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computers a¢

Multiflex Drive

for your APPLE~ S
with shamrock
controller $399

with Rana controlier
(can handie up to 4 drives) $4
FEATURES:

case. * 120 day warranty.

systems that are in use (including those that use
“half-tracking”). This drive, in a case, com-

plete with a 120 day warranty is avail-

able with or without a controlier

card. Thousands already
sold.

Joysticks

Apple Il° Compatible
Econo Model

$19.95

Self-Centering

With two adjustable controls
Super offer

TG -Joysticks
De Luxe Model

TG Paddles
De Luxe Model

Monitors

BMC BM-12AU: $125
A 12" green phosphor monitor with
a 12 MHz bandwidth, which

is ideal for the APPLE computers (in

either 40 or 80 column
mode).

ZENITH ZVM-121:

A 12” green phosphor monitor with a 13 MHz bandwidth
and a 40/80 column screen width selector switch works
with just about any home microcomputer on the market
today.

AMDEK COLOUR-1

$449
A 13” medium resolution, composite video colour monitor

with a built-in speaker, which gives a great colour picture
with just about any computer.

BMC COLOUR: Special

13" in attractive (futuristic) packaging.
AMDEK AMBER:
Amber display

$399

$248

*SA400L base drive. * APPLE compatible. * Complete with

The MULTIFLEX APPLE-compatible disk drive is a
standard Shugart SA400L which has been modified to
work with the APPLE [I/ll + lle computers. It is compati-
ble and handles all the special protection disk operating

EX CE’C"OI"X compu

pr
uﬂ"e"“.’,'::fr by Modem

(patalink)

a16) 921-8941

$67.95
Expand you 48K APPLE to 64K. The
MULTIFLEX 16K RAM Card allows other
languages to be loaded into your APPLE from
disk or tape. Allows APPLE CP/M users to run
CPI/M 56.

Proto Boards $15.95

Z80 Card Assembled & Tested. No
software included. $79.00

Floppy Controller Card $86.95

RF Modulators Econo Model
(No sound) $18.95

De Luxe Model (With sound)
$21.95

Diskettes

5%
Maxell MD-1 (SSDD)
Maxell MD-2 (DSDD)
Wabash (SSDD)
Verbatim (SSDD) . . . ........
Control Data (SSDD)

per box of 10
$51.95

8"
Control Data (SSDD)

FEATURES:

........... $70.00
Control Data (DSDD) ......... .. 95.00
Maxell FD-1(SSDD) ............ 80.00
Maxell FD-2(DSDD) . ........... 99.00
Ectype(SSDD). ................ 65.00
Quantity discounts available
===
80-Column Card

“Gives 80 columns and upper/lower case on your APPLE /Il +
/lle computer.

*Works with PASCAL and CP/M.

*Auto-switch between 40 columns and 80 columns.

“Full inverse video.

The MULTIFLEX Video-80 card allows the user of an APPLE I
computer to have an 80x24 text display with upper and lower case
characters. This board allows the user to switch from a 40 column
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PRINTER SPECIALS

82", Dot Matrix, 80 Col-
umn, 100 C.P.S. Regular ranty
: ar

price $615. All 120 day ¥
Gemini 15 $699 SMITH CORONA $819
15, Dot Matrix, 132 column, 100 c.p.s. Daisy Wheel
EPSON MXS8OFT $795 OKI DATA ML82A $650
812", Dot Matrix with GRAFTRAX + 9”, Dot Matrix, 80 column, 120 c.p.s.
EPSON MX100 $999 OKI DATA ML92 $795
15, Dot Matrix with GRAFTRAX + 4 character sizes, 97, 160 c.p.s.
EPSON FX80 (NEW) $925 OKIDATA ML84 $1595
82", Dot Matrix, 80 column, 160 c.p.s. 1312, 2 character sizes, 136/231 c.p.s.

92171-894g4

v

Don‘t hesitate to contact us on our price hotiine 921-4114 for the
most competitive prices in Canadal

Memory Chips

4164 - 150 ns (1x64k single ( + 5V)

supply) 8.95
4116 - 200 ns (1x16k) 1.89
2114L-200 ns(1kx4 static) 2.49
6116-150 ns (2kx8 static RAM) 8.95

(Pin compatible with 2716 uses
negligible amount of power)

2016-150 ns (2kx8 static) 8.75
2102L-200 ns (1kx1 static) 1.95
5101-CMOS RAM 3.85
2708-(1kx8)EPROM 5.75
2716-(2kx8 EPROM single +5V) 4.95
2732-(4kx8 EPROM single +5V) 8.69
2532-(4kx8 EPROM single 5V) 8.95
2764-(8kx8) EPROM single 5V) 13.95

Modems
ECONO MODEM

300 baud, acoustic coupler, attractively
packaged, (uses +5, +12, -12 voltages
from your computer).

Limited time offer only: $59

EMP 310 MODEM

300 baud, attractively packaged, ready to
use. Normal price $199.

Special price: With Phone:
$169 $179

OSBORNE
COMPUTER

New model on sale now

$2289
With 12 Zenith green screen +
adapter 52395

PAPER

For your printer
Control Data, 92" x 11” plain,
500 sheets

Other sizes available.

Mulitifilex EPROM
Programmer $99

FEATURES:
*EPROM programmer for APPLE
computers.

*Programmes 2716, 2732, 2732A,
2764.

*ZIF socket for the EPROM.
*Complete with software.
*Built-in programming supply.

If you haven’'t seen a
copy of our catalogue
(published In May ETI
and Computing Now!)
send for one now.

Order By Modem!

Our own ordering
bulletin board. Call

(416) 921-4013
300 BAUD




SURPLUSTRONICS,

6502 System

(Kit)

complete Kit: s 64 9

Assembled & Tested: $ 748

Includes PCB, complete set of parts (including blank
EPROMS) power supply, case, keyboard and blank Z80 card PCB.

‘‘This could well be the best value in computers
offered at any time, anywhere in the worild."’

This 6502 board is a vast improvement on others available:

e 64K RAM (8-4164 chips) e
@ 80 x 24 video included on board As
® Floppy Disk Controller included
e  FIVE additional slots e
@ Z80 blank PCB included
@ Powerful power supply ey
{5V 5A, +12V 2 up to 3A peak, —5V 0.5A, —12V 0.5A) 1983
@ Superb quality plastic case
® Excellent keyboard including numeric keypad R
® EPROMS (blank) included
® Full service facilities: normal maximum charge $50 on properly

assembled kits as described in our service pamphlets.

This board in all honesty far exceeds our original expectations and demand
is spectacular. This board will also fit the older/cheaper cases and

keyboards.

Mail Orders add $3.00 for handling. Ontario residents add 7%
P.S.T. Visa, Mastercard and American Express cards accepted:
send card number, expiry data, name of bank and signature. Send
certified cheque or money order, do not send cash.

Surplustronics, 310 College Street, Toronto, Ontario, M5T 1S3 (416) 925-8603. I

4—JULY—1983—ETI Circle No. 22 on Reader Service Card.
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Power Bars

Hammond Power Bars feature an
attractive, contemporary, brushed-
aluminum case with matte black
receptacle housing. Reduced in
size, 11, 14 and 17’ in length, stan-
dard models are availablein 4, 6 or
8 receptacle sizes, with either 6 or
15 foot cord, and with or without
lighted, rocker type on/off switch.
Also available are 4 and 6 foot
long power bars, each with 8 recep-
tacles. All power bars are CSA ap-
proved and are fitted with 120
VAC, 15 A circuit breaker. From
Hammond Mfg., 394 Edinburgh
Rd., Guelph, Ont. NiH 1ES5 (519)
822-2960.

ETi Magazine is Published by:

Blectronics Today International
Editorial and Advertising Offices
Unit 6, 25 Overlea Boulevard,
Toronto, Ontario, M4H 1B1
Telephone {416) 423-3262

Publisher
and Editor:  Halvor W. Moorshead
Assistant Editor: Steve Rimmer
Editorial Agsistant:  Bill Markwick
R. Allan Ryan
Production Manager:Ann Rodrigues
Production: Cindy Baker
Subscription Department: Bebe Lall
' Diane Neill

Accounts Department:Pirjo Dunphy
Advertising

Manager: Senga Harrison

Advertlsing .

Representatives: Omar Vogt
Rick May

Advertising Services: Carolyn Wyatt

Sharon Cernecca

COPYRIGHT -

All material is subject to worldwide

copyright protection. Al PCB patterns

are copyright and.no company can sell

g‘oards to our deslgn without our permis-
on.

LUABILITY
While every effort has been made to en-
sure that afl constructional projects refer-
red to in this magazine will operate as In-
dicated efficlently and properly and that
all necessary components are available,
no responsibility whatsoever is accepted
in respect of the failure for any reason at
alt of the project to operate efficiently or
at all whether due to any fault in the
design or otherwise and no responsibility
is accepted for the failure to obtain com-
nent parts in respect of anY such pro-
ect. Further no responsibiiity Is accepted
in respect of any injury or damage caused
by any fault in design of any such project
as aforesaid.

Editorlal 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 staft in
any research. Mark such letters ETI-
Query. We cannot answer telephone
querles.

Noma Canada Inc. now has
available a complete line of Multi-
ple Outlet Power Strips: Power
Centres - available in a
4-(PC402m), 6-(PC602m) and an
8-(PC802m) outlet version. Power

Centres are ideal for the many elec-
trical appliances in the kitchen,
workshop, office, and for stereo
and computer set-ups. All Power
Centres have a built-in 15 Amp
Circuit Breaker which protects
house wiring from overloads.
Push-button reset. For more infor-
mation Robert Nash, Produce
Manager, Noma Canada Inc., 375
Kennedy Road, Scarborough, On-
tario M1K 2A3 (416) 267-4614.

Calibration Bath

A new calibration bath, claimed to
be the first of its kind to offer the
user an infinitely-variable set point
reference below ambient
temperature, is now available from
Isothermal Technology Ltd. of
Southport, Merseyside PR9 9AG,
England. The new unit accom-
modates either 8 x 8mm diameter

probes or a single 35mm diameter
probe. Using the latest solid-state
technology, the temperature. of the
metal-block calibration bath
(which contains no liquids) can be
set to any desired value between
+10°C and -10°C with an ac-
curacy of +0.1°C. A 10-turn
potentiometer mounted on the
front panel of the unit enables the
temperature of the block to be set.

It is claimed that the unit reaches
the set temperature within 15
minutes.

The manufacturers are also
looking for-a Canadian distributor
of their products.

Further information from:
Isothermal Technology Limited,
Pine Grove, Southport,
Merseyside PR9 9AG England.

Hewlett-Packard (Canada) Ltd.
has reached agreement with
Panacom .Automation -Inc. of
Scarborough, Ontario to acquire
the privately held industrial con-
trol products company in its entire-
ty in a cash transaction. Terms and
purchase price were not disclosed.

The acquisition, which is sub-
ject to approval by the Foreign In-.
vestment Review Agency, marks
HP’s first step in establishing a
manufacturing operation in
Canada. HP said it plans to step
up its manufacturing presence in
Canada significantly in the coming
years.

6—JULY—1983—ETI




wabash

duty free
diskettes :
$1.29 each!

Canada...Now get Wabash Quality at a CE Price
For over 17 years, Wabash has been making high quality
and dependable computer products. Wabash diskettes
are made to provide error-free performance on your com-
puter system because every diskette has been totally and
hypercritically tested. Since you can now buy Wabash
computer products directly from CE, the world's largest
distributor of magnetic media, you can now get maximum
savings on every order. You can also order toll-free.

New Wabash Six Year Warranty

The quality of Wabash diskettes is stressed throughout
the entire manufacturing process. After coating, all Wabash
diskettes go through a unique burnishing process that
gives each diskette a mirror-smooth appearance. Wabash
then carefully applies a lubricant that is specially form-
ulated to increase diskette life. Then, to keep out foreign
particles, a unique heat seal bonds the jacket and liner
together to help prevent contamination. After 100% hyper-
critical testing and certification, Wabash then packages
each diskette, (except bulk pack) in a super strong and
tear resistant Tyvek® evelope. The final Wabash productis
then shrink-wrapped to insure cleanliness and reduce
contamination during shipment. Wabash diskettes are so
very reliable that Wabash now offers a six year warrantyin
case of defects in materials orworkmanship on all diskettes
purchased directly from Communications Electronics.

Special Offer on Letter Quality Printer

Buy any Wabash product on this page, and get a Smith-
Corona TP-1 letter quality printer for only $585.00 pilus
$40.00 shipping/handling. Specify serial or parallel version.

CE quant.
SAVE ON WABASH DISKETTES 100 price
Product Description Part # per disk ($)
8" SSSD IBM Compatible (128 B/S, 26 Sectors) F111 1.89
8" SSSD Shugart Compatible, 32 Hard Sector F31A 1.89
8" SSDD IBM Compatible (128 B/S, 26 Sectors) F131 2.39
8" DSDD Soft Sector (Unformatted) F14A 2.99
8" DSDD Soft Sector (256 B/S, 26 Sectors) F144 2.99
8" DSDD Soft Sector (512 B/S, 15 Sectors) F145 2.99
8" DSDD Soft Sector (1024 B/S, 8 Sectors) F147 2.99
5%" SSSD Soft Sector w/Hub Ring M11A 1.49
5%'" Same as above, but bulk pack w/o envelope M11AB 1.29
5%" SS8D 10 Hard Sector w/Hub Ring M41A 1.49
5%" SSSD 16 Hard Sector w/Hub Ring M51A 1.49
5%" SSDD Soft Sector w/Hub Ring M13A 1.79
5%" Same as above, but bulk pack w/o envelope M13AB 1.59
5% SSDD 10 Hard Sector w/Hub Ring M43A 1.79
5% SSDD 16 Hard Sector w/Hub Ring M53A 1.79
5%" DSDD Soft Sector w/Hub Ring M14A 2.69
5%" Same as above, but bulk pack w/o envelope M14AB 2.49
5% DSDD 10 Hard Sector w/Hub Ring M44A 2.69
5%'" DSDD 16 Hard Sector w/Hub Ring M54A 2.69
5%" SSQD Soft Sector w/Hub Ring (96 TPI) M15A 2.59
5% DSQD Soft Sector w/Hub Ring (96 TP1) M16A 3.69
5% Tyvek Diskette Envelopes - Price per 100 Pack TES 12.00

SSSD = Single Sided Single Density; SSDD = Single Sided Double Density;
DSDD = Double Sided Double Density; SSQD = Single Sided Quad Density;
DSQD = Double Sided Quad Density; TPl = Tracks per inch.

Quantity Discounts Available
Wabash diskettes are packed 10
disks to a carton and 10 cartons to
a case. The economy bulk pack is
packaged 100 disks to a case with-
out envelopes or labels. Please
order only in increments of 100
units for quantity 100 pricing. With
the exception of bulk pack, we are
also willing to accommodate your
smaller orders. Quantities less than
100 units are available in incre-
ments of 10 units at a 20% sur-
charge above our 100 unit price.
Quantity discounts are also avail-
able. Order 500 or more disks at
the same time and deduct 1%;
1,000 or more saves you 2%,; 2,000 or more saves 3%; 5,000 or more
saves 4%; 10,000 or more saves 5%; 25,000 or more saves 6%; 50,000
ormore saves 7%, 100,000 or more saves 8%, 500,000 or more saves
9% and 1,000,000 or more disks earns you a 10% discount off our
super low quantity 100 price. Almostall Wabash diskettes are immedi-
ately available from CE. Our efficient warehouse facilities are equipped
to help us get you the quality productyou need, whenyouneedit. Ifyou
need further assistance to find the flexible disk that's right for you, call
the Wabash diskette compatibility hotline and ask for your compatibility
representative. Dial 312-593-6363 between 3 AMto 4 PM Centraltime.
Buy Wabash Diskettes with Confidence

To get the fastest delivery from CE of your Wabash computer prod-
ucts, we recommend you phone your order directly to our Computer
Products Division and charge it to yourcreditcard. Be sure to calculate
your price using the CE prices in this ad. Written purchase orders are
accepted only from approved government agencies at a 30% sur-
charge for net 30 billing. For maximum savings, your order should be
prepaid. All sales are subject to availability, acceptance and verifi-
cation. All sales are final. Prices are in U.S. dollars and payment must
be in U.S. dollars. In addition to the dollar exchange rate, you will also
pay a modest shipping and handling charge. All Wabash diskettes
purchased from CE are duty free, however Canadian customs or your
customs freight broker will collect Federal Sales Tax from most
customers upon delivery. Prices, terms and specifications are subject
to change without notice. Out of stock items will be be placed on
backorder automatically unless CE is instructed differently. Minimum
prepaid order is $50.00. Minimum purchase order $200.00. All ship-
ments are F.O.B. Ann Arbor, Michigan U.S.A. No COD’s please.
Non-certified cheques require bank clearance.

For shipping charges add $25.00 per case or partial case
of 100 8-inch flexible disks or $20.00 per case or partial case
of 100 5%-inch mini-diskettes for delivery by Canada Post. in
Ontario, if delivery by United Parcel Service is desired, our
shipping/handling charges are the same but UPS will charge
a small brokerage fee per shipement. Contact UPS for
complete details on their shipping servicesat416-678-9520.

Mail orders to: Communications Electronics, Box 1002,
Ann Arbor, Michigan 48106 U.S.A. If you have a Visa,
Chargex or Master Card, you may call and place a credit
card order. Order toll-free in Canada. Dial 800-265-4828.
In the U.S.A. dial 800-521-4414. Outside Canada or in
Michigan call 313-994-4444, Telex810-223-2422. Order
your error-free Wabash diskettes from CE today.
Copyright ©1983 Communications Electronics™ Ad #C11983

MEMBER I
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Order Toll-Free wabash
800-265-4828 error-free

Outside Canada 313-994-4444  Cliskettes

g Circle No. 5 on Reader Service Card.
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The ZX81’s advanced
capability.

The ZX81 uses the same fast
microprocessor (Z80A), but in-
corporates a new, more power-
ful 8K BASIC ROM — the
“trained intelligence” of the
computer. This chip works in
decimals, handlies logs and
trig, allows you to plot graphs,
and builds up animated
displays. And the ZX81 incor-
porates other operation
Ml refinements — the facility to
load and save named programs
on cassette, or to select a pro-
gram off a cassette through
the keyboard.

1o eight decimal places.
*Graph-drawing and animated-
display facilities. *Multi-
dimensional string and
numeric arrays. ‘Up to 26
FORINEXT loops. *Randomize
function. °*Programmable in
machine code. ‘Cassette
LOAD and SAVE with named
programs. *1K-byte RAM ex-
pandable to 16K. *Full editing
tacilities. *Able to drive the
new Sinclair ZX Printer (to be
available shortly).

....ORION ELECTRONICS

If you own a ZX80. ..
The new 8K BASIC ROM as us-
ed in the ZX81 is available as a
drop-in replacement chip.
{Complete with new keyboard
template and operating
manual). With the exception of
animated graphics, all the ad-
vanced features of the ZX81
are now available on your ZX80
— including the ability to drive
the Sinclair ZX Printer.

New, improved specification.

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

....COMPUTER ROOM

ol - e AT

MEMOPAK 64K MEMORY EXTENSION

The 64K Memopak extends the memory of the ZX81 by 56K,
and with the ZX81 gives 64K, which is neither switched nor
paged and is directly addressable. The unit is user transparent
and accepts commands such as 10 DIM A{9000).

Breakdown of memory areas . . . 0-8K Sinclair ROM. 8-16K-This
area can be used to hold machine code for communication
between programmes or peripherals. 16-64K-A straight 48K for
normal BASIC use. $249.95

MEMOPAK 32K $179.00 and 16K $109.50
MEMORY EXTENSIONS
These two packs extend and complete the Memotech RAM

range {for the time being!) A notable feature of the 32K pack is
that it will run in tandem with the Sinclair 16K memory exten-

....ORION ELECTRONICS .

Sinclair's new 8K Extended Basic otfers features found
only on computers costing three or four times as much.
*Continuous display, including moving graphics. * Multi-
dimensional string and numerical arrars. *Math and
sclientific functions accurate to 8 decimals. *Unique one
touch entry of "'key words’ {i.e. basic and system com-
mands). *Automatic syntax error detection. *Randomize
tunction. *Built-in interface for ZX Printer. *Connects to
standard TV and cassette recorder. *164 page manual
included. *Power supply (9V at 650 ma) optional for
$14.95. *1K of memory is inciuded.

Etc . ..

MEMOPAK CENTRONICS TYPE
PARALLEL PRINTER INTERFACE

Main Features — @ Interfaces ZX81 and paraliel printers of
the Centronics type @ Enables use of a range of dot matrix
and daisy wheel printers with ZX81 @ Compatible with ZX81
Basic, prints from LLIST, LPRINT and COPY @ Contains firm-
ware to convert ZX81 characters to ASCli code ® Gives lower-

$159.95

case characters from ZX81 inverse character set

POWER SUPPLY 500ma $14.95
POWER SUPPLY 1A $19.95 (FOR PRINTER)

MEMOPAK HIGH RES GRAPHICS PACK

HRG Main Features — @ Fully programmable Hi-Res (192 x
248 pixels) ® Video page is both memory and bit mapped and
can be located anywhere in RAM @ Number of Video pages is
limited only by RAM size (each takes about 6.5K RAM) @ Ins-
tant inverse video on/off gives flashing characters @ Video
pages can be superimposed @ Video page access is similar to
Basic plot/unplot commands @ Contains 2K EPROM monitor
with full range of graphics subroutines controlled by machine

Memopak ...

Sinclair ZX81 Computer Eftc . . .
Assembied $85.00

ZX8 1

$149.00

Designed exclusively for use with the Zx81 gand ZX80
with 8K basic OM), the printer offers full
alphanumerics and highly sophisticated graphics.
COPY command prints out exactly what is on screen. At
iast you can have a hard copy of.your program listing
and results. Printing speed is 50 characters per second,
with 32 characters per line and 9 lines per vertical inch.
Connects to rear of ZX81 — using a stackable connector
50 you can use a RAM pack as well. A 65 ft paper roll, in-
structions inciuded. Requires 9 volts, 1.2 amp power
supply {option extra).

Power Supply (500 mA)
Power Supply (650 mA)
Power Supply (1 Amp)

Books

COMPLETE Zx81 BASIC COURSE - Inc. 2
tapes

NOT ONLY 30 PROGRAMS: 1K

MACHINE LANGUAGE MADE SIMPLE

ZXB81 ROM DISASSEMBLY PART A & PART B
UNDERSTANDING ZX81 ROM

T/S 1000: PROGRAMS, GAMES and
GRAPHICS

LEARNING T/S BASIC

THE BASIC HANDBOOK

49 EXPLODING GAMES 18.05
COMPUTER FOR KITS SINCLAIR EDITION 895
MASTERING MACHINE CODE ON YOUR 2X81 24.95
T/S 1000 USERS GUIDE (Vol 1)
EXPLORERS GUIDE TO THE ZX81

ZX81 POCKET BOOK

GETAWAY GUIDE

GETTING AQUAINTED WITH YOUR ZX81

Hardware

ZX81 Ass

X Print

84K - AAM (Memotech)

32K AAM (Mamotech)

16K RAM (Memotech)

16K RAM (Sinclair)

18K RAM (KIt no PC board)

Power Supply (650 M.A)

Power Supply (1 AMP)

Keyboard {uncased) - 47 Keys, Assembled
no scldering req.

Matal Case for above

Memopak High Res. Graphics Pack
Memopak Centronics Type Parallel Printer
intertace

Memopak ZX81 Keyboard

Mamo Calc

39.95
18.35
10.85
2495
1005

18.95
23.05
085

9,85
149.00
249.95
178.00

88.00

59.00

....COMPUTER ROOM.

® 5x7 Dot Matrix ® 8 Bit ASCII
® Parallel Printer ® 80 Columns

W Interface Cards & Cable For

4 Apple || ceea......83119.00
] Memotec Interface for

m o d
o Sinclair $199.00

LECTRONICS .

Cable $35.00

ORION ELECTRONICS . ... .COMPU

Electrohome Monitors

& Accessories

EDM926/B&W $159.50
9" Black & White monitor

EDM926/P31 $169.50
9" P31 Green Monitor

EDM1226/B&W $179.50

12" Black & White Monitor

ER ROOM..... ORION ELECTRONICS

sion to give 48K RAM total. code or USR function $199.95 :'::';“J;.fl.'.?'.n'é.”u:.t' e & et
-
p' ' OO-A SEII(OSha EDM1226/P31 $189.50
- =) 12" P31 Green Monitor
raphic Printer
R = ECM1302-1 $450.00
13" Color RGB Monitor
5450 ECM1302-2 $599.00
13" Color RGB Monitor Hi Rez.
AR
1-1302 $ 69.50

NTSC Interface for ECM1302 for Apple it Computers
(1 year warranty from Electrohome)

MP-1302-APL $199.00
RGB Card for Apple Il or Franklin 100

Zenith 12" Green $165.00
A MDEC-1 Cofour 13" $475.00

COMPUTER ROOM



.ORION ELECTRONICS

® Runs on Z80 Based CP/M @ S100 Bus with four additional slots ® Serial Paralell O/P

..... COMPUTER ROOM. . ... ORION ELECTRONICS. ... . COMPUTER ROOM

EXPANDER s1750.00

A Professional Computer For the
Price Of a Personal Computer.

WOWIE! LOOK AT THIS!

INCLUDES ALL THESE FEATURES.

" NOOY H31NdWOD

Controller card capable to handle 4 DS/DD Drives
CP/M (North Star)

64K RAM Memory

70 x 80 Character display 80 column

B/W Graphics 160 Horz. x 72 Vert.

256 Colours

Full keyboard with numerical keypad

Real Time Clock

'SOINOHL1D313 NOIHO "~

CALL FOR MORE DETAILS

AL NUTRON!

