .68 7415147N 
74LS04N .36 741530N .25 74LS76N .68 7415112N .55 741-5148N 
741505N .36 741532N .51 741578N .47 7415122N .70 7415151N 
741508N .36 741537N .47 741583N 1.14 7415123N 1.03 741_5153N 
741509N .47 741538N .47 741585N 1.56 7415124N 1.29 7415155N 
741S1ON .33 741542N .59 741586N .68 7415125N 1.29 7415156N 
741511N .47 741547N .99 741590N .57 7415126N .70 7415157N 
741512N .23 7415413N 3.45 74/591N 1.22 7415132N .77 741_5158N 
7415139 .33 741551N .33 74LS92N .70 7415133N 3.71 7415160N 
741514N .62 7415549 .33 741_593N .55 7415136N .70 741_5161N 

MICROPROCESSOR CHIP SETS 
Part Na. Price 
8080A CPU 7.35 
8085 CPU 15.54 

8212 3.58 
8214 5.14 
8216 3.84 
8224 4.49 

N..8226 3.84 

Part No. 
8228 
8251 
8253 
8255 
8257 
8259 

Price Pan No. Price Part No. 
6.47 6800 CPU 8.45 6502 CPU 
9.04 6802 CPU 15.54 6504 CPU 

14.24 6810 4.88 6505 CPU 
9.04 6821 4.88 6520 

14.24 6850 5.14 6522 
16.84 6852 4.88 6532 

6551 

Price 
12.94 
12.94 
12.94 
964 
12.94 
18.14 
18.14 

74S SCHOTTKY 
74500N .73 74S37N 2.15 745134N 1.11 745168N 7.35 745241N 7.54 745373N 5.14 
74502N .85 74538N 2.15 745135N 2.57 745169N 7.35 74S244N 7.51 745374N 5.14 
74503N .85 74540N .70 745138N 1.53 745174N 1.68 745251N 2.43 7454125 3.87 
74504N 1.11 74551N .85 745139N 1.53 745175N 1.68 74S253N 12.29 745470N 10.34 
74505N 1.11 74S74N 1.09 745140N 2.13 745181N 6.31 745257N 2.59 745471N 15.44 
74508N 1.11 74585N 2.93 745151N 1.55 745182N 3.59 745258N 2.59 74S472N 22.04 
74509N 1.11 74586N 2.15 745153N 1.55 745189N 20.61 745260N 1.60 745474N 38.94 
74510N 1.11 745112N 2.15 745157N 2.98 745194N 5.93 745274N 38.35 745476N 19.31 
74511N 1.11 745114N 2.15 745158N 3.71 745195N 2.57 745275N 38.35 745478N 32.44 
74520N 1.11 745124N 3.45 745161N 5.14 745.201N 18.14 745280N 3.73 
74530N .85 74S132N 2.00 74S162N 5.79 74S225N 18.14 745283N 6.44 
74032N 1.89 74S133N 2.57 74S163N 5.14 7452454 9.95 74S299N 10.21 

LM301AN.8 
LM304CH 
LM307N-8 
LM308N-8 
LM308CH 
LM309K 
LM310HC 
LM311N-8 
LM317T 
(70.2201 
LM318N-8 
LM318CH 

LINEAR 
.44 LM324N 1.16 LM339N .7u LM741CN-8 .51 

.70 LM747CN-14 .77 
38 LM348N-14 1.28 LM748CN-8 .51 

1.18 LM358N-8 1.03 LM1458N.8 .55 
1.24 LM555N-8 .42 LM14138N-14 .90 
1.68 LM556N-14 .64 LM1489N.14 .90 
1.94 1M723CH 1.16 LM3046N-14 1.29 
.77 LM723CN-14 .64 LM3302N•14 .72 

1.94 LM725CN-8 2.28 LM3403N•14 1.16 
LI1733CN-14 2.07 LM3900N .64 
LM739CN-14 1.68 LM4136N-14 1.29 
LM741CH .85 ULN2003AN 1.16., :  

DUAL-IN-LINE--LOW PROFILE-I.C. SOCKETS 
CONTACTS PRICE CONTACTS PRICE 
8 PIN .11 22 PIN .33 

14 PIN .17 24 PIN .36 
16 PIN .20 28 PIN .42 
18 PIN .27 40 PIN .61 
20 PIN .30 
• LOWEST PRICES ANYWHERE FOR THE HIGHEST QUALITY 
AN UNBEATABLE COMBINATION 

