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EXCEL 1R°"’x4 16) 921-8941 1-800-268-3798

Bulletin Bd. (3416) 921-4013 Telex 065-24218
319 college St., Toronto, Ont. M5T 152

Catalogue shipping rates are incorrect. Please call us for correct charges. Prices in catalogue are

fluctuating. Use as guideline. 4,011,
visit our new Ottawa location N

217 Bank Street, (613) 230-9000
Store hours 9:30 to 6:00 Monday-Saturday: to 9:00 p.m. Thursday and Friday.

Joystick
PRINTERS APPLE CARDS ysticks
. Economodel . ... .................... $19.95
Star Gemini 10X 16K card - Multiflex. . ........... $58.00 Wicg Rn;d Ball...ooieieeieiaiiii $42.95
Gemini 15X 128Kecard. .. ..o $210.00 Self-Centering with two adjustable controls
Delta 10 (160 cps) ProtoBoard................... $15.00 Pt R o
Epson MX100 80-Column Card ... ........ $84.00 | iait pacales o e
Epson RXA0 (Replaces MX80) Z80Card ..................... $59.00 -
Epson FX80 (New) EPROM Programmer . . . . . .. from $69.00 Deljfgialgdel ...................... $75.00
Epson F_X100 (New) (for 2716, 2732, 2732A, 2764, with soft- TG Paddles Deluxe Model ........... $64.95
i e . : ayesMachlll ... ................. $58.9
TTX (Daisy Wheel) ware) Parallel Printer Card with Hayesiiachlll 2
Mictrotek cable ........................ $69.00 el o S
Wizard Parallel Card ........... $95.00 o — :

MONITORS

Zenith ZVM-122 Amber
Amdek Amber-300
Zenith ZVM-123 Green
Amdek Colour 1

Roll and DG

super Computer Case

ideal for 8088 or 6502 boards
Unmatchable quality, all-Canadian made

MODEMS

EPM310 iy . 02 dsie an sas .6 andls $99
Smart Modem

(300 Baud,IBMComp)............ $359
Apple ala Modem (300 Baud) . .. . .. $215
Micromodem (Apple Comp) ....... $475
Signalman (300 & 1200 Baud) . . . . .. $495
Smart Modem 1200 Baud . . .. .. ... $899

Apple 11eTM Package Includes: 80 x 24 Card, Muitiflex
IP1, Z80 Card, Multiflex Disk Drive and Controller $1599

Apple IleTM Package includes: Apple /fe, ZVM 123
Monitor, Apple Drive & controller card & DOS soft-
ware, 80 x 24 Multiflex card, Apple manuals $2099

FAMOUS MULTIFEX Z80 STARTER KIT:
SPECIAL $349.00

ideal Learning Tool, with EPROM programmer
............................. A&T $349.00

see page 18 of catalogue

IBM Compatible
Keyboard €189.00

Maxiswitch or cherry super

NEW Macintosh, based on 68000 with 3" Disk Drive
(smaller version of LisaTM), 3" Diskette Software now
available $3595

Memory Chips

4164-150nS (1x64K single +5V)

Motorola ........... ... $9.95
T o $7.95
4116-200Nns (1x16k) . . ............ ... $1.74
4116-150ns (Ix16k) . ... .. ........ ... $1.99
2114L-200 ns (1kx4 static) . .......... $2.49
6116-150 ns (2kx8 static RAM) . .. .. .. $8.94
(Pin compatible with 2716 uses negligible
amount of power)

UNIVERSITY OF TORONTO/MULTIFLEX 6809
Board, great for learning about 6809 and com-
puting in general with A & T $499.00
Economy Terminal ............. A&T $369.00
PackageDeal ................. A&T $849.00

Featuring cne

é?é?%%’?,sﬁi‘t‘t‘)’ o jiiiiéiigg Mulitifiex Appile™ Power Supply
ZToB g ERRON) e Compatible Drive
R EPROM sinole v oV . 3825 Uncaged Dual 12V:

(one at 2.8A, one at 2A).
—12V at 0.5A, +5V at 5A plus

2532-(4kx8 EPROM single 5V) . ... ... $8.74
2764-(8kx8 EPROM single5V) .. . .. .. $12.95

HUGE STOCK OF LS

on’y Package Deals:

A1 Drive & Controller $310

5249 B2 Drives & Controller $549
Controller only $69

with software $119
D’SkEttes VISTA DRIVE $299 .
5%’ Diskettes. Boxes of 10 QUENTIN DRIVE $299 Case(; model, with fan, cord and
Maxell MD1. | $34.00 it
Maxell MD2 1 year warranty e 51 39.00!

Verbatim . . .

............................. I " Controller

These supplies are ideal for IBM

o RASANS e e compatibles, they fit beautifully

2 Ectype Diskettes in a plastic 89 h ’ 2

binder sheet .............. o $5.89 WithsApple'm into IBM compatible cases.

bikminger 75) | ssses Sof IBM s rogistered trads mark of IBM
.......................... . o oftware Canada Limited.
___________________________ ! > $119

BASF with case

PRICE POLICY MAIL ORDERS

Send a certified cheque or money order (do not send cash). Minimum
Remember that at Exceltronix all order is $10 plus $3 minimum for shipping. Ontario residents must
prices are negotiable for quantity add 7% provincial sales tax. Visa, Mastercard and American Ex-

purchases. If you cannot afford large press accepted: send card No., signature, expiry date and name of

quantities on your own how about  °a"k:

starting a Co-op.

Head Office: 319 COLLEGE STREET, TORONTO, ONTARIO. CANADA. M5T 1S2 (416) 921-8941
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SURPLUSTRONICS

we will not be undersold

OUR FAMOUS
6502 BOARD

NOW NEW & IMPROVED VIDEO SECTION
This 6502 board is a vast improvement on others available:

are not!

® 64K RAM (8-4164 chips)

@ 80 x 24 video included on board

® Floppy Disk Controller inciuded

& FIVE additional slots

@ Z80 blank PCB included

e Powerful power supply {5V 5A, +12V 2
up to 3A peak, ~5V 05A, —12V 05A) ¢ 14eal for

¢ Hydro-approved whereas many others applications.

@ Superb quality plastic case

® Excellent keyboard including numeric
keypad

® EPAOMS (blank) included

® Available preassembled by
special order only.

educational

$679

Our prices are low due to our mass produc-
tion assembly, which makes it hard for

others to compete.

noW

you receive a FREE z80o Pc BOARD AND
FREE 128k RAM DISK PC BOARD when you order
the complete package (either Kit or A&T) (BLANK

Our boards are professionally made, flow soldering &
cleaned & use only high quality prime parts.

Introductory Offer

8088 System . .

Best Prices in Canada

Complete System with 64K, expan-
dable to 256K. Comes with Colour
Graphics, Fioppy Controller and one
DS, DD 5% Disk Drive, Keyboard,
Case and Extra Heavy-Duty, Fan
Cooled Power Supply.

System comes with 5 peripheral slots. Op-
tional 8087 arithmetic processor available.
Floppy controller can handie up to 4 drives
and as an option can a serial port and real
time clock. Completely built and tested and
sold with a blank EPROM. Compatible with
You-Know-Who. Systems are now in stock but
due to extraordinary demand at time of going
to press, order now to prevent delays.
Please Note: We do not sell any proprietary
software.

cee-....91,989

Peripheral Boards for your IBM PC

Prototyping Card. ........... $33.00
Floppy Controller Card. .. ... $289.00
Colour Video Card. ... ...... $299.00

Parallel & Game Port Card. . . .$149.00
EPROM Programmer. Starts at$149.00

Expansion Card
with many options. ... ........ $Call

Attractive Case (as shown above)$85.00
Keyboard (as shown above). . . $187.00

Super Power Supply, made to fit above
case, with cooling fan. . . . . . .. $135.00

8088 Board, with 64K on board (provi-
sion for 256K), as described in our 8088
System.

Call for best prices in Canada! !! !!

Monitors
ZVM-122 Amber. ... ......... $149.00
ZVM-123 Green............. $129.00
RolandColour1............. $395.00

EPS Keyboard $399.00
Apple Compatible. IBM Module
available. Distributor for Ogivar

Apple Peripherals

Assembled and Tested

SerialCard. . ............... $ 85.00
280 Card.................. $ 58.00
80x24..................... 84.00
16K RAM. ................. $ 58.00
Prototyping Board. . .. .. .. ..$ 1450
Parallel Printer Card....... .. $ 59.00
... with cable & connector. . . .. $ 69.00
123K Board(No IC’s). . ... .. .. $ 49.00
WithIC’s &64K RAM. ... .. .. $129.00
~WithICs & 128K RAM. . . .. .. $210.00
CrazyCard.............. ..$ 58.00
Eprom Programmer. . ... ..... $ 68.00

Disk Drives

Apple Compatible. . .. ... ... $249.00
Controller ................. $ 59.00
wisoftware . .............. $119.00

One year warranty

All prices subject
to change
Printers

A.Gemini10x ............. $359.00

B. Special Multitlex parallel card with
cable. Shop and compare ... $ 69.00
Package priceof Aand B . . .. $415.00
Gemini15x............ ... $598.00

5’ Green Screen
Monitors. $59

Huge variety of Surpilus stock at low, low prices. New
shipments arriving. NOo reasonable offers refused.

Prices subject to change without notice!

Telex No.
065-24218

Mail Orders add $5.00 minimum for shipping &
handling. Ontario residents add 7% P.S.T. Viss,
Mastercard and American Express cards ac-
cepted: send card number, expiry data, name of
bank and signature. Send certified cheque or
money order, do not send cash.

Circle No. 29 on Reader Service Card

Surplustronics, 310 College Street, Toronto, Ontario, M5T 1S3

More lines to serve you better

(416) 960-1350




ZX81/TS1000 Products at
Genvine 50%-80% Savings!

FORTH

Programming language
is an inter-active compiled

FORTH
language with the simplicity of BASIC
at ten times the speed. ZX FORTH is a

full implementation, with 250 com-
mands. It works on 16-bit numbers, has
some 32 bit routines, includes a
60-page user/programmer manual.

s $14.95

PROGRAMMING
AIDS

ZX ASSEMBLER. Full Editor/ Assembler
and Monitor. Comprehensive instruc-
tion book included.

ZX BUG. Machine Code Monitor and
Disassembler. Adds 28 commands.
Complete instruction book.

Z AID. Adds 5 new BASIC instructions.

The withdrawal of Timex from the
home computer market means that
support products for the ZX81 and
TS1000 will be in short supply in the
future. We know from reader surveys
that about 5,000 readers already have
one of these computers - so we have
made special arrangements to supply
ETI readers with a selection of these
products at very special prices.

We honestly believe that readers
will not want to miss out on these
very special prices but it is a time
limited offer, we must receive your
orders by July 6th, 1984.

GAMES PACK

GALAXIA - Arcade classic
INCA CURSE - Adventure word game

CONCENTRATION - Family strategy
and memory test

CHESS - Simple 1K version

(We reserve right to substitute similar games)

MANAGEMENT

VU-CALC. Financial Spreadsheet.
Turns ZX81 into a powerful tool to
generate and calculate large tables for
budgets, financial analyses and pro-
jections.

VU-FILE. Data Storage and Filing
System. ldeal for name/address files,
lists, catalogue of items, etc. You can
enter, list, search and print records.

ol $14.95

HOME & BUSINESS

BASIC
LEARNING COURSE

with 2 software cassettes. Complete
comprehensive learning guide and
reference text. Covers every command
and function. Actual programme
samples are provided in text and on ac-
companying tapes. Supplied in a 3 -
ring vinyl binder.

PROFESSIONAL
KEYBOARD & CASE

Adds full space bar and touch
typing convenience for word-
processing and other applica-
tions. ZX81 fits inside case.
Keys rated 20 million cycles.

s1args  $69.95

$144.95

{Publications.

64K RAM

The ICs alone are worth more than the
cost of this complete cased 64K memory
expansion (8 x MK 4564). Plugs in directly
to ZX81 or TS1000. Expands the Z80A CPU
to its addressable maximum.

e $69.95

| Postal Code
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l# 12X Forth at $14.95

l#2 Home and Business Management
Software at $14.95

(#3 Programming Aids at $19.95
|#4Games Packat$19.95 ....................
14 5 Basic Learning Course at $19.95
# 6 Professional Keyboard and Case at $69.95 . ..
# 7 64K RAM Pack at $69.95

l Address ......
OS7 et o e

|Please send me the following. | enclose payment
|(cheque or money order) made out to Moorshead

Sub-Total
Ontario Residents add 7%

Shipping. $1.50 1st item, $1.00 for each extra

Total

Items are ex-stock but please allow reasonable time

for delivery
Ofter expires July 6th, 1984

Please use this coupon or a photocopy to place your order.