Fully Assembled 100% Soft & Hardware Ap- g

ple™|| plus Compatible Computer ... .. 695.00 £
(AMB-1 + Keyboard + Case + Power Supply i =
and Speaker, Fully Assembled & Tested) _

BlﬂdWOO' -

Same Computer with 1 Drive, 1 Controller and
12” Green Electrohome Monitor . . . . . $1300.00

6502 BOARDS & ACCESSORIES

'SJOINOYH12313 NOIHO*

ABB-2 $55.00 ALC-1 $79.00

Has on-board provision for 64K RAM 80x24 Video, Fiop- 16K RAM (Language) Card

py Controller and 6 slots. AGC-1 $149.00 H H

2114L-3 Low power RAM $2.25 Graphics Paralle) Printer Card orlo“ E!ECtronlc

AMB-1 $325.00 AKB-1 $109.95

Mother Board, APPLE |l Compatible, Assembled & Keyboard; replacement for APPLE i supplles I“c'

Tested c/w Basic ROMS, 48K RAM, Made in Japan AC-1 $85.00

ABB-1 $ 45.00 Beige APPLE I} Case (No keyboard)

APPLE |l Compatible, Motherboard (no components) APS-1 $ 99.00

6502 Board Kit $250.00 Switching Power Supply for APPLE Il; +5V @ 5 amps, ‘?0 Lancaster St_reet West |
Includes all parts +12V @ 1amp, -5V @ 1 amp, -~ 12V @ 1 amp Kitchener, Ontario N2H 4S9 .
PDA-232C $99.00 APS-2 $109.00 519 576 9902 "
Serlal interface RS232C Card for APPLE Il c/iw Cable & Switching Power Supply for APPLE I); +5V @ 3 amps, ( ) = (@]
Manual, Three Operating Modes: I/O, Terminal, Remote +12V @ 2 amps, -5V @ %2 amp, —12V @ Y2 amp; clw o
AEB-1 $149.00 on-oft switch & connecting wires ] =2
EPROM Burner Card AAA-2 Master Charge & Visa, COD, Cheque,

AlC-1 $99.00 Disc Drive, 5%, APPLE Il Compatible, Excluding Money Orders accepted. COD’s, shipp- g
Integer Card ControllerCard ............................ $375.00 : = a

AEC-1 $99.00 with controller $425.00 ing & insurance extra. Write forour 5
80 Column Card ADC-1 $75.00 FREE FLYER. m
AZC-1 $99.00 Disc Drive Controller Card for two drives; Apple || Com- o o)
Z80A (CPM) Card patible Prices subje h wi

APC-1 $99.00 APPLE |l Is a registered trade mark of Apple Computer ject t?. Saange ithout 2
Paralle! Printer Card inc. notice. o
ASC-1 $99.00 (@)
Serlal Printer Card g
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Wire Marker Book

The improved Porta-Pack II
features a new comb design for ins-
tant page replacement. This extra
convenience will save wasted
markers. The book also offers a
wide range of marker legends to
meet practically all wire marking
needs. Stock legends up to three
digits long permit wires to be iden-
tified with a single marker, in a
single wrap, instead of using three
markers. The new Porta-Pack Il

contains 450 full sized (38 mm) or
900 half-sized (19 mm) markers per
book, plus matching terminal
markers. For additional informa-
tion, contact John Standish, W.
H. Brady Inc., 10 Marmac Drive,
Rexdale, Ontario MOW 1E6. (416)
675-2112.

SGV Marketing Inc., Mississauga,
has entered into an agreement with
NCR CANADA'’s Independent
Marketing Organization to market
the Decision Mate V series of
microcomputers and Decision Net,
a local area network for linking
personal computers from several
manufacturers into a com-
municating and resource sharing
network.

SGYV has placed an initial one
million dollar order with NCR.
The agreement between NCR and
SGV effectively opens a distribu-
tion channel for the Decision Mate
V to SGV'’s large customer base of
independent computer dealers
across Canada.- SGV will provide
warehousing, distribution, dealer
support and training from their
Mississauga facility.

Future Electronics Inc. and Clare
Division of General Instrument
have signed a distributor agree-
ment authorizing Future to inven-
tory and market Clare’s line of
relays in the Canadian market-
place. Clare Division is the world’s
largest supplier of mercury-wetted
and dry reed relays. Future has
also signed a distributor agreement
to stock Televideo Systems’ line of
CRT terminals. They have bran-
ches in Montreal, Ottawa, Toron-
to, Calgary, Edmonton and Van-
couver.

for your information

Wire Chassis for
Electronics

A major new trend in design of
electronic equipment is the use of a
steel wire chassis to contain all
power supply components. Com-
pared to conventional solid metal
enclosures for the purpose, welded
wire chassis have achieved con-

siderable savings in cost, weight,
assembly time and servicing. And,
in combination with perforated
metal, they have eliminated elec-
tromagnetic interference (EMI)
shielding problems.

Already, six large manufac-
turers — Burroughs, Diebold,
Digital Equipment, General
Signal, Perkin-Elmer and Xerox —
have adopted the concept. The
trend is expected to grow rapidly
among other producers of office

equipment: computers, copiers,
word processors, cathode ray tube
(CRT) terminals and other in-
put/output devices.

For more information, con-
tact Hill and Knowlton, Inc., 420
Lexington Ave., New York, N.Y.
0017 (212) 697-5600.

Colour Computer

The TRS-80 MC-10 Micro Colour
Computer (26-3011) is available at
Radio Shack Computer Centres,
all Radio Shack stores and par-
ticipating Authorized Sales Cen-
tres (Dealers) for $199.95. The
MC-10 comes with 4K bytes of
RAM, a serial port for line printer
or telephone modem, a cassette
recorder port, built-in RF
modulator for use with a standard
television set, 47 key keyboard,
AC power pack, and a switch that
allows use of the computer or
television without swapping
cables.

A 16K memory module
(26-3013, $69.95) can be user-
installed to increase the MC-10
memory to 20K bytes. The
memory module is available begin-
ning August, 1983. The MC-10
utilitizes Microsoft Colour
BASIC, similar to the Colour
BASIC in Radio Shack’s standard
Colour Computer. Many BASIC
programs available for the stan-
dard Colour Computer can be
keyed into and run on the MC-10
with only minor modification.
Programming can be simplified by
holding down the control key,
allowing single-keystroke entry of
commands and low-resolution col-
our graphics.

10—JULY—1983—ETI




Power MOSFETSs

A new series of one-watt com-
plementary HEXFET® power
MOSFETs from International
Rectifier, in dual in-line packages,
have a typical 15nsec rise time and
8nsec fall time, about 50 percent
faster than competitive devices.
The N-channel HEXFETS, design-
ated IRFD210 and IRFD213, have
a 200V and 150V drain source
voltage, 0.6A and 0.45A drain-
current, and a maximum on-state
resistance of 1.5 Ohms and 2.4
Ohms, respectively. The P-channel
devices, IRFD9210 and IRFD9213,
offer a -200V and -150V drain
source voltage, -0.4A and -0.3
drain current, and 3.0 Ohms and
4.5 Ohms maximum on-state
resistance. The N-channel HEX-
FETs have a 2V maximum diode
forward voltage while the
P-channel units have a -5.8V drop.
The switching times are an order of
magnitude faster than comparable
bipolar transistors. Two other
P-channel MOSFETs, the
IRFD9110 and IRFD9113, have

-100V and -60V ratings with 1.2 &

and 1.6 Ohms resistance at -0.7A
and -0.6A drain currents. Typical
rise time is 30nsec and fall time is
20nsec. From IR dealers.

for your information

Music Shuttle

Sony Autosound announces a new
car stereo with the introduction of
the XRM-10 Music Shuttle, an in-
- dash AM/FM stereo receiver with
a removeable cassette player that
becomes a separate personal por-
table stereo with headphones. The
Music Shuttle combines the securi-
ty of a removeable unit with the
flexibility of both car use and com-
plete portability.

The touch of a button releases
the cassette player section from the
in-dash AM/FM RECEIVER. A
supplied battery pack, headphones
and carrying case handily convert
the cassette player into an portable
stereo unit. The radio continues to
function after the cassette module
has been removed. At Sony
dealers.

The brand-new Canadian pay TV
market may be worth as much as
$1.15 billion (Canadian) in sub-
scription revenue and another $150
million or so in equipment rental
by 1992. According to a 134-page
report from International
Resource Development Inc., a
Norwalk, CT market research
firm, the current high rates of
cable penetration in this country
will greatly ease the adoption of
pay services, but the single greatest
stumbling block to achieving these
levels of success may well be not
consumer demand, but federal and
provincial regulatory battles.

The regulatory problem bet-

ween the federal government and |

the provincial bodies stems from
the Canadian broadcasting
system’s inclusion of cable televi-
sion as a ‘‘broadcasting receiving
undertaking,”” the study states.
But since a cable system is a
‘‘closed-circuit common carrier,”’
bounded by the provincial border,
shouldn’t the province retain con-
trol? Already several provinces —
most notably Quebec — have
asserted their jurisdiction over
cable, IRD reports, and since pay
TV is to be a cable-based service,
its future hinges on the resolution
of this conflict.

Oscilloscope Probe

Model M12X10 is a miniature
passive oscilloscope probe intend-
ed for use with a wide range of
oscilloscopes.
clude dc to 250 MHz bandwidth,
rise time of approx 1.4 ns, nominal
input capacitance of 16 pF, com-
pensating range of 10-60pF, input
resistance of 9M ohms + 1% (10M
ohms when used with 1M ohm in-
put oscilloscope), maximum input
voltage of 600Vdc including peak
ac, and derating operating fre-
quency. The probe can be adjusted
to match other combinations of in-
put capacitance and bandwidths.

From: BCS Electronics Ltd.,
980 Alness St., Unit 7,
Downsview, Ont. M3J 252 (416)
661-5585.

Specifications in- |

Zenith Data Systems, a division of
Zenith Radio Canada Limited, has
appointed Dimensional Business
Systems (Canada) Inc., Toronto,
as a certified dealer of its desktop
computer systems.

Dimensional Business Systems
will be marketing microcomputers
specifically to agencies and brokers
in the insurance industry. Dimen-
sional has developed a comprehen-
sive insurance accounting package
for the small to medium sized
agency with annual volumes from
$500,000 to $2 million.

Continued on page
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New for

BLS

ELECTRONICS
LIMITED .

MS 8001 $315.00

HAMEG modular two hole main frame
power unit. Supports 2 modules or can be
used as a single support unit with blank
panel.

HM 8030 $375.00

FUNCTION GENERATOR 0,1Hz to 1.MHz : 7
Decades with varlable with 4LED display.
SINE,SQUARE, SAWTOOTH with DC OFF-
SET +/-6.25V in 50 Ohms. FM output —
5V gives 100:1 change. Low distortion and
much more.

HM 8032 $375.00

CONSTANT AMPLITUDE SINE GEN-
ERATOR 20 Hz to 20 MHz In 6 DECADES : 50
and 600 ohm outputs : 1.5 vRMS into 50
ohms : 3x 20 dB attenuators +/— 1dB.

HM 605 $1550.00

Y:Bandwldth DC-60MHz (—3dB). Sensitivity 5mV-20Vicm (+/-3%)
X:Timebase 1s/cm to 50ns/cm. : Sns with x10 mag. : Trig DC to 80MHz. : Dual
trace:Algebr. additlon : X-Y Operation : Screen 8 x10cm : Delay line : Sweep
delay : After delay triggering : Trigger filter : Single shot : reset : Overscan,
Trigger, Ready, Delay indicators : Var. Hold-off : Z-Modulation : Graticule
lights : HV-14kv.

HM 705 $1750.00

Y:Bandwidth DC-70MHz (-3DB) . Sensitlvity 5Smv-20vicm ( +/-3%) X:Timebase
1sfcm to 50nsfcm. : 5ns with x 10 mag. : Trig DC to 100MHz : Dual trace :
Algebr, addition : X-Y Operation : Screen 8 x 10cm Delay line : Sweep delay :
After delay triggering : Trigger filter : Single shot + reset : Overscan, Trigger,
Ready, Delay indicators, : Var. hold-off : Z-Modulation : Graticule lights : HV-
14KV.

HM 808 $6915.00

Y:Bandwidth DC-80MHz (-3dB) : Sensitivity 5mV-50V/div. (£ 3%) X:Timebase
5s-20ns/div. Incl. x5 Magn. : Trig. DC-80MHz (0.5div.) : Dual trace analog
storage with var. Persistence and Auto-Storage Algebr. addition : X-Y Opera-
tion : Screen 8x1Qdiv. (7.2x9cm) Delay line : Sweep delay : After delay trigger-
Ing : Trigger filter : Single shot : Overscan, Trigger, Ready, Delay, AS indica-
tions : Var. hold-off : Z-Modulation : X-Guard clrcuit : Calibrator : 8.5kV.

t I

o I I T ]
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amp

o ..
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HM 103 $550.00

Y:Bandwldth -10MHz (-3db) : Sensitivity 5Smv-20vicm ( +/-3%) X:Timebase
2sfem-.2usfcm : Triggering 2Hz - 30MHz : Calibrator Screen 6x7 cm internal
graticule : Built in Component Tester : X-Y Operation : HV-1.8KV.

HM 203-4 $835.00

Y:Bandwidth DC-20MHz (-3db) : Sensltivity S5mv-20vicm {+ /-3%) X:Timebase
.2sfem-.5us/cm : 40ns with x5 mag : Trig DC to 40MHz : Dual trace : Algebr. ad-
dition : X-Y Operation : Screen 8 x 10 cm : Calibrator : Internal Graticule : Built
in Component Tester : HV-2KV.

HM 204 $1120.00

Y:Bandwidth DC-20MHz {-3db} .Sensitivity S5mv-20vicm { +/-3%) X:Timebase
2sfem-.5us/cm. : 20ns with x10mag : Trig DC to 50MHz : Dual trace : Algebr,
addltion : X-Y Operation : Screen 8 x 10cm : Single shot + reset : Overscan,
Trigger, Ready, Delay indicators : Var. hold-oftf : Z-Modulation : Graticule
lights : Sweep delay : Tigger Filter : Built in Component Tester : HV-2KV,

ALL PRICES QUOTED ARE LIST

Instruments for Industry and Service

Circle No. 10 on Reader Service Card.

980 Alness St., Unit 7, Downsview, Ontario M3.J 2S2 (416) 661-5585




Satellite @«
TV Receiver

The author’s dish antenna. All L&

photos by the author.

In the first of a two-part article,
the story of an ambitious project
builder who constructed his own
dish antenna for receiving satellite
TV broadcasts.

by Ron D.C. Coles

THE MINISTER of Communications
made it legal earlier this year in Canada to
own and operate a Satellite Television
Receive Only, (T.V.R.O) Earth Station
for your own personal use. The only thing
stopping you now is mere money, if you
are considering purchasing commercially
available systems which are retailing for
about $5,000 to $6,000. However, if you
possess some previous experience in put-
ting together kits, and are blessed with a
lot of patience and are prepared to learn a
little about the wonderful world of
microwaves, you can put together the
electronics of the system for less than
$500. Depending upon your abilities to
construct, beg, borrow, etc., you can ac-
quire the antenna and associated hard-
ware from as little as nothing (good at
begging and borrowing) to a maximum of
$1,550, resulting in your complete system
costing from $500 to $2,000, which is still
a lot less than $5,000.

To give you some idea of what is
available in the way of television from the
satellites, there are 16 satellites sitting in
geostationary orbit, 22,300 miles above
the equator in an arc from 79°W to
143°W, all beaming their signals towards
continental North America. Each satellite
has the capacity to transmit 24 simultan-
eous T.V. programs towards earth. Not
all the 24 transponders, as they are called,
are operational on all the satellites;
however, there are over 100 transponders
amongst the 16 satellites which regularly
transmit T.V. signals to earth. The signals
are beamed to earth at microwave fre-
quencies between 3.7 GHz to 4.2 GHz, or
for those who feel more comfortable in
MHz, 3,700 MHz to 4,200 MHz.

The 24 transponders on each satellite
are spaced 20 MHz apart with each adja-
cent frequency on the opposite polariza-
tion. This effectively gives a separation of

40 MHz between each transponder centre
frequency on the same polarization; this is
necessary because each frequency modu-
lated video signal requires a bandwidth of
36 MHz (Fig. 1).

VERTICAL
3720 3760 3800 3840 3880 3920 3960 4000 4040 4080 1120 4160
YT " R T N o
T T I T 1T 117171

3740 3780 3820 3860 3900 3940 3980 4020 4060 4100 4140 4180
HORIZONTAL

3700

Fig. 1 Transponder center frequencies in
mHz.

Let’s take a look at what the
T.V.R.O consists of. The basic elements
of a T.V.R.O. are: The antenna and feed
assembly, the low noise amplifier
(L.N.A.), the down converter and the
receiver (Fig. 2). Some manufacturers
combine the LNA and the down converter
in the same box and refer to it as a low
noise converter (L.N.C.).

The antenna is a parabolic reflector
or dish which should be at least 10’ in

at least 40 dB, which means a minimum
diameter of at least 10’, preferably 12’°.
Now I know someone is just about to
write to E.T.I. to tell me that his friend
has an 8’ dish and he gets good pictures.
It’s quite true that smaller dishes will pro-
vide a viewable signal if the propagation is
good, the LNA is of the more expensive
100° variety, and a few other conditions
are in the viewer’s favour. However, this
article is intended to cover all cases from
Victoria, B.C., where the antenna eleva-
tion angles will be high and an 8 dish
might be acceptable to St. John’s, Nfld.,
where the antenna elevation angles will be
almost horizontal and a 12 footer will
almost be mandatory. Smaller antennas in
the region of 3 to 4’ in diameter will be us-
ed with the 12 GHz band when direct
broadcast satellites (D.B.S.) are in general
use later in this decade.

As far as making your own antenna,
many articles have been written on this

ANTENNA
37 - 42 GHZ
FEED ASSEMBLY

AND LNA

DOWN CONVERTER

RECEWVER

Fig. 2 The basic components of a satellite receiver system.

diameter. The reflective surface of the
dish must be metallic to reflect the electro-
magnetic waves into the feed assembly
which is mounted at the focal point. The
theory of a parabolic dish is that all
parallel rays, be they light, heat or elec-
tromagnetic (radio variety) entering the
aperture or open end will be focussed at
the focal point (see Fig. 3).

If we then have some device at this
focal point, the concentrated energy can
be collected. The amount of energy col-
lected, or gain of a given antenna, is
dependent upon the diameter, the fre-
quency of the signal it is receiving, and the
illumination efficiency, that is, how well
the energy is focussed and collected at the
feed assembly.

For receiving 4 GHz signals from the
satellites the gain of the antenna should be

A 4

/

A 4

Fig. 3 Focussing of parallel rays by a parabolic
reflector.
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Satellite TV Receiver
e

subject; one of the pioneers, Oliver Swan,
made many out of wire mesh carefully laid
over a framework of wood or light metal.
Most of Swan’s designs were spherical,
i.e., the reflector surface is spherical and
not true parabolic, in a 10’ x 10’ rec-
tangular construction. The main problem
with this type of antenna is that the focal
point is usually 10’ to 15’ out in front of
the reflector, and can be quite awkward to
fix permanently unless you have a large
back yard with cooperative neighbours.
Also, changing from one satellite to
another requires the feed assembly to be
physically moved; this would necessitate
an elaborate mechanical arrangement.

By far the simplest antenna is the cir-
cular parabolic, or dish, particularly if
you wish to be able to move from satellite
to satellite. Many dishes are being
manufactured in fibreglass with-a metallic
reflector surface embedded in the resin,
others from aluminum or steel, and in
most cases they are constructed in a series
of identical segments which are bolted
together on site; this makes transportation
easier and assembly can be carried out
quite simply.

The main thing to consider if you
plan to construct your own antenna is that
the reflector surface is critical. The
smoothness of the surface and its relation-
ship to true parabolic are a function of the
wavelength of the frequency it is receiv-
ing, i.e. at 4 GHz the wavelength is ap-
prox. 3.0"’ therefore any variations from
the true parabolic surface should not be
greater than wavelength/8 or 0.375", or
to be on the safe side, 1/4’’. Also too
many bumps and depressions of greater
than + 1/8" will have an effect of reduc-
ing the overall gain of the antenna (Fig.

4).
N N

L

> \\}

7 A

Fig. 4 Nlustrating loss of focus caused by
reflector misalignments.

In my case I was fortunate to be able
to rescue a 12’ commercial antenna which
had been damaged by ice falling from the
top of the tower. The damage rendered
the antenna useless from a commercial
viewpoint, as it was unable to conform to
the rigid D.O.C. specifications for
transmitting radiation patterns. With
careful panel beating, I was able to
recover the majority -of its specified 41 dB
of gain, which is quite remarkable, con-
sidering the disassembly required to move
it to its final resting place in my back yard.
14—JULY—1983—ETI

The feed assembly, which looks into
the reflector, sits at the focal point, or
prime focus of the antenna. The most
commonly used is the scalar feed, which
consists of a piece of circular waveguide
with a series of concentric rings to collect
the energy reflecting off the dish; the rings
are critically spaced and are matched to
the 4 GHz frequency band (see photos).
The dimensions are given (Fig. 5) for
those readers whose talents abound in the
plumbing area. If careful construction is
carried out, the feed assembly can be
made with 2’ copper pipe, brass plate and
a large soldering iron. I found it much
simpler to acquire a commercial feed. The
Chapparel scalar feed sells for approx-
imately $30 U.S.

There are many variations and im-
proved feed assemblies available on the
market, such as electronic polarization
change. This is either a ferromagnetic
device or a motorized probe which per-
mits the polarization of the received signal
to be changed remotely without physically
changing the feed. As we are considering a
low budget. approach, the inexpensive
scalar feed is recommended; besides, it’s
fun to draw straws to see who goes out in
the rain storm to change the polarization.
Even with this approach the use of a
simple T.V. antenna rotator and a little
innovative modification to the mechanicai
attachments can provide you with remote
polarization adjustment.

The feed is situated at the prime
focus of the antenna F, which can be
calculated from the formula in Fig. 6.

If you have acquired a surplus dish,
the dimension C can be measured by plac-
ing a long straight edge across the face of
the dish, and measuring from the straight
edge to the centre of the dish; the rest is
simple, as the feed can be mounted on a
tripod or quadrapod arrangement, taking
care to ensure that the feed is at the centre:
of the dish and rigidly supported, such
that when the dish is pointing almost
horizontally, the feed assembly does not
droop. I’’ aluminum conduit works well
in this application. Some adjustment
should be provided to fine tune the focus
when the system is operating.

A closeup of the feed assembly.

Now we are at the point where the
most important part of the system elec-
tronics is situated, the LNA. The signal
coming from the satellite is so small in
power after travelling 22,300 miles that it
is barely above the ambient noise, even
after enjoying the relatively large gain of
the antenna. At the point where the signal
is collected at the output of the feed
assembly, its level is at best barely 6 dB
above the thermal noise; it is therefore im-
perative that the signal be amplified
substantially at this point with the
minimum of noise contribution from the
amplifier. That’s where wonderful little
devices called GaAsFets come in; this
stands for Gallium Arsenide Field Affect
Transistors. They work at microwave fre-
quencies and provide lots of gain with
very little noise.

Table 1 Low Noise Amplifier Noise
Temperature vs. Noise Power

17°K — 0.25dB
34°K — 0.5dB
75°K - 1.0dB
100°K — 1.3dB
120°K — 1.5dB

Most commercial LNA’s provide
about 50 dB of gain and contribute only
1.5 dB of noise. The noise performance of
a LNA is usually referred to in °Kelvin,
e.g., a 120°K LNA has a noise figure of
1.5 dB (see Table 1). This good perfor-
mance of a LNA comes with a high price
tag, and although the price has been drop-
ping dramatically over the last few years,
a 120°K LNA still costs in the $800 range;
if you really do want a very low-low noise
and adjusting to achieve the required
10mA. This current is determined by
measuring the voltage drop across two 82
ohm resistors, which will be 0.82 volts
when 10mA is flowing.  As you are not
likely to find a suitable power supply
ready made, then you will have to build it
yourself. The circuit is shown in Diagram:
8. It is quite simple to build and was deriv-
ed from a design published in ‘CATJ’ in
1981.

If you designed your housing as I did,
you will mount the power supply in the



The LNA housing, showing the LNA and
power supply.

amplifier in the 34°K range you will have
to pay $3,000 to $4,000.

The major reason for this high price
is the cost of GaAsFets and the manufac-
turing technique which requires the use of
special glass-teflon printed circuit material
and chip capacitors the size of a pin head.
Most commercial units employ GaAsFets
for the first two stages, and then produce
the balance of the gain required using less
expensive bipolar transistors which oper-
ate at 4 GHz. After achieving approx-
imately 20 dB of gain in the GaAsFets, the
signal is sufficiently above noise, and the
relatively high noise (3 to 4 dB) of bipolar
transistors is not a significant considera-
tion.

Microwave frequencies usually like to
travel inside rectangular or circular pipes

f—

N’ TYPE OR
SMA CONNECTOR —
38"
1 p— 1% —’ﬂ
2" L 8"
l 1/8" DIA. BRASS ROD

7% 318"

SPACINGS ARE 5/8" ——
UNLESS NOTED

\\,_

Fig. 5 Dimensions of the feed assembly.

known as waveguides. In order to amplify
microwaves, it is necessary to make them
behave more like their lower frequency
cousins, and travel along printed circuit
tracks. This has been accomplished by us-
ing techniques known as ‘‘stripline’’ and
““microstrip”’. Stripline is a printed circuit
track sandwiched between two layers of
insulating dielectric material with a
ground plane on either side. Microstrip is
a much more manageable method; the
track is on one side of the dielectric and
the ground plane is on the other side. The
only major difference between microstrip
and regular double-sided PC board is the
dielectric constant of the board material.
The propagation velocity of the micro-
wave energy is directly affected by the

ielectric constant of the insulating
‘naterial, and therefore a material which
does not absorb moisture and which has a
consistently high dielectric constant is us-
ed. Teflon reinforced with glass fibre is
most commonly used in this application.
Because short lengths of wire attached to
microwave circuits behave like inductors
and capacitors, depending on how they
are bent, conventional components with
wire ends cannot be used; therefore,
special microwave components are
employed.