CD4000BE 
CD4001BE 
CD4002BE 
CD4006BE 
CD4007BE 
CD4008BE 
CD40098E 
CD401013E 
CD401113E 
CD4012BE 
CD4013BE 
CD4014BE 
CD4015BE 
CD4016BE 
CD4017BE 
CD4018BE 
CD4019BE 
CD4020BE 
CD4021BE 
CD4022BE 
CD4023BE 
CD4024BE 

.38 

.36 

.31 
1.18 
.59 

1.11 
.73 
.73 
.36 
.31 
.51 
se 
.88 
.51 
.96 
.81 
66 

1.18 
.08 

1.78 
.36 
.72 

CD4025BE 
CD4026BE 
CD4027BE 
CD4028BE 
CD4029BE 
CD4030BE 
CD/103313E 
CD4034BE 
CD4035BE 
CD4040BE 
CD4041BE 
CD4042BE 
CD4043BE 
CD4044BE 
CD4046BE 
CD4047BE 
CD4049BE 
CD4050BE 
CD4051BE 
CD4052BE 
CD4053BE 
CD4060BE 

CMOS 
.40 

2.68 
.66 
.81 

1.26 
.62 

2.68 
3.74 
1.33 
1.18 
2.33 
618 

1.33 
1.03 
1.18 
1.18 
.59 
.57 

1.11 
1.47 
1.47 
2.17 

CD4066BE 
CD4068BE 
CD4069BE 
CD4070BE 
CD40728E 
CD4073BE 
CI:140758E 
CD4076BE 
CD4078BE 
CD4081BE 
CD4082BE 
CD4085BE 
CD4086BE 
CD4093BE 
CD4099BE 
CD41048E 
CD4508BE 
CD4510BE 
CD4511BE 
CD4512BE 
C04514BE 
CD4515BE 

1.18 
.40 
.36 
.56 
.31 
.43 
.38 

1.11 
.43 
.36 
.31 
.81 

1.03 
1.03 
2.57 
2.59 
2.31 
1.03 
.96 

1.18 
2.61 
2.61 

C0451 613E 
CD4519BE 
CD4520BE 
CD4522BE 
CD4526BE 
CD4527BE 
CD4528BE 
CD4531BE 
CD4532BE 
CD4539BE 
CD4543BE 
CD4553BE 
CD4555BE 
CD4556BE 
C04501 BE 
C0458213E 
CD4584BE 
CD4585BE 
CD4702BE 

1.33 
.70 
.96 

1.26 
1.48 
2.17 
1.18 
1.18 
1.17 
1.18 
2.57 
1.32 
.88 
.88 

2.59 
1.31 
.72 

1.18 
12.94 

LED209 
LED211 
LED212 

LED220 
LED222 
LED224 

END357 
END500 
END507 
01_1416 
4 digit, 16 

11074 
11074 
ILCT6 
TIL111 
4N26 
4N33 

OPTO SALE 
L.E.D. LAMPS 

T.I 2 mm Red 
T-1 3 mm Green 
T-1 3 mm Yellow 

.12 

.25 

.18 

T-1.4 5 mm Red .14 
T.1 04 5 mm Green .31 
T.1% 5 mm Yellow .21 

DISPLAYS 

375" Common Cathode 1.29 
.500" Common Cathode 1.29 
500" Common Anode 1.29 

38.94 
segment alphanumerrc dIsplay 16' nt 

ISOLATORS 

Dual Opto Isolator 1500V 1.68 
Ouad Opto Isolator 1500V 5.14 
Dual Opto Isolator 1500V 1.68 
Opto Coupler 1500V .70 
Opto Isolator 2500V .70 
Opto Isolator 1500V .85 

NOW AVAILABLE FROM ACTIVE COMPONENTS. 
GIFT CERT1CATES 

VALUES: $10. $15. $20. $50. $100. 
THE PERFECT CHRISTMAS GIFT FOR YOUR FRIENDS AND RELATIVES. 