Regl’.lar Regular Regular

$59.85 $19.95 || s79.30 $19.95 || s3s.95 $19.95
{Send to: ZX81/TS1000 Offer, Moorshead Publications, |
| 25 Overlea Boulevard, Suite 601
| Toronto, Ontario, M4H 1B1 |

—————
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Copyright

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

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

Editorial Queries

Written queries can only be answered when ac-
- companied by a self-addressed, stamped

envelope. These must relate to recent articies

and not involve the staff in any research. Mark

such letter ETI Query. We cannot answer

telephone queries.

Binders

Binders made especially for ETI are available
for $9.25 including postage and handling. On-
tario residents please add provincial sales tax.

Back Issues and Photocopies

Previous issues of ETI Canada are available
direct from our office for $4.00 each; please
specify by month, not by feature you require.
See order card for issue available.

We can supply photocopies of any article
published in ETI Canada; the charge is $2.00
per article, regardless of length. Please specify
both issue and article.

Component Notation and Units

We normally specify components using an in-
ternational standard. Many readers will be un-
familiar with this but it’s simple, less likely to
lead to error and will be widely used
everywhere sooner or later. ETI has opted for
sooner!

Firstly decimal points are dropped and
substituted with the multiplier: thus 4.7uF is
written 4u7. Capacitors also use the multiplier
nano (one nanofarad is 1000pF). Thus 0.1 uF
is 100nF, 5600pF is Sn6..Other examples are
5.6pF = 5p6 and 0.5pF = Op5.

Resistors are treated similarly: 1.8Mohms is
IM8, S6kohms is the same, 4.7kohms is 4k7,
1000hms is 100R and 5.60hms is SR6.

PCB Suppliers

ETI magazine does NOT supply PCBs or kits
but we do issue manufacturing permits for
companies to manufacture boards and kits to
our designs, Contact the following companies
when ordering boards.

Please note we do not keep track of what
is available from who so please don’t contact
us for information on PCBs and kits. Similarly
do not ask PCB suppliers for help with pro-
jects.

K.S.K. Associates, P.O. Box 266, Milton,
Ont. L9T 4N9.
B—C—D Electronics, P.O. Box 6326, Stn. F,
Hamilton, Ont. L9C 6L9.
Wentworth Electronics, R.R. No. | Water-
down, Ont, LOR 2HO.
Danocinths Inc., P.O. Box 261, Westland M|
48185, USA.
Arkon Electronics Ltd., 409 Queen Street W.,
Toronto, Ont,, M5V 2AS5.
Beyer & Martin Electronic Ltd., 2 Jodi Ave.,
Unit C, Downsview, Ontario M3N |H1.

. Spectrum Electronics, 14 Knightswood Cres-
cent, Brantford, Ontario N3R 7E6.

for

A New Apple

The Apple Ilc, a 7% pound com-
puter, compatible with more than
10,000 productivity, education and
entertainment applications, has
been introduced by Apple Canada
Inc. Aimed primarily at the serious
home computer market, the Ilc is
also appropriate for business or
educational applications. The new
computer is a miniaturized
transportable addition to the
popular Apple II line of personal
computers. The IIc has 128
kilobytes of built-in memory,
which is ample for a wide variety
of personal-productivity applica-
tions, such as word processing, tax
planning and home budgeting.
Because of the existing base of
educational software for the Apple
II product line, the Ilc is also ap-
propriate for home educational ap-
plications. In addition, the new
computer runs a variety of enter-
tainment programs. For only
$1,895, the Ilc includes the central
processor, keyboard and disk drive
in one unit. A disk-based owner’s
manual/computer-literacy course
teaches those unfamiliar with com-
puters what they can do with the
lic and how to do it. The course
helps users learn about the llc
while actually using the computer.
Once the lic is hooked up to a
television set or separate monitor,
the user has everything necessary
to get started.

Circle No. 60 on Reader Service Card.

Bi-Amplified Car Speaker

A bi-amplified speaker component
system which represents a depar-
ture from traditional car speaker
design configurations is being in-
troduced to the Canadian market
by Sparkomatic Canada, Inc., 265
Hood Rd., Markham, Ont. The
new Amplidyne Series speakers are
designed for the electronics market
as well as for the company’s
established automotive after-
market retailers. Included in the
series are a coaxial speaker system,
two deck-mount systems and a
subwoofer. Each of the speaker
systems incorporates separate
amplifiers for the woofers and
tweeter, with each pair offering
120 Watts of additional power.

Circle No. 59 on Reader Service Card

Protection Device

Motorola has introduced its first
SMARTpower™ I device, which
combines the best qualities of high
speed CMOS logic and high-
current TMQS vertical power
structuring on a single chip. The
MPC2005, an overvoltage and
temperature protection circuit, is
the first Motorola device to utilize
this new technology. Previous
Motorola SMARTpower™ efforts

combined CMOS and bipolar
characteristics. Capable of
discharging capacitors with peak
currents of 150 amps, the
MPC2005 can operate at up to 15
amps of continuous anode current.
When voltage exceeds 6.2 V or the
junction temperature rises over
125°C, the device will trip and
remove the voltage from the
system. A single device can replace
three resistors, an SCR, and an IC.
Circle No. 58 on Reader Service Card.

PO i
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Macintosh Manual

Howard W. Sams and Co., Inc., a
Subsidiary of ITT Corporation,
has released one of the industry’s
first books which thoroughly
deseribes Applte Computer Inc.’s
new Macintosh microcomputer for
both new users and prospective
buyers. Introducing the Apple©
Macintosh™ (ISBN
0-672-22361-9) is a comprehensive
look at this new machine. The
189-page, illustrated volume will

be available in bcokstores
throughout the country. Written
by Edward S. Connolly and Philip
Lieberman, experts in the fields of
system integration, operation and
microcomputer design, Introduc-
ing the Apple Macintosh thor-
oughly explains all there is to know
about the Macintosh. Both Con-
nolly and Lieberman worked close-
ly with Apple in their research for
the book, enabling them to include
accurate information on all the
hardware and software elements of
the Macintosh.

Circle No. 57 on Reader Service Card.

Instrumentation Amplifier

A single-chip instrumentation
amplifier introduced by Analog
Devices, Inc. replaces expensive
modular and hybrid program-
mable gain amplifiers (PGA) in
switched-gain applications. With
the addition of an inexpensive
CMOS multiplexer and 'resistor
network, the AD625 facilitates
designing 12-bit accurate software
programmable gain ammplifiers
(SPGA) for under $20 (U.S.). This
capability, combined with the in-
dustry’s best nonlinearity of
0.001% maximum, lowest gain
tempco of 5 ppm/°C maximum,
and lowest input noise of
4nV/y/ Hz makes the AD65 well

suited for precision applications
including weigh scales, industrial
measurement systems and labora-
tory instrumentation.

The AD625 can be configured
as either a resistor programmable
gain amplifier (RPGA) or as an
SPGA. An AD625-based RPGA
can be configured for gains bet-
ween I and 10,000 with three exter-
nal resistors. With precision low
temperature coefficient resistors,
users can achieve 14-bit perfor-
mance. In addition, the AD625’s
gain sense pin has 130 dB of
common-mode-rejection regard-
less of feedback resistor matching.
Contact: Tracam Electronics, 1200
Aerowood Dr., Mississauga, Ont.
(416) 625-7752.

Circle No. 56 on Reader Service Card.

Test Equipment

KB Electronics, 1289 Marlborough
Crescent, Unit 12, Oakville, Ont.,
L6H 2R9, have a wide range of test
gear available, including the 905
Sweep/marker Generator, the 605
RF Signal Generator, the 505
Oscilloscope, the G431 Function
Generator, and more. The low-
cost 505 is of particular interest to
the experimenter. Contact them at
the above address, or phone (416)
842-6888.

Circle No. 55 on Reader Service Card

PLEASE MENTION ETI WHEN REPLYING TO
ADVERTISEMENTS.

SELF-CONTAINED
EPROM COPIER/PRO-GRAMMER

With this KBH interface, you
can modify your EPROM con-
tent or load a new code in the
PRO-GRAMMER's RAM before
transfering on EPROM. You can
also access several operation
modes such as:

o Memory and register examine
and change

o Insert/delete one or many
bytes anywhere in a program

o Break point execution mode

e Block transfer mode

e and much, much more

onLy $59.00 «it .

PROTEC MICROSYSTEMES INC.
725 Decarie Suite 202, St. Laurent, Que. H4L 3L4
(514) 744-3363

e Includes its own Z80-A pro-
cessor

e Needs
module

e Copies: 1, 2, 4 & 8K bytes
single supply EFROMs

e Comes with a powerful 4K
bytes-monitor

{'{ i ONLY $99.00* iy
FREE

FPRO-GRAMMEUDR

Call or write for your free
copy of {the products
catalogue we manufacture

no personality

ragad:

: g @
*Add 3% shipping and handling. Quebec residents:
add 9% P.S.T. Cheque, money order, visa accepted.
Please print your name, visa no. expiration date &
sigriature.

Circle No. 16 on Reader Service Card ETI—JUNE—1984—7
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DB9S . . Flip“N"File10 ................... g 3M DisketteSS/OD .. ............. .
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Genealogy of the Chip

Roger Allan looks at bells,
whistles and family trees.

by Roger Allan

EXAMINING THE background of in-
tegrated circuit chips is a bit like engaging
in family genealogy — the deeper one
delves, the more the branches and rootlets
appear to have relevance. When the
rootlets become intertwined, matters can
momentarily become somewhat compli-
cated. The next few years, if researchers’
predictions are correct, will see the advent
of whole new orders and classes of IC
memories — whether direct or indirect
products of the Japanese Fifth Generation
Computer, or from such companies as
Motorola, Harris, Xicor, Intel, United
Technologies — the list seems endless. As
such, a quick overview of what there is,
what it can do, and where it is leading us
seems appropriate.

In a magazine of this type, it is all but
trite to mention RAMs and ROMs — one
is almost expected to know what they
mean before opening the cover. But in the
interest of completeness, and as the Red
King said to Alice, ‘‘begin at the begin-
ning, proceed to the end, and then stop.”’

Random Access Memories (RAMs)
lose their data when power is removed,
that is, they are volatile. Read Only
Memories (ROMs) are non-volatile —

~ turn the power off, and the data is retain-

-

ed until the power is turned on again.
There are two types of RAMs —
dynamic and static. Dynamic RAMs are
the most widely used of memory chips in
computers. They are very simple — each
cell, which determines the 1 or 0 in binary
code, consists of a single transistor and a
single capacitor. The transistor pumps
electrical charge into and out of the
capacitor — that is, they read and write
the cells into 1’s or 0’s. The capacitor
stores the charge, providing the memory.
If the capacitor is charged, when read it
will produce a 1, if uncharged, when read
it will produce a 0. They are called
dynamic because they need to be refresh-

ed. That is, the charge held in the

capacitor leaks off in a very short period
of time, milliseconds at most. As such,
between normal data reading and writing
operations, this type of RAM must be
read out, amplified, and re-written back
into the cell. This refreshing program re-
quires an additional circuit, and hence
more power input. For a small device,
such as a microcomputer, this additional
circuitry burdens the total system.
However, in large mainframe computers,
a single refresh circuit is all that is re-
quired. To date, dynamic RAMs
customarily involve 64K of memory,
though this year we will see the mass

marketing of a 256K version, and the
Japanese are hard at work in producing a
1M version with an expected entry into the
$1 billion/year market some time next
year. RAMs can be read/written (‘access-
ed’) at the same high speed. They are
mainly used as the prime data storage
memories for micro-, mini-and main-
frame computers, as they are very cheap
to produce and quite reliable.

The second type of Random Access
Memory is the static RAM. The advan-
tage of this type is that while volatile, they
do not need refreshing. The disadvantage
is that they are rather complicated —
unlike dynamic RAMs which require only
a single transistor and a single capacitor
per cell, static RAMs require six com-
ponents — two voltage adjusting
resistors, and four transistors per cell. The
two transistors are cross-wired into a
‘latch’. Each of these two latch transistors
is in turn connected to a resistor and
another transistor conforming a cell. The
configuration is such that when one of the
latch transistors is on, it generates suffi-
ciently high voltage levels that the other
latch transistor is automatically turned
off. As such, the cell is either powered or
unpowered, producing the 1 or 0 of binary
code. The largest device of this type to
date is a 64K memory, which involves
some 400,000 transistors, resistors and
peripheral circuitry components. The
peripheral circuitry performs signal-
conditioning and interfacing functions.
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Genealogy of the Chip

Static RAMs are currently used for low-
power versions of portable computers,
high speed versions of mini-computers,
and microcomputers utilizing small
amounts of read/write memory storage.
They cost two to four times as much as
dynamic RAMS of comparable memory.