The LNA

Fig. 7 shows a 2 stage GaAsFet LNA. This
circuit was first published in a Commer-
cial Publication ‘Microwave Journal’ in
1981 and was designed by an Engineer
from California Eastern Labs. I have
made several LNAs using this circuit
which have given excellent results. I am
currently using three such amplifiers in
series to give me 60 dB of gain, with a
noise figure which I estimate is better than
120° or 1.5 dB. The circuit dimensions are
critical, as the microstrip circuit width af-
fects the impedance match, and the length
of the stubs affect the circuit match to the
GaAsFets at the frequency of interest.
The printed circuit board used was ‘‘Oak
Laminate’’ .03 OAK 602 033 C 1/1, the
GaAsFets are NE72089 from California
Eastern Labs, and the chip capacitors are
the values shown in Fig. 7.

The dimensions are given for those
who wish to prepare the artwork and to
etch your own board. Remember the di-
mensions are critical and the PC board
must be double sided microwave board.
Some manufacturers are:

Oak Laminates OAK 602
Oak Materials Group Inc.
Laminates Division
Franklin H.H. 03235

Rogers RT/duroid
Microwave Materials Division
Box 700

Chandler, AZ 85224
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Fig. 6 Finding the focal point of a parabolic
dish.

““3MM”* also makes & range of
microwave PC boards. Unfortunately, the
above are manufacturers to the industry
and do not normally supply small quan-
tities for hobbyists, and Radio Shack as
yet doesnt’ supply this type of board. In
order to fill this requirement I have endea-
voured to acquire a supply of board
directly from the manufacturer, and
should be in a position to supply this item
and other components by the time this ar-
ticle is published.

Let us assume you are going to do the
whole thing from scratch, i.e. prepare you
own negative, print and develop the image
on your PC board, etch the pattern, as-
semble the components on the board and
finally install the stuffed board in the
housing.

If you haven’t made you own PC
board before then I suggest you read up
on the technique. For those who have,
here are some tips: You will have to sen-
sitize your own boards as you can’t, as far
as I’ve been able to discover, buy the
board pre-sensitized. A negative can be
produced from your artwork by your
local print shop. I found that a 12 minute
exposure from a desk fluorescent lamp, 6
inches above the print frame, gave the
correct exposure. Good clean etchant
should be used as the fine lines of the
microstrip track should be smooth and
straight with no ragged edges. Remember
the back side of the board, the ground
plane, must not be etched. When the
board is etched, drill 4 holes, as marked,
for the GaAsFet source leads.

THROUGH HOLES FOR

/ SOURCE LEADS (4 PLACES)
/ 37 T0 4.2 GHZ LNA ° I
o )
- ] o
10p 0p
DRAIN
! out
GATE 2 DRAINZ @
) /I A

< 1000 P “SHIM STOCK TO GROUND ALL FOUR SOLDER PADS
{4 PLACES)

Fig. 7 The printed circuit layout for the LNA,
1:1 size.
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Satellite TV Receiver

Now you are ready to go through the
strange but necessary ritual of wiring your
wrist to the work surface, (metal plate of
large piece of PC board), to the soldering
iron and to a good ground or such as a
water pipe. For the latter reason, you may
wish to acquire a battery operated solder-
ing iron, or at least ensure that the wiring
on your present iron is in good condition.
I would hate to think you had invented the
‘“‘electric hand cuff’’. The reason for this
strange behaviour is static electricity.
Static discharges can do nasty things to
your expensive GaAsFets, like making
them useless. In short then, you must en-
sure that there is no risk of static discharge
through your GaAsFets.

Now that your working surface is
prepared and you are suitably grounded,
first solder the chip capacitors as shown in
Fig. 8. You need a steady hand to do this.
I found it best to place the chip across the
appropriate gap in the strip line, holding it
there with a small screwdriver point, and
then lightly place a small amount of solder
on one side of the chip, keeping it held
firmly until the iron is removed. If not,
the chip will stick to the bit, and you’ll be
cursing. With one side soldered down, the
other side can be soldered quickly. Once
you have mastered the first one, the others
are simple. Now solder a piece of copper
foil around the lower edge of the board to
extend the ground plane to the four pads
on the lower edge of the board. Next
solder four short lengths of 22 Ga bare
wire (the surplus wire ends cut off
resistors will do) to the four input bias
pads; these should be long enough to con-
nect to the feed-through capacitors when
the board is installed in its housing.

SOURCE LE ADS ON
UNDERSIDE O FBOARD

GATE
LEAD / DRAIN LEADS
./ TRIMMED

CHIP
CAPACITOR

Fig. 8 Installing the GaAsFet on the printed cir-
cuit.

You are now ready to remove the
GaAsFets from their static free packets.
Make sure you are discharged of static
first. Take the first GaAsFet, bend the
two source leads downwards, and place
them through the two holes you previous-
ly drilled as indicated, with the gate lead
(slashed) towards the input; measure and
trim the drain lead to just line up with the
output strip line. Ensure the GaAsFet is
held firmly to the board, flatten the
source leads to the ground plane on the
back of the board, and solder them in
place. Next turn the board over and solder
the gate and drain leads to their respective
strip lines. In all cases use a minimum of
solder and a minimum of heat. Repeat
this procedure for the second GaAsFet.
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The antenna, showing the mounting of the feed assembly.

Your board is now complete except for
mounting it in its housing.

Making the Housing

Your choice of housing can affect the
overall cost, and what is more important,
can have a critical effect on the perfor-
mance of your LNA. My first attempt was
to mount the board in a container that
was too deep, such that there was about
3/4 between the top of the PC board and
the lid. I discovered by experimenting that
placing a second ground plane above the
circuit board improved the gain. This led
to the eventual construction of a more
suitable housing with the dimensions
shown in Diagram 7. I used scrap 1/2’’ x
1/4”’ copper ground bar, 1/8’’ aluminum
plate, many drill bits and a few broken
taps, and a lot of swearing. The top and
bottom plate could have been thinner, but
I had some 1/8’’ aluminum plate to use
up.

Your inventive genius can run amok
as long as you keep the critical dimensions
in mind. The critical dimensions. The in-
put and output coaxial connectors are
S.M.A_, but N type can be used, depen-
ding on which connectors you have on the

waveguide/co-ax transition on the output
of the feed assembly.

The bias voltages are fed to the LNA
via four 1500p feed-through capacitors
which are screwed into the side of the
housing; also, 4 ferrite beads are used on
the wires previously soldered to the bias
pads on the LNA PC board which con-
nect to the four feed-through capacitors.
The beads are inductors which presend a
high impedance to RF spikes, and the
capacitors decouple any RF to ground.

Some experimenters have used
regular double sided PC board to con-
struct enclosures for LNA'’s, although I
have not used this personally, I see
nothing wrong with this approach as long
as it can be held together while being
soldered. This could also be an inexpen-
sive method of making the waveguide to
coaxial transition.

L.N.A. Bias Supply

Now that you have made the LNA you
will need something to power it. The
drain-source voltage Vds is 3.5 volts and
the drain-source current Ids is 10mA. This
current is set by applying a —ve bias
voltage of between 0 and — 5V to the gate

+1
RO 100 %w

|
425V
1K
§ L

s 2o 1y INaISS

AN +3.5V DRAIN 1
l 82
L +35V DRAIN 2

Fig. 9 The schematic of
the LNA power supply.

RV1  RV2
100K 100K

0705V GATE 1

0705V GATE 2
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same enclosure; in this case only a single
+12 V regulated supply is required to be
fed to the LNA. Also, there is a practical
requirement to make the enclosure water-
proof, as the LNA has to spend its life sit-
ting at the focal point of your antenna,
and you wouldn’t want your antenna to
suffer the indignity of having a plastic bag
tied around the feed assembly, so keep
this in mind when you start to package the
unit.

Voltage Trimming

When you have completed the bias supp-
ly, apply a regulated 12V positive supply
to the input and check for +3.5V at the

e e i
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The housing of the LNA.

two drain outputs, and for 0 to —5V at
the two from end to end. If this checks
out, set the pots to mid range, disconnect
the 12V supply, connect the two drains
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and the two gates (watch for static) to
their respective feed-through capacitors
and ensure that the LNA side of the feed
throughs are connected to their respective
pads. Now your ready to power up your
LNA, reconnect the +12V and adjust
each bias pot for 0.82V voltage drop
across its corresponding 82 ohm resistor,
i.e., adjust RVI for 0.82V across RDI,
and RV2 for 0.82V across RD2. The
voltage drop across the 82 ohm resistor
should change smoothly as the poten-
tiometer is adjusted. If any abrupt
changes occur as the pot is being adjusted,
the amplifier could be oscillating. If this
occurs, remove the power and check your
solder joints; ensure all chip capacitors are
correctly soldered with no solder bridges
to cause a short. With the correct voltage
drop across RD1 and RD2, your LNA is
now operational, and should have a gain
of 20 dB with a noise figure of 120°.

Wrapping Up The LNA

In most cases, unless you know someone
with microwave test equipment, you will
not be able to determine if your LNA is
working, other than knowing that the bias
current is behaving as it should. However,
by way of reassurance, the correct
packaging of the three LNA’s that I have
constructed all behaved perfectly with no
adjustments required. Remember to take
all the antistatic precautions, make sure
you use a minimum of solder, use a small

soldering iron of 18-27 watts, never use a
soldering gun and never touch the gate
connections with the meter leads. As in-
dicated earlier, commercial LNA’s have
approximately S0 dB of gain, so in order
to get the necessary gain from your own
LNA you will require some additional
stages. This can be accomplished using
less expensive bipolar transistors on a
suitable microstrip design matched to the
particular bipolar you use. One such
design can be found in Hewlett Packard
application note 967 using a HXTR 6101
bipolar.

I found that the amount of savings
from the bipolar stages over the GaAsFet
stages were not significant when com-
pared to the flexibility of using all
GaAsFets. The advantage of making
another GaAsFet amplifier is that the two
can be interchanged to enable you to get
optimum performance by using the lowest
noise amplifier for the front end. Each
two-stage amplifier has approximately 20
dB of gain; therefore, two, two-stage
amps should give you 40 dB of gain,
which should be sufficient as long as the
cable from the LNA to the down con-
verter is not too long, and the gain of your
antenna is sufficient (40 dB).

This concludes this month’s look at
getting the antenna up and running. In the
next issue, an explanation of the down-
converter, the receiver and the TV
modulator. Ga
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Natural Nuclear

Geological conditions turned a
deposit of uranium into a fission-
ing nuclear pile about 1700 million
years ago. Roger Allan in-
vestigates.

A prediction by P.K. Kuroda as to the
precise conditions under which a nuclear
chain reaction could occur in nature. All il-
lustrations courtesy of Michael Tomlinson.
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Reactor

IN 1972, scientist Pierre Corbet, while
conducting routine uranium inventories at
the processing plant at Pierrelatte,
France, discovered a batch which contain-
ed 0.7171 percent uranium-235. Hardly an
earth shattering finding, considering that
of the 200,000 samples analysed at the
plant over the previous years, all had
come in at 0.7202 percent, and one is ex-
pected to make the occasional error.
However, on re-analysing, he found that
his original determination was correct,
and very privately, very quietly, a panic
button was pushed. For the only way, it
was thought at the time, that such an
anomaly could occur in a sample was if
some one had stolen some uranium and
replaced it with spent material. Against a
background of assasination attempts
against President de Gaulle, it was not a
threat to be taken lightly.

The science: naturally occurring
deposits of uranium consist of a mixture
of three types: uranium-238 with a half
life of 4.5 thousand million years,
uranium-235 with a half life of 710 million
years and a small quantity of
uranium-234. All uranium was created at
the same time in the earth’s geologic
history. It is this fact which therefore pro-
vides a bench mark for determining quan-
tity of type.

There are two ways to power a
nuclear reactor. The Americans, and
many others around the world, upgrade
the uranium-235 content to about 3 per-
cent. They then use ordinary water as the
coolant; this absorbs a large number of
neutrons (hence requiring a higher initial
percentage of uranium-235). In Canada
with our CANDU reactors, the
uranium-235 content is kept at its natural
level, with cooling provided by heavy
water which does not absorb as many
neutrons and hence does not require a
high percentage of uranium-235 to get the
reaction going. Via either method, at the
end of the reaction the uranium-235 con-
tent has been lowered to below the
naturally occurring 0.7202 percent found
in deposits. Hence the problem with the
Pierrelatte sample: it was not natural.
Further, upon continued investigation it
was found that some samples contained
only 0.44 percent uranium-235, with very
high concentrations of the rare elements

<

Africa and the location of Oklo.

neodymium, samarium, eropium and
cerium. These rare elements were assayed
in concentrations which had only
previously been found as the side-
products of man-made nuclear reactions.

When it had been determined that the
440 “‘missing’’ pounds of uranium-235
had not in fact been filched, the question
became one as to what had happened to it,
and just as importantly, why. The trail led
backwards through the atomic pipeline
from Pierrelatte to the uranium hex-
afluoride factory at Malvezi, thence to the
uranium nitrate factory at Guegon, thence
to Mounana in Africa where the uranium
oxide comes from and finally to the Oklo,
Gabon, site of the uranium mine itself.
There the explanation was slowly unravel-
ed: that there had in fact been a series of
naturally occurring nuclear reactions at
the site some 1700 million years ago at six
sites in the Oklo deposits and one at the
nearby site of Okelobondo.

The structure of the natural nuclear
reactors was surprisingly similar to the
Canadian CANDU reactor’s method of
operation: naturally occurring quantities
of uranium-235 cooled by ground water.

Essentially, this area of the world
consists of a granite plateau. Erosion over
the millenia created sandy sediment beds.
These, in turn, have been covered and
compressed by subsequent erosion.
Uranium, having a density similar to lead,
was concentrated at the bottom of these
layers. Further, oxidative leaching, a pro-
cess engenedered by the blue-green algae
before the oxygen content of the at-
mosphere was anything like the level it is



today, oxidized the black insoluble
uranium oxide on the surface of the earth
into yellow soluble hexavalent uranium
that was carried by water down through
the sediments to build up, at about 4000
meters, into the uranium ore beds that are
currently mined. Subsequent crustal
movements of the earth have forced these
beds up at an angle so that they can now
be mined. When the uranium-235 content
had increased from the 0.04 percent found
naturally throughout all rocks to 10-30
percent, a sustainable fission reaction oc-
curred: a nuclear reactor.

Cooling was provided by naturally
occurring ground water. Surrounded by
impermeable sedimentary deposits, the
reaction built up and heated the ground
water to a temperature of between 400°C
and 650°C, while the areas surrounding
the reactor reached some 150°C. As
described by M. Thomlinson of the
Whiteshell Nuclear Research Establish-
ment of Atomic Energy of Canada Ltd.,
‘“At this depth, 4 km below ground, water
cannot boil — it just heats up, it just
becomes less dense. At 150°C it is a little
below the normal density of about 1. At
400°C it is about half the density of water,
as we know it, and at 650°C it is about a
tenth. As the reactor zones heated up, the
water expanded out of the reactor — and
the nuclear reaction slowed down. In this
way the reactors were regulated at a steady
power. We use exactly the same principle
today in our SLOWPOKE reactors. They

are self-regulating by the expansion of the
water in them.”’

The reactors are about 0.5 to 1 meter
thick and 10-20 meters across. During the
course of the 500,000 years that they inter-
mittently heated and cooled, some 800
tonnes of uranium were used up, some
6000 kilograms of uranium-235 were con-
sumed with some 2000 kilograms of
plutonium produced as a waste product.
The average energy output per reactor was
about 25 kilowatts (33 horsepower) with
the total energy output being roughly
equivalent to a CANDU reactor operating
continuously for ten years.

The uranium mine as it was about 1977. The
slope on the left is the bedrock, and the
uranium ore has been mined away across the
face of the mine. The site.of the ancient nuclear
reactor has been preserved for study and as a
monument for posterity.
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Such a natually occurring reaction re-
quires, obviously, a very peculiar set of
circumstances to be created, and cannot
occur today; the uranium-235 content
has, by its natural half-life, been depleted.
There is some thought, however, that
some ore deposits from New Mexico
which show a depleted uranium-235 con-
tent may also represent the remnants of
ancient nuclear reactions. Further, as the
Gabon coast was once touching what is
now Brazil, there is some thought that
similar natural nuclear reactors may be
found in Brazilian deposits.

Of concern to atomic engineers and
environmentalists is that water action
under ground could transport radioactive
wastes to areas where they could be harm-
ful to life. One of the more interesting,
rather than novel, aspects of these reac-
tors and the subject of many of the 200
research papers published on the Oklo
deposits, is that the radioactive waste pro-
ducts did not move very far over a million
year period, nor did the depleted
uranium, even though it is readily
transported by water.
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There’s no shortage of technical
tomes on microprocessors, but
there is a distinct dearth of texts
on chips that make the MPU do
its stuff. Ian Sinclair comes to the

rescue.

THE FIRST ESSENTIAL for a
microprocessor is a clock pulse generator.
A clock pulse is simply a rectangular pulse
which repeats at a high frequency, usually
1 MHz or more. All microprocessors need
clock pulses, because each operation
within a microprocessor is triggered by a
clock pulse, so no clock pulse — no ac-
tion. Each little piece of a program will
take a definite number of clock pulses to
carry out.

How do we generate clock pulses? A
few microprocessors, notably the INS8060
(SC/MP Mk. II), ¢an generate their own
clock pulses. The INS8060 has two ter-
minals which can be connected to external
components as shown in Fig. 1. Either RC
or crystal oscillator circuits can be used,
providing the frequency is fairly high —
the internal circuits simply won’t oscillate
if the time constants are too large. Keep to
the values suggested by the manufacturer
and you should have no problems.

Phase Relations

Most microprocessors, however, can’t
spare the extra pin for connections to a
built-in oscillator and instead use only a
single pin or a pair of pins for clock
pulses. When a single pin input is used,
the clock is a single phase clock (a
straightforward oscillator). This can be
obtained from a multivibrator or by
squaring the output of a sinewave
oscillator, but it’s very important that the
waveform should be steep-sided (Fig. 2).
If you use a waveform which has long rise
or fall times, so that its sides appear to
slope when you view the waveform on the
oscilloscope, then you’ll have trouble
when you try to use the microprocessor.
The reason is that some gate circuits will
oscillate if they are switched over too
slowly and that can cause chaos. Don’t be
tempted to economise on circuits,
therefore.

One particularly useful way of ensur-
ing that all signals entering the
microprocessor have short rise and fall
times is to use a type of TTL IC called a
Schmitt trigger. Typical of these are the
74LS13 quad two input input Schmitt
NAND. Each of these chips has a Schmitt
trigger built in, so the output will always
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Fig. 1 Using a built-in oscillator — the INS8060
(SCMP II) can use its built-in oscillator along
with a crystal or a simple R-C network.

be steep-sided even if the input is not. It’s
often easier to use a cheap ‘n’ simple
oscillator and a Schmitt IC than to build
an elaborate transistor oscillator.

Refreshment Is Served

Several types of microprocessors, notably
the 6800 and 6502, use two pins for the
clock input. This is because the clock
pulses have to be two-phase. One pin is
being pulsed positive at a time when the
other pin is at logic 0. Just to give one ex-

Buffers

Buffers are the next group of ICs which
have to be used in practically all
microprocessor circuits. A buffer is
basically an amplifier circuit with a three
state output — explanation coming up.
There are two reasons for using buffers.
One is that microprocessor circuits use
PMOS, NMOS or CMOS circuits, which
can’t sink or source much current, usually
a couple of milliamps at the most. A lot of
the circuits which will be connected to the
microprocessor will need quite a bit more
current, soa buffer is needed — a current
amplifier which can be comfortably
driven by the microprocessor and which
will sink or source enough current at its
output to drive a lot more circuitry.

Buffers can also be used as switches.
To take one example, the eight data lines
of a microprocessor are used for feeding
bits in and out. Since they can’t do both at
the same time, we need some method of
switching so that input circuits are not
connected at a time when the
microprocessor is putting bits out on the
data lines. This is another job for the buf-
fer — in this case a three-state type of buf-
fer.

The term three-state sometimes
causes a bit of confusion. It means simply
that the output of the buffer amplifier can

Fig. 2 Clock-pulse shapes.
Most discrete-transistor .
osciliators and certainly all
linear IC oscillators (such as 0

LN

555) cannot generate suffic-
jently steep-sided clock pulses
when driving a capacitive
load. A TTL pulse generator
is ideal, or a generator which
is buffered by a Schmitt in-
verter, such as the 74LS14 or
the 74LS13.

SUITABLE
> |-
TYPICAL RISE AND FALL
TIMES — 25 nS MAXIMUM
UNSUITABLE

’

ample, the 6800 carries out only internal
actions on the second phase of its clock,
so that during the phase all outputs are
isolated. This means that you can run a
low-cost memory system using dynamic
RAM. Dynamic RAM needs refresh
pulses and these can be delivered during
the second phase of the clock pulse, when
the memories are not connected to the
microprocessor in any case.

be 0, 1 or isolated from all other circuits.
In the type of output circuit shown in Fig.
7, for example, the output can be floated
by connecting both the bases of the out-
put pair to ground. This needs extra cir-
cuitry inside the IC and an extra ‘state’
pin on the package, but the advantages of
having the floating state are enormous.
Buffers may be used unidirectionally
or bidirectionally. A unidirectional buffer

ETI—JULY—1983—21



MPU Support Chips

deals with the flow of signals in one direc-
tion only, perhaps from an input circuit to
the data lines. Most of these are made in
two versions, the difference being in the
polarity of the three-state control pin. For
example, one buffer may go open circuit
at the output for a 1 at the three-state con-
trol pin and another type may go open cir-
cuit for a 0 at the control pin. When the
buffer is being used unidirectionally, it’s
purely a matter of convenience which type
is used. For example, if the buffer is used
to connect input signals to the data lines
and the microprocessor puts out a
negative pulse at the time when it is ready
to take in such information, then a buffer
which is open circuit on a 1 signal and
operates for a 0 signal at the state pin is
ideal. If the other type of buffer is used,
an inverter will need to be incorporated in
the control line.

—i_
SYSTEM
cLOCK

SYSTEM
€LOCK
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Fig. 3 The clock-pulse generator of the 6502.
Either a crystal or R-C circuit can be used, but
the external inverters are necessary, though
they need not be Schmitt types.

Much more common is bidirectional
buffering, where a buffer amplifier is
needed for both inputs and outputs. One
single buffer can’t do this, so a very com-
mon method is to use two lots. One lot is
isolated by a 1 on its state pin, the other
by a 0 on its state pin, so that the outputs
of one set of buffers can be connected
safely to the inputs of the other set as
shown in Fig. 8 with the state pins con-
nected together. In this way, the combin-
ed buffers conduct one way when the state
pin is at 1 and the other way when the
state pin is at 0.

Ah Yes, I Remember It Well

Most books on microprocessors assume
that the readers know all about memory
ICs. Assuming that you don’t, point
number one is that we make use of two
types of memory systems, ROM and
RAM. You can get bits out of ROM
(Read Only Memory) but you can’t, in
normal operation, put any bits in. ROM is
used for ‘non-volatile memory’, so that
the data bits are still stored even when the
whole system is switched off.

RAM (Random Access Memory) is
misnamed, because practically all the
memory ICs we use have random access,
meaning that we can get at any one set of
bits in the memory without having to sort
through all the others.

There are several different types of
technology which are used to make these
memory chips, but the two important
varieties are the two types of RAM (static
and dynamic). Static RAMs are based on
flip-flops (bipolar or MOS which will flip
over one way or the other when set or
reset by an input). Dynamic RAMs are
based on storage of charge in capacitors
and this charge is called ‘refreshing’. A
dynamic memory is refreshed by applying
a refresh pulse to each memory cell which
stores a 1.

Organisation

Apart from the question of whether to use
static or dynamic RAM, the main factor
we need to take into account when dealing
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Fig. 4 Two-phase clocks. Where a two-phase
clock is used, different actions are carried out
in the two different phases. The sketch cannot
show the correct scale; there is no overlay bet-
ween the two positive phases.
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Fig. 5 Buffers, inverting and non-inverting.
The MOS circuits of most microprocessors
cannot provide enough current drive to activate
more than one standard TTL gate and a buffer
must be fitted between the MOS micro-
processor and the TTL circuits if expansion is
contemplated.

with memory is the way in which the
memory is organised. Organisation in this
sense means the way in which the memory
cells are grouped. For example, one very
popular way of organising memory is to
have 1024 cells, each using a single com-
mon data input/output pin. This is class-
ed as a 1Kx]1 memory, the 1K (K in
memory size means 10'° (1024), not 1000)
referring to the total number of groups of
memory cells and the 1 meaning the
number of data lines. A memory like this
would (normally) need ten address lines
(because 1024 =2'°) so that 1024 different.
address numbers can be coded in binary
on the lines.

Fig. 6 Using three-state buffers. In this exam-
ple, when the control signal is at logic 1, the in-
put buffer is enabled and the output disabled.
With the control signal at logic 0, the output
buffer is enabled and the input disabled. The
output of the disabled buffer acts like an open-
circuit.

A 512 x 4 memory, on the other
hand, would have 512 groups of four cells
each, with four data pins for input and
output signals. With only 512 groups, on-
ly nine address lines are needec (2° = 512),
but at each address number, four bits are
being written or read. The total number of
bits stored in such a memory is 2048
(512x4).