"Memory Specials" 
EPROM'S 

C2708 
1K x 8 450 os 

TMS2532 
32K (4096 x 8) 450 os 

TMS2716 
16K (2K x 8) 450 os 
(3 power supplies) TI. Version 

C2716/TMS2516 
16K (2K x 8) 450 ns 
(Single 5V supply -Similar to intel version) 

TMS2564 
64K (8K x 8) 450 os 

S 7.74 

$41.60 

$22.04 

12.55 

$344.50 

16K MOS DYNAMIC RAM'S (16 PIN) 

416-3 (20Ons) $6.44 

"Further savings by buying a set of 416-3'S" 

8 PIECES FOR $49.40 

16 PIECES FOR S 93.60 

32 PIECES FOR $178.69 

416-5 (30ONS) 4.49 
"Further savings by buying a set of 416-5'S" 

8 PIECES FOR $ 34.94 

16 PIECES FOR S 66.56 

32 PIECES FOR $124.28 

4K MOS DYNAMIC RAM'S 

TMS4060-30 Special 3.84 
4K (4K x 1) 30ONS 22 PIN 

TMS4060-20 5.14 

4K (4K x 1) 20ONS 22 PIN 

.90 

.90 
1.63 
3.19 
1.87 
.59 
.55 

1.13 
1.89 
.77 
.77 

1.29 
1.11 

7415162N 
741.5163N 
7415164N 
741_51659 
7415166N 
7415170N 
7415173N 
741.5174N 
7415175N 
7415181N 
741_5190N 
7415191N 
741_5192N 

1.11 
1.11 
.83 

1.65 
2.43 
3.58 
.96 
.57 
.57 

3.09 
1.63 
1.16 
.88 

7415193N 
7415194N 
74151959 
7415196N 
7415197N 
7415221N 
7415240N 
7415241N 
74LS242N 
7415243N 
7415244N 
74152459 
74LS247N 

1.16 
1.16 
118 

1.46 
1.29 
1.14 
1.29 
1.29 
1.29 
1.29 
1.29 
3.58 
1.16 

7415248N 
741_5249N 
741_5251N 
741_5253N 
7415257N 
74152513N 
741.5259N 
7415260N 
7415266N 
74LS273N 
7415275N 
7415279N 
7415280N 

2.20 7415283N 
1.29 741_5290N 
2.93 7415293N 
.77 7415298N 

1.16 7415299N 
.88 7415320N 

6.05 741_5321N 
1.29 7415322N 
.70 7415323N 

1.81 7415324N 
6.44 74153489 
.88 7415352N 

3.50 741_5353N 

1.25 
1.09 
.49 

1.55 
3.58 
3.84 
5.02 
6.44 
6.44 
1.55 
3.19 
1.65 
2.54 

7415362N 15.51 
7415365N 1.11 
741_5366N 1.11 
7415367N 1.11 
74153689 1.11 
74LS373N 1.92 
741.5374N 1.92 
741_5375N 3.84 
741_5377N 1.87 
741_5378N 1.55 
7415379N 2.54 
7415390N 2.57 
74LS3939 3.58 

74LS395N 2.54 
741.5447N .46 
7415490N 2.54 
741.5630N 110.50 
74156319 110.50 
741_5669N 1.16 
741.5670N 3.45 

r Active 
Orautnlione 

MINIMUM MAIL ORDER 510 00 
Add 53 00 to cover postage and handling 

PRICES ARE IN CON. FUNDS, FOB CANADA 
Federal Sales Tax Incl. 
Provincial Sales Tax Extra 

5651 FERRIER ST 
MONTREAL. QUEBEC 
HOP 2K5 
Tel.: 1514) 731-7441 

BAXTER CENTER 
1050 BAXTER ROAD 
OTTAWA. ONTARIO 
K2C 3P2 
Tel.: (6131 820-9471 

LARGE INVENTORY AT ALL LOCATIONS 

STORE HOURS: 
Monday to Wednesday 9:00 am - 6:00 pm 
Thursday and Friday 9:00 am - 600 pm 
Saturday 9:00 am - 560 pm 

0800 OUFFERIN ST. 
DOWNSVIEW. ONTARIO 
M3H 5S9 
Tel (416) 661-1115 

VISA AND 
MASTER CHARGE 
ACCEPTED 

5809 MacLEOD TRAIL S. 3070 KINGSWAY . 
UNIT 109 VANCOUVER. B.C. 
CALGARY, ALBERTA V5R 5J7 
T214 0J9 Tel.: 16041 438-3321 
Tel. (4031 259-6408 

Circle No. 40 on Reader Service Card. 