While all RAMs are volatile, all Read
Only Memories (ROMs) are non-volatile.
They have a further difference in that the
speed with which their memories can be
written, is far slower than the speed with
which they can be read (usually — the
rootlets are now becoming intertwined).

There are a number of types, predicated
on their writing mechanisms.

The simplest is just called a ROM,
though more technically, it should be call-
ed a mask ROM. When the ROM is being
designed and manufactured, a lithograph-
ic mask, specific to the final memory con-
tent program is drawn. As such, a ROM
can only contain one memory program or
set of data. It’s memory cannot be erased,
nor can it be modified. Costing somewhat
less than a dynamic RAM, a ROM is
customarily used for program storage,
storage for character sets in displays and
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printers and function programs in pocket
calculators, etc. While each cell consists
of only one transistor, recent research has
expanded ROM’s capabilities. To do this
each cell, in the newer versions, consists
of four transistors, each with a different
current carrying capability. The reading
process consists of determining what the
current level is. As such, each cell in effect
carries the memory equivalent of two
binary bits of information (eg. two sets of
1s and 0s).

The second type of ROM is called a
fuse Programmable Read Only Memory,
or PROM. It is similar to a ROM in that
once it is programmed, the memory can-
not be changed. It differs in writing
technique however, in that all PROMs
manufactured are identical and contain
no memory. Their internal geometry is
similar to a ROM, with the addition of
what is essentially a fuse. When the
PROM is programmed, after manufacture
and sequentially by individual cell, this
minute fuse is blown if the cell is to con-
tain a 1 and not blown if the cell is to con-
tain a 0, thereby permanently storing the
memory on the chip. Costing about the
same as a dynamic RAM, it is not used
much these days, except for experimental
work in designing computers (where the
housekeeping routines and internal soft-
ware programs may have to be changed as
development proceeds), some automobile
applications, some military applications
— in general, where a small number of
non-volatile ROMs are needed, bypassing
the set-up costs of the masks for ROMs.
More recent designs align the fuse vertical-
ly rather than horizontally, thereby saving
space and increasing density.

The third version of ROMs are the
Erasable Programmable Read Only
Memories or EPROMs — well known to
those involved with computers, as they
can be erased by exposing their internal
circuitry to ultra-violet light. While
EPROM'’s internal structure consists of
only one transistor, they do require an ad-
ditional electrode for erasure purposes,
resulting in less density per chip.
However, a new Intel EPROM structures
it’s internal geometry vertically, resulting
in a density all but the same for a single
transistor ROM.

The EPROM’s internal construction
is similar to a PROM minus the fuse. In
this instance, when the EPROM is pro-
grammed, the electrical charge is captured
by the individual cell, electrically altering
its characteristics. When read, this change
is detected and read as a 1; or if there is no
change, then the program is read as a 0.
While exposing the EPROM to uitra-
violet light before re-programming is
cumbersome (one has to take the IC
physcially out of the computer for a
start), they do have the advantage of be-
ing re-programmed. To date, the highest
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density has been achieved by Intel’s 256K
EPROM, though larger devices are in the
design stage. Customarily, they are used

for the same sort of purposes as the ROM,.

plus extensive usage in the design stages of
computers when software debugging is a
problem.

The fourth version of ROMs are the
Electrically Erasable Read Only
Memories, or. E?’PROMs. Similar to
EPROMs, E*PROMs require an external-
ly applied current charge to transform the
charges trapped in the individual cells, as
opposed to removing them, exposing
them to ultra-violet light, and reprogram-
ming them. The erasure process can be
done internally and electrically. The dif-
ficulty with this type of ROM is that the
electrical voltage required to transform
the cell’s configuration must be substan-
tially higher than the 5 volts customarily
used in computer memories. For years,
the voltage had to be upwards of 20 volts,
though more contemporary designs have
lowered the level to 12.5 volts. As such, a
separate power supply and appropriate
circuitry is required, increasing the cost.

E’PROMs have passed through a
number of generations. The earliest ones
were merely Electrically Alterable ROMs
(EAROMs). They were/are reprogram-
mable only after an entire memory array
(or at least one page of an array) was elec-
trically erased. In other words, to make a
single change in one cell, one had to wipe
the entire memory clean and start all over.

Second generation E*PROMs required
erasure of individual bytes before re-
programming serially. That is, one had to
start with the first cell and work through
until one reached the cell one wished to
modify, change it, then go back to the
beginning and re-program all cells up till
the one you just modified. Third genera-
tion E2PROMs automatically and inter-
nally erase a to-be-written byte as part of
the write cycle, and they also contain
much of the required voltage generating
and pulse-shaping functions internally on
the chip.

The fourth generation E?PROMs
have on-chip generation of all high-
voltage and wave-shaping functions, in
addition to their use of on-chip latches
and self-timing features. Their byte-write
requirements are identical to those of a
static RAM except that the E*PROM
write cycle takes as long as 10 msec. Once
a byte-write operation begins, the
E?PROMs are self-supporting, freeing the
processor and all external circuitry for
other tasks. Read timing of the E2PROM
is identical to that of a standard EPROM,
RAM or ROM.

One of the more interesting charac-
teristics of the E?PROM is that an
EPROM or ROM based system only
needs an additional Write Enable line to
each socket to provide retro-fitting of an
E’PROM. The E?PROM'’s internal ar-
chitecture is a two transistor floating latch
arrangement with 64K versions currently

marketed. Their main usage is for pro-
gram or data updating, such as warehouse
stocks or pricing lists.

Hybrids

Having covered the major generic forms
of RAMs and ROMs, one now ap-
proaches the hybrids — IC memories
which do not ‘fit’ the generic forms, pull-
ing strengths and weaknesses from more
than one generic type.

The first is a hybrid, crossing a
dynamic RAM and a static RAM. It is
called, not surprisingly, a pseudo-static
RAM, though in its most popular version
(a 64K chip manufactured by Intel, soon
to be increased to 256K), it is known as an
iRAM.

The major advantage of a dynamic
RAM is its simplicity — it requires only a
single transistor and a single capacitor,
thereby permitting a high density con-
figuration. Its major disadvantage is that
its memory needs refreshing via an exter-
nal circuit. The major advantage of a
static RAM is that they do not need
refreshing. Its major disadvantage is that
it requires a complicated internal
geometry consisting of four transistors
and two resistors.

An iRAM cross-breeds the advan-
tages of both, while minimizing the disad-
vantages of both. Its internal geometry
consists of a single transistor per cell, per-
mitting high density like that of a dynamic
RAM. However, it also has an on-board
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refresh circuit which operates at the same
voltage as the IC, but does not require an
external circuit. In other words, during
idle periods (that is, when the individual
cell is either not being read nor written),
the chip automatically refreshes itself. The
question of when to refresh is answered by
an on-board ‘arbitration’ circuit. As such,
the iRAM combines a density almost
equal to a dynamic RAM, with the
refreshing ability of a static RAM. It is
primarily used in medium-sized computer
systems due to its relatively high cost.

The second form of hybrid comes
under a variety of names — shadow
RAM, non-volatile shadow RAM, etc. In
its most complete form to date (in a 1K
version manufactured by Xicor), it is
known as NOVRAM.

A major advantage of static RAM is
its fast read-write cycle; a major disadvan-
tage is its volatility. The major advantage
of an E?’PROM is its nonvolatility and re-
programability, a major disadvantage is
that it can be re-written only a finite
number of times before wearing out (i.e.,
it only needs a single cell, among the tens
of thousands that compose the IC, to fail
to render the entire chip redundant).

Essentially, the NOVRAM consists
of marrying a static RAM with an

E?’PROM, cell by cell — eg., the combina-
tion of two memory technologies on a
single chip. In the NOVRAM, data gets
read and written exactly as in a standard
static RAM. In addition, the Store signal
transfers each of the RAM’s cell data into
a shadowing E’PROM cell and the
E?’PROM’s cell’s stored data is reloaded
into the RAM portion of the chip via a
Recall signal. This device’s most powerful
feature is its ability to transfer the entire
RAM contents into non-volatile storage in
one operation (eg., in parallel, rather than
inseries). This operation takes less than 10
msec., and once data is stored in this
fashion, only another Store operation can
alter it even if the chip loses power.
Generating Store in the event of a power
failure therefore saves the entire RAM
contents, subject only to the power re-
maining on the chip for 10 msec. In the
event of a power failure, one has between
20 and 40 msec. to play with. An on-
board circuit can detect this, and thereby
automatically initiate the ‘saving’ opera-
tion. As such, the NOVRAM combines
the speed of a static RAM with the non-
volatility of an E2PROM, and since the
E’PROM is not used very often (only
when there is a power failure or when the
machine is turned off), it increases the life
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expectancy of the chip.

The NOVRAM also contains another
unique piece of circuitry. An E2PROM re-
quires an external circuit producing some
12.5 volts to change a cell’s content. This
requires two currents into the IC — a §
volt one for its general workings and a
12.5 volt one to change the individual
cell’s state. In the NOVRAM, an on-
board circuit automatically generates the
12.5 volts from the 5 volt input with suffi-
cient amperage to change the individual
cell’s state, but without requiring a

. separate external power circuit. In other

words, everything is on one chip: a static
RAM, an E’PROM and a voltage
generator.

There is however, a disadvantage —
size. Each double cell consists of six tran-
sistors and two resistors (for its static
RAM portion) plus two transistors for the
E?*PROM portion of the double cell. With
increased size comes decreased density.

And Finally . ..

The final hybrid may or may not exist,
depending on who you talk to. Essential-
ly, it consists of the marrying of a
dynamic RAM (with its fast read/write cy-
cle) and an E?PROM (with its non-
volatility), the linkage between them being
on a cell by cell basis. The advantage of
such a device is that its density would be
higher than the NOVRAM — dynamic
RAMs only need two elements per cell
(one transistor and one capacitor) rather
than the static RAM’s six (two resistors
and four transistors). As such, this cur-
rently unnamed device would result in the
speed of a dynamic RAM and the non-
volatility of an E2PROM in a device con-
sisting of only five elements per cell. There
have been recent reports (erroneous) that
such a device exists. However, upon in-
vestigation, one finds that such a device
does not currently exist, but that the
Mostek subsidiary of United Technologies
in Texas is working on the fabrication
problems involved. According to Tim
Curran, of Mostek’s Non-volatile
Memory Group, while there is ‘‘no
established program’’ to market such a
device, Mostek is ‘“doing the spade work’’
with respect to the fabrication problems
involved.

Should such a device be built, it
would be as close to a ‘‘perfect”’ IC
memory as is currently envisionable.
Should the technology then develop, and
here is no real reason to believe that it
won’t be done sooner rather than later,
the reality of marrying a pseudo-static
RAM (with its automatic refresh circuits
and high read/write speeds) and an
E’PROM (with its non-volatility, power
failure detection system and automatic
‘save’ all on-board) will have been achiev-
ed, possibly giving us the ultimate in IC
memories. ETI
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New NRI home training prepares you
for a rewarding career in Americas
newest high-technology field.

The wave of the future is here. Already, advanced robotic systems are producing
everything from precision electronic circuits to automobiles and giant locomotives.
By 1990, over 100.000 “'smart” robots will be in use.
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Keeping this robot army running calls for well-trained technicians. . . people who
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Echo-Reverb Unit @

A superb project for creative musicians and audiophiles.

AN ECHO-REVERB unit is an accessory
that can be added to virtually any existing
audio or electronic music system and used
to impart new life to existing sounds. In
any audio system, the unit is simply inter-
posed between the output of the preamp
and the input of the main amplifier, so that
the audio signals have to pass through the
echo-reverb unit on their way to the main
amplifier.

Some modestly-priced echo-reverb
units use a crude mechanical spring-line to
create the time-delayed echo-reverb and
provide only a single, fixed delay time.
Commercial (all electronic) echo-reverb
units can be rather expensive, but provide
fully-variable delay times. Many use clock-
ed CCD (charge-coupled device) analogue
ICs to implement the delays (see How It
Works). The best commercial units use
digital techniques to implement the delays,
but these are extremely expensive!