Chip-Ability

An essential feature of all memory types is
a chip-enable pin. At one logic voltage on
the chip-enable, the memory can be used
for reading or writing in the usual way,
but with the chip-enable shut off, the
memory data pins go ‘floating’ as if a
three-state buffer were in circuit. This
saves using an additional buffer chip and
enables us to use large numbers of
memories connected together without any
other form of buffering.

How, then, do we connect memory
chips to the main microprocessor (or
CPU) unit? There’s no simple answer,
because it depends on how the memory
chips are organised. Take, for example,
the use of 4Kx1 chips. Each chip will pro-
vide one bit of data, so that we need eight
chips to give a complete byte of memory
data, 4K in this example. The data con-
nections are simple; each data line from
the CPU goes to a different memory chip.
The memory lines are equally easy. 4K is
22, so that twelve address lines of the
microprocessor are connected to all twelve
address pins on each memory unit (Fig. 9)
This would be the normal layout for a
medium sized system using the INS8060,
for example, which has only twelve ad-
dress lines; other microprocessors which
use 16 address lines would have four ad-
dress lines left spare. The lines which are
left spare are, of course, the higher order
address lines numbered A12 to AlS (they
start at AQ, so the twelfth line is All),
because the lower order ones are the first
to be connected.



The shape of the circuit board would
have to be rather different if we were us-
ing, say 2K x 4 memories. Each memory
chip would have four data pins, so that a
complete data byte would need only two
chips, and with only 2K to address, only
11 address lines would be needed. On the
other hand, had we used 1K x 8, a single
memory chip would be connected to all
eight data lines and 10 of the address lines.

That’s simple enough, but suppose
we wanted more memory than could be
supplied by a single band of memory ICs?
We might, for example, find that 2K of
memory obtained from two of the 2K x 4
chips was insufficient and that we needed
another 2K. How do we cope with the ex-
tra? The answer is that we use one lot (two
of 2K x 4) for the first 2K of memory ad-
dresses and the other lot for the second 2K
of memory — but how? When we have
two identical lots-of memory chips they
will all use the same address lines and the
same data lines. In our example using 2K x
4 chips, we want to use the first two chips
for the first 2K of memory and the second
two for the next 2K. Each chip, being a 2K
chip, has 11 address lines and four data
lines, and all the address lines will be
paralleled. In other words, the A0 pin of
each chip is joined and connected to the
A0 pin on the CPU, and Al pins of the
RAM are similarly connected to the Al
pin of the CPU and so on. The data pins 0
to 3 of chips 1 and 3 are connected to data
pins DO to D3 of the CPU and the data
pins 0 to 3 of chips 2 and 4 are connected
to data pins D4 to D7 of the CPU.

Bits Of Memory

If these were the only connections, we
wouldn’t have a workable system, because
a given address, say 10010110110, would
fetch data from (assuming that we’re
reading memory) both lots of chips and
something would end up frying tonight.
‘Address decoding’ solves the problem.
The simplest method is linear address
decoding. The highest address for chips 1
and 2 is 11111111111. The next number
above this is 100000000000. The lower ad-
dress lines are now all at 0, so that both
lots of memories 1 and 2 along with 3 and
4 are fetching from address 0.

This is where the chip-enable pin
comes into the picture. Suppose line A1l
is connected to the chip-enable pin of
memory chips 1 and 2, and an inverter,
whose output is connected to the chip-
enable pins of memory chips 3 and 4.

Consider what happens if the chip-
enable is active, allowing the chip to
operate, when it is at zero. Addresses 0000
up to O7FF (that’s all zeros up to all 1s)
will be fetched from chips 1 and 2 only,
because line All is low, activating the
chip-enable of those two chips. Because of
the inverter, the chip-enable of memory
chips 3 and 4 is high, putting their data
outputs into the floating state. The data
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Fig. 7 A simplified form of three-state control.
The normal gate output circuit consists of Q1,
4 and 5. When the disable pin is high, Q2 and
Q3 conduct, shorting the bases of Q1 and Q4,
so that both transistors are cut off. This
isolates the output completely.

bytes for the first 2K of addresses are,
therefore, read from memory chips 1 and
2 only. When the address number reaches
100000000000 (0800 in hexadecimal), the
All line goes to 1, so that the chip-enable
pin of memory chips 1 and 2 goes high,
putting the data oututs of those chips into
the floating state. The inverter action en-
sures that the chip-enable pin of memory
chips 3 and 4 will be low, so that the next
2K of address numbers are read from
these chips only.

Partial Control

This system is only a partial solution,
though, because the decoding does
nothing about lines Al12 to AlS. As the
program count proceeds, these lines will
be activated and if nothing is attached to
them, the memory chips will be controlled
purely by the lower lines.

Since the upper four lines can have 2*
= 16 possible addresses on them for any
given address on the lines which we’re us-
ing, the sequence of use of memory can be
repeated 16 times.

All this address decoding business,
incidentally, applies equally to ROM or
RAM. The only extra complication which
is present in RAM chips is the read/write
pin which has to be taken to one logic
voltage for writing data from the micro-
processor to memory and to the other
logic voltage for reading data from the
memory to the microprocessor. The
microprocessor CPU will control such
pins directly from its read/write control
pin, or pins, which will be indicated on the
pinout diagram.

Any Port In A Storm

Most microprocessor systems need
nothing like the 64K of memory which
could be addressed by sixteen address
lines. Even a computer with fairly exten-
sive capabilities may use only 16K of
RAM, though its ROM and other use of
memory addresses can bring the total up
to 32K. All in all, then, there are several
address lines floating about if we want to
load data into the CPU directly or feed

data out. An address-decoded or memory-
mapped input/output system makes use
of buffers and latches which are controll-
ed by a signal gated out from the address
lines.

For example, suppose the ROM and
RAM that we use in a system take up a
total of 8K. 8K memory needs addresses
up to 2'%, so that it uses 13 of the 16
memory lines and there are three left.
Now three lines can be used in 2° = 8 dif-
ferent sets of addresses, of which we have
used one set in the 8K of memory ad-
dresses. That leaves seven sets of 8K (56K)
of addresses which are spare if the top
lines are fully decoded!

We can, for example, choose to use
an address such as 36D6, which involves
decoding all the address lines, or more
simply, use any address which has line
A13 high. Normally this would activate
the memory, but we can easily arrange
things so that when A13 is high, a gate cir-
cuit will disable all the memory chips,
making use of the chip-enable inputs.
That way, any memory address which has
line A13 high can be used to activate a
buffer and so connect the data lines to a
connecting strip. The buffer would also be
controlled by the read/write signals to en-
sure that signals were going in the right
direction. A more common type of inter-
face is an eight-bit latch, which holds data
temporarily stored until either the CPU or
any external circuits can deal with the bits.

Map Reading

Memory-mapping is a very common
method of making use of the address lines
to control inputs and outputs; porting is
another. A port is usually a separate IC

IN/OUT IN/JOUT
— —0

OTHER BUFFER
PAIRS

DIRECTIONAL
(STATE PIN)

Fig. 8 The bidirectional buffer. The buffer
stages are connected input-to-output with the
enable lines driven so that the two buffers of a
pair cannot be enabled at the same time. This
arrangement is sometimes described as a
‘transceiver’ — an example is the quad
transceiver 741.S243. An octal buffer such as
the 741.S241 can also be used in this way by
connecting the enable inputs together.

Continued on page 78
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Light and Power from DC

Generating line-independent light
and power from batteries is
fraught with many unrealised dif-
ficulties. Whether you want dc
back-up to operate equipment
when the line goes ‘off the air’ or a
wholly independent 120 Vac supp-
ly, you should know the problems
up front.

THAT’S THE TROUBLE with power
companies — they’ve insidiously crept in-
to our lives and made us quite dependent
on them. For those occasions when we
cannot avail ourselves of their ‘services’,
we have to rely on other sources to pro-
vide light and power. The old kerosene
pressure lamp has its advantages — and
disadvantages — but how on earth do you
keep a disk drive running when the ac line
‘browns out’? As storage batteries are
ubiquitous, the 12 V car battery in par-
ticular, it’s natural that we turn on them
to provide back-up and line-independent
supplies.

Back-up supplies

For equipment designed to be powered
directly from a nominal 12 Vdc source or
from either 12 Vdc or 120 Vac, back-up
supplies are employed to maintain con-
tinuity of supply, the battery being kept
charged from the line, but the battery acts
to maintain power supply to the equip-
ment in the event of line failure. This sort
of system is commonly installed with
burglar alarms, amateur radio repeaters
and geophysical monitoring equipment,
for example.

The ‘power budget’ of such systems
is carefully considered to provide max-
imum service period from the battery sup-
ply when line power is unavailable. Hence
asingle 12 V storage battery — generally a
low maintenance type — is employed.
Let’s learn a bit about lead-acid batteries
first.

The fully-charged, no-load terminal
voltage of a lead-acid cell is between
2.3-2.4 volts. This drops under load to
about 2.0-2.2 volts. When discharged, the
cell voltage is typically 1.85 volts. The
amp-hour capacity is determined from a
10-hour discharge rate. The current re-
quired to discharge the battery to its end-
point voltage of 1.85 V/cell is multiplied
by this time; e.g: a 40 Ah battery will pro-
vide four amps for 10 hours before requir-
ing recharge. Note, however, that the
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Fig. 1 Typical discharge
characteristics of a 12 V
(nominal) lead-acid battery.
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amp-hour capacity varies with the
discharge current. The same battery
discharged at a rate of 10 amps will not
last four hours; on the other hand if it is
discharged at 1 amp it will last somewhat
longer than 40 hours. The typical
discharge characteristics of a (nominal) 12
V battery are shown in Figure 1.

The ideal initial charging current for
the fully discharged battery (cell voltage
under 2.0V) should be about 20 amps per
100 amp-hours of capacity (i.e: 8 amps for
a 40 Ah battery). Once the electrolyte
begins to gas rapidly, the terminal voltage
will be around 13.8 volts and rising rapid-
ly. At this point, the charging current
should be reduced to somewhere between
4-8 amps per 100 Ah until charging is
complete.

At the end of charging, terminal
voltage may rise to about 15.6 volts or
more, but this decreases slowly after the
charger is removed, the terminal voltage
then usually reading around 14.0 to 14.4
volts (see Figure 2).

Back-up supplies are generally of the
‘trickle-charge’ type or the ‘battery condi-
tion’ sensing type. The example in Figure
5 is of the former type and trickle charges
a 12 V battery when the mains is on and
provides automatic switchover when the
power drops out. It’s cheap and simple,
but needs to be used for the batteries to
stay in condition so that they deliver their
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Fig. 2 Charging g
characteristics of a 12 V 313.84
(nominal) lead-acid battery. z
The ‘kink’ In the curve near £ 1324
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rated capacity when needed. Back-up sup-
plies of this sort are only practical where
the load on the supply is not too heavy —
generally 20W or so.

To drive a heavier load, upwards of
50 W for example, it’s best to power the
equipment from the battery all the time
and have a charger which senses the bat-
tery terminal voltage, charging the battery
when the terminal voltage falls to a preset
level and turning off when the terminal
voltage rises to the desired operating level
again. There is a slight element of luck in-
volved as to how charged the battery will
be at any one time, but the lower limit is
usually set so that the equipment will
operate for a specified period. A 100 Ah
battery can drive a 10 A load at the
10-hour discharge rate — which effective-
ly means it’s a good back-up supply for
equipment with a power budget of up to
120 W mean consumption. This means
that actual consumption can be greater
than that from time to time provided that
consumption falls below the mean level
for an equivalent period. An amateur
VHF or UHF repeater is a good example.
Whilst ‘listening’ only — no stations ac-
tive on the input channel — consumption
is quite low. When “activated’ by a station
or stations, the repeater spends most of its
time transmitting, and consumption can
be four to ten times that during inactive
periods, depending on the power output
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of the transmitter employed in the
repeater.

As stated earlier, the major con-
sideration with back-up supplies is the
power budget of the equipment being sup-
plied. If you anticipate the necessity of
operating the equipment for periods ex-
ceeding, say, eight hours, then a battery
of adequate ampere-hour capacity needs
to be used. It is always prudent to choose
a battery with 20-50% more capacity than
strictly necessary.

dc-ac inverters

Like storage batteries, 120 Vac mains-
operated equipment is ubiquitous! The
huge variety of products have been
designed to be convenient, thus making
themselves necessary. Or so it seems. Why
on earth anyone would want to take an
electric razor on a camping expedition and
expect to power it from an ersatz 120 Vac
supply is beyond this writer — but then I
haven’t had a shave in more than 15 years
except when my appendix was removed
and then they didn’t shave my face!

There are two common approaches
to providing 60 Hz ac power for mains
operated appliances: provide square wave
drive of the appropriate amplitude, or
derive a sinewave (or pseudo sinewave)
supply of appropriate amplitude. Both are
fraught with hidden difficulties. If you
want any substantial amount of power
output — like 200 W — you’re in hot
water — and probably unable to boil a
kettle, to boot!

A square wave dc-ac inverter has the
advantage of simplicity and efficiency —
depending somewhat on the design. In-
verters generally take two forms: self-
excited, usually employing a feedback
winding on the transformer, and driven,
where an oscillator drives a switching cir-
cuit, generally with transformer output.
Where the precise frequency of the ac out-
put is unimportant, self-excited inverters
are employed. Where a stable 60 Hz out-
put is required, a driven inverter i$
necessary.

Lighting is one area where self-
excited dc-ac inverters find application.
The common tungsten filament incandes-
cent light globe is a poor choice for
lighting where a dc supply is employed.
They have an efficiency of less than a fifth
of that of a fluorescent light of the same
power rating — viz: around 12
lumens/watt for the tungsten filament
lamp versus better than 60 lumens/watt
for a fluorescent tube. A 20 W fluorescent
tube would provide as much light output
as a 100 W incandescent globe! Those
figures are based on 60 Hz ac supply.
Fluorescent tubes actually improve in effi-
ciency when driven from a higher frequen-
cy supply. Figure 3 shows how the light
output of a fluorescent tube increases with
increasing supply frequency. Driving the
tube from a supply frequency of 10 kHz
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Fig. 3 The light output of a
fluorescent tube increases
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or more will result in a 20% increase in
light output.

The circuit of a self-excited inverter
driving a fluorescent tube is shown in
Figure 4. It ran at around 2 kHz and
employed a ferrite-cored transformer.
Consumption was 2.5 amps. An incandes-
cent globe to provide a similar light out-
put would draw around 10 amps! Such in-
verters have one drawback — the
transformer core ‘sings’ owing to the
magnetostrictive forces on the core pieces
(which generally come in two pieces).
That can be solved in two ways — put the
inverter in a ‘soundproof’ box or operate
the inverter at a frequency above audibili-
ty.

When it come to powering 120 Vac-
operated equipment or appliances a
number of considerations have to be look-
ed at. First, will the equipment operate
from a square wave supply? Many ap-
pliances employing an ac or ac/dc motor
will operate quite happily from a square
wave supply. One of ETI’s cor-
respondents employed battery back-up
for his computer’s disc drives, supplying
these with 120 V, 60 Hz square wave ac
from a driven inverter. The general ar-
rangement is shown in Figure 6. A 120 Hz
oscillator drives a flip-flop, which drives a
pair of HEXFETs connected in push-pull
across the secondary of a toroidal
transformer. Battery supply was 24 V.
The transformer is operated ‘back-to-
front’ here, where input is applied to the
secondary and the load connected across
the primary. Toroidal transformers per-
form much better in this application than
conventional types as core losses are lower
and primary-to-secondary coupling is
generally better. Some losses are involved,
the saturation voltage of the HEXFETs
generally being the greatest source. Hence
the use of a 20-0-20 V winding and not a
24-0-24 V winding.

The saturation voltage loss in swit-
ching devices driving a transformer is an
important consideration. One or two volts
lost from a 24 V supply represent only
about 4% to 8% loss, but at 12 V it’s
twice that! Any further losses only
magnify the problem.

104

A square wave ac supply is inherently
rich in harmonics. These can play havoc
with audio and digital equipment and it’s
often difficult to suppress interference
generated by the supply. Then again,
some equipment — particularly anything
containing a transformer and rectifier,
will produce entirely different perfor-
mance from when it’s operated from a
sine wave supply. The problem arises
because the peak and RMS values of a
square wave are the same, whereas the
peak/RMS ratio for a sinewave is 1.414.
To deliver the same work value as a sine
wave supply, the peak output voltage of a
square wave dc-ac inverter is generally set
at 120 V. When driving a motor or
resistive load, the square wave supply will
deliver the same amount of power as a
sine wave supply; i.e.: the same amount of
work will be done (all else being equal).
But, where the load or equipment expects
a peak voltage of 170 V (as we have with
the ordinary line), then a square wave sup-
ply of a nominal 120 V output will not
‘deliver the goods’ as its peak voltage is
only 120 V.

Once you get a small inverter going,
it’s only natural that you will want one
that can drive an electric kettle or hotplate
from a 12 V battery. This, unfortunately,
is impractical, for the following reasons.

Consider this: a sinewave dc-ac in-
verter needs to be of the driven type.
Hence it generally consists of an oscillator
driving a class B power amplifier — usual-
ly a push-pull type. The theoretical max-
imum efficiency obtainable with a class B
power amplifier is 78%. With losses and
power consumption of drive circuitry
taken into account the dc power input to
ac power output efficiency of an inverter
of this type is generally around 65-70%.
Thus a 1 kW dc-ac inverter to run from a
12 V battery would draw in excess of 120
amps at full load! Few batteries available
would supply that sort of current for long.
With currents of that magnitude, special
arrangements have to be made for
primary circuit conductors. A resistance
of 5 milliohms (0.005 ohms) will resultin a
power loss of more than 70 watts. Then
again, special consideration has to be
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Light and Power from DC

2' 20W TUBE

Fig. 4 A self-excited dc-ac square wave inverter operating at 2 kHz to drive a 20 W fluorescent tube —

an efficient solution to providing light from a dc supply.

given to heat dissipation in the power out-
put stage. The devices used would
dissipate something over 400 W at peak
load. No load dissipation would probably
be in the vicinity of 40-50 W, which is no
mean amount to get rid of.

Apart from the weight of a heatsink,
consider the weight of a 1 kVA (or 1000
W) transformer (assuming a single
transformer is used). We’ll leave the ex-
pense to your imagination.

The problems are reduced somewhat
when a much higher dc supply voltage is
available. However, in the latter case
other techniques of dc to ac conversion
present themselves — but that should be
the subject of another article as it’s a
whole new ballgame.

Where a 12 V battery supply only is
available, there is a practical limit to the
maximum power of a dc-ac inverter, and
that’s probably around 300 W output. At
typical efficiencies, the dc input power is
around 450 W, or close to 35-40 amps-cur-
rent from the battery.

As you would already appreciate, this
brings its own special problems. A battery
to supply that sort of power for any ap-
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Fig. 5 Circuit of an ‘Emergency Lighting Unit’,
a simple back-up supply that can be used for
other than lighting applications.
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A more practicable power level for a
sinewave dc-ac inverter would be around
120 W. Such an inverter would pull 12 to
15 amps from the battery, a much more
manageable figure.

Having seen the primary side of the
problem, let’s consider the secondary side
— the load. How many appliances do you
have rated at less than 300 watts? Very
few. The humble electric kettle is rated
from 1 kW to 1.5 kW. Monochrome TV
sets, particularly portables, may only con-
sume 100 W, but a colour TV may draw
three times that or more. A ‘low power’
(say, 30 W/ch.) domestic hi-fi will draw
around 100 W, depending on how much
equipment is in use and how loud you like
it. Anything more ambitious has a pro-
portionately larger consumption. A 300
W dc-ac inverter is best considered where

120 H ,
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PLIFIER
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Fig. 6 Class B driven sinewave inverter technique for providing 120 Vac from a dc supply.

preciable or worthwhile period would
need to have a considerable ampere-hour
capacity. Your typical 40-60 Ah car bat-
tery would barely deliver an hour’s worth
of power. If the inverter is installed within
the vehicle, or close by, and you are will-
ing to keep the engine running during
operation, then the battery will deliver the
goods for quite a period, provided you
can ‘set’ the throttle to suit so that battery
charge is maintained. At this stage, I
might point out that an alternator coupled
to the motor would provide a more effi-
cient energy conversion.

To gain, say, four to six hours of
operation for a 300 W inverter, you would
need a battery system of more than 200
Ah capacity.

the full output is only required intermit-
tently.

Conclusion

As can be seen, many factors have to be
taken into account when considering ob-
taining light and power from a battery
supply — whether it be in a back-up ap-
plication, for lighting or 120 Vac substitu-
tion. The ubiquitous 12 V battery is not
up to the job in some instances — in
which case higher voltage dc systems are
better considered.

Readers wishing to experiment with practical
circuits for converting 12 Vdc to 115 Vac, 60
Hz, should contact Hammond Manufacturing,
394 Edinburgh Rd., Guelph, Ontario N1H
1ES. Ask for information on the 513 series
switching transformers. m
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Reverb

%.

Amplifier:

A spring line for professional
audio? Don’t sneer - those inex-
pensive springs have remarkable
potential when used with the right
electronics. By Bill Markwick.

IF YOU’VE listened to the average guitar
reverberation, you’re probably creasing
over giggling with the idea of using the
familiar Gibbs or Accutronics springs for
home or studio recordings. They bring to
mind that hollow boingy twang, like yell-
ing down a pipeline. But wait: it isn’t so
much the fault of the line as the elec-
tronics driving it. Here are the major
drawbacks.

1. Some driver amps are low im-
pedance voltage sources such as op amps
or emitter followers; this approach
neglects the fact that the spring’s input
coil looks like a pure inductance, and, for

good treble response, needs ‘a rising
voltage response to match its increase in
impedance with increasing frequency.

2. This rising impedance means that
the amplifier must supply whole bunches
of voltage at the high end; if it isn’t a con-
stant voltage source, the output climbs to
follow the line impedance, and if it is, the
operator is tempted to crank the input
level to make it sound brighter. Most
amplifiers run out of headroom very
quickly.

3. Under the pressures of recording in
a studio, the operator can’t always
monitor the signal level carefully, and too
much signal is usually the cause of the spr-
ingy sound we all know and hate.

Here’s an amplifier that goes a long
way towards curing the reverb spring
blues. It features a constant-current type
of drive to allow for the spring’s rising im-
pedance, a bridge configuration to pro-

vide a extra 6 dB of headroom, and an op-
tional limiter circuit to prevent overload
distortion in case you nod out during the
session.

To begin at the beginning: the input
signal can come from either balanced or
unbalanced sources; IC1 and the three-
conductor input jack form a balanced
amplifier for rejection of any noise induc-
ed on the line, and if you’re using an un-
balanced source with regular two-
conductor phone plugs, it just acts as a
47K buffer amp.

IC2 is the drive circuit for the line.
It’s a voltage-controlled current-source,
which means that the current through the
line will be constant for a constant input;
the circuit automatically follows varia-

R7 10K 1% Rg 10K 1%

VR4 25K

€25 .1y
DECAY RS1

47K 220p
- I R12 47K

POINT A
LIMITER CCT

RA13.47K

c8

TO POINT B
LIMITERCCT

Au

&

R18 100K _1g

R19

R15 100K

Ra =100 FOR LINES
150 OHMS OR MORE,
33 FORB-10 OHM LINES

[ ]
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R36
220
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—
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Fig. 1 The schematic of the input and output circuits.
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R27 VR1 25K
10K LIMIT LEVEL
« = R551K
Fig. 2 The schematic of the limiter circuit.
tions in line impedance. IC2b is out-of- The Line output coils 600 to 3000 ohms.

phase with IC2a; this effectively doubles
the signal swing across the line - it’s
equivalent to using a 60 V supply.

The loss through the line itself is
about 40 dB. This loss is restored by the
output amplifier Q7, Q8 and IC5. The
sound of the line tends to be rather bright
because of the excellent HF response of
the current source drive, and a tone con-
trol is added after Q8 to allow you to set
the treble to suit; cutting the treble also
improves the signal-to-noise ratio con-
siderably, without seriously muffling the
sound.

The final output is a balanced-line
type, and a two-conductor output jack is
added in case your system is unbalanced.
The level can be adjusted to compensate
for the wide variations you’ll find in the
reverb springs.

The Limiter

The limiter circuitry is optional; if you
don’t feel into the cost and complexity,
just omit the circuitry. However, it does
have the advantage of preventing
overload distortion if you set the levels a
bit high, or someone leans into a
microphone. It also helps reduce
““flutter’’ on percussive sounds such as
kick drums. In addition, there’s the facili-
ty for a green LED which comes on when
the level is adequate; a drive level that’s
too low will mean that you’ll be amplify-
ing noise, hum, and people’s footsteps
when you hoist up the reverb return pot to
get acceptable volume.

If you decide to build in the limiter,
you’ll have to find the Clairex CLM6500
LED/photocell. I know it’s a bore trying
to hunt up special parts, but this one has
the advantage of not causing any increase
in noise or distortion levels; it’s worth the
effort. The CLM6000 should also work in
this application.
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Now as to the line itself: the real piece de
resistance in the way of spring lines is the
Accutronics 99 system. It consists of two
lines for a total of six springs; the delay
and decay times are chosen for a
realistically full reverb sound, and they
aren’t quite as plagued with mechanical
whistles and pops when the signal goes
through. You can bug your local music
store about getting you one of these
systems; most places that repair guitar
amps should have access to Accutronics
parts. These are special order lines, and
here’s what to ask for: 240 ohm input
coils, 2575 ohm output coils, medium

Mounting

The reverb lines and the amplifier will fit
nicely into a standard 19 inch rackmount
box, as shown in the photograph. This
reverb amp had an amazingly wonderful
idea incorporated into it: the two sets of
output coils from the Type 99 each had
their own amplifier; this gave a ‘‘stereo’’
output from a mono input. The trouble
was, nobody could hear difference as the
switch was changed back and forth from
stereo to mono. Such is life.

There is one small hassle involved in
rackmounting, and that is the reverb line’s
obsession with picking up every bit of

D6 to D9 1N4002

—e
PWR
7815 » +15
= Icé | RE2 1K ,/ D5
oo RED
CZSI du
1000 u - COM
36 VCT 150 mA
22 == e[ 1 by e

1000 u l 1c7

-

7915

— —15

Fig. 3 The schematic of the power supply.

decay time, and floating connectors.
When installing the lines, the input coils
should be wired in series, and so should
the outputs. This seems to give a richer
sound, as one coil’s impedance affects the
other.

If you can’t face the ordering pro-
cess, any large guitar-type line will do,
although the higher the impedance, the
better. Many guitar lines have 8 or 10 ohm
lines, and the driver circuitry in the
amplifier may be restricted in its
headroom. If you have a choice, the input
coils should be 200 to 800 ohms, and the

hum it can find; this may mean a lot of
fiddling with the power transformer loca-
tion to prevent it from radiating into the
line’s coils. If all else fails, you may have
to put the transformer in a separate mini-
box. Remember, too, that the audio jacks
should be insulated from the chassis —
the only connection to the chassis should
be the power supply’s zero-volts point.

Also, the regulator IC’s 6 and 7
should either be mounted on the chassis
with insulating washers and nylon screws,
or they should be fitted with a tiny heat-
sink; a square inch or two will do.
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Resistors, ¥4 W 5%

R1,2

R3,4,5,6,44,45,46,51

R11,41
R15,16,18,19,38,42
R17,21

R20

R22,24,25

R23
R26,27,31,34,35,43
R28,52,55

R29

R30

R32,36,53,54

R33

R37

R39,49,50

R40

R47,48

R56

470
47K
4K7
100K
82
200K
20K
56K
10K
1K
220K
4M7
220
1K2
62K
22K
750
100
33K

Ra is 100 ohms for lines 150 ohms or
greater, 33 ohms for 8 to 10 ohm lines.

Fig. 6 In (a) the regulators are mounted to the
chassis with insulating kits; (b) shows the top
view when using two small heatsinks.

Calibration

You can’t calibrate the level with a sine
wave! There are so many resonances in
any reverb system that the output sine
amplitude can vary 20 dB within a few
Hertz. The easiest way is to send it pro-
gram material at a level consistently near 0
VU, and adjust the output trim pot to get
the same level out. If you’re a fanatic
about level-setting, you’ll need a white
noise source such as an FM tuner set off-
station. This will give a good relative in-
dication of input/output levels.

Operation

Operation is straightforward. The green
LED should flash every now and then,

Ve W, 1%

R7,8,9,10 10K

VRI1,2,4 25K potentiometer

VR3 47K trim pot such

as Philips 411
series.

Capacitors

Cl1,2 .001 u ceramic

C3,4,6,8,11,12,13,

15,23,24,25,28,29 .1 u film

C5,16,17 4u7 electro.

C7,14 220 p

C9,10,26,27 150 u, 16V electro

C18 .047 film

C19,20 22 u 16V electro

C22,25 1000 u, 35V electro

Semiconductors

IC1 4136 low noise quad op amp

1C2,3,4,5 TL 072 dual FET op amp

IC6 15 V regulator

IC7 -15 V regulator

IC8 Clairex CLM6500 opto-
isolator

Q1,3,5,6,7 2N3904 NPN transistor or
equiv.

Q2,4,8 2N3905 PNP transistor or
equiv.

D1,2,3 1N4148 silicon diode or
similar

D4 any green LED

D5 any red LED

D6,7,8,9 1N4002 silcon power diode
or equiv.

Hardware

J1L3 three-conductor phone jack

J2 two-conductor phone jack

Insulators for above, if necessary
Mounting kits or heatsinks for regulators

Miscellaneous
Rackmount box or similar, 36 V 150 mA
transformer such as Hammond 166E36,
line cord, power switch, knobs, RCA
phono cords for connecting reverb lines,
PC terminals.

o HOW IT WORKS =

THE FIRST three sections of IC1 form a
true differential amplifier. ICla and IClb
are unity-gain buffers, and feed the balanc-
ed signal to difference amplifier IClc. The
common mode rejection of this amplifier,
which is set largely by the matching of R7 to
R10, drops out any noise which has been in-
duced on the incoming line; the CMR
should be about 40 dB.

IC1d functions as both a mixer and a
buffer; it mixes the output signal back into
the reverb line, with R51 preventing oscilla-
tions, and also buffers the signal after the
limiting resistors R11/IC8.

IC2 is a constant-current source. The
current is set by Ra, and the feedback loops
set by R16 and R18 maintain the output
current at the proper level regardless of
load impedance changes. Ql and Q2 in-
crease the output current capability; if it
rises beyond a few milliamps, the voltage
drop across R17 will turn on one of the
transistors. IC2b is an inverting amplifier;
the resultant out-of-phase signal across the
load means an increase in maximum output
of 6 dB, or twice.

The recovery amplifier is a straightfor-
ward compound connection with a gain of
about 30 dB. Low frequency rolloff is pro-
vided by C15, (and also by C6 in the drive
amp) and prevents the line from producing
distortion on large bass amplitudes.

After the tone control, a balanced out-
put is provided by IC5, with an unbalanced
output available at J2. This output is ad-
justable for up to 15 dB gain unbalanced,
or 21 dB balanced.

IC3 is a full wave rectifier, and sends
the rectified signal to peak detector 1C4.
This IC charges C13 to the peak level of the
input signal, and this charge is buffered by
IC4b and sent to control transistors Q5 and
Q6. If Q5 turns on, the LED in the opto-
isolator is turned on, and reduces the
resistance of the CDS photocell. This
shunts the input signal at RI11. The
minimum resistance of the photocell is
about 270 ohms, and results in a control
range of 25 dB when combined with R11.

say, once every one or two seconds. If it
stays on consistently, the level is set too
high. Incidentally, you can delete this
LED entirely if you prefer watching a VU
meter on your mixer.

The limiter control takes a bit of ex-
perimenting to find the point where
limiting begins; an audio source with loud
peaks is good for this. You can then leave
the control in this position forever, if you
like.

The tone control is just set to suit
your idea of good treble. It certainly isn’t
meant to be as good as returning the
reverb back through an equaliser, but it’ll
do in a pinch.

How Does it Sound?

Well, it won’t sound like an EMT plate or
an AKG spring. There are limits to the El
Cheapo route, you know. On the other
hand, it sounds remarkably better than
the average spring line that you find in
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small mixers and instrument amps. The
only objection usually raised relates to the
little bit of ping and flutter you’ll hear on
very loud percussive drum sounds. This
seems to be inherent in the line, and I’ve
never heard any limiters or envelope
followers that would take it out. The ob-
jections can be reduced if not stilled by
minimizing the input level as best you can.
Happy reverbing!
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The printed circuit for the amplifier.
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The future belongs to the creative electronics technician.

ELECTRONIC DESIGN
ECHNOLOGY

Be prepared to grow with
the world’s biggest growth
industry. Enroll now in this

exciting career program
from the leader in
electronics training.
The best jobs in electronics
go to the people who can think and
work creatively. The people who can
conceive and design circuits and
equipment command up to $18,000
as starting salaries, earn $30,000 or
more with experience and ability. And
NRI can help you join their company.

The First Complete

Program of Its Kind

This new course starts with the
fundamentals and builds from there to
prepare you for an electronic career
where the growth is. You're trained for
exciting jobs in the creation of com-
munications equipment, computers,
consumer products, anything that
needs electronic circuits.

And you learn at home in your spare time,
without quitting your job or wasting time, travel,
and gas going to night school. You learn with
NRI-developed training methods that combine
knowledge with practical experience.

F'.Io//. U',U {
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Your training includes all
these laboratory and professional work-
ing instruments.

NRI Circuit Designer
Gives Hands-On Experience

You actually design and build modern
electronic circuits, run tests, and verify specs.
You learn how various systems interact, design
your own circuits to perform specific tasks, learn
to look for better ways and new ideas.

The NRI Circuit Designer is a totally
unique instrument with full breadboarding
capability, built-in multiple power supplies and
multi-function signal generator for circuit test-
ing, Fast, simple connections let you build up
prototype circuits, immediately check them out
for function or faults. It handles both linear and
digital integrated circuits as well as discrete
components such as transistors and diodes. Six
practical lab units carry you through both the
theoretical and practical world of electronic
circuit design.

Professional
Working Instruments

Your course also includes the choice of
the professionals. .. the 6-function, 26-range
Beckman digital multimeter for fast, accurate
voltage, current, and resistance measurements.
1t features accurate LCD readout and full por-
tability. You also get the famous Texas Instru-
ments TI-30 scientific calculator to.speed and
simplify circuit analysis and design. It's a true
engineering instrument that includes trigono-

e P
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metric functions as well as square root,
logarithms, and memory.

NRI Fast-Track Training

The unique NRI lesson concept
simplifies and speeds learning. Espe-
cially written for individual instruc-
tion, each lesson covers its subjects
fully and thoroughly. But extraneous
material is eliminated, language is
clear and to the point, organization
is logical and effective.

You'll start with subjects like
Fundamentals of Electronic Circuits,
. progress rapidly through Circuit
Theory to Solid-State Electronics and
on to Digital Electronics, Computers,
and Microprocessors. Hand in hand
with your theory will be practical
Design Lab experiments, circuit
demonstrations, and test/measure-
ment procedures that make it all
come to life.

No Experience Necessary

You need absolutely no electronic experi-
ence to be successful with this modern course. If
you're a high school graduate with some algebra
you should handle it without any trouble. We
even include, at no extra charge, the NRI Math
Refresher Module, designed to help you brush up
on your math and teach you any new concepts
you may need.

Rush Card
for Free Catalog

Send the postage-paid card for our free,
100-page catalog with all the facts about this and
other NRI electronics courses. We'll rush it right
to you without obligation. Look it over and
discover for yourself why only NRI can prepare
you so well for your future. If card has been
removed, please write to us.

w
G

Wwe'll give you tomorrow.

NRI Schools

McGraw-Hill Continuing
Education Center

330 Progress Avenue

Scarborough, Ontario MIP 275

or telephone 416-293-1911
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Selecting a Computer System

Last month, Robert Traub gave a
basic introduction to microcom-
puters. In this issue, he presents a
general guide to choosing the
necessary peripherals.

by R.G. Traub

The microcomputer is an extremely ver-
satile tool capable of an infinite number
of personal and business applications. To
some people the microcomputer may
signify a great word processing system, to
others a professional accounting system.
Some may see a data base management or
telecommunications system, to name only
a few. The microcomputer can of course
be used in all of these areas, but by itself it
is nothing more than a collection of
sophisticated micro-electronic com-
ponents. In order to utilize this micro-
electronic collection, some external equip-
ment, known as ‘‘peripherals’’ will be re-
quired along with programs known as
‘“software’’.

Before the microcomputer can com-
municate with the outside world, and
thereby perform some functions, there
must be some way to feed information in-
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to the computer (input) and some way to
get the processed information out of the
computer (output). Each different type of
input or output device will require a soft-
ware routine known as a ‘drive’ in order
to function. With some systems each
‘drive’ will have to be written by the user.
With other systems the ‘drivers’ are in-
cluded as part of the overall operating
system software. If the microcomputer
uses diskettes for data storage, a special
program called the Disk Operating System
or DOS is required. The DOS will look
after such things as copying a diskette,
copy a file from one diskette onto
another, deleting a file from the diskette
directory, displaying the diskette direc-
tory, and so on. With cassette storage the
operating software is known as COS, or
Cassette Operating System. Generally the
operating system software is provided
with the purchase of a microcomputer.

Input and Output Needs

The operating system and the functions it
can perform will have to be totally
understood in order for successful opera-
tion to occur. The degree to which the end
user understands the basic operating
system and its functions, will determine

the ease and speed of operation. A total
understanding of the operating system is
required before any ‘“‘user software’’ can
be successfully maintained and operated
on the system. User software are the pro-
grams, either written or purchased,
designed for a particular application such
as word processing, data base manage-
ment, general ledger etc. All of the user
programs will have to communicate with
the outside world at one point or another.
This communication will occur through
the microcomputer’s input and output
ports to the particular device attached.
An input device can be almost any-
thing, depending totally on the applica-
tion. A few of the more common input
devices include a keyboard, an analogue
to digital converter, a modem, a group of
environmental sensors, or a point of entry
terminal, such as a cash register. Also,
there are a great variety of output devices
that can be utilized, again depending on
the application. Some of the more com-
mon output devices include a video
display, digital to analogue converter,
printer, modem, robot or Light Emitting
Diodes (LED’s). The job for which the
microcomputer will ultimately be utilized
will determine the peripheral equipment
required to satisfy the project. It is the
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user’s responsibility to know the task re-
quired of the microcomputer, and what
peripheral (input/output) devices will be
needed. As the peripherals constitute the
greatest expense in any system and are
necessary to obtain the desired result, it is
important to know exactly what type of
peripheral is required. If this first basic
step is not clearly understood and strictly
adhered to, the chance of obtaining even a
fraction of the desired result, is at best,
poor. For example, when a printer is re-
quired, it is desirable to know exactly
what features in a printer are the most im-
portant. It could be speed, the letter quali-
ty, the cost, graphics, form size, or paper
feed type, to name a few.

Printers

Printers range from simple dot matrix, to
sophisticated word processing printers, to
large high speed units. For example,
where cost is the main factor, there are in-
expensive 5 x 7 dot matrix printers that of -
fer a limited but definite use. These
printers have poor letter quality, and do
not allow for descenders. Descenders are
the lower part of letters such as ‘g’ or ‘j’
that drop slightly below the base line. A
simple function such as underlining text
cannot be performed without the ability
of the printer to descend below the line.
However, these printers are still adequate
for computer program printouts and non-
critical in-house documentation. Some of
the newer and more expensive dot matrix
printers offer very fine graphics and near
letter-quality print. This is done by in-
creasing the number of dots in the matrix.
For true letter-quality print used in word
processing, there are very sophisticated
daisy wheel printers. These units offer bi-
directional printing, proportional spacing,
half line up, and half line down, for
superscript and subscript, variable form
width, many different letter styles (print
wheels), and so on. Where high speed is
required, there are a number of specializ-
ed jet ink spray or laser printers available.
Each printer will offer special features
depending on the job they were designed
to do. Some printers are known as
character printers; that is, they print a
character at a time while others are known
as line printers. A line printer will wait un-
til its local buffer has one complete line of
text, then print that complete line at one
time. No matter what type of printer is
decided upon, close examination of the
print type and quality will be required to
ensure it will meet the requirements of the
job. A dot matrix printer offering good
graphics may not have the letter quality
required for reports or correspondence.
Which of these areas is the most impor-
tant, the graphics, or the correspondence
will determine the final choice. Good let-
ter quality printers are very expensive and
require expensive, sophisticated software
in order to utilize all the features inherent
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A myriad of printers are
available; choice is deter-
minted by requirements
such as speed, print quali-
ty, and interface type.

in the printer. Other criteria might include
the speed at which a document can be
printed rather than the quality of the
print.

As “‘speed’’ is a relative term, a short
explanation may assist. If a printer is said
to print 45 characters per second, this
would represent a full page of print every
1.46 minutes. To elaborate, there are,
with margins, approximately 72
characters on each full line of print. One
full page, again with margins, consists of
55 lines; 72 characters per line, times 55
lines, equals 3960 characters for each full
page of text. Divide this number by the
number of characters per second that the
printer can produce, in this case 45, to ar-
rive at 88 seconds per page; 88 seconds is
1.46 minutes. A word of caution here:
some printers will accept characters from
the computer at a high speed, but actually
print the characters onto the paper at a
slower speed. The reason for this lies in
the fact they they have what is called a
“buffer’. A buffer is a bank of memory
cells that can take in the information from
the computer at a high speed and then
feed the characters to the print mechanism
at the lower print speed of the unit. When
talking about printers and speed, the term
BAUD RATE will come up. The baud
rate is the rate at which each bit of the
character is transferred from the com-
puter to the printer. With a printer that
has a serial interface, each bit is transfer-
red one after the other; there is 1 start bit,
8 bits to make up one printable character,
and 1 stop bit for a total of 10 bits for
each character to be printed. If the baud
rate was said to be 300 baud, then simply
divide this number by 10 bits to arrive at
the approximate ‘‘characters per second”’
number.

When selecting a printer, other areas
to consider include the type of paper feed
system available, and the maximum paper
width the printer can process. The
availability of service and a service con-
tract is an important aspect in the pur-
chase of any equipment including a
printer. All these points must be con-

sidered, fully examined and the correct
determination made before the proper
printer can be obtained for the job at
hand.

Data Storage

As with the printers, the area of data
storage also has many areas that need con-
sideration. Some common methods of
data storage include the use of either an
audio or a digital cassette system, the flop-
py disk system, the hard disk system, or
punch cards. For the beginner, in a non-
business environment, an audio cassette
storage system may be adequate. In a
business environment, however, they are
not recommended. These systems are in-
herently slow since the information is
stored serially along the length of the
tape. Therefore, if the required program
were near the far end of a 60 minute tape,
a great deal of time would be wasted
waiting for it to arrive at the tape head.
The audio cassette systems have no direc-
tory of the information recorded onto
them and are therefore hard to maintain
as files. They are not always reliable and
the data may or may not be recorded as
required or loaded back into the system
consistently. In the field of floppy disk
drives, there are 3.5 inch systems, 5.25
inch systems, and 8 inch systems. The
floppy disk drives can be either single sid-
ed or double sided. For double sided
recording, the drive must be equipped
with two read/ write heads, while single
sided recording only requires one
read/write head. The recording format
can be either single density or double den-
sity; double density will allow about twice
as much data storage per diskette than
single density. Again, the job at hand will
determine if a floppy disk storage system
will be required. If a great deal of data or
information has to be stored and main-
tained, the hard disk storage system might
be the most cost efficient purchase,

Capacities

As a rule of thumb, a 5.25 inch single sid-
ed, single density diskette can hold
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100,000 bytes or characters. As each full
page of text holds 3960 characters, the
total number of pages that can be stored
on a single diskette is only 25. This is true
providing the diskette contains only the
pages of text and no other programs. If
other programs are being stored on the
same diskette, such as the operating soft-
ware, the amount of storage area available
would be reduced. The double sided, dou-
ble density 8-inch diskettes, on the other
hand, can hold over 1,000,000 bytes or
characters, while the hard disk systems
can store in the tens of millions.

Recently, with the newer microcom-
puters, there has been a trend to supply
certain peripherals and operating software
to form a system. These include such
things as a built-in video unit, a built-in
keyboard, and one or two floppy disk
drives or cassette recorders. This can be a
benefit, but can also restrict the potential
of the system. The keyboard may not of-
fer all the functions required by the user
software, or the video unit may not have
the full 80 character lines with 24 lines per
screen. In the area of storage, the disk
drives may only be 5.25 inch single sided,
single density types. This may fall well
short of the required storage space and ex-
ternal storage devices may still have to be
purchased.

Software

Once the microcomputer and peripherals
have been decided upon, the next step,
and perhaps the hardest, is to determine
the type of software or programs re-
quired. Of all the areas in microcom-
puting, this one is the most difficult to
visualize. Software can hide a great
number of shortcomings while appearing
at first glance to be just the required pro-
gram. It generally takes a few days of
working with a program to find any
limitations or operating inadequacy in-
herent in the software. In order to pro-
duce good programs, a great deal of
knowledge is required about the given
software subject. A knowledgeable pro-
grammer is not only required to have a
good understanding of microcomputer
programming, but must also be well
educated in the subject matter of the pro-
gram, be that accounting, data base
management, word processing, graphics
or whatever. Currently there are a great
number of word processing programs
available; however, few if any were writ-
ten by someone with a degree in the field.
Upon close inspection, any shortcomings
inherent in the software will become ap-
parent, Most software is written in order
to be as general as possible in hopes of
covering as many related applications as
possible. Even if a program has been
tested and loved by some users, it still may
not be satisfactory for the given job. With
word processing software for example,

there are a number of programs that will
allow the operator to see on the screen ex-
actly how the print will appear on the
printed page. This sytem has some major
drawbacks in as much as the video screen
is a fixed pitched device. With video units,
there are 10 characters to the inch. This of
course means that the system can not pro-
duce documents with proportional spaced
print. Special features such as bold strik-
ing of letters are difficult to see on a view
screen. Postscript and subscripts are im-
possible and complex tab combinations
are restricted. These may or may not be
important, but if the system is purchased
for the sole purpose of word processing,
there is no reason to be restricted in these
crucial areas. With any software package,
the user is the ultimate expert and must
demand his/her requirements be met com-
pletely. Therefore, as a general rule, first

Cassette machines are a popular low-cost
method of data storage. Their slow speed is a
disadvantage.

examine each potential piece of software
very carefully. Be sure that it will fulfill all
requirements as determined by the ap-
plication. It is not important that each
function of the software is carried out in
the manner that you are personally ac-
customed to; only that the required func-
tion is indeed performed. Unless the soft-
ware is custom written for your own ap-
plication, it cannot be expected to per-
form to your individual preference. Soft-
ware can be and often is custom written
for a particular application; however this
is an expensive method requiring a sound
and unique reason for such development.

Time FLies

The next consideration is that of time. It
will take time to fully understand the basic
operating system. Each software program
purchased will also require time to master.
There is a fair investment in time when the

purchase of a microcomputer system has
been completed. More often than not, the
manuals provided with the software and
operating system will leave the user asking
more questions than they are able to
answer. Many hours will have to be spent
at the keyboard in order to produce even a
basic output or result. This investment in
time is one that should be considered, as it
will have to be done for each new piece of
software purchased, and for each dif-
ferent system used. In an office environ-
ment, the end user is not likely to be con-
versant in the field for which the
microcomputer was purchased. In the
area of telecommunications for instance,
the end user is not expected to know all of
the buzz words associated with the field
and may find difficulty in operating the
system. This will require not only the end
user’s time being spent in learning the
system, but also that of a supervisor or
other knowledge-able personnel. This
learning time can be reduced significantly
if the manuals for the software and hard-
ware are reviewed with the vendor and
understood prior to the actual purchase.

Some microcomputers are offered as
complete dedicated systems. This is
especially true in the word processing
field. The purchase of such a unit will by
necessity restrict the buyer to that
operating system. The user will also be
restricted to the peripherals, and pro-
grams provided. There is no option to
purchase software from other vendors,
nor to add specialized input and output
devices. With these systems the user must
compromise and adapt to the system as it
currently exists. Many of these units are
based on the ‘‘what you see on the video
screen is what you get on the paper”
philosopy. This has been done in order to
reduce the learning time required by the
end user. These systems are by no means
bad, as they are generally well thought out
and provided with tested software which
can be readily mastered. These systems are
usually backed by a good service depart-
ment and supplies such as ribbons, disk-
ettes, and paper are readily available. This
method offers the user the quickest and
easiest way to get a fully tested and proven
system.

The microcomputer system will have
to last for a few years at least. The cost of
these units can vary, but no matter what
the cost, it must do the job as required. If
the system is carefully thought out, and all
the required hardware and software ob-
tained, then ultimately the product will
pay for itself. A good system can never go
obsolete. The microcomputer and the
associated equipment and software allow
for an almost infinite variety of applica-
tions. Whatever the job, the microcom-
puter can be designed to handle the ap-
plication providing you know exactly
what the job is.
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Electronics
in Fine Art

Radiographic scanning and com-
puter analysis have made it possi-
ble for art experts to not only
detect forgeries, but reveal the ar-
tist’s step-by-step painting
methods, even after centuries. By
Roger Allan.

FOR MILLENIA, the study of fine art
was limited to specialists using their eyes
to visually examine and judge a painting
by its color and style, pentimenti (painting
over an original), brush stroke
characteristics, contemporary documenta-
tion and the artist’s preparatory sketches.
With the discovery of x-ray radiography,
the subjective element in fine art studies,
both curatorial and historical, found a
new and very useful tool. As, the years
have passed, the interface between art and
science, specifically electronics in all its
manifestations, has broadened until today
no art museum can be considered as being
modern without an electronics laboratory
stuck somewhere in the building studying
the works’ chemistry and physics by
means of x-ray analysis, spec-
trophotography, infrared photography
and the like.

There are two process which repre-
sent the state of the art, in the study of art
as it were, one for historical reasons and
one for conservational: neutron activation
autoradiography and the digitizing of
x-ray radiographs.

Autoradiography is a non-destructive
technique used for the examination of
underlying paint layers. A light transient
radioactivity is generated by placing the
painting in a beam of thermal neutrons
for a short period of time. Immediately
following the activation procedure, a
series of photographic films is placed in
contact with the surface of the painting.
This work has been done at the J
Brookhaven Medical Research Reactor - £ {Rl - -
facility outside New York City. ' x ’ . = .

More technically, a neutron beam,
screened of energetic and epithermal  ““The Crucifixion’’, a 17th century oil painting by an unknown Flemish artist, was painted over
neutrons by initially passing the beam  another, completely different work. The area bordered in white is shown on the opposite page
through heavy water and bismuth metal after radiographic photography and computer processing by Jet Propulsion Laboratories and
layers — leaving only low-energy thermal  the Los Angeles County Museum of Art.
neutrons — is passed through a foot
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square port. The painting, wrapped in
polyethylene to prevent contamination
with radioactive dust, is irradiated by the
beam. Immediately after activation, the
painting is removed from the irradiation
facility and the radiation intensity from
the painting measured. The polyethylene
is removed and a sheet of photographic
film is placed in close contact with the sur-
face of the painting, aided by a vacuum
arrangement. Since the largest
photographic film available for the pur-
pose is only 14 x 17 inches, a number of
such sheets must customarily be used to
cover a decent sized painting.
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After a predetermined exposure time,
the film is removed and developed and the
painting secured, and another
photographic film is placed in contact
with the painting’s surface. This is
repeated nine times over a period of fifty
days. Each autoradiographic exposure
shows the distribution of those painting
materials that contain the most intensely
radioactive elements at the time of ex-
posure. Because of the differences in the
decay times of the radioactive elements,
different images are generally observed
among the series of nine autoradiographs.