We have used the analogue CCD
technique to implement the time delays and
the Echo-Reverb gives a performance that
is at least as good as some commercial units
using CCDs. The important thing about
our unit, however, is that the design uses
some clever techniques to reduce the hard-
ware costs of its circuitry, while at the same
time enhancing the overall performance
and facilities.

Echo-Reverb

As the audio signals enter the echo-reverb
unit they split into two paths which are re-
united again near the output of the unit via
a built-in-low-distortion audio mixer. One
of these paths is a direct link from the input
of the echo-reverb to the input of the mixer
stage; the other path is via a variable signal-
delay network. By varying the signal delay
and then the mixture of direct and delayed
signals, a variety of interesting effects can
be obtained. Here are a few ideas to try:

(1). With equal levels of direct and delayed
signals, and a few milliseconds of
delay, a ‘double-tracking’ or ‘mini-
chorus’ effect is obtained. This makes
a single input sound like a pair of in-
dependent but time-synchronised out-
puts. Thus, a single violin can be made
to sound like a duet and a duet is made
to sound like a quartet.

( 2 ) With a reduced level of delayed signal
in the mix, and with a delay time of
tens of milliseconds, a simple echo ef-
fect is obtained. The audio sounds as
if it were being played in a softly fur-
nished room where there is a single
hard wall or reflective surface, facing
the sound source. The apparent size of
this room is directly proportional to
the milliseconds delay time of the echo

unit, and is fully variable up to 50 feet
(50 mS delay).

A standard features of most echo units (in-
cluding ours) is a Reverb facility. This
allows a fraction of the output signal from
the delay line to be fed back and added to
the delay line input, so that you end up get-
ting echoes of the echoes of echoes: By us-
ing only small amounts of feedback (often
called ‘Recirculation’ or ‘Regeneration’ on
commercial units), you get ‘soft’ reverb or,
by adding lots of feedback.you get ‘hard’
reverb. A variety of impressive effects can
be obtained from the reverb facility, as
follows:

( 3 ) When equal levels of mixing are used
with maximum (50 mS) delay and
maximum feedback, the sounds seem
as if they are being played in a large
hard-faced cave or chamber. The ap-
parent dimensions of this ‘chamber’
can be varied via the delay-time con-
trol, while the apparent ‘hardness’ of
the chamber can be varied by altering
either the mixing or reverb level con-
trols. Thus, the apparent sounds can
be varied from those of a hard cave, to
a small church, or down to a large but
softly furnished lounge.

( 4 ) When equal levels of mixing are used
with short (a few mS) delays and a
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THE STAGES for producing the various
reverb effects from the Echo-Reverb, are
shown in the block diagram. The main
signal path comes from the ouput of the
first mixer and through a 7 kHz low-pass
filter. This filter is necessary to limit the
audio band width to less than half the clock
frequency, because the audio input is being
sampled at the clock frequency (variable, to
change the length of delay), and it is a fun-
damental principle of sampling that the
sampling frequency must be at least twice
the maximum input frequency. The filtered
signal then passes through the delay line to
a second low pass filter (at 15 kHz), which
removes any clock signal residuals. This se-
cond filter includes a buffer amplifier to
give the unit an overall gain of one. The
output then splits into two paths; one is sent
back to the input, to provide the reverb ef-
fect, the other goes to a final mixer via a
switch. In the other position, the final mix
can be varied from ‘straight through’ to full
reverberation.

The delay circuitry comprises two
charge coupled devices (CCD’s) with 1024
delay stages. The diagram right shows an
example of the internal structure of a MOS
CCD IC. The principle may be compared to
a line fo firemen passing buckets of water
from one end to the other — hence the
name ‘buckets’ are capacitors and the
‘water’ is an electric charge which is pro-

portional to an instantaneous value of the
input waveform — a sample. Each sample

(e ' 0
is stored briefly, then passed on to the next CLOCKIc] l
stage at the time of a clock pulse. Although o 3
each sample is stored for a very short time, CLOCK 02

at each stage, the time taken to ‘clock’ a
sample from input to output can be as
much as 50mS.

INPUT out
(o MIXER LO--PASS [ DELAY LO PASS O
FILTER FILTER
REVERB
o 2 LEVEL
cLOCK CHO
{AS YNC. PULSES| LEVEL
cLOCK

FREQ.

MODULAR PROBES
FOR SALE

For All Oscilloscopes
To 300MHz

X1 to X100
Attenuation

INSTANT REPAIR

Probe tip, Head, BNC and Cable
all screw into place
easily and quickly.

R

Pictured
Accessories

Included

Model Attenuation Bandwidth Price

980 Ainess St. Unit 7, wiosw SO0 Xioaoomiz $96-80

Downsview, Ontario. M12X10  X10 250MHz __ 50.10

M3J 282 M12X10AP X10 with Readout 250MHz  67.70

(416) 661-5585 M15X100 X100 250MHz ~ 56.80

LIMITED TELEX 085-28169 M15X10HF_X10 300MHz __80.30

* M12X1 X1 30MHz 42.40

Your Probe Specialists

Coline Canadian Sales & Stocking Source
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Echo Reverb

large amount of feedback, all audio
signals sound as if they are being played
inside a small-diameter hard-faced pipe or
drum. The apparent dimensions of the
‘pipe’ are variable via the time-dealay con-
trols and the apparent hardness of the
‘pipe’ is variable via the mixing or reverb
controls.

The Circuit

The principle of the echo-reverb unit is
described in How It Works. Audio signals
enter the unit via RV1 and split into two
paths which are re-united again, near the
output, via a low-distortion audio mixer
(IC7). One of these paths is virtually a
direct link from the input of the unit (RV1
wiper) to one input of the IC7 mixer, via
level control RV4. Thus, by varying theé
delay time and the setting of RV4, a range
of different echo times and characteristics
can be added to the original audio signals.

A fraction of the buffered output of
the delay line can be tapped on via RV3
and fed back to the input of the delay line
via the IC2 mixer stage. This produces
echoes of echoes of echoes etc (‘regenera-
tion’ or ‘recirculation’), and is the standard
characteristic of a reverb sound. The quali-
ty of the sound depends on the setting of
RV3 (Reverb) and the delay time.

The delay line is formed by IC3 and
IC4, a pair of series-connected TDA 1022
CCD (Charge-Coupled Device) ‘‘bucket-
brigade’’ analogue ICs. They are clocked
by a two-phase variable frequency
oscillator formed by ICS, a 4046B phase-
locked-loop chip. The TDA 1022s are
512-stage delay lines, so our circuit uses a
total of 1024 CCD stages. The delay time
available from these chips is:

D=P xS
2

where P is the clock-cycle period and S is
the total number of delay stages in the line.
Our prototype is set up so that the clock
periods are fully variable (via RV2) from a
minimum of 2.5 uS (400 kHz) to a maxi-
mum of 60 uS (16.6 kHz), thus giving a
delay range of 1.28 mS to 30.7 mS. In prac-
tice, however, the delay times can be ex-
tended to 50 mS by adjusting PR2 to give a
maximum clock period of 97.6 uS (10.24
kHz) if some clock-signal breakthrough is
acceptable on the output signal (see setting-
up instructions, Max Delay Time).

When using CCD delay lines it is im-
portant that the clock frequency must be at
least double the maximum audio signal fre-
quency that will be used. The delay line
output signal must be well filtered to cancel
residual clock signals and the input to the
delay line must be low-pass filtered, to
avoid intermodulation problems by ensur-
ing that the maximum input frequency is
no higher than half the clock frequency.
With these points in mind, the mixer IC2
with R7 and C7 are configured to give a 12
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Figure 1. The complete Echo-Reverb circuit.

dB/octave slope, rolling off at 7 kHz at the
front of the delay line. IC6 acts as a 12 dB/
octave, 15 kHz low-pass filter at the output
of the line.

Final points to note about the circuit
are that DI — D2 — R15 — R16 are con-
figured to give a degree of selflimiting on
the reverb 'signals. This protects the delay
line against destructive reverb overloads.
The entire circuit is powered from a
regulated mains-derived 15 volt supply via
IC1 (Figure 3 above).

Construction

Most of the circuitry for this project is built
on a single PCB, and construction should,
therefore present very few problems.
Before you start, however, a word of warn-
ing: the circuit includes a high frequency
clock generator which tends to produce a
fair amount of RFI (Radio Frequency In-
terference). Consequently, you should
build it into a metal box and take lots of
care over RF shielding.

Begin construction by fitting the seven
wire links and the PCB-mounting mains
transformer. Then proceed with the
assembly of the remaining components,
taking the usual care to observe component
polarities, etc. Use sockets to mount the
two delay-line chips (IC3 and IC4) and

IC5; handle the chips with care, when fit-
ting them into place.

When the PCB is complete, tem-
porarily wire the unit to all control pots,
switches and sockets, then set-up the pre-
sets. ’

Setting Up Procedure

The Echo-Reverb unit contains three pre-
set pots which must be correctly adjusted
to make the unit fit for use; once these have
been set correctly initially, they require no
further adjustment. The pre-sets (PRI,
PR3 and PR2) control the delay line bias-
ing, the delay line loop gain and the max-
imum delay time, respectively. The settin
up procedure is as follows:

Delay Line Biasing: With no input signal
present, set all three pre-sets to zero, set
SW2 to Echo Only, RV4 (Echo Level) to
maximum and RV2 (Delay) to mid value.
Connect a DC volt-meter between the + 15
V line (+ ve) and the wiper of PRI (-ve).
Then adjust PR1 for a reading of precisely
5 volts. Remove the meter. Now connect
an audio (voice or music) signal to the in-
put and check that it can be played through
the unit without excessive audible distor-
tion (i.e., the sound never becomes harsh).

Delay Line Loop Gain: With RV2 (Delay)
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SK2
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180k
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LEVEL  *7V§
c13
470p
NOTES

D1,02 ARE 1N4148
1C2,6,7 ARE 741
1C3,4 ARE TDA1022
IC5 1S 40468

set to mid-range but with RV3 (Reverb)
and RV4 (Echo Level) set to zero, connect
a voice-range (350 Hz — 3k5 Hz) input
signal of about 1 V peak-to-peak and
monitor the output signal. Switch SW2 bet-
ween the Normal and Echo Only positions,
adjusting PR3 so that equal output levels
are obtained in both positions (this test can
be done with test gear or simply ‘by ear’,
using a tape or disc signal source). When
this adjustment is complete, set SW2 to the
Echo Only position. Pass a music/voice
signal through the system and use RV2 to
check the Reverb sound is satisfactory.

Max Delay Time: Set SW2 to Normal, RV3
(Reverb) to zero, RV4 (Echo Level) to
maximum (wiper at zero volts). Adjust
PR2 while monitoring the output of the
unit and note that high-pitched tone (whis-
tle) is produced when PR2 is turned beyond
a certain point. Now pass a voice signal
through the unit; note that the echo effect
is obtained, then trim PR2 to find a com-
promise setting at which a good delay
(echo) is obtained with minimum accep-
table intrusion from the ‘whistle’ sound.
Finally, check that the delay can be varied
over a wide range (roughly 2 mS to 50 mS)

|
|
! +15V
AC SVIH
'é ! R
z o oo 1«5
w
£
<
=
NOTES
IC1 1S 78115 LY LEDY
° in N
GROUND

RESISTORS
(all ¥4 W 5% carbon)
Rl e 1kS
R2,3 .. 1k2
R4,5,11,13,23,24,25 ............ 100k
R6,21 .. i 82k
R 22k
R i i e 2k7
R916 ...ovieie e 6k8
RIO ... i 1k0
RI2,14 ... ... .. 47k
RIS oo 27k
RI7 i 10k
RI8,20 .......ooiiviiiieaa... 180k
RI9 .. i 120k
R22 e 4k7
R26 ..o 15k
POTENTIOMETERS
RVI ... ...t 47 linear carbon
RV2 ... ... ..., 100k linear carbon
RV3,4 ............... 22k linear carbon
PRI .............. 4k 7 miniature pre-set
PR2 ............. 1MO miniature pre-set
PR3 ............. 220k miniature pre-set
CAPACITORS
Cl......... 1000u 40V electrolytic (axial)
C2 o 10u 35v tantalum
C3 680n polycarbonate
C4,11,12,18,19 ................. 220n
polycarbonate
CS e 150p ceramic
C5,9,14 ... el 100n
Cl o e 330p polystyrene
CB,10 ............. 100n polyester C280
Ci3 ... 470p ceramic
Ci517 .. i, 220p ceramic
Cl6 ......c.cvviiiiinnnnn. 33p ceramic
CO . 1uO 35V tantalum
SEMICONDUCTORS
IC1 ............ 78L 15 voltage regulator
1IC2,6,7 ..o 741 op-amp
1IC3,4 ........... TDA1022 (Signetics) or
DACI1022 (National) or
TMS1022 (T1)
ICS o 4046B CMOS
phase locked loop
BRI ............. 50V 1A bridge rectifier
D1,2 ...l 1N4148 signal diode
MISCELLANEOUS
5 15 volt, 200 or 300 MA
transformer
SWI...... DPDT miniature rocker switch
Sw2 ... SPDT miniature toggle switch
Sk1,2 ... ..l Phono Sockets

via RV2 and the reverb can be varied with
RV3.

The setting-up procedure is now com-
plete and the unit can be cased and made
ready for use, as already described.

Case, PCB, bolts, knobs etc.

Circuit diagram of the regulated power supply.
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Echo Reverb

ECHO -REVERB

The printed circuit board.

MEET

JACE

JACE is: - 100% compatible to Apple™
-super expandable
-very affordable
.complete with Numeric key board
Options: -CP/M
128K ONLY
. .
el 4499 05
speec intfroductory price
-and more

SPECIAL THIS MONTH

(while they last)

780 (CP/Mm) card $ 5295
80 Col. card $ 85.00
Flip n File 50 $ 35.00
Zenith monitor amber $159.95
Nashua diskettes $ 2295
-Slim disk drive $289.95
-Regular drive $279.95
-Disk controller $ 5295
-16K ram card $ 5295
-"Despiker” kit (4 outlet) $ 35.95

Send $1.00 (refundable) for our catalogue full
of other fine products.

Send cheque or money order:

J.A.C. Electronics P.O. Box 83, Stn. "E”
Montreal, Quebec, H2T 3A5 (514) 270-6730
Tel: (514) 270-6730

Que. res. please add 9% P.S.T.

(add 5% Shipping & Handling)
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Multitech MPF-II1

LOOK AT that keyboard, will you?
Looks like we’re reviewing another IBM
compatible this month... Well, let’s turn it
on. Uh, sorry folks, it’s an Apple clone.
Well, I was close.

What we have here is the Multitech
Micro-Professor III, Multitech’s latest
entry into the computing market, and
quite a different machine from the
MPF-1, that cute little bare-board com-
puter that you may have seen. No, this
time the good folks in Taiwan have
brought you a full-sized micro, and a
significant contender in the works--
just-like-you-know-who market.

The Hard Facts

The main, essential part of the Multitech
is a box-shaped box (well, they usually
are, aren’t they?) only about two and a
half inches tall. Inside lurks most of the
electronics. The keyboard is detachable,
linked by a coiled cord. The Multitech
video monitor sits on top or nearby or
generally wherever you put it.

The Multitech doesn’t really use real
Apple peripheral cards. An 80-column
card is built in, along with 64k of RAM,
and Multitech offers specially-designed

Fresh from the clone orchards in Taiwan, we
bring you the MPF-111. Anthony DeBoer
takes a look at the latest in imported fruit.

printer, serial, disk, and Z-80 cards to fit
inside the low-profile case. Some of the
literature also pictured a pair of slimline
drives mounted in a box the same size as
the main unit, although the disk connec-
tors are standard and regular drives will
also work with this computer.

Slot #2 is set up in the normal con-
figuration, so you can plug in one normal
card if you want to, but it sticks out of the
right side of the machine, and, without
proper support, looks like ali it would
take to snap it off in its socket is for the
cat to pounce on it.

Next to the peripheral slot, on the
right side of the machine, are a pair of
nine-pin cennectors for the keyboard and
the joystick. Around back are the power
cord, power switch, video connectors (TV
and monitor), volume control (which
needs a screwdriver, if you find it too
loud), connectors for an external speaker,
printer, disk drives, and the vestigial
cassette in and out plugs.

The 80-column generator in the
Multitech deserves mention. It’s a treat
for anyone who’s ever had to stand up
repeatedly to reach behind his or her com-
puter to switch patch cords between the

40-column output and a normal
80-column card. Being built right in, the
80-column screen becomes much more in-
tegrated into how things work in and
about the computer. Type PR#3 and the
80-column screen gets activated. ESC-4
and ESC-8 will switch you back and forth
now. As with the ile, you can go straight
into graphics from 80-column, with the
text window at the bottom of the screen
still in 80 columns, which is something the
good old Apple II never did.

There is one slight weirdness with the
80-column screen: you can’t use it and the
second graphics page at the same time. If
you’re in 80 columns and you run a pro-
gram with a statement like HGR2 (or even
POKE 49237,0) that accesses the second
screen, for animation or whatever, you
get a 2SYNTAX ERROR, of all things.
Okay, so the manual does note that you
only get one screen with 80 columns, but
the first time you run up against that syn-
tax error, it’s guaranteed to send you
around the bend trying to figure out what
went wrong.

The keyboard should also be men-
tioned. To quote John, the office clone
connoisseur, the keys are ‘like loose
teeth’’. To be perfectly frank, they do jig-
gle and wiggle and go in a lot more direc-
tions than just up and down. The
IBM-like design, with the backslash key
where the shift key is supposed to go and
the reverse-quote where the return key
belongs, doesn’t help either. At least they
replaced that huge plus key at the right
end with a smaller plus key and a return
key.

The Multitech keyboard has twelve
function keys, along with a break key
(which gives out a control-C), a numeric
keypad, and a few others. Unlike the
original Apple, this one can generate the
entire ASCII character set, including the
tilde and the vertical-bar symbols. Like
on the IBM, the keypad can also be used
for cursor functions when you’re editing
program lines.
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But it’s still a bubblegum keyboard.

The Multitech video monitor is a fair-
ly good piece of equipment, as such things
go. The display is glare-free, and a duller
shade of green than the Zenith monitors
that everyone else seems to use. It sits on a
nice round base, and will rotate and tilt as
desired.

Multitechsoft?

In an almost commendable attempt not to
violate any of Apple’s copyrights, the
folks at Multitech have rewritten Ap-
plesoft BASIC and the system monitor
from the ground up. Part of this is good,
because it lets them integrate the
80-column screen, the sound generator,
and so on, but it does leave the system
necessarily less than 100% Apple-compat-
ible.

The big added feature in Multitech
BASIC is sound. First off, you get the EF-
FECT command. Type EFFECT 0 : EF-
FECT | on a normal Apple and you get a
syntax error. Try it here and you get the
sound of a bomb dropping (or of all the
air being squeezed out of a cat, your
choice) followed by an explosion
(presumably of the bomb or the cat, as the
case may be). The other effects, 2 and 3,
are supposed to be laser guns and or-
dinary mechanical machine guns respec-
tively.

In case your musical tastes run more
to real music than to sound effects, the
Multitech also gives you something more
melodic. The SOUND, PLAY, BASS,
TEMPO, and INSTR statements let you
feed songs through the computer’s sound
chip. SOUND and PLAY let you feed
notes into the sound system, BASS lets
you add a bit of bass (the results are
suspiciously like those of the rhythm sec-
tions of those anyone-can-play-it elec-
tronic organs), TEMPO lets you adjust
the note duration, and INSTR lets you
choose between simulated piano, bell,
xylophone, or organ.

The machine even has a rich,
full-bodied control-G bleep that sounds
like it comes through the computer’s
sound system as well.

Program editing changes here too.
On the real Apple, you have to fool
around with the I, J, K, and M keys to
move around the screen. Here, however,
with the IBM-style keyboard, there’s a
“NUM LOCK”’ key that lets the numeric
keypad become cursor arrow keys and so
on. What really makes editing program
lines here easy are a few of the other keys
here — an insert character key slides the
rest of the line over to the right, making
insertions less of a splice job than they us-
ed to be, a delete key does the opposite,
and another key copies automatically to
the end of the statement you’re editing.
Editing works in the 80-column mode on-
ly, which is not really a hassle, because

given the choice, you’ll probably want to
use the 80-column screen to do program-
ming on anyway.

Battle of the Clones

On the less bright side, this rewritten
BASIC is slower than good old Applesofi.
Two sample programs were run. The first
simply counted from one to ten thousand,
to test the speed of BASIC, and the se-
cond spat out four K of text to the screen.
Both times, a more conventional clone
(the Unitron) beat the Multitech.

The random number generator is
probably the worst feature of this version
of Applesoft. The ‘‘real’’ random
generator generates a properly
pseudo-random sequence of numbers,
but the Multitech’s generates a much
poorer sequence. It repeats itself every
few hundred times. This may not sound
like much, but try running an Applesoft
program, almost any program, that runs
along and uses random numbers by the
bushelfull. On a real Apple, or a blatant
clone thereof, you get sufficiently random
numbers, but the Multitech gives a
repeating series. The practical upshot of
this is that a program that draws random
lines, for example, will start doing the
same lines over and over and lock itself in-
to a loop, rather than continuing to draw
lines all over until the screen is full.

This rewritten version of Applesoft
does bring up an interesting point: that of
the legal battles surrounding the various
clones on the market. Franklin lost a
court case a while back, and now has to
rewrite its BASIC and monitor and stop
illegally copying Apple’s. After winning
that case and setting a legal precedent,
Apple will probably now go after the
smaller cloners.

Multitech seems to have seen this
coming a while back already, though, and
they already have a rewritten system. Ac-
cording to some of the documentation
that came with the review machine, Apple

is suing Multitech too, but Multitech is
claiming that Apple has no case because
all the software got rewritten.

But then Shakespeare noted quite a
while back that a rose by any other name
would smell as sweet. If it looks very
much like an Apple and it smells very
much like an Apple, then it is an Apple
for most practical purposes (except,
Multitech hopes, for legal purposes). On
the other hand, all that glitters is not gold,
and all that runs DOS might not necessari-
ly be an Apple. *Twill be interesting to see
what comes of it.

CP/M?

Somewhere along the line an ETI tradi-
tion got started that we would use the
name of the CP/M operating system as a
sub-head once in every computer review.
Well, here’s this month’s entry.

The Multitech’s manufacturers, as
one might expect, claim that it runs
CP/M. Being an Apple-compatible
machine, using a 6502 microprocessor, the
Multitech, like the True Fruit, requires a
Z-80 card before it will peacefully accept
CP/M disks. As noted previously,
Multitech offers a special card that fits in-
side their machine’s case, but they do
claim that a normal card will work in the
slot on the side of the machine.

Among the documentation we got
with the machine was a list of 151 pieces
of popular Apple software that the
Multitech would run and 19 that it
wouldn’t. Lots of CP/M software was on
the first list and SpellStar somehow made
the second one, but the fine print noted
that they used their own Z-80 card (the
one that fits inside the machine) for the
tests. Since our review model didn’t have
this option, we tried a good old
regular-type Z-80 card in the external
slot. No dice. Fed a CP/M disk, the
Multitech crashed like a ZX-81 flung off
the CN Tower. It sprayed characters all
over the screen and everything.
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Now NRI takes
TRS-80 Model 4

you inside the new
microcomputer with

disk drive to train you at home as the
new breed of computer spedialist

NRI teams up with Radio Shack
advanced technology to teach
you how to use, and

service state-of-the-art
microcomputers...

It's no longer enough to

be just a programmer or a tech
nician. With microcomputers
moving into the fabric of our
lives (over 1 million of the

TRS-80™ alone have been

sold), interdisciplinary

skills are demanded. And

NRI can prepare you with

the first course of its kind, covering the

complete world of the microcomputer.

Learn At Home

In Your Spare Time

With NRI training, the pro-
grammer gains practical knowledge
of hardware, enabling him to design
simpler, more effective programs. And,
with advanced programming skills, the
technician can test and debug systems

A

e

Now training includes either the TRS-80 Modei 4

Microcomputer with Disk Drive or TRS-80 Color
Computer with Computer Access Card; profes-
sional LCD multimeter; the NRI Discovery Lab; and
hundreds of demonstrations and experiments.
(TRS-80 is a trademark of the Radio Shack division of Tandy Corp.)

quickly and easily.

Only NRI gives you both kinds
of training with the convenience of
learning at home. No classroom pres-
sures, no night school, no gasoline
wasted. You learn at your convenience,
at your own pace. Yet you're always
backed by the NRI staff and your in-
structor, answering questions and
giving you guidance.