At three different times after activa-
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This image, separated from *‘The Crucifixion’ by radiography, depicts a man and woman in

17th century clothing. Photos courtesy of JPL.

tion, gamma-ray energy spectra
measurements of the painting are taken.
These measurements allow identification
of most of the radioactive elements pre-
sent in the painting. Only those elements
with decay constants of less than thirty
minutes or those that do not emit gamma
®ays remain undetected by this technique.

However, not all elements present in
a painting form radioactive products
suitable for autoradiography, for example
lead and iron, even though they are
among the most abundant in paints (ie.
lead in lead white and iron in ochers and
umbers). The distribution of lead white,
however, can be accurately observed in
x-ray radiography. Further, this technique
will not demonstrate the presence of ox-
ygen, carbon or hydrogen in the pigments
(they do not form radioactive elements).
As such, the process will not show the
presence and -distribution of organic
pigments.

As the distribution of pigments on a
canvas results from the process of pain-
ting, autoradiography may recapture uni-
que evidence of working methods: from
the application of the ground layers, to
the underpainted sketch, to blocking out,
and the addition of multiple paint layers
in the working up of the image. The uni-
que ‘‘handwriting’® of an artist, their
brushstrokes, can be studied more
carefully. Brushstrokes, illegible through
aging, can be made apparent, producing
the subtle tonal transitions characteristic
of backgrounds. ‘

Because autoradiography can
distingitish fine details of paint applica-
tion, it is useful in questions of attribution
and authenticity. An earlier work may be
found underneath the visible surface pic-
ture; it can be determined that a forger us-
ed a paint which (chemically) hadn’t been
invented at the date attributed to the pain-
ting.

Further, as x-ray radiography really
only shows lead based pigments which are
durable, the x-ray radiograph usually will
not tell much about the painting’s condi-
tion. Deterioration in paintings
customarily commences with the browns
and blacks which are not detectable with
x-rays. Such pigments are recordable with
autoradiography, and protective measures
or restorative work can be done to main-
tain or enhance the work, bringing it back
to its original composition.

The effects on painting. materials
from exposure to radiation, particularly
with regard to discoloration, increased
brittleness and decreased solubility of var-
nish and paint layers, have been studied
and found to be all but non-existent —
discernable changes require some
1,000,000 rads while this process uses only
about 1,740 rads.

X-ray analysis of art is one of the
oldest of scientific study methods, but it
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Electronics in Fine Art
e

The Codex Hammer, a treatise by
da Vinci on the nature of water,
was examined for premature
deterioration by computer scann-
ing techniques. Photo courtesy of
the Armand Hammer Foundation.

has a drawback: since it registers
predominantly iron and lead, another,
original, image beneath the externally
visible picture (eg. a hidden picture), will
merely cause the x-ray analysis to show a
blurred image consisting of both pictures.
In order to separate the two images,
conservators at the Los Angeles County
Museum of Art (LACMA) teamed up
with scientists from the Jet Propulsion
Laboratory (JPL) and, drawing on their
expertise in computer enhancement pro-
cesses developed for the Voyager space
probes, tried to overcome the problem.
The picture studied so far over a
period of two years is The Crucifixion
(Deposition from the Cross) originally at-
tributed to Anthony van Dyck, but now
believed to be by an unknown Flemish
painter. Painted on paper, it shows Jesus
Christ being lowered from the Cross by a
group of followers. It had been suspected,
via x-ray radiography, that there was a se-
cond picture underneath the first, but its
details were unknown. X-ray radiographs
merely showed a blurred image, com-
pounded by the wood striations.
Essentially, the enhancement process
depends on a computer’s ability to elec-
tronically add or subtract coded informa-
tion. In the LACMA/JPL process, a
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cameralike apparatus called a microden-
sitometer used a light beam to scan the
negative of the radiograph. The beam
divided the negative into a million pixels,
or picture elements, which were assigned a
shade of grey numbering 1 to 256 (greater
then the range of the human eye within
the restrictions of any printing or painting
process). The result is an infinitesimally
small graytone checkerboard of the
original negative, making the image
susceptible to calculation and therefore
analysis of change, enhancement and sup-
pression.

With the data now in the computer’s
memory, the JPL scientists designed com-
puter programs to minimize the ap-
pearance of the grain pattern of the wood
on which the original work was painted.
Once that was completed, a photograph
of the top painting was matched with the
x-ray image, permitting any brushstrokes
from the x-ray version that matched the
top painting to be subtracted. Subsequent
subtractions removed most traces of the
top painting while the remaining bottom
painting was further computer enhanced
to bring out detail.

The final result, that is, the underly-
ing picture, has nothing to do with Jesus
Christ being lowered from the Cross, but
rather shows a buxom wench lolling at a
table, her male companion sitting across
from her, one hand on her forearm and
the other pointing upwards, with light
streaming through a window.

A fallow up study, currently under-
way by LACMA/JPL and funded by the
Armand Hammer Foundation, involves
the digitizing of surface features of a pain-
ting in an attempt to determine deteriora-
tion before such deterioration becomes
discernable to the human eye.

The specific item to be studied is the
Codex Hammer, a Leonardo da Vinci
treatise on the nature of water. It had

both sides of it could be viewed during a
recent international tour, a process which
has been used by the Royal Collection at
Windsor Castle for twenty-five years in
protecting the world’s largest collection of
da Vinci’s written works. Microcurrents
of air internally to the encapsulated sheet
of paper along with air pollutants and
ultra-violet light were thought to be
resulting in as yet undiscernable deteriora-
tion of the paper’s surface.

The first step in the process was to
take a sheet of 18th century paper and
photograph it in the same manner as in
the Crucifixion process. The sheets were
then encapsulated and for five months put
through the most extreme changes in en-
vironment possible: a daily 60°F
temperature range and rapid humidity
fluctuations. At the end of five months, a
second optical reading was taken and
digitized. The two readings are compared
with deterioration being determined by
changes in the readings.

Further, a fast Fourier transform
technique is to be used which will provide
a plot of the frequency of occurrence of
features of different sizes. Because surface
features are altered over time, these plots
can highlight subtle changes. A further
refinement is to start using a new elec-
tronic digital camera being developed for
the Galileo mission to Jupiter (currently
on hold). The advantage of this charge-
coupled device (CCD) is that the images
come out in digital form without having
to go through the intermediate step of tak-
ing and digitizing pictures, which results
in some deterioration.

A further application of digitizing art
work’s images is being undertaken by the
National Gallery in London, where they
are using image processing as an objective
color measurement method to document
the fading of paintings.
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Fig. A. The original Rembrandt

Fig. C. Blocking-out and the background

Rembrandt and Radiograps

THE NEUTRON activation process in the
study of art was first used on an investiga-
tion of nineteenth-century American pain-
tings at the Heckscher Museum at Hun-
tington, N.Y., but the bulk of the work
has been done by the Metropolitan
Museum of Art, New York City, in
association with the Brookhaven National
Laboratory. Of the 40 pictures he studied,
some 28 are by Rembrandt Harmensz. van
Rijn. While his work, Bellona, Fig. A,
does not demonstrate all of the things that
autoradiography can determine, it is
perhaps the most useful example for the
purposes of this publication and the size

of photographs that can be printed.

This picture was altered many times,
alterations which were not suspected unti!
the autoradiographic examination. The
identity of the goddess was established in
the early stages of the painting when Rem-
brandt placed the shield on the left, car-
ried on the right arm so that the inside
would show. The sword was held in the
left hand.

Previously hidden is Rembrandt’s
rough sketch for this composition. In the
autoradiographs, it is visible in the
Medusa head on the shield, Fig. B, in
Bellona’s face and right hand, and in a
summary indication of the background
hair. Fig. C appears to be increased in

fullness, indicating the blocking-out stage
when the background was painted up to
the contours of the figure. Fig. D
demonstrates how, in establishing the
costume of the figure, Rembrandt clearly
painted the Bellona’s decorative skirt with
its deep slits first, and then added the ar-
mour on top of it. He also sketched the
right hand before adding the glove.
Changes were made in the upper part of
the costume where a sash fell over the
shoulders, bosom and right arm, in the
size of the plume of the helmet, and in the
contour of the skirt hem.
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Commodore 64

Review
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Does it live up to its reputation for
being a powerful computer, or is it
a glorified VIC-20? Steve Rimmer
looks into the 64’s workings.

IF YOU DON’T own a computer, you are
probably beginning to feel a bit like a rally
driver in a Volkswagen beetle. This is in-
tentional . .. a lot of money has been
given over to the drooling minions of TV
and magazine advertising to bring
Western civilization to the realization that
a computer is a good thing to own, even if
it isn’t quite sure why just yet. Some
would say that this is because the age of
the microprocessor is upon us. Others
would counter that it’s all happening
because people weren’t buying enough
stereos to keep Japan in business. I feel
it’'s a plot by Martians, myself, but I
realize that this thinking is in the minority.

The Commodore 64, unlike many of
its less familiar antecedents, is a mass
market computer. It lacks many of the
professional touches of the PETs and
CBMs from which it hath sprung, but it
has filled the void with all manner of stuff
designed to make it really a lot of fun.
Unlike the VIC 20, which it resembles
quite a lot, it has useably large chunk of
RAM available without dangling teetering
memory expansion packs off it. It sports
sophisticated, if a mite unusual, on-board
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graphics capabilities and a screen of prac-
tical dimensions. (The VIC 20, on the
other hand, as many users have come to
realize, has among the smallest number of
characters on its screen of any home
system . . . one of its fundamental limita-
tions.)

If you are just starting out, the 64 is a
splendid system. It incorporates the legen-
dary PET BASIC, a language never rival-
ed for its ease of use. It has few inherent
software bugs, none of which are par-
ticularly troublesome and it’s so crammed
with features as to seriously trouble the
mind in grasping their scope.

On top of this, you wind up with a
computer than looks like a pop art
sculpture of a doorstop. It’s almost as if it
were handed down. from on high.

Chip or Slice

The 64 is a marvel of new chips . . . there
is a lot of dedicated LSI technology inside
its sleazy injection moulded case. The first
thing that comes to mind is the 6510
microprocessor. This is a trendier version
of the faithful 6502 ... the latter of
which is getting to be a bit of a dinosaur,
harkening back to the mid seventies. The
6510 is very similar to the 6502, with the
same instruction set and architecture. As
such, if you are up for writing machine
code for the 64, you won’t have to unlearn
anything, and there will be plenty of
reference materials available.

The enhancements in the 6510,
however, do a lot to give the 64 so much
of its power. For one thing, it’s speedy.
While you can scare quite a lot of speed
out of a 6502 by using the selected B chips
and faster clocks, the 6410 represents a
quantum leap forward, as it utilizes
pipeline architecture to improve the way it
handles instructions. Basically, this means
that it can fetch an instruction while it’s
executing the previous one. In fact, it can
queue up several.

The problem with large operating
systems, like that of the 64, is that they
tend to take a lot of processor activity to
do their stuff. This faster processor, then,
is more than just an enhancement . . . it’s
kind of essential that the 64 be able to
cope with real time to handle all its bells
and whistles.

There are two chips in the 64 which
relate directly to the human staring at the
tube . . . it’s these two little trolls that give
the system so much of its power. The first
is the 6566 video controller. It is a custom
made chip for the 64, and has power just
oozing out from under its pins.

The screen of the 64, the sole pro-
vince of this chip, is able to display
twenty-four lines of forty characters.
While this is not as good as a professional
system which would have eighty
characters per line . . . it’s the best that
can be done with a standard TV as a
monitor. The characters and background
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can be any of sixteen colours. This is
handled in software, and rather neatly.
You can choose the background by
POKEing values into a register of the
chip, and the colours of the characters by
PRINTiIng (or typing) control codes.

While the system wants to have a
specific colour for the characters being
printed . . . this does seem to be essential
. . . the screen is not limited to having a
single colour up at any one time. You can
PRINT something in one colour, go for
the appropriate control code and PRINT
in something else. There are no restric-
tions as to what colours print where, and
SO on.

The CRT controller chip supports
high resolution colour graphics. This
means that you can ‘‘draw’’ video game
type graphics on the screen. There are a
number of ways this, in turn, can be
handled by BASIC ... the 64 comes
equipped with a rather unusual one. It has
sprites.

Now, in the normal course of the epic
of reality, when one has a computer with
high resolution graphics, one can draw
lines and shapes, fill in solids and so on.
This is to say, one can produce static pic-
tures. To animate the pictures one must
write software to redraw and erase the im-
ages on the screen. This is quite difficult
to do in BASIC because BASIC is pretty
slow, and you wind up with very ginchy
looking images that flicker a lot.

Sprite graphics, on the other hand,
allow you to create shapes that move.
While you can’t draw lines and circles on
an unadorned Commodore 64, you can
define shapes and vectors. This doesn’t
sound like a lot of fun, but, when you get
down to it, it’s kind of a gas. You can
create an image, such as a space ship or a
killer gnu, and then have it move around
the screen without having to redraw it.

However, there’s more. It’s easy to
envision sprites as being paper cutouts
moving around on a series of glass planes
one above the other. As such, you can
have multiple sprites happening at any
one time, and, if a sprite on a ‘‘closer’’
plane passes over one on a more rearward
plane, the former will obscure the latter,
all without any prodding from your pro-
gram.

If you are up for creating animated
graphics this will be like rediscovering
pencils.
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Sound Off

The other profound chip in the 64 is the
6581 sound interface device . . . or SID.
It’s neat the way they give human soun-
ding names to silicon these days. When I
get around to it I want to devise a Write
Only Memory Bus Activity Timer, or
WOMBAT.

It isn’t proper to call the SID chip a
synthesiser . . . it has relatively limited
waveform control compared to a true
analog synthesiser, or a sophisticated
sound system like the Mountain Music
card for the Apple. However, it is
decidedly more than just a fancy control
G beep. It can produce three voices of
music in the range of zero to four
kilohertz. Each voice can be defined as
wailing in square waves, triangle waves,
variable duty pulse waves ... recycled
square waves, really . . . or white noise
for percussive or aspirative sound effects.
Each voice has its own voltage controlled
amplifier and envelope generator. As
such, sounds with specific attack and
decay characters can be created without
having to POKE lots of data into
amplitude registers from BASIC. The
VCAs have 48 deciBels of headroom
which, while not great, is passable for
computer-generated sound.

Programming the sound chip from
BASIC is not particularly difficult. There
are no higher level functions dedicated to
its operation. You just POKE numbers in-
to it to turn on the voices, adjust the
pitch, set the characteristics of the
envelopes, and so on. While a bit tedious
at first . . . you can’t just say SOUND
and start toodling . . . this does give you a
great deal of control over the chip without
having to learn to relate to some esoteric
specialized commands and functions.

BASICally

Working with the 64 is quite an agreeable
experience. It is, to be sure, user-
friendliness taken to a fine art. The
keyboard is passable and the display is
fairly crisp. Unlike most low cost com-
puters, the 64 features full screen editing.
If you want to change a line of your pro-
gram you just cursor up to it and do what
you want. This beats EDIT functions
hands down. The cursor movement keys
have auto repeat.

. =

The 64 has a full 64K of RAM in the
form of eight 4164 chips. However, you
can only access this if you disable BASIC,
as the BASIC ROM firmware overlays
about half of it. Properly designed
machine code programs, on the other
hand,. can utilize the whole RAM range.
This is a good trip if you are con-
templating tromping the kids away from
the system at nights and dabbling in
spreadsheets and little word processors.

The 64 is happy with most of the
peripheral doodahs available for the VIC
20 . .. many of the games will also run
without freaking. As such, even though
it’s still fairly new to the planet, there’s
plenty of support kicking around for it. In
addition, Commodore expects to have
various splendid nifties out for the thing
by and by. Splendidest and niftiest of the
lot promises to be a Z-80 card, which will
let the 64 behave like a latter day Apple
and run CP/M as well as its inherent
BASIC cum non-disk operating system.

Commodore is plugging the 64 as a
home computer that is also happy at
work. This is true . . . providing they let
you play video games at work. Otherwise,
it’s probably best regarded as a very
sophisticated fun system. While you can
do business things on it to a limited
degree, its fun aspects tend to hamper
serious endeavours ... probably as it
should be. A system with sprites and three
voice music should not be perverted into
file systems and other similar heavies.

As a home computer, the 64 is a real-
ly nice trip, and one well worth consider-
ing if you are planning to succumb to the
media barrage and buy a machine. Im-
agine being able to walk onto the subway,
look up at the ads and smile in the security
of knowing that you are now part of the
elite. That alone is almost worth the price.

Argh, Billy . . . help me plane off the
bottom o’ this door here’n so’s the com-
puter’ll fit underneath . . .

Ga
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128K SUPER 6502 BOARD

® On-board provision for 128K RAM (using 16-4164)

80x24 or 40x24 Video o/p (soft switched)

Dual Floppy controller and six expansion slots!

Light pen output on board

3K user programmable ROM space

Full colour composite video

Up to 4 character generator fonts

Eight position dip switch for various boot up conditions (eg. 13 or 16 Sector &
JMPEENL  transparent floppy controller)

% @ Fully screened, epoxied & plated throughout

® Fully compatible with all Apple products

" M r—. A

s ? _ _ _' support manual $289.
= - : MR (c) Wired & tested board & service manual $585.

6502 SYSTEM

This may be the ultimate value in computers
offered at any time anywhere in the world.

128K RAM (16-4164)

80 x 24 Video

On-board dual floppy controller

Six additional slots

Z80 blank

PCB included

H. duty switching power supply

Excellent keyboard. with numerical keypad.
System cooling fan

@ Full set of burnt EPROMs included

omplete Kit $759 Assembled & tested $869 o dey warrsary

, PERIPHERAL
DISK DRIVES BOARDS MONITORS
A&T sl
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(b) Slimline 5%’ drive fully Graphics printercard . . .. ............ $99 SERVICE

enclosed with cable ready to
plug in (Shugart half tracking
mechanism) ......... $338.00
with controller. ... ... $399.00

COMING SOON!

— Complete Satellite TV Systems

We repair 6502 and peripheral
boards & P. supplies etc. Full ser-

Full documentation provided
(90 day warranty)

— 8080 Board

— a Scope

— Bizarre Synthesizer Cards
— Furniture! for your system

vice facilities normal max. charge
of $50 on properly assembled kits
as described in our service pam-
phlets.

We guarantee Quick, Fast, Efficient & Honest Mail Order

PRICING POLICY

The 6502 PCB Dealers Prices are
rapidly changing. We will equalize
our prices to theirs if sufficient
proof provided.

Circle No. 14 on Reader Service Card.

J&K
ELECTRONICS CO.

585 King St. W

Toronto, Ontario
M5V 1M1

(416) 597-8882

Dealer Inquiries Invited

MAIL ORDERS
Mail Orders Accepted. Min. order
$15.00. We accept Visa, MC,
American Express. Send card No., Ex-

piry date, Signature, Names of Bank.

All Ontario residents add 7% Sales
Tax. Add 5% delivery charge; we ship
Canada Post, or Purolator.




48K 6502
computer

A) A&T mother board with
all parts except

EPROMs . . .. $275.00
B) Complete kit with
numerical keypad $570.00
C) Complete kit with A&T

12” Zenith 64K Compute
Monitor $148.00 Assemblied \4@“‘““\
& tested ~°

o ’ mother board and
U & ‘ | numerical keypad $630.00
N / PARTS KITS
Keyboard PACKAGE 101: $120.00

IA|| IC’s, RAMS, 6502 CPU
| and blank 2716’s.

PACKAGE 102: $26.00
All resistors, capacitors,
' diode, TRS, crystal, coil
and jacks.
5130.00 PACKAGE 103: $40.00
® On-board dynamic 64K RAM All 1C sockets and 50-pin
® Numeric Keypad ® Keyboard with upper and lower case numeric keypa edge connectors.
® Upper and lower case ® Plug in Z80 to run CP/M
® Usi EPROM ® Plug in optional interface to run ready-in the-market software.
olng ehE ® Ideal for personal, and small business SWITCHING
Plastic case for POWER SUPPLY
above $95.00| Plot 1l Graphic Light Pen System Heavy duty type . .$105.00
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$240.00 Y 32550
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COMPUTING/ELECTRONICS
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In the first part of our instrumentation techniques,
we looked at making and using a digital
multimeter; in this part we look at decibel and
noise measurements.

by Bill Markwick
and Tim Orr

THE FOLLOWING SECTIONS describe several electronic
measurement techniques, and by adopting a modular ap-
proach it will be possible to construct a wide range of elec-
tronic measurement systems, First of all though, we’ll look at
some of the units involved and try to clear up some of the con-
fusion about them.

The decibel

The decibel is a convenient way of expressing signal gain or
loss in a system. You may say that volts are okay, too, and
we’ve been using voltage levels for a long time, but consider: if
a chain of amplifiers takes in a signal at one microvolt and
jazzes it up to ten volts, we’re dealing with ratios like 0.000001
to 10. Furthermore, as the signal climbs in level from stage to
stage, we need a convenient way to specify both the level and
the change in gain, and these monstrous numbers just serve to
confuse. Finally, if we want to compare our amplifier with
another one, we’re forced to start specifying a whole lot of

OdBm IS USED AS A VOLTAGE MEASUF

0dBm IS A SINEWAVE LEVEL THAT DI
1 MILLIWATT OF POWER INTO A 600F

VPPZ Vpp R(600R)
THE POWER DISSIPATED = ==

. FOR 1mW, Vpp2 =8 x Rx 107
Vpp =8 x 600 x 103 =a.8

Vpp = 2.1909V

. 0dB IS EQUIVALENT TO 2.1909 Vppp or 0.7746 Vs
THIS IS USUALLY ROUNDED OFF TO 2.2 Vpp or 0.775 Vs

Fig.1 Everything you ever wanted to know about the dBm!

voltage levels to find the relative gains — ‘‘amp A has 1.8
microvolts in and 10.2 volts out, while amp B has . . . .’ —
and so on.

The cure to this proliferation of numbers is to take the
logarithm to the base 10 of the voltage gain; this sort of over-
does it, because it reads out in Bels, a rather inconveniently
small unit. Multiplying by 20 will change the Bel to a decibel.
(Why 20? Because 1 Bel = 10 decibels, and this is properly a
power ratio. If we’re dealing with voltage levels, the power in-
creases as the square of the voltage — twinkle, twinkle, little
star, power equals I squared R — and twice the log of a
number is the same as squaring the original number. Presto: 20
log E ratio.) _

Table 1 lists voltage ratios and the decibel equivalent, as
well as a rounded-off rule of thumb for remembering some of
them. Another handy rule is that 20 dB is 10 times the voltage,
so 20, 40, 60 dB will be 10, 100, 1000 and so on.
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The dBm

Here we come to the creme-de-la-creme of decibel confusion:
the dBm. Strictly speaking, the dBm is an absolute, rather than
relative, signal level. The starting point, or reference level, is 0
dBm. This is defined as a power level of one milliwatt across
600 ohms, and comes from way back in the Dark Ages when
everybody used real 600 ohm lines. Now the tendency in pro-
fessional audio is to use very low source impedances with very
high load impedances; a typical recording studio might use 50
ohm outputs driving 10K loads. The confusion begins with the
fact that people still use the dBm power level to describe the
signal voltage on an audio line. The reading itself isn’t wrong,
only the terminology. To further garble things up, various
alternative labels have been suggested: dBU, dBV7 and so on.
In any case, generally speaking, you can safely assume that a
signal level in dBm is referred to a zero level of 775 mV
regardless of line impedances. Table 2 converts dBm to
voltages.

The VU

The VU, or Volume Unit, is derived from telecommunications
practices, and further muddies the picture because it’s the
same as a dB to all intents and purposes. The reason it exists at
all is that it allows you to easily specify an audio meter reading
without worrying about the absolute value of the signal level.
For instance, professional studio VU meters have an internal
loss of 4 dB; our 0 dBm level will then read -4 VU. Cranking
the level up to +4 dBm will restore the meter to 0 VU, and also
explains why +4 dBm is the studio standard across North
America.

On home tape recorders and stereos, it isn’t unusual for
the maker to set 0 VU as any arbitrary level that keeps him
happy, though there’s a tendency now to standardize zero level
as 775 mV.

By the way, the Volume Unit is a misnomer; it doesn’t
measure volume at all, but signal level. You could put in 0 VU
worth of 10 Hz, for instance, and the volume would be pretty
much zip.

1 14
et i Vin Vee +12v
—-12v 21 -Vee
5k6

40 100 4
+
12vES il AD536A

Il1n0 5 {ANALOG 10

i

l u DEVICES)
6

7

SET
2ERO
a8
RV1
0k
dB OUTPUT 2 MW

—3mV/dB 24k

Lo &
140 1V2 BAND GAP]

36k LM313 OR
EQUIVALENT

SCALE
FACTOR
ADJUST  1k0*

dB OUTPUT(6V = 60dB)
+0V1/dB or +1V0/10dB

*USE A TEL LABS QB1 IF POSSIBLE. THIS HAS A T¢ OF +3500PPM/°C,
1T COMPENSATES FOR DRIFT IN THE AD536A

Fig. 2 Circuit for a dB meter using an Analog Devices IC.

Measuring Decibels

The AD536A is an RMS-to-DC converter chip, which is made
by Analog Devices. It contains an absolute value circuit, a
squarer/divider and a current mirror. With these elements it
can compute a true RMS value or a log (dB) equivalént of the
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Fig. 3 The same chip can be used for an RMS to DC converter.

input signal. The circuit in Fig. 2 has a useful operating range
of 60 dB. PRI sets the scale factor of the meter. Insert a 1V
peak-to-peak sine wave and then change it to 100 mV peak-to-
peak; this is to a change of 20 dB and so the preset PR1 should
be adjusted for a 2V change in the output voltage. RV1 sets 0
dB by inserting a current that cancels the log output current
from the squarer/divider. This can be used to measure ab-
solute voltage in dBm by setting zero at an input voltage of 775
mV RMS. Alternatively, it can be used to compute a dB ratio.
Insert a signal, set zero and then change the input signal level
— the resulting output change will represent the dB change in
input level. Note that the input of the AD536A can accept DC
signals, but a small DC offset on the input signal will add a
large error to low level readings. For the computation of dBs
for AC signals, it is best to AC-couple the input with a 4u?7
capacitor.