TRS-80 Model 4 Plus Disk
Drive To Learn On and Keep

NRI gives you hands-on training
on the latest model in the most popular
line of Radio Shack microcomputers:
the TRS-80 Model 4.

You not only learn to program
your Model 4, you learn all about it. ..
how circuits interact. .. interface with
other systems. .. gain a real insight into
its nature. Under NRI's expert guidance,
you even install a disk drive, verifying
its operation at each step.

You also work with a professional
4-function digital multimeter and the
NRI Discovery Lab® performing over
60 separate experiments.

The powerful, versatile TRS-80
Model 4 microcomputer disk drive and
other equipment you train with are
yours to use and keep!

Same Training Available
With Color Computer
NRI offers you the opportunity to
train with the TRS-80 Color Computer
as an alternative to the Model 4. The
same technique for getting inside is
enhanced by using the new NRI-
developed Computer Access Card. Only
NRI offers you a choice to fit your
specific training needs.
The Catalog is Free.
The Training is Priceless.
Get all the details on this exciting
course in NRI's free, 104 page catalog,
It shows all equipment, lesson outlines,
and facts on other electronics courses
such as Electronic Design, Industrial
Electronics, Video/Audio Servicing. ..
12 different career opportunities in all.
Keep up with the latest technology as
you learn on the latest model of the
world’s most popular computer. If card
has been used, write to:
330 Progress Avenue

NRI Schools
NH McGraw-Hill Continuing
e
t‘ T
da . Scarborough, Ontario MIP 2Z5
I u HI or telephone 416-293-8787

Education Center
We'll give you tomorrow.
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Oscilloscopes

e
Bonus feature:

] ) \
Component tester in all models

HM 605 60 MHz Dual Trace - $1550, -

Sensitivity 5mV-20V/div at 60MHz, 1mV at 15MHz e Automatic
peak-value or normaltriggering to 80 MHz e Delay line o Variable
sweep delay from 100ns-1s o Timebase range from 2.5s/div to
max. 5ns/div e Unique fast-rise-time 1kHz/1 MHz calibrator o
Bright high-resolution 14kV CRT.

HM 204 20 MHz Dual Trace - $1120, -

Sensitivity 2mV-20V/div e Timebase range 2s/div-20ns/div e
Automatic peak-value triggering to 50MHz ¢ Variable sweep
delay e Single sweep mode o Y-Output o Z-modulation e Over-
scan indicator.

HM 203 20 MHz Dual Trace - $835,-

Western Europe’s best selling 20 MHz-Scope! o Sensitivity 2mV-
20V/div e Triggerbandwidth 40MHz e Timebase range 0.2s -
max. 40ns/div

HM 103 10 MHz Single Trace - $550,-

Small,compact service scope o Sensitivity 2mV-20V/div e Time-
base range 0.2us-0.2s/div ¢ TV-V and TV-H triggering.

»Modular
System«
HM 8000

An expanding
range of

signal generators,
multimeters,

counter/timers,
etc. ..

For more details
write or call collect:

980 Alness St. Unit 7,
Downsview, Ontario.
M3J 282
(416) 861-5585
TELEX 065-28169

Computer Review continued from page 20
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Almost as an afterthought, it must be mentioned that CP/M is
not the only operating system the Multitech can run. There’s
something called DOS, too, that is actually designed to run on com-
puters such as this one. Standard Apple DOS runs quite nicely on the
Multitech, although there’s a special Multitech DOS, in keeping with
the rewritten BASIC and monitor. According to the docs, the big dif-
ference is that the function keys across the top of the keyboard
become words like CATALOG and so on when you’re running their
DOS. Unfortunately, the review copy came on an unbootable disk (a
hasty copy by the good folks that lent us the computer), so we had to
settle for looking at the files, after booting normal DOS. There were
the usual graphics demos, a sound demo, something similar to FID
except for being written in BASIC, just the usual boring stuff, but to
make up for it, there was a Chinese version of the board game
Othello. Fun stuff, the prompts come up in genuine high-res Chinese
letters, but unfortunately no one here reads Chinese. Well, now we
know the Chinese for ““It’s your move, sucker’”. You learn
something new every day.

Manual Labour

The manuals that came with the computer did the job they were sup-
posed to. Well, they explained what the computer could do and how
to get it to do it. They were written in Foreign Technical Manual
English, a variant on the Queen’s English in which quaint wordings
and aleatoric spellings are used. Such manuals should, of course, be
kept away from elderly English professors, in whom they are likely to
cause coronaries. But if you’re willing to forgive the style, they are as
helpful as computer manuals ever are. The reasonably detailed tables
of contents make up for the utter lack of an index, although it would
still be nice to have one. They, like most other computer manuals,
are not designed to teach you how to program — prior knowledge
seems to be assumed — but they do cover the BASIC language and
the computer itself quite well.

Conclusions

Being priced in the vicinity of $1300, the Multitech is somewhere in
between the Real Apple and its other competitors. Although the ex-
tra features — the integrated 80-column software, the editing func-
tions, the sound effects generator, and so on — are worth something,
this computer may suffer from being in the middle of the market.
Anyone wanting a computer and not wanting to pay very much will
probably want a cheaper clone, and those computer connoiseurs who
want the Real Thing will probably go those extra hundreds for an
authentic //e.

The differences between this machine and the one Woz designed
might also tip the balance in favour of either an Apple or one of the
ones that feel no shame in copying it. As noted earlier, there are some
subtle differences between the A pple system and Multitech’s that will
confuse a few pieces of software. In the vast majority of cases, there
will be no problem, but those few cases where there is a problem will,
according to Murphy’s Law, inevitably crop up.

The final caveat that must be raised, as with all computers, is to
try out the keyboard before trying out your Visa limit. That’s where
the interface between man and machine happens, and if you can’t
stand it, you won’t be able to stand the rest of the computer very well
either. IBM lovers will probably enjoy it, but the rest of humanity
might not.

But it is still a respectable example of Far Eastern ingenuity. If
you’re looking for an Apple-compatible system with a few extra
features, this might be the one for you.

Quick Reference
Multitech MPF-III

Mfg: Multitech Industrial Corp.

Price: $1300

CPU: 6502

RAM: 64k

Screen: 40x24, 80x24

Graphics: 280x192

Colour: Yes

Sound: Yes

Video: TV and monitor ETI1




LONPUTER
| mioC
LLINC [

316 College St.
Toronto, Ontario M5T 1S3

Toll Free Orders Only
1-800-387-1385

Order Checking (416)925-8291
Technical Data (416)925-1105

NEW FROM
MAXISWITCH.

The finest most cost effective keyboard
for the IBMtm PC or the APPLEtm that
we have ever seen. The IBM model has
all of the standard features of the IBM
KB plus an improved return key for
true typewriter emulation (For word-
processing) Full N key roll-over, auto-
repeat and more. The APPLE version has
a lot more than the run of the mill APPLE
keyborad, 10 function keys, cursor pad,
numeric pad, and 21 preprogrammed
commands to save a lot of typing. Just
like the picture and just as pretty.

O Y R B, = o 115 $169.95
Please specify APPLE, or IBM PC, XT
NOTE: Complements our IBM look-alike
case exactly.

7 DISPLAY
b TELECOMMUNICATIONS
CORPORATION

IBM is a registered trademark of
International Business Machines

[Eight Compatible

1/0 Interface
Connectors

{Full PC compatble}
(compatible with all
IBM-PC* plug-in cards)

Special J1
Interface

(Allows horizontal mount
ing of compatible expan-
sion cards for easy bus
expansion and cuslom
configuring) (Board has
62 pin goid plated compal-
ible connector)

Extended ROM
Capability

{Runs all compatible PC
ROMS) (Jumper program
mable lo accommodate all
popular 8K, 16K, 32K and
64K ROM chips and NEW
EE ROMS! VPP power pin
available for EP ROM
burming!) (External

VPP voltage required)

DEALERS AND OEM MANUFACTURERS
lgUANTITY DISCOUNTS AVAILABLE

Full Mega-Byte Ram Cap
On board!
(With parity)
D 256K Bytes using 64K chips
1 Mega Byles using 256K chips

Standard Key-
board Interface
(Full PC compatible)

Hardware Reset
{Overcomes reset flaw
in PC}

Power Connector
{Full IBM" pinout
compatble)

8088 Processor
{Same as PC}

8087 Numeric
Processor

{Same as PC)
Peripheral
Support Circuits
(Same as PC)

Configuration
Switches
{Same as PC}

Speaker/Audio
Port
(Samé as PC)

Wire Wrap Area
To facitale special custom
apphcations!

FULL IBM - PC
| COMPATIBILITY!

=¥ = THE ULTIMATE OEM/PC -
Ideal for COMPATIBLE SINGLE = =
o COMPUTERISTS ORDER NOW!!! IYEA-BCY¥RD™ Evaluation Board Kit!
* OEM MANUFACTURERS BOARD COMPUTER Lnslruchons and parls list.y
o DEVELOPMENT LABS | | TMEGA-BOARD™ with full assembly instructions . $99.95 ——
* UNIVERSI [IUSERS MANUAL with theory of operation, Evaluation Includes highest quality P board
e INDUSTRIAL schematics, block diagram, application notes $19.95 Board Kit with gold plating, sitk screen.
APPLICATIONS [JMEGA-BIOS ™ fully compatible MS-DOS/PC-DOS BIOS $29.95 solder mask
Ll
HARD TO GET PARTS BARE PCB WE’'VE GOT EM!
14318 MHZXTAL ............... $ 295 | (A) REALTIMECLOCKPCB ......$14.95 vy
17.43 MHZ XTAL. .o $ 495 | (B) QUAD DRIVE CARD (RANA(...$24.95 5-1/4 MEGA BOARD PARTS
1.8432 MHZXTAL ... ...........$ 495 | (C) 9VOICEMUSICPCB..... ...$14.95 o s
MPSA13 TRANSISTOR .......... $ 0.75 | (D) BUFFERPRINTERPCB.......$19.95 HAH_F SlZE DR'VES a SWITCH KB . . . $199.00
2N3804 0.35 | (E} GRAPPLERPCB............ $19.95 (B) IBM CASE ....$ 59.95
2N3906 . 0.45 | (F} CABLEFORD, E, SPECIFY....$24.95 5 C) ALLTHES2IC"
2N4258 ... 0.75 | (G) 80COLUMN, SOFTSWITGH...514.95 | "40Track perside S . $159.00
MPSU51 1.00 | {H) DISCCONTROLLERPCB..... $12.95 | °*Double-sided, (D) 82535 .. ......$ 11.95
TK,9PINSIP oo $ 075 | () z80PCB..... ...$12.95 | double density (E) 8259A ... ..... $ 1150
K. BPINSIP ... .. $ 075 | (J) SSMMODEMPCB... ... ... $24.95 | «Same as SA455 () B237AS. . ...5 34.95
10K, 10PINSIP ............... $ 075 | (K) MOUNTAIN MULTIFUNCTION $24.95 | sLatesthead & (G) 8255A5. .. .'5 7.95
4POSDIPSWITCH .............. $ 175 | (L) 128K(SATURN)PCB..........$19.95 | grive technology (H) 8288. ... .....5 37.50
20 PIN MALERTANGLE ......... $ 295 | (M) RGBCOLORPCB .$24.95 R Eneilaccesaine () 8284..........$ 795
20 PIN FEMALE, FOR ABVS......§ 2.00 | (N) EPROM PROGRAMMER PCB .$12.95 ) 8088 . ... $ 34.95
6 PIN POWER CONNECTOR .....$ 1.00 | (O) PIAPCB .................... $14.95 (K) 100 NS DELAY $ 14.95
;)c:f%%&c;rs MOUNT. ........ : ?.SS :(F;)) ;VAkADTiﬁ?N?SAhb ----- ::ggg Two of These Half Size Drives will (L) 7 NSDELAY...$ 14.95
--------------- . S 50 iles Fitin the Same S 1 Full Size Drive! M) BUS, BARS,
220 OHM TRIMPOT. ............. $ 075 | (R) RS-232PRINTERPCB.........$12.95 e L e " SETOF2 ..... $ 495
68A45, VIDEX IC. ... ............ $ 16.00 | (S) RS-232 MODEM (COMM) PCB .$12.95 $269.00 (N) 635 pf
MC3242,128KIC ................ $ 16.00 | () RS-232 ASYNCHRONOQUS PCB. $14.95 trimEap .. ... $ 150
(U) SPRITE GRAPHICSPCB ...... $17.95 (O) 62 PIN EDGE

6502 STUFF BARE PCB FIRMWARE ETC.
BB POWERSUPPLY............ (A) REAL TIME CLOCKDISK...... $ 8.00 § Certitied Cheques, Travelers Cheques, Visa, American
ABS NUMERICCASE............ {B) 9 VOICE MUSIC, 2 DISKS...... $16.00
ASCII NUM KEYBOARD. (C) GRAPPLEREPROM ..... ..$ 8.00
SYSTEM SAVIOURFAN ... .. {D) 80 COLUMN,3 EPROMS ..... $24.00
GREATDEAL ....... (E) SSM MODEM EPROM ....... $ 8.00 | Post uniess you say otherwise. You will be chargad a
ZBOWIRED.......... {F) MULTIFUNCTION EPROM ....$ 8.00
80 COLUMN WIRED .. {G) 128K,3DISKS................ $20.00 § goods are heavier than the $3.00 weight or if you spe-
16K WIRED (H) RGB CARD PROM .. 8.00
DISC CONTROL WIRED {) RGBCARDDISK ..... ....$ 800 § Ont. res + 7% sales tax.
WILDCARDWIRED.............. (J) EPROM PROG.EPROM .......§ 8.00
SAM TALKERWIRED............ . (K) WILDCARDEPROM.......... $ 8.00
128K WIRED,NO KC'S . ... ... .. $ 39.95 {L) WILDCARDDISK ...... ...$ 800 Jl within aweek if in stock and we will cancel any tack-
128K WIRED,B4K . .. ........... $119.00 {M) SAMTALKERDISK..... 8.00 | orders over 4 weeks unless otherwise instructed. 20%
128K WIRED, 128K .............. $199.00 {N) SPRITEDISK....... 8.00 Restocking Charge.
DISK(3)FOR128K ............... $ 20.00

MAIL ORDERS

Express, Mastarcard, Bank Draft. We ship C.0.D. only M/F

CONNECTORSS 4.95
(P) 5PINDIN
CONN,KB....$ 350

We accept: Personal Cheques, Postal Money Orders, (Q) POWER

CONNECTOR
......... $ 250

by CANPAR and Truck. We do not use Canada Post 47K I
C.0.D. We will send your goods via CANPAR or Canada :2)) 4:7K )(12 iIN baoty gD

RESNTWK....$ 150

min. $3.00 for defivery and handling or more If your (D 8.2K, 16 PIN

RES NTWK....$ 1.50

cify another dellvery service that charges mase. All (Uy 330HM, 16 PIN

We sell wholesale to any RES NTWK....$ 250

retail store or other reseller witr) a §ales tax exemptiqn (V) TBP 24510
no. as long as a reallstlc quantity is bought. We ship PROM

........ $ 895
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Operation Plowshare

Using nuclear explosions for peaceful
purposes? Roger Allan answers this question
with some interesting historical background

into nuclear excavation.

DESPITE THE enormous destructive
forces that chemical explosives have add-
ed to the conduct of wars, it can be
arguably demonstrated that explosives
have been used for more good than evil. If
one thinks about it for a moment, one
finds that explosions of one variety or
another permeate our entire lives —
whether massively such as the construc-
tion of the Panama, Erie, Corinth or Suez
canals, or microscopically such as the 2x-
plosions in a cylinder head driving a car’s
piston engine.

Recognizing the advantages of explo-
sions, coupled with the Suez Crisis in
1956, led Harold Brown, then director of

the Lawrence Livermore Radiation Lab-
cratory, to consider the possibility of us-
ing nuclear explosions to dig a sea-level
canal across Israel, as well as one across
the root of the Florida Penninsula. In the
same year, Camille Rougeron, a French
engineer, published his book Les Applica-
tions de L’Explosion Thermonucleaire a
study on the peaceful applications of
nuclear explosives.

Conjointly, their arguments were
persuasive. The advent of the nuclear age,
and U.S. testing of thermonuclear devices
for military applications meant that suffi-
cient data had been generated to permit
economic feasibility studies to be cast.

The figures produced seemed rather good
— earth could be excavated for a few
cents per cubic yard in some projects
where conventional methods would cost
20°¢ to $5 per cubic yard.

In the early part of the following
year, a meeting of interested parties from
the American Atomic Energy Com..is-
sion (AEC) was convened to study the
possibility of using thermonuclear devices
for peaceful purposes. The Proceedings of
this meeting, and subsequent ones,
roughly at two year intervals,
demonstrated that a number of avenues
lay open to research and development, all
at apparently cost effective prices.

The first consideration was for
another Panama Canal, later known as
the Isthmian Project. It was shown that
using nuclear devices to do the cratering
would result in a canal larger than the cur-
rent one, not dependent on locks (they’d
just blast through the mountains), would
be more useful, require less maintenance,
and militarily less vulnerable. If the route
were between Sasardi and Marti in
Panama (half way between the current
canal and the Columbian border) its cost
would be about $650 million (U.S./1964),
while a canal between Atrato and Truan-
do (fluctuating around the Panama-
Columbian border) would cost about
$1.25 billion (U.S./1964).

Another concern was for petroleum
recovery. In particular, the Athabaska
Tar Sands formation underlying 16,000
square miles of Alberta was investigated
by the Richfield Oil Company in this
regard. Calculations indicated that a
9-kiloton nuclear explosion would release
enough heat so that several hundred thou-
sand barrels of oil would be recoverable in
a free-flowing state. Mining was also con-
sidered, with particular regard to the
removal of overburden to prepare ore
bodies either for mining by conventional
methods or by the leaching-in-place of
minerals — such as copper ore by
sulphuri¢ acid.

Studies by the U.S. Bureau of Mines
showed that gas fields, from which little
or no gas can be produced due to the low
permeability of the host rock, could be
‘freed up’ by thermonuclear explosions.
Essentially, the detonation would fracture
large volumes of rock to the extent that
economic recovery of gas might be pos-
sible.

In North Africa there are two
massive depressions — the 8,000 square
mile Qattar in west Egypt (only 35 miles
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750 -PRACTICAE SATELLITE
ELECTRONIC COMMUNICATIONS

CIRCUITS

' ELectronics Boos Cue

The Best Source for Hobbyists and Professionals
for Over 18 Years!

Time- and Money-Saving Advice -
Practical Troubleshooting & Repair Tips . . . T

State-of-the-art Technology . . . Hundreds e oM
EARTH STATIDN Hllmh\ln SCHEMATICS

of Projects . . . Plus, Exceptional Savings

Select 5 Books
for Only *2~

List $15.95 List $15.95 List $14.95
_ PTiwER SUPFLIES. PRINCIPLES & PRACTICK DF| E A . AL, ABOUT ¥ n, n. o;; L-;
SWITCRING KEGULATORS. MICROPROCESSORS To[;:ge.::‘ :8“5’;:2‘::? TEL?L!SNES %
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& DIGITAL LOGIC LECTRONI

AND CORVERTERS
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1665 1431 1529 1473 1616 1537 1£43
List $21.95 List $17.95 List $17.95

List $21.95 List $19.95 List $19.55

FIBEROPTICS
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- -
BEGULAT ELECTRICITY &
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o e w8 TRLA IR

1337
List $10.95
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List $14.95 List $19.95
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List $17.95 List 515 35 List $21.95
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A $6.95
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FREE When You Join Now ———3 ~eip=
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7 very good reasons to join BookC
he EI . I CLECTRUMCS BUUKk LLUB :
the Electronics Book Club jp.o.Box 10 -
- Big Savings. Save 20% to 75% on books sure to increase ] Blue Ridge Summit, PA 17214

your electronics know-how I Please accept my membership in the Electronics Book Club and send the 5 volumes
No-Risk Guarantee. All books returnable within 10 days circled below, plus, my FREE copy of The Electronics Buyer's Guide, billing me $2.95
WIthout obligation I plus shipping and handling charges {payable in U.S. dollars). lf not satisfied, | may

. Club News Bulletins. All about current selections—mains, I retum the books within ten days without obligation and have my membership can-
alternates, extras— plus bonus offers. Comes 13 times a year celled. | agree to purchase 3 or more books at reducec Club prices (plus shipping/
with hundreds of up-to-the-minute titles you can pick from I handling) during the next 12 months, and may resign any time thereafter.

- “Automatic Order.” Do nothing, and the Main selection will 1183 1199 1296 1337 1409 1431 1449 1465 1473

be shipped automatically! But . . . if you want an Alternate 1487 1497 1498 1499 1503 1507 1529 1531 1536 1537
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every book purchased and qualify for big discounts of 60% to Address
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tions, plus special discounts State o _ e——

. Exceptional Quality. All books are first-rate publisher’s edi- Valid for new members only. Foreign applicams will receive special ordering instructions. Canada
tions selected by our Editorial Board and filled with useful, I must remit in 1J.S. currency. This order subject 1o acceptance by the Electronics Book Cél;\!; sos

up-to-the-minute information h—--—-—------—--—--—---
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The Electronics Today
Almost Free
Software Offer

The most difficult thing about understanding new software is understanding how you're going to pay for it. Even
simple programs cost a mint. Thus it was that we were pretty fascinated to find that there is a vast library of real-
ly good software in the public domain.

Public domain software is free. Much of it has been written by the finest programmers around and then enhanc-
ed by dozens of other users until a |ot of it is better than those nasty little disks you have to mortgage the cat to
buy.

There are many splendidly useful public domain programs which have no commercial counterparts.

Unfortunately for many users, public domain software is very hard to find sources for. For this reason, we have
created the Electronics Today Almost Free Software Offer. .

For a limited time only . . . until the disk labels run out . .. you can get a disk formatted for your system packed
with a selection of some of the finest works of the publ|c domain. The directory includes games, programmmg
aids, utilities and documentation files that are simply unobtainable any other way.

All of this software is free. We are charging only for the cost of the disks and the time taken to put the files on
them. You can copy the programs, modify them, give them to your friends or print them out as posters ... they
are all totally free of restrictions, save that they cannot be resold for profit.

The Catalogue Of The Almost Free Volume One Is:

e MODEM7 This program wlil allow you to communicate with any CP/M based system and e FINANCE Is a fairly sophisticated financlal package written In easily understandable,
download flles. See the article in this month's CN! for complete detalls. modifiable Microsoft BASIC.
MODEM? will be provided in versions for each system.

e BADLIM  Ever have to trash a disk for just one bad sector? End your BDOS errors with
® PACMAN You can actually do PACMAN without graphics, and It clips along pretty well. this fittle troli. It isolates the bad sectors into an invisibie file and makes the
rest of the disk useable again.
® FORTH  This is a complete up-to-date version of FIG FORTH, compiete with its own In-

ternal DOS. ® DISK This Is a splendld program which aliows you to move whole masses of files
from disk to disk without having to do every one by hand. You can also view
® DUU The uitimate disk utility; this program allows you to recover accidentaily eras. and erase filas, all without a lot of typing.
ed disk files, flx gorched files, rebulld and modify your system. We recently
saved a 300K dBase Il file with this little gem. ® QUEST Life Is not meaningful without dungeons and dragons.
D This Is a sorted directory program that immediately tells you how big all your @ STOCKS Thisis a plete stock manag 1t program in BASIC. It's pretty flerce the
files are and how much space is left on your disk. way it is, but you can easlly fine tune it if you feel moved to do so.
® USQ/SQ allows you to compress and uncompress files. You can actually pack about for- @ SEE This program, aiso known as TYPE17 will TYPE any file, squeezed or not,
ty percent more stuff on a disk with this system. atlowing you to keep d its in p d form and stili be able to read
them.

The Electronics Today Almost Free Software Offer

In addition to the above, we will be providing Apple users with a program which can be used to patch the Apple
CP/M BIOS to increase the display speed of the popular Videx eighty column card. Users of other formats will
receive ALIENS11, a fairly fiendish video game package ... which is too large to get on an Apple disk.

Some or all of these files may be provided squeezed in order to accommodate your disk format. While we make
every effort to ensure that the programs are completely debugged, we can offer no guarantee that they will func-
tion properly for your application.

Our almost free volume one is available for the Apple Il + running CP/M, and the Nelma Persona for $12.95 per disk
and on eight inch single sided single density diskettes for $16.95. Ontario residents please add seven percent pro-
vincial sales tax. The files are provided on pristine brand new high quality disks which are fully formatted and
checked out prior to shipment.

Whether you are up for running a business, hacking bytes, or just learning about micro-computers, these programs
will be a good trip.