ORIGINAL SINEWAVE FULL WAVE RECTIFIED EQUIVALENT
DC VALUE

VRmS

y Ve _Vvee
AMS S i 2585

Viams =0.707 Vp = 0.353 Vp,,

Fig. 4 Sine wave level measurement.

RMS To DC Conversion

The AD536A, in Fig. 3, calculates the true RMS (Root of the
Means Squared) value of the input signal and converts it to a
DC output; this is the definition of RMS: the heating or DC
value that is the equivalent of a complex waveform. If we wres-
tle RMS to the ground and pull it apart, it looks like this:

1. Convert the input signal to an absolute value; i.e., rectify
it.

2. Square these voltage samples by putting them through a

logarithmic amplifier and a gain of two. (2log = square,

remember?

Average these values in a capacitor storage circuit.

Take half this value and find its antilog with an an-

tilogarithmic amplifier (Vzlog, then antilog = root.)

Thank goodness for microchips; you could fill your

bathtub with the components required to do this with tran-

sistors.

= &
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Fig. 5 Measuring different waveforms.

Most moving coil meters are calibrated for sine waves on-
ly; their mechanical inertia makes them respond to the average
value of a complex waveform. Since we know the
characteristics of a well-behaved sine wave, we can then print
the meter face to give the RMS value. Put in any other
waveform and you’ll have a meaningless voltage reading,
although you can use it for comparison with a similarly-shaped
wave.

Noise Annoys

All electronic components generate noise, and the combined
effect of all the noise components in a system gives rise to the
phenomena of a noise floor. This is a background noise signal
that is forever present. The measurement that is often used to
describe the noise performance of a system is called the signal-
to-noise ratio, which is expressed in dB. This is the ratio bet-
ween the normal operating signal level, and the residual noise
level with the signal removed. Measurement of the signal is
relatively straightforward; a sine wave signal can easily be
measured with an AC voltmeter, to give the RMS value. The

noise measurement is more difficult. First, the noise level will
probably be very low and so it will need amplification. Second,
we will only be interested in noise within a certain bandwidth.
Noise outside our selected bandwidth will make the noise
reading seem larger than it really is. Therefore we will need to
band-limit our amplifier. For audio applications, a bandwidth
from 20 Hz to 20 kHz is often used.

Finally, noise is a random process and it has a constantly
varying ratio between its peak and RMS voltage. A simple rec-
tifying and smoothing process will give an erroneous reading
and a frue RMS-to-DC converter is needed for correct
readings. Thus by using a band-limited amplifier with a true
RMS converter, it is possible to accurately measure the
residual noise level. A suitable amplifier and filter for audio
work is shown in Fig. 6. The NE5534 op-amps are low noise
devices, so they will contribute very little noise to the output
signal. The amplifier has a voltage gain of 60 dB and so the
output reading must be divided by the same amount; Table 1
shows the equivalent ‘is x1000, so millivolts turn into
microvolts. This calculation assumes a flat noise spectrum.
Note that the input impedance is equal to the 2K2 resistor near
the input jack. This means that you will have to drive the cir-
cuit from a source of less than 200 ohms in order to maintain
the 60 dB gain figure. If you’re measuring high impedance
sources, the first stage should be twisted around into the non-
inverting mode.

You may also find that the reading tends to flicker; this is
due to energy in the subsonic region of the signal. You can
minimize this by lifting the 10K filter resistor off Pin 6 of the
5534, inserting a .1 u capacitor between Pin 6 and the 10K, and
putting an 82K resistor from the right-hand end of the .1 to
ground. This will give a single-pole rolloff at about 20 Hz.

A slight error is introduced by using one- or two-pole
filters for restricting the noise bandwidth; ideally, we should
have filters with an infinitely sharp slope. However, it’s only a
dB or so, and won’t matter for the majority of measurements
you’ll be doing.

Figure 7 is a circuit that measures the equivalent input
noise of op-amps. The circuit has an overall gain of 100 dB
(x100,000) and so the DVM reading must be divided by this
factor; additional filtering may be included to remove hum or
to produce an A-weighting.

You may find to your surprise that Fig. 7 gives you a
signal-to-noise reading of 2 or 3 dB! This is usually due to the

60dB(x1000} LOW NOISE AMP

68p

68k 1%
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Zin=2k2 k2 1%
METAL
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|
|
|
|
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|
|
|
|
|

6
2u?
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Fig. 6 (Above) A low noise 60 dB amplifier
and 20 Hz to 20 kHz filter. ;

Fig. 7 (Right) Measuring noise in op-amps.
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digital gadgetry used in the DVM; there are clocking signals
whizzing around in there at many megaHertz, and they may be
getting out into the circuit under test. If this should happen,
the cure is usually to use an analog meter.

"]
~10 4

-20-4

—30-4

—40 -4

Pl T T T T T 1
% 20 100 200 1000 2000 10000 20000
= FREQUENCY (Hz)

<

o

Fig. 8 The IEC ‘A’ weighted curve.

The noise often has an A-weighting frequency response
applied to it before measurement (Fig. 8). This curve is similar
to the frequency sensitivity of the human ear and so by
A-weighting the noise measurement, it becomes a subjective
quantity. It also improves the apparent noise performance
figure. Usually when you make a noise reading, there is a line

330n 330n 10k 47n
-——

600R _1|
USE A HIGH
IN 6007 18 &8 100k OUTIMPEDANCE

202 ETER

|

-0 ¢ -

M
-
SOURCE

Fig. 9 An IEC *A’ weighting circuit.

Noise in op-amps is specified in nV/,~Hz. The equivalent
input noise voltage is:

E,=E x BANDWIDTH
= (E, x 141) nV for a 20 kHz bandwidth

E , is the equivalent input noise voltage in V
RMs
E_is the input noise in nV/ \/Hz.

hum component that is actually bigger than the noise. This can
be removed with a 400 Hz high pass filter as in Fig. 10. This
filter also removes some of the energy of the noise below 400
Hz, but even so, the noise reading is still useful. Sophisticated
digital multimeters often give you the choice of 400 Hz high-
pass, 30 kHz and 80 kHz low-pass and A-weighting filters;
sometimes they also have the facility for true RMS, dBm and
dB ratio measurements.

BYPASS

[ ouTPUT |
100n 100 P i
O—o—we—]| H 2 |
INPUT  400Hz 5 od — —
w
o«

T | 12dmr0cT
400Hz &

FREQUENCY (Hz)

Fig. 10 A 400 Hz two pole high pass filter.

The calculation assumes a flat noise spectrum. Here’s an ex-
ample of using the EIN to give you some idea of the noise
voltage you can expect at the output of an op amp.

1. Find the manufacturer’s input noise figure if they list it.
You’ll usually find it for low-noise types but not for
general purpose amps. The 5534 from Texas Instruments
or Signetics for instance, is listed at 3.5 nV per root Hertz.

2. Multiply this by the root of the bandwidth in Hertz; 141 in
the case of 20 kHz.

3. Multiply this by the gain of the op amp circuit under test;
if the gain is in dB, convert it to a ratio using Table 1. If
you have a calculator handy, it’s antilog dB/20.

4. Now you have the RMS noise voltage at the output of the
op amp circuit. You can convert it back to dBm using
Table 2, or if you’re game, it’s 20log Eout/.775.

Gi

if vou met these people, would you
know they had Cystic Fibrosis?
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Chiidren and adults with CF often
look as healthy as you. To stay that
way they go through a rigorous pro-
gram of medical treatment and therapy
every day.

CF is inherited and incurable.

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

With your help research will find a
cure or control.

take action

MAKE CF PEOPLE
WINNERS

{8 _[) Conadian Cystic Fibrosis Foundation




A portable, battery powered
oscillator for toolbox or test
bench; compact and easy to
assemble with low-distortion out-
put. By Bill Markwick.

HERE'’S A handy project if you do ser-
vice calls, or if you want a compact
oscillator for the test bench. It features
battery power, selected frequencies for
repeatability, and a five-position output
attenuator in 10 dB steps. The distortion
can be trimmed to 0.1% or less, which is
more than adequate for anything but
critical measurements.

Most oscillators you’ve seen have
probably used a thermistor in the feed-
back loop to stabilise the output
amplitude. These thermistors are very
hard to find, so this one uses a precision
bridge and a zener diode instead; the
bridge is available from RCA dealers as
the CA3019, or National Semiconductor
dealers as the LM3019. You can substitute
any diode bridge, but the distortion will
be much higher.

The circuit is designed to cover the
audio band of frequencies by changing
two resistors; the frequencies given are the
ones usually found on audio alignment
tapes for setting up tape recorders. You
can change these values to any others you
prefer using the formula given in Table 1.
If you’d prefer using a dual potentiometer
for continuous frequency adjustment, the
hookup is shown in Fig. 1. There’s a
catch, though: if you use a linear pot, the
higher frequencies will all be crammed in-
to the last few degrees of rotation. The
cure for this is to use an anti-log pot; this
gives a reasonable approximation of
change vs. rotation. These pots are
available in the Mod-Pot series from
Allen-Bradley dealers, but be prepared to
wait for a long time for them. Another
cure, should you be persistent about this,
is to use a dual log or audio pot to stretch
out the dial markings. Naturally, you’ll
have to wire the pot backwards, so that
counterclockwise rotation increases the
frequency.

The pot resistances shown give a
range of about 15:1. Next you’ll have to
install a switch to change C1 and C2 to ex-
tend the audio range; a value of .01 u for
C1 and C2 covers about 16 Hz to 240 Hz,
.001 to 2400 Hz, and 100 pF to about 24
KHz.

The output impedance has been
chosen as 150 ohms; this will suit almost

all input requirements - it can drive low
impedance microphone lines, high im-
pedance amplfiiers inputs, console line in-
puts, and what have you. If you use it
with any sort of equipment which ab-
solutely must have a 600 ohm source,
you’ll have to insert a 430 ohm resistor in
series with the output. You could use a
switch and wire this resistor into the box
permanently, but it’s a rarely-used
feature.

The output attenuator can be set in
10 dB steps to suit the level to whatever
sort of input you’re testing; in the 0 dB
position, the voltage can be varied up to
4Y1 volts or so, and in the other positions,
resistive attenuation suits the level con-
trol’s range to microphone inputs, as well
as reducing the inherent noise from the
amplifiers. Table 2 gives the approximate
output levels for the attenuator settings.

Assembly

Assemble the PC board and mount it in
whatever box size you’ve chosen; the two
9 V batteries can be fitted in proper
holders, or you can use battery clips and

just tape them in place. The frequency-
selecting resistors are mounted on rotary
switch S1; you may want to use some
spaghetti tubing if it looks like short cir-
cuits may happen.

The output jack is a stereo type with
the ring contact grounded; this will let you
use the unit with balanced inputs. It’s par-
ticularly useful with balanced patch bays
using three-conductor patchcords. You
may prefer to fit binding posts.

Calibration

The only calibration necessary is to set
gain control VR1 for minimum distortion.
Monitor the output of IC1b with a scope
and rotate VR1 through its travel; the out-
put should go from no oscillation at full
counter-clockwise to a sine wave of about
3.2 V rms with flattened peaks at full
clockwise. Rotate counter-clockwise until
the oscillation just stops, and then the
minimum amount clockwise to get it
oscillating again. This will be the point of
minimum distortion. If the unit should
occasionally fail to start on power-up,
you’ve set the gain a bit too low; slight
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HOW IT WORKS

ICla is configured as a conventional Wien
bridge oscillator, with the value for C1 and
C2 chosen to keep the resistance values
from loading the output of ICla at the high
frequencies. For operation at much higher
frequencies than the ones shown, Cl1 and
C2 may be considerably decreased.

A characteristic of the Wien bridge is
that it has zero phase shift at the frequency
where R=C’s reactance; at this frequency
the feedback to ICla’s non-inverting input
becomes positive, and the circuit begins to
oscillate. As the output rises, it is rectified
by IC2 and applied to the zener diode.
When the zener diode breaks over, more
negative feedback is applied to the inverting
input, and the output voltage is held cons-
tant.

The amplitude could be stabilised with
back-to-back zener diodes, or even regular
diodes, but mismatching of the positive and
negative cycles causes noticeable distortion.
A single zener diode is used with a precision
bridge in which the diodes are matched to

each other within about one millivolt.

One of the extra diodes included in the
3019 could have been used in place of the
zener diode, but breakover voltage is in ex-
cess of six volts, and would have resulted in
clipping of the output signal. The circuit as
shown has a peak output voltage equal to
the zener voltage plus the 1.2 V drop across
the rectifier.

The signal from the oscillator is ap-
plied to the level control, and then
amplified to about 4)2 volts by IC1b. This
is about the maximum available output
when using two fresh 9 V batteries; if the
unit is used permanently on a test bench, it
can be powered by any supply up to 15
volts.

The output from IC1b is applied to the
ladder attenuator. This has steps of 10 dB,
or 0.316 times, and is chosen to have cons-
tant output resistance of 150 ohms
regardless of the switch position. The out-
put is short-circuit proof.

variations in resistance due to temperature
may be preventing oscillation. Increase
the gain with a very small clockwise rota-
tion of VRI.

If you have a harmonic distortion
analyser, the job is even easier. You
should be able to adjust Rl for a distor-
tion reading of less than 0.1%; if it refuses
to drop below this, monitor the output of

IC2 3019

Metal Con Package

02220

020,

(right) The component location drawing.

(below) The circuit schematic. Note that the frequency-selecting

resistors Ra, Rb are mounted on S1.

Table 1
Frequencies are approximate due to com-
ponent tolerances.
For other frequencies, R=1/(6.28 x .01 x
10-6)

Frequency-selecting Resistors

f Ra,b
20 820K
30 510K
50 330K
70 220K
100 160K
400 39K
700 22K
1 KHz 16K
4KHz 3K9
10 KHz 1K6
15 KHz 1K1

SEE TABLE 1

R1 22K

8
/ ‘6
2

R
oK 5 PIN7TTO-8V

9V

R12K2

1

FROM $18 RESISTORS

\
GND  TOSIBMOVING CONTACT

TOS!A MOVING CONTACT

the analyser with a scope to see if hum and
noise are obscuring the distortion pro-
ducts. Shielding and filtering out frequen-
cies above 20 KHz may be necessary to get
very low distortion readings.

Table 2
Attenuation Setting vs. Output Voltage

Setting, dB Max. Voltage
0

4.5
-10 1.42
-20 45
-30 142
—40

.045 ]




Fig. 1 Substituting a potentiometer for the
switch. This is fraught with difficulties — see
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ik PARTS LIST

Resistors uW, 5%

Ra,b see table 1

R1 22K

R2 10K

R3,4 220K

RS 470K

R6 150

R7 560

R8,10,12 330

R8,11,13 510

R14 240

VRI1 2K2 miniature vertical
mount trim pot, such as
Philips 410 series

VR2 10K to 25K linear pot

Capacitors

C1,2 .01 u film type, any
voltage rating

C3,4 4u7, 35 V electrolytic or
tantalum

Cs5 47 u, 16 V or larger elec-
trolytic or tantalum

C6,7 .1 u film type, any voltage
rating greater than 10

Semiconductors

IC1 TL 072 dual FET op amp

IC2 LM3019 or CA3019 diode
array

D1 3V3 400 mW zener diode,
IN746A or equivalent

Switches

SI 2 pole, 11 position shor-
ting rotary switch such as
Centralab PA-1004

S2 1 pole, 5 position shorting
or non-shorting rotary
switch such as Centralab
PA-1000

S3 DPST or DPDT sub-
miniature toggle switch

Miscellaneous

suitable case.

3 conductor output jack or binding posts,
battery clips or holders, two 9 V regular or
alkaline batteries, knobs, PC board,
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The dancers shown to your left, all members of the Riverdale Home for the Hopelessly Druidic, have been let
out for their exercise period and are showing their full-regalia appreciation of ETI: projects for audio, com-
puters and test gear; designer’s guides; articles of general interest to the electronic technician and hobbyist.

Soon they’ll all be going back to warm up their soldering irons and check out the latest news from the
world of ancient traditional electronics.

INCREDIBLE OFFER: A SERVANT FOR A YEAR FOR ONLY $18.95!

Have you ever slogged and squelched through the rain and cold to your favorite newstand, only to find an
empty space where your copy of ETI should be? Did you have to settle for Field and Stream just to _mm_a
yourself feel better?

Now all that can be a thing of the past. You don’t have to stand there like an idiot, dripping on the newstand
floor; for the mere sum of $18.95 we will solve your problem entirely. Settle back in your leather armchair
with a good cigar and a snifter of brandy, and once a month, just like clockwork, you will have ETI brought
right to your door by your very own servant, who will be dressed in a spiffy government-approved blue
uniform.

To get this amazing offer, send $18.95 for one year (12 issues), or $33.95 for two (24 issues), using the coupon
alongside, or send to:

ETI SUBSCRIPTIONS
UNIT 6, 25 OVERLEA BLVD.,
TORONTO, ONTARIO M4H 1B1
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They keep promising us that we’ll
be able to do our shopping via
videotex without leaving home, if
you like being a computerised her-
mit. At least you have to go out-
side to see the Telidon video direc-
tories.

by Eric McMillan

MOST VISIONS of the future include
some kind of system for shopping, bank-
ing, getting news, researching and carry-
ing out a wide range of other activities
from our armchairs by way of videotex.

For most of us, that lifestyle is still a
little way off, but be can get a foretaste of
it with two electronic publishing services
available to the public for free. You may
already have encountered their video ter-
minals in shopping malls across the coun-
try.

Cantel and Teleguide are based on
Telidon, the Canadian videotex tech-
nology, and ‘‘published’’ by Infomart,
jointly owned by media companies
Southam Inc. and Torstar Corp.

Ideally, we could each have a Telidon
terminal in our home through which we
could call up information from the central
databases as well as input our own
messages — something like an elaborate
computer-based bulletin board, complete
with brilliant graphics and sound effects.
At the moment, however, terminal prices
are prohibitive (over a thousand dollars),
the amount of information stored is too
small for more than specialty interest, and
the interactive capabilities are still being
developed.

Infomart has found at least four im-
mediate uses for Telidon as it now stands.
Two of their operations involve selected
audiences: Grassroots provides agricultur-
al services in western Canada, and VISTA
is a field test of 500 terminals managed on
behalf of Bell Canada, but Cantel and
Teleguide can be operated by anyone who
can get their hands on a terminal, which
isn’t difficult.

Cantel’s 60 terminals are evenly
distributed across Canada. Another 2,000
terminals can run Cantel, although they
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were set up for other purposes such as
Grassroots, B.C. Tel., Sask. Tel., and IN-
et (Intelligent Network). I found one to
experiment with at the local Statistics
Canada office. They are also found in
shopping centres, libraries, and other
government service bureaus.

At last count, the Teleguide system,
co-sponsored by the Ontario government,
has 280 terminals available in malls, hotels
and transportation centres in and around
Metropolitan Toronto. Both services are
free to users, but Teleguide charges a fee
to businesses whose wares are listed.
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Both systems provide thousands of
pages of information, including weather
and recreation, with interactivity limited,
so far, to the user’s power of choosing
topics and turning pages by punching in
one and two-digit numbers. They are
menu-driven, which means you arrive at
the item you want by making a choice
from a general index, then narrowing
down the category through successive in-
dices. Graphics in the two systems are of
similar quality and in some instances are
apparently identical.

The basic Telidon station consists of
a monitor, a decoder, a keyboard, and a
telecommunications carrier (cable,
telephone, fibre optics, etc.), to connect it
with the central computer. The Teleguide
terminals I’ve seen have the Norpak or
Microtel decoders and the keyboard built-
in with the monitor. The terminal on
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which I received Cantel employed an Elec-
trohome TV, a Norpak decoder, and a
detachable keyboard.

The differences between the two
systems are in the content of the services.
Cantel was established to give information
on federal programs and services and is
published through Infomart by the Task
Force on Service to the Public (Supply
and Services Canada). Although the em-
phasis is on public terminals, you can
subscribe to the service for two dollars an
hour if you have the proper equipment at
home.

The main menu for Cantel offers you
a choice of 22 categories from which to
choose, four of which concern using
58—JULY—1983—ETI
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Cantel itself. After playing with 1t for a
while, one begins to realize how the adver-
tised 50,000 pages of Cantel can get used
up without exhausting even the skimpy
outline of information available.

For one thing, a number of routes
can be taken to any one piece of informa-
tion. Being a writer, by which I mean
chronically unemployed, I decided to look
for writing or editing jobs via Cantel’s Na-
tional Job Bank. I could move from the
main menu to ‘‘Highlights’’ under which
some of the most common items are listed
and then press the number opposite the
job bank. Or I could begin with the
‘“Keywords’’ index, leading me to alpha-
betical listings, starting with the first let-

Ontario

WTXC& LISTINGS

4 Resorts

S Teieguide
to Metro
Toronto

ter, then the first three letters, and further
menus until I reach what I'm looking for.
Fortunately, ‘‘Jobs/Work’® has a
separate listing on the main menu. Pres-
sing the corresponding number, I reach
further lists until the computer knows I
am looking for a writing or editing job. I
decide between ad copywriter, and jour-
nalist, and finally get a listing of two
(count ’em, two) journalism jobs in
Canada. The Toronto job requires fluen-
cy in English, Yiddish and Hungarian,
and the other job is in Frobisher Bay. Beg-
gars and writers can’t be choosy, so I
checked out how to go about applying for
the Frobisher Bay position. Another page
tells me that, if I see the job I want, I
should copy down the number and take it
to the local employment office.

It’s a little unfair to test the system
with journalism jobs because they are
generally not advertised through official
channels. A search for accounting posi-
tions, however, leads to similar results
(eight openings in the country).

Perhaps it’s unfair to test Cantel on
any employment search, given the state of
the economy. Starting with ‘“Weather’’
on the main menu, I could get an overview
of forecasts for regions in Canada, but
not specific information on cities except
those marked with temperatures and sym-
bols on the map. “‘Grants/Loans’’ yielded
a fairly useful listing of what subsidies are
available from Ottawa, any of which
could be searched for further details.
‘“Science/Technology’’ led to a number
of categories of which I found the most
interesting to be about communications,
including a short history of videotex itself.



I'm told that the pages are updated on a
daily, weekly, or monthly basis, depen-
ding on the kind of information, but I
found some of the information was out-
dated, seemingly stuck in 1980 when it was
first entered on the database.

With the large characters for printing
and the attractive graphics, most ‘‘pages’’
consisted of single sentences of informa-
tion, with a couple of options for further
searching at the bottom (turning the page,
getting back to the sub-menu, finding a
related topic). After a choice was made,
there was often a two or three-second
delay (occasionally as long as six seconds)
before the new page was printed, which
also took some time when complex graph-
ics were produced. This is maddening
when you’re trying to get somewhere fast
and you’ve already seen this particular
page before, but you can press the button
for your next choice before the current
picture is completed.

Cantel could be useful for someone
with a request for specific information
regarding a government service. Currently
it is averaging about 2,500 users per day
across Canada, adding up to about a
million retrievals a month, according to
Infomart’s Ottawa office.

Obviously the system would be aided
enormously by the development of true
two-way communication. At present, you
can order government publications
through Cantel terminals at special loca-
tions, and Teli-ordering is expected to be a
big part of Cantel’s growth through this
decade. The Task Force on Service to the
Public also anticipates an expansion of

I
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Cantel’s database to improve its potential
for business uses.

Teleguide was devised mainly for res-
idents and tourists to get information on
recreation in Ontario. The main menu,
when I last tried it, offered 13 choices in-
cluding entertainment, restaurants, ac-
comodation, sports, weather, time, gov-
ernment information, and ‘‘What is
Teleguide?”’

‘“Weather’’ gave a full picture of to-
day’s conditions in Toronto, as well as the
forecast for tomorrow. ‘“Time’’ provided
the hour and minutes right now in Toron-
to, in addition to the time in any other
part of Canada I desired. ‘‘Restaurants’’
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led through a series of menus to determine
the kind of food I was seeking before giv-
ing examples. ‘‘Accomodation’’ provided
not only names and descriptions of places
to stay, but also drew maps to show how
to get to them. Occasionally, little diver-
sions were suggested. Beneath the weather
report, for example, I was told what
numbers to press to get the latest USFL
scores, which I did.

The time taken to move from one
page to the next and to print each page
was the same as for Cantel. Teleguide,
however, seemed more immediately useful
because it was able to provide detailed in-
formation that could come in handy right
away. I eavesdropped on a group of teen-
agers who were running through the
movie lists to find a show to go to that
evening. They had no trouble reaching the
information they sought, and apparently
made a decision. In fact, most Teleguide
terminals I’ve seen have been in use,
although some people I questioned told
me they were just curious about the ter-
minals.

When the Teleguide system was an-
nounced in 1981, predictions were made
of having 2,000 terminals in operation to
reach half of all visitors to Toronto, with
one million people using them every
month. Larry Grossman, Minister of In-
dustry and Tourism, said it could help
make Canada the videotex capital of
North America and provide 65,000 new
jobs in Ontario within a decade.

High hopes are riding on Telidon.
Cantel and Teleguide are just two mani-
festations of videotex which could give
you an idea of what the future holds.
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PASCAL PROGRAMMING FOR THE APPLE
ABO00S

and ready to run programs.

| APPLE MACHINE LANGUAGE PROGRAMMING
AB009

ly.

: 780 USERS MANUAL
ABO10

HOW TO PROGRAM YOUR PROGRAMMABLE
CALCULATOR
AB006

T1 57 and the HP 33E calculators are discuss
principles extend to similar models.

. SPRACKLEN
¢ HBOS

cises and answers included with each chapter.

BASIC COMPUTER PROGRAMS IN SCIENCE AND
ENGINEERING

GILDER

HBO8

MICROCOMPUTERS AND THE 3 R'S
DOERR
HBOY

life sciences, English, history,
resources listings of today’s products. The book

written in the BASIC language.
GAME PLAYING WITH BASIC
SPENCER

HB10

understand com
: the rules of eac

R

gram. The last chapter contains 26 games for reader

SARGON: A COMPUTER CHESS PROGRAM
SPRACKLEN
HB12

who loves the game.” Kilobaud.

diagram and sample printouts,

MICROCOMPUTERS, SECOND EDITION
FREIBERGER AND CHEW
HB14

dated second editionl

turers.

TRS-80, AND PET USERS
BRAIN BANK
HB17

programs to TRS-80, TRS-80 and PET programs to

Model 111 and Apple Integer BASIC.
SPEAKING PASCAL
BOWEN

HB16

languagel Written in clear, concise,

Top-down structured analysis and key examples

grams in an organized manner.
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A great book to upgrade your programming skills to the
UCSD Pascal as implemented on the Apple II. Statements
and techniques are discussed and there are many practical &

The best way to learn machine language programming the
Apple 11 in no time at all. The book combines colour,
graphics, and sound generation together with clear cut
demonstrations to help the user learn quickly and effective-

The Z80 MPU can be found in many machines and is general-
ly acknowledged to be one of the most powerful 8 bit chips
around. This book provides an excellent ‘right hand’ for
anyone involved in the application of this popular processor.

Calculator programming, by its very nature, often is an &
abstacle to effective use. This book endeavours to show how
to use a programmable calculator to its full capabilities. The
although the

Z-80 AND 8080 ASSEMBLY LANGUAGE PROGRAMMING

Provides just about everything the applications programmer §
needs to know for Z-80 and 8080 processors. Programming &
techniques are presented along with the instructions. Exer.

Save time and money with this collection of 114 ready-to-run
: BASIC programs for the hobbyist and gngineer. There are
programs to do such statistical operations as means, stan
. dard deviation averages, curve-fitting, and interpolation
There are programs that design antennas, filters, attenuators,
matching networks, plotting, and histogram programs.

This book educates educators on the various ways com- 3
puters, especially microcomputers, can be used in th
classroom. It describes microcomputers, how to organize
computer-based program, the five instructional applicatiol
types {with examples from subjects such as the hard sciences
and government).

preprogrammed examples to start up a microcomputer pro-
gram; while chapters on resources and products direct the
reader to useful additional information. All programs are

The writing is nontechnical, allowing almost anyone to
uterized game playing. The book includes
game, how ®ach game works, illustrative
flowcharts, diagrams, and the output produced by each pro- £

*“1 must rate this chess program an excellent buy for anyone

Here is the computer chess program that won first place
in the first chess tournament at the 1978 West Coast Com.
puter Faire. 1t is written in Z-80 assembly language, using the
TDL macro assembler. it comes complete with block

A CONSUMER'S GUIDE TO PERSONAL COMPUTING AND

The first edition was chosen by Library journal as one of the
100 outstanding sci-tech books of 1978. Now, there’s an up- §

Besides offering an introduction to the principles of &

| microcomputers that assumes no previous knowledge on the i
reader’s part, this second edition updates prices, the latest 2

developments in microcomputer technology, and a review of &

over 100 microcomputer products from over 60 manufac-

THE BASIC CONVERSIONS HANDBOOK FOR APPLE,

Convert a BASIC program for the TRS-80, Apple 11, or PET to
the form of BASIC used by any other one of those machines.
This is a complete guide to converting Apple 1l and PET-

TRS-80 and Apple |1 programs to PET. Equivalent commands
are listed for TRS-80 BASIC (Model |, Level 1), Applesoft
BASIC and PET BASIC, as well as variations for the TRS-80

An excellent introduction to programming in the Pascal
non-mathematical
language, the text requires no technical background or
previous programming experience on the reader's behalf.

each new ide and the reader is encouraged to construct pro-

BP33: ELECTRONIC CALCULATOR USERS
HANDBOOK

M.H. BABANI, B.Sc{Eng.)

An invaluable book for all calculator users whatever their
age or occupation, or whether they have the simplest or most
sophisticated of calculators. Presents formulae, data,
methods of calculation, conversion factors, etc., with the
calculator user especially in mind, often illustrated with sim-
ple examples. Includes the way to calculate using only a sim-
ple four function calculator: Trigonometric Functions (Sin,
Cos, Tan): Hyperbolic Functions (Sinh, Cosh, Tanh}
Logarithms, Square Roots and Powers.

110 THYRISTOR PROJECTS USING SCRs AND TRIACS
MARSTON

HB22 $13.45
A grab bag of challenging and useful semiconductor projects
for the hobbyist, experimenter, and student. The projects
range from simple burglar, fire, and water level alarms to
sophisticated power control devices for electric tools and
trains. Integrated circuits are incorporated wherever their use
reduces project costs.

$20.48 © $4.28

$20.4S

110 CMOS DIGITAL IC PROJECTS

MARSTON

HB23 $11.78
Outlines the operating characteristics of CMOS digital 1Cs
and theh presents and discusses 110 CMOS digital IC circuits
ranging from inverter gate and logic circuits to electronic
alarm circuits. 1deal for amateurs, students and professional
engineers.

THE MOST POPULAR SUBROUTINES IN BASIC

TAB No.10S0 $10.4S
An understandable guide to BASIC subroutines which
enables the reader to avoid tedium, economise on computer
time and makes programs run faster. 1t is a practical rather *
than a theoretical manual.

PROJECTS

BP48: ELECTRONIC PROJECTS FOR BEGINNERS
F.G. RAYER, T.Eng.(CEl), Assoc.lERE

Another bock written by the very experienced author — Mr.
F.GC. Rayer — and in it the newcomer to electronics, will find
a wide range of easily made projects. Also, there are a con-
iderable number of actual component and wiring layouts, to
aid the beginner.

Furthermore, a number of projects have been arranged
| so that they can be constructed without any need for solder-
ing and, thus, avoid the need for a soldering iron.

Also, many of the later projects can be built along the
ines as those in the ‘No Solcﬁaring’ section so this may con-
siderably increase the scope of projects which the newcomer
can build and use.

$21.4S

BP76: POWER SUPPLY PROJECTS
RA. PENFOLD

Line power supplies are an essential part of many electronics
projects. The purpose of this book is to give a number of
power supply designs, including simple unstabilised types,
fixed voltage regulated types, and variable voltage stabilised
designs, the latter being primarily intended for use as bench
supplies for the electronics workshop. The designs provided
are all low voltage types for semiconductor circuits.

There are other types of power supply and a number of
these are dealt with in the final chapter, including a cassette
power supply, Ni-Cad battery charger, voltage step up circuit
and a simple inverter.

$7.30

$12.48 §

$5.90

$16.00 ¢ BP84: DIGITAL IC PROJECTS

F.G. RAYER, T.Eng.(CEl),Assoc.1ERE

This book contains both simple and more advanced projects
and it is hoped that these will be found of help to the reader
developing a knowledge of the workings of digital circuits.
To help the newcomer to the hobby the author has included
a number of board layouts and wiring diagrams. Also the
more ambitious projects can be built and tested section by
section and this should help avoid or correct faults that
could otherwise be troublesome. An ideal book for both
beginner and more advanced enthusiast alike.

$8.10

: 221: 28 TESTED TRANSISTOR PROJECTS

R.TORRENS $S.50

Mr. Richard Torrens is a well experienced electronics
. development engineer and has designed, developed, built
- and tested the many useful and interesting circults included
in this book. The projects themselves can be split down into
simpler bullding blocks, which are shown separated by boxes
n the circuits for ease of description, and also to enable any
reader who wishes to combine boxes from different projects
to realise ideas of his own.

$18.00

BP67: COUNTER DRIVER AND NUMERAL DISPLAY
PROJECTS
F.G. RAYER, T.Eng.(CEl), Assoc. IERE
Numeral indicating devices have come very much to the
forefront in recent years and will, undoubtedly, find increas-
ing applications in all sorts of equipment. With present day
integrated circuits, it is easy to count, divide and display
numerically the electrical pulses obtained from a greatrange
of driver circuits.

In this book many applications and projects using
various types of numeral displays, popular counter and
driver IC’s etc. are considered.

BP49: POPULAR ELECTRONIC PROJECTS
R.A. PENFOLD

Includes a collection of the most popular types of circuits
and projects which, we feel sure, will provide a number of
designs to interest most electronics constructors. The pro-
jects selected cover a very wide range and are divided into
four basic‘tvpes: Radio Projects, Audio Projects, Household
Projects and Test Equipment.

$6.25

$16.4

include EXPERIMENTER’S GUIDE TO SOLID STATE ELECTRONIC - BP73: REMOTE CONTROL PROJECTS $8.60
PROJECTS OWEN BISHOP
AB0O7 $10.45 This book is aimed primarily at the electronics enthusiast

An ideal sourcebook of Solid State circuits and techniques
with many practical circults. Also included are many useful
types of experimenter gear.

who wishes to experiment with remote control. Full explana-

tions have been given so that the reader can fully understand

. how the circuits work and can more easily see how to modify
them for other purposes, depending on personal re-

quirements. Not only are radio control systems considered

but also infra-red, visible light and ultrasonic systems as are
the use of Logic ICs and Pulse position modulation etc.

$17.45 $7.70

BP71: ELECTRONIC HOUSEHOLD PROJECTS
R. A, PENFOLD

Some of the most useful and popular electronic construction
projects are those that can be used in or around the home.
The circuits range from such things as ‘2 Tone Door Buzzer’,
Intercom, through Smoke or Gas Detectors to Baby and
Freezer Alarms.

3

BP99: MINI — MATRIX BOARD PROJECTS
R.A. PENFOLD

Twenty useful projects which can all be built on a 24 x 10
hole matrix board with copper strips. Includes Doorbuzzer,
Low-voltage Alarm, AM Radio, Signal Generator, Projector
Timer, Guitar Headphone Amp, Transistor Checker and
more.

solution Y

BP94: ELECTRONIC PROJECTS FOR CARS AND BOATS $8.10

R.A. PENFOLD

Projects, fifteen in all, which use a 12V supply are the basis

~ of this book. Included are projects on Windscreen Wiper
Control, Courtesy Light Delay, Battery Monitor, Cassette

Power Supply, Lights Timer, Vehicle immobiliser, Gas and

Smoke Alarm, Depth Warning and Shaver Inverter.

$26.00

BP103: MULTI-CIRCUIT BOARD PROJECTS $8.10
R.A. PENFOLD

This book allows the reader to build 21 fairly simple elec-
tronic projects, all of which may be constructed on the same
printed circuit board. Wherever possible, the same com-
ponents have been used in each design so that with a
relatively small number of components and hence low cost,
it is possible to make any one of the projects or by re-using
the components and P.C.B. all of the projects.

BP69: ELECTRONIC GAMES $7.55
RA, PENFOLD

1n this book Mr. R. A. Penfold has designed and developed a }
number of interesting electronic game projects using modern =
integrated circuits. The text is divided into two sections, the
first dealing with simple games and the latter dealing with &
more complex circuits.

$16.4S |

: BP95: MODEL RAILWAY PROJECTS $8.10
¢ Electronic projects for model railways are fairly recent and
have made possible an amazing degree of realism. The pro-
jects covered include controllers, signals and sound effec
striboard layouts are provided for each project.

BP107: 30 SOLDERLESS BREADBOARD PROJECTS —
BOOK 1 $9.38
R.A. PENFOLD

A “Solderless Breadboard” is simply a special .board on
which electronic circuits can be built and tested. The com-
ponents used are just plugged in and unplugged as desired.
The 30 projects featured in this book have been specially
designed to be built on a “Verobloc” breadboard. Wherever
possible the components used are common to several pro-
jects, hence with only a modest number of reasonably inex-
pensive components it is possible to build, in turn, every pro-
ject shown.

BP93: ELECTRONIC TIMER PROJECTS $8.10 {
. F.G. RAYER
Windscreen wiper delay, darkroom timer and metronome
projects are included. Some of the more complex circuits are
made up from simpler sub-circuits which are dealt with in-
ividually.

$13.4S

BP106: MODERN OP-AMP PROJECTS
RA. PENFOLD

Features a wide range of constructional projects which make
use of op-amps including low-noise, low distortion, ultra-high
input impedance, high slew-rate and high output current
types.

$8.10

110 OP-AMP PROJECTS
Apple il RSTON

MARST
HB24
This handbook outlines the characteristics of the op-amp and
present 110 highly useful projects—ranging from simple
& amplifiers to sophisticated instrumentation circuits.

¥ 110 IC TIMER PROJECTS
GILDER

BP110: HOW TO GET YOUR ELECTRONIC PROJECTS
WORKING

R.A. PENFOLD

We have all built circuits from magazines and books only to
find that they did not work correctly, or at all, when first swit-
ched on. The aim of this book is to help the reader overcome .
just these problems by indicating how and where to start
looking for many of the common faults that can occur when
building up projects.

$19.45 -«
HB25 $11.4S8 ¢
This sourcebook maps out applications for the 555 timer IC. &
it covers the operation of the IC itself to aid you in learning
how to design your own circuits with the IC. There are ap-
¢ plication chapters for timer-based instruments, automotive
applications, alarm and control circuits, and power supply
and converter applications.

illustrate

See order form in this issue. All prices Include shipping. No
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BP110: HOW TO GET YOUR ELECTRONIC PROJECTS
WORKING
. R.A. PENFOLD

~ We have all built circuits from magazines and books only to
m:: find that they did not work correctly, or at all, when first swit-
:% ched on. The aim of this book is to help the reader overcome

= just these problems by indicating how and where to start

. looking for many of the common faults that can occur when
building up projects.

CIRCUITS

B8P80: POPULAR ELECTRONIC CIRCUITS —
BOOK 1

R.A. PENFOLD

Another book by the very popuiar author, Mr. R.A. Penfold,
who has designed and developed a large number of various
circuits. These are grouped under the following general
headings; Audio Circuits, Radio Circuits, Test Gear Circuits,
Music Project Circuits, Household Project Circuits and
Miscellaneous Circuits.

$8.25

BP98: POPULAR ELECTRONIC CIRCUITS, BOOK 2
R.A. PENFOLD

70 plus circuits based on modern components aimed at those
with some experience.

$9.35

The GIANT HANDBOOK OF ELECTRONIC CIRCUITS
TAB No.1300 $28.45
About as twice as thick as the Webster’s dictionary, and hav-
ing many more citcuit diagrams, this book is ideal for any ex-
perimenter who wants to keep amused for several centuries.
If there isn’t a circuit for it in here, you should have no dif
ficulty convincing yourself you don’t really want to build it.

BP39: 50 (FET) FIELD EFFECT TRANSISTOR
PROJECTS
F.G. RAYER, T.Eng.(CEl),Assoc.IERE
Field effect transistors (FETs), find application in a wide
variety of circuits. The projects described here include radio
frequency amplifiers and converters, test equipment and
receiver aids, tuners, receivers,.mixers and tone controls, as
:‘vell as various miscellaneous devices which are useful in the
ome.

This book contains something of particular interest for
every class of enthusiast — short wave listener, radio
amateur, experimenter or audio devotee.

$5.50

BP87: SIMPLE L.E.D. CIRCUITS
RN. SOAR

Since it first appeared in 1977, Mr. R.N. Soar’s book has prov-
ed very popular. The author has developed a further range of
ircuits and these are included in Book 2. Projects include a
Transistor Tester, Various Voltage Regulators, Testers and so
on.

$5.90

BP42: 50 SIMPLE L.E.D. CIRCUITS
R.N. SOAR

: The author of this book, Mr. R.N. Soar, has compiled 50 in-
teresting and useful circuits and applications, covering many
: different branches of electronics, using one of the most inex-

$3.55

ting Diode (L.E.D.). A useful book for the library of both
beginner and more advanced enthusiast alike.

- BPB2: ELECTRONIC PROJECTS USING
SOLAR CELLS
OWEN BISHOP

: The book contains simple circuits, almost all of which
operate at low voltage and low currents, making them
suitable for being powered by a small array of silicon cells.
The projects cover a wide range from a bicyle speedometer
to a novelty ‘Duck Shoot’; a number of power supply circuits
are included.

$8.10

8P37: 50 PROJECTS USING RELAYS,
- SCR’s & TRIACS

F.G.RAYER, T.Eng.(CEl),Assoc.]JERE
Relays, silicon controlled rectifiers {SCR’s) and bi-directional
¢ triodes {TRIACs) have a wide range of applications in elec
tronics today. This book gives tried and practical working cir-
& cuits which should present the minimum of difficulty for the
= enthusiast to construct. In most of the circuits there is a wide
. latitude in component values and types, allowing easy
modification of circuits or ready adaptation of them to in-
dividual needs.

$5.50

BP44: 1C 555 PROJECTS

E.A. PARR, B.5¢.,.C.Eng., M.I.E.E.
Every so often a device appears that is so useful that one
wonders how life went on before without it. The 555 timer is
such a device. Included in this book are Basic and General
Circuits, Motor Car and Model Railway Circuits, Alarms and
Noise Makers as well as a section on the 556, 558 and 559
timers.

$7.55

BP24: 50 PROJECTS USING IC741
RUDI & UWE REDMER

This book, originally published in Germany by TOPP, has
achieved phenomenal sales on the Continent and Baban
decided, in view of the fact that the integrated circuit used in
this book is inexpensive to buy, to make this unique book
available to the English speaking reader. Translated from the
original German with copious notes, data and circuitry, a
"must” for everyone whatever their interest in electronics.

$4.25

See order form in this issue. All prices include shipping. No

pensive and freely available components — the Light Emit- .

. their drawbacks or limitations. This book will primarily be
' A number of varied and. interesting projects are covered &

Circuits.
. There is now a vast range of ICs available to the amateur

.market, the majority of which are not necessarily designed
¢ for use in a single application and can offer unlimited

t concepts and also deals with the problems inherent to prac-

BP83: VMOS PROJECTS
RA. PENFOLD

Although modern bipolar power transistors give excellent
results in a wide range of applications, they are not without

ELECTRONIC DESIGN WITH OFF THE SHELF INTEGRATED
. ORCUITS

ABO16 $13.45
This practical handbook enables you to take advantage of
the vast range of applications made possible by integrated
circuits. The book tells how, in step by step fashion, to select
components and how to combine them into functional elec-
tronic systems. If you want to stop being a “cookbook hob-
byist”’, then this is the book for you.

AUDIO

BP90: AUDIO PROJECTS
F.G. RAYER

Covers in detail the construction of a wide range of audio
projects. The text has been divided into preamplifiers and
mixers, power amplifiers, tone controls and matching and
miscellaneous projects.

concerned with VMOS power FETs although power &
MOSFETs will be dealt with in the chapter on audio circuits i
under the main headings of: Audio Circuits, Sound ‘;‘L
Generator Circuits, DC Control Circuits and Stgnal Control

BP65: SINGLE IC PROJECTS $6.55

R.A.PENFOLD

$8.10

possibilities. All the projects contained in this book are sim:
ple to construct and are based on a single IC. A few project
employ one or two transistors in addition to an |C but in mos
cases the IC is the only active device used.

BP97: 1C PROJECTS FOR BEGINNERS
F.G. RAYER

Covers power supplies, radio, audio, oscillators, timers an:
switches. Aimed at the less experienced reader, the com:
ponents used are popular and inexpensive.

$8.1

205: FIRST BOOK OF HI-FI LOUDSPEAKER

ENCLOSURES

B8.8. BABANI

2 This book gives data for building most types of loudspeaker

: enclosure. Includes corner reflex, bass reflex, exponential

horn, folded horn, tuned port, klipschorn labyrinth, tuned

" column, loaded port and multi speaker panoramic. Many
clear diagrams for every construction showing the dimen-

© sions necessary.

$3.55

BP88: HOW TO USE OP AMPS
E.A. PARR

A designer’s guide covering several op amps, serving as
source book of circuits and a reference book for design
calculations. The approach has been made as non
mathematical as possible.

$9.3!

BP47: MOBILE DISCOTHEQUE HANDBOOK
COLIN CARSON
The vast majority of people who start up “Mobile Discos”
know very little about their equipment or even what to buy.
Many people have wasted a “small fortune” on poor, un-
necessary or badly matched apparatus.

The aim of this book is to give you enough information
o enable you to have a better understanding of many
: aspects of “disco” gear.

$5.90
IC ARRAY COOKBOOK

$14.25
A practical handbook aimed at solving electronic circuit ap- =
plication problems by using IC arrays. An IC array, unlike =
specific-purpose ICs, is made up of uncommitted IC active |
devices, such as transistors, resistors, etc. This book covers
the basic types of such ICs and illustrates with examples how
to design with them. Circuit examples are included, as well as

DIO
general design information useful in applying arrays, HOW TO BUILD A SMALL BUDGET RECORDING STU

. FROM SCRATCH. . .

TAB No.1166 i $16.45

: The author, F. Alton Everest, has gotten studios (ogegher
= several times, and presents twelve complete, (es(e_d designs
: for a wide variety of applications. If all you own is a mono
cassette recorder, you don’t need this book. If you don’t want
your new four track to wind up sounding like one, though,
you shouldn’t be without it.

8PS0: IC LM3900 PROJECTS
H.KYBETT,B.5c., C.Eng. 3
The purpose of this book is to introduce the LM3900 to the
Technician, Experimenter and the Hobbyist. It provides the ;|
groundwork for both simple and more advanced uses, and is
more than just a collection of simple circuits or projects.
Simple basic working circuits are used to introduce this
IC. The LM3900 can do much more than is shown here, this is
just an introduction. Imagination is the only limitation with
this useful and versatile device. But first the reader must
know the basics and that is what this book is all about.

$5.90

8P51; ELECTRONIC MUSIC AND CREATIVE TAPE
RECORDING $5.50
M.K. BERRY

Electronic music is the new music of the Twentieth Century.
It plays a large part in “‘pop’’ and “rock’ music and, in fact,
there is scarcely a group without some sort of synthesiser or
other effects generator.

This book sets out to show how electronic music can be
made at home with the simplest and most inexpensive of
equipment. It then describes how the sounds are generated
and how these may be recorded to build up the final com-
position,

223: 50 PROJECTS USING IC CA3130
R.A.PENFOLD

In this book, the author has designed and developed a
number of interesting and useful projects which are divided
into five general categories: | — Audio Projects 11 — R.F
Projects 1l — Test Equipment IV — Household Projects V
— Miscellaneous Projects.

$5.50

224: 50 CMOS IC PROJECTS
R.A. PENFOLD

CMOS IC’s are probably the most versatile range of digital
devices for use by the amateur enthusiast. They are suitable
for an extraordinary wide range of applications and are also
some of the most inexpensive and easily available types of
IC.

$4.25 BP74: ELECTRONIC MUSIC PROJECTS
R.A. PENFOLD

. Although one of the more recent branches of amateur elec-
tronics, electronic music has now become extremely popular
and there are many projects which fall into this category. The
purpose of this book is to provide the constructor with a
number of practical circuits for the less complex items of
electronic music equipment, including such things as a Fuzz
Box, Waa-Waa Pedal, Sustain Unit, Reverberation and
Phaser-Units, Tremelo Generator etc.

$7.70

Mr. R.A. Penfold has designed and developed a number
of interesting and useful projects which are divided into four 2
general categories: | — Multivibrators 11 — Amplifiers and
Oscillators 11l — Trigger Devices IV — Special Devices.

BP81: ELECTRONIC SYNTHESISER PROJECTS
M.K. BERRY

One of the most fascinating and rewarding applications of
electronics is in electronic music and there is hardly a group
today without some sort of synthesiser or effects generator.
Although an electronic synthesiser is quite a complex piece
of electronic equipment, it can be broken down into much
simpler units which may be built individually and these can
= then be used or assembled together to make a complete in-
strument.

$7.30
THE ACTIVE FILTER HANDBOOK

TAB No.1133 $14.45
Whatever your field — computing, communications, audio,
electronic music or whatever — you will find this book the
ideal reference for active filter design.

The book introduces filters and their uses. The basic
math is discussed so that the reader can tell where all design &
equations come from. The book also presents many practical 5
circuits including a graphic equalizer, computer tape inter- |
face and more.

ELECTRONIC MUSIC SYNTHESIZERS

TAB No.1167 $11.45
If you’re fascinated by the potential of electronics in the
field of music, then this is the book for you. Included is data
on synthesizers in general as well as particular models. There
is also a chapter on the various accessories that are
' available.

TEST EQUIPMENT

BP75: ELECTRONIC TEST EQUIPMENT
CONSTRUCTION

F.G. RAYER, T.Eng. (CEl), Assoc. IERE
This book covers in detail the construction of a wide range of
test equipment for both the Electronics Hobbyists and Radio
Amateur. Included are projects ranging from an FET
Amplified Voltmeter and Resistance Bridge to a Field

DIGITAL ICS — HOW THEY WORK AND HOW TO USE
THEM

ABOO4 $11.45
An excellent primer on the fundamentals of digital elec-
tronics. This book discusses the nature of gates and related 2

tical digital circuits.

MASTER HANDBOOK OF 1001 PRACTICAL CIRCUITS

TAB No.800 $20.45
MASTER HANDBOOK OF 1001 MORE PRACTICAL CIR-
CUITS

TAB No.804 $24.45
Here are transistor and IC circuits for just about any applica-
tion you might have. An ideal source book for the engineer,
technician or hobbyist. Circuits are classified according to
function, and all sections appear in alphabetical order.

$7.30

THE MASTER IC COOKBOOK
TAB No.1199 $18.45

If you‘ve ever tried to find specs for a so called ‘standard’
chip, then you'll appreciate this book.<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>