The Electronics Today Almost Free Software Offer
25 Overlea Boulevard, Suite 601
Toronto, Ontario

M4H 1B1
Name
Address
City Province
Postal Code
O Apple O Nelma O 8’ S8SsD




Operation Plowshare continued from page 24

from the sea), and the 50,000 square mile
Chotts Depression whose northern edge is
just 20 miles from the Tunisian coast. It
was thought that by creating large chan-
nels between the Mediterranean Sea and
those depressions, that the intlow could
power large hydroelectric stations.
Natural evaporation from the new inland
seas would reduce their level rapidly
enough to assure a continuous inflow from
the sea for many years.

Portions of Africa, Australia and
South America have the reality of large
mineral deposits located near the sea, but
a coastline without harbours. It was felt
that nuclear explosions would permit the
cheap construction of harbours and
thereby decrease the shipment costs of the
minerals.

In the realm of water supply and its
control and conservation, nuclear explo-
sions were suggested to alter watersheds,
interconnect aquifers, create or eliminate
connections between surface and under-
ground water supplies and where evapora-
tion loss is high, create underground
reservoirs,

Relatively minor uses were suggested
to bring down canyon walls toxform dams,
to aid in releasing natural geothermal heat
to produce steam for desalting sea water
or electric power, and for the in situ syn-
thesis of chemicals in the ground — for
example, calcium carbide might be pro-
duced from an explosion in a formation
of coal and limestone, then by adding
water, acétylene gas could be made.

Surface burial
A Q @ ;

Shallow burial

® Detonation point
Fallback

Fracture zone

Plastic deformation zone

In cratering explosions, the depth at which the
explosion cccurs is important. If it is too close
to the surface (B), much of the energy escapes
into the air and only a shallow crater results. If
it is too deep (D), much rock is shattered and
moved, but most of it fails to clear the crater
rim and again only a shallow crater results.

With possibilities such as these, and
recognizing that by the heady standards of
the day, nuclear explosions were con-
sidered largely acceptable by both the
government. and general populace, the
AEC in 1957 established Operation
Plowshare. Composed of elements from
the AEC’s Division of Peaceful Nuclear
Explosives, the Lawrence Livermore
Laboratory and the Nuclear Cratering
Group of the Army Corps of Engineers,
Plowshare was to undertake the study of
how ‘best’ nuclear explosions could be
adapted to civilian purposes.

Although no nuclear test, designed
specifically for Plowshare purposes, had
been conducted by the time the U.S. vol-
untarily began a nuclear test moratorium
in late 1958, more than 150 nuclear explo-
sions of all types — atmospheric, surface
and underground — had occurred prior to
that time. They provided a data base of
information for the Plowshare scientists.
Analysis of data from these tests yielded
information on such phenomena as cavity
formation, diminuation of earth motion
with distance, heat transfer to the sur-
rounding materials, rock fracturing and
containment of radioactivity. To help fill
in the blanks, while fulfilling the U.S.
obligations under the moratorium, bet-
ween 1958 and 1961, the AEC conducted
experiments with high explosives. More
than 100 charges, ranging in size from 256
to 1,000,000 lbs. were set off at the AEC
Nevada Test Site. One of the oddest
things determined from these explosions,

The result of Project Cabriolet. A low-yield nuclear excavation experimental blast on January 26, 1968 produced this crater 125 feet deep and 400 feet in
diameter. Photo courtesy of U.S. Department of Energy.
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Operation Plowshare

and subsequently verified when nuclear
devices were used, was that when a
number of charges are placed in a row and
detonated simultaneously, an elongated
ditch is formed with the usual ‘lip’ of
thrown-out material along the sides, but
little or none at the ends — creating,
essentially, a perfect canal.

On December 10, 1961, following the
end of the nuclear test moratorium,
Plowshare became more active. A nuclear
explosion with a yield of 3.1 kilotons was
detonated in a salt formation 1,200 feet
beneath the earth’s surface at Carlsbad,
New Mexico. Known as Project Gnome,
the explosion produced an enormous cavi-
ty (134 by 196 by 75 feet), involving some
960,000 cubic feet of rock and melted salt.
The purpose of the experiment was to
study the possibility of recovering heat
deposited in the salt formation by the ex-
plosion. The idea was the water would be
pumped into the hot cavity after the ex-
plosion and the quality of the resulting
steam measured. The experiment was a
failure, as the heat was dispersed into a
greater volume of rock than had been an-
ticipated, and the heat recovery was not
appreciable. Further, follow-up studies
demonstrated that if steam had been pro-
duced, it would have been very salty and
hence highly corrosive.

The following year, in July, Project
Sedan was undertaken. This explosion in-
volved a 100 kiloton cratering experiment.
It was planned as the first of a series of
thermonuclear explosions to develop
techniques of nuclear excavation and to
extend knowledge of cratering effects
from explosions into the 100 kiloton
range. The problem was that smaller ex-
plosions cannot necessarily be scaled up
by bigger explosions. The explosion
resulted in a crater some 1,200 feet in
diameter and 320 feet deep, with a volume
of some 6.5 million cubic yards — about
the size of a small harbour.

In February of 1962, the AEC con-
ducted the Hardhat experiment — the
first attempt to provide information on
the use of nuclear explosives to break and
crush mineral deposits preparatory to ex-
tracting the ore by conventional tech-
niques. It involved a 4.5 kiloton explosion
at 950 feet. Following the detonation, a
horizontal tunnel was driven through the
rubble filled chimney and some 2,700 tons
of broken rock were withdrawn in a
simulated mining operation. Apparently,
no hazardous amounts of radioactivity
were encountered.

By 1964, the AEC had reached the
point of being able to release a policy
statement and project charges for
Plowshare thermonuclear explosives for
use by industry in conducting studies of
economic and technical feasibility. For
$350,000 (U.S./1964), one could purchase
a bomb of 10 kilotons, and for a mere
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A nuclear explosion might be used to break through a barrier to permit run-off water to be used to

recharge underground aquifers.

$600,00C (U.S./1964) one could obtain
one’s very own 2 megaton bomb. Concur-
rent with this policy statement and fee
schedule, the U.S.S.R. announced that
they too had a similar program, though
they called it the ““Nuclear Explosives for
the National Economy’’ project. Bilateral
talks immediately ensued, with the swap-
ping of technical data, etc.

It is not the purpose of this article to
dissect the entrails of Plowshare over its
16-year lifespan. But a few points are in
order. There were some 40 plus tests, in-

dry rock and study the dispersion pattern
of airborn radionucleotides under these
conditions.”’ It apparently was a success.
The “‘Classified” test, at least according
to what little information is available
(nobody at the Department of Energy —
the AEC’s descendant — is talking much
— apparently there was a liberal use of the
‘Secret’ rubber stamp all over everything),
was a device which ranged somewhere bet-
ween 20 and 200 kilotons. Known as Pro-
Ject Flask, it was detonated in May of
1970 to meet the ‘““‘objective of improving

Mountain sides might be collapsed into valleys to make dams, with properly planned nuclear

explosions.

volving thermonuclear devices and
nitromethane compositions. They came
under a variety of names — Planquin,
Pre-Schooner, Cabriolet, Simms, Switch,
et., with all of the explosions taking place
at the AEC’s Nevada Test Site.

The thermonuclear devices ranged
from an 85 ton yield to ““Classified.”’ The
85 ton one was known as Project Sulky
and detonated in December of 1964. It
was designed to meet the ““objective of ex-
ploring the cratering mechanics in hard,

nuclear explosives for excavation pur-
poses.”” Most of the thermonuclear explo-
sions detonated in the later 60s and early
70s are simply listed as having a ‘low’, or
‘medium’ yield — probably in the order
of 2 to 5 kilotons.

As for the major, most economically
viable (or at least so it seemed initially)
project, the Isthmian Project, it quitely
died. The Atlantic-Pacific Interoceanic
Canal Study Commission presented its
final report later in 1970 and stated that:
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“‘although we are confident that some day
nuclear explosions will be used in a wide
variety of massive earth-moving projects,
no current decision on U.S. canal policy
should be made in the expectation that
nuclear excavation technology will be
available for canal construction.” The
report further recommended that: ‘‘the
U.S. pursue development of the nuclear
excavation technology but not postpone
Isthmian Canal policy decisions because
of the possible establishment of feasibility
of nuclear excavation at some later date.”
In other words, it was a dead duck.

As for Plowshare itself, according to
Prentice Dean, Historian at the Depart-
ment of Energy, it wound down fairly
quickly in the early 1970s. First came the
National Environmental Quality Act of

R/

.-!.“\
\// N

FE

I\
' ,/m

s

A cannister containing

1970 which put strings on the use of
nuclear devices of all sorts. Then, due to
inflation, it was found that the AEC
couldn’t really offer anything that was
‘cost effective, within the parameters of
the above Act. Environmental concerns
by the general public and many in govern-
ment with respect to nuclear devices,
meant that proposed projects were in-
creasingly greeted with scepticism. The
death blow, if a single point in time must
be elucidated, came in 1973 with a project
to use thermonuclear devices for gas
stimulation. The gas field was stitnulated
all right, but it also was highly radioac-
tive.

To date, there has been no further
research in the peaceful applications of
thermonuclear devices, though the
military, with its Nuclear Cratering Group
continued studies of a miliary nature, the
data from which can be applied to civilian
cratering operations. The point being,
that with the increasing loss of water for
the central U.S. agricultural heartland —
its aquifer is drying out rapidly due to
prolonged misuse — and large scale diver-
sion projects under study — how to bring
water down from Canada — coupled with
the viciously high costs of such projects
using conventional methods — the pro-
spect arises of using such devices to ‘move
the dirt’ as it were. While it is extremely
unlikely that such a project could get past
the environmentalists and government
lobby groups, the data exists to demon-
strate that it can be done and how to do it.
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the 26-kliloton ex-
plosive for Project
Gasbuggy is lowered
to a depth of 4240 feet
and covered to within
50 feet of the surface
with cement. Gas-
buggy was an effort to
determine the feasi-
bility of recovering
natural gas using nuc-
lear explosive tech-
niques. Photo cour-
tesy of U.S. Depart-
ment of Energy.
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Modem Auto-Answer ~

Auto-Tector. An auto-answer
add-on for your Modem. -

By K. Willmott

THE AUTO-TECTOR is a general pur-
pose telephone line interface that is a
capable of operating with any device that
normally connects to the phone line such as
a dumb modem, or any other limited
feature modem. It’s purpose is to detect an
incoming ring signal on the line and con-
nect the device on its equipment jack to the
line until either the device or the calling
party hangs up.

This is useful when a computer is

operated remotely, with timesharing or -

bulletin board systems for example. With
some additional logic, it could also func- -
tion as the front end for a voice type
answering machine. : .

When its digital interface is connected
to a computer, the unit is also capable of
auto-dialing and delayed answer modes. A
status output informs the computer of
when an off-hook is presented to the line;
unfiltered pulses are brought out also so
that the answer mode may be over-ridden.

All connections to the phone line are
electrically isolated from the timing circuit
and computer interface. Internal time con-
stants ensure that the device will work-
reliably on a standard phone line.

Line Side Operation

Referring to fig. 1, bridge rectifier BRI, fed
through CI1, supplies a rectified voltage
corresponding to A.C. fluctuations in line
voltage. Zener diodes Z1-and Z2 ensure
that only a large amplitude signal such as a
ringing voltage (about 100Vrms) will pro-
duce enough current through limiting
resistor R2 and opto-isolator 1. Incoming
tip and ring are brought out to another
jack so a phone can be attached to the line
side which is never disconnected. Relay
contacts K1 and K2 connect the equipment
side to the line when operated by the timer.

Bridge rectifier BR2 rectifies the-line
current so that the line current detector
comprising R3, D1-D4, and 12 is in the pro-
per polarity regardless of line polarity.
Diodes D1-D4 clamp the voltage across the
series combination of R3 and 12 to about
2.6 volts so that the max current rating of
I2 won’t be exceeded. The max voltage
drop across the detector will never be more

than about 3.6 V. It is important that the
voltage drop across the diodes be greater
than the drop acrosss 12 so that R3 has a
drop sufficient to supply current to I2. For
example, if the diode drop is 2.6V, the
isolator dropis 1.6 V, R3 is 180 ohms, then
the current will be (2.6-1.6)/180 or 5.6 ma.

Timer/Digital interface

Refer to fig 2. The unit has two operating
modes-answer and originate. With the
answer/orig switch S3 closed the 555 timer-
IC1 is continuously triggered and holds the
connect relay KI operated. This closes con-
tacts K1 in the line circuit to provide con-
tinuity to the modem from the line. The
digital input signal ORIG going low will
also put the circuit in the o