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Just

‘suppose

Galileo...

.met Best Systems Corporation

Once Galileo had invented the telescope in 1592, he
went on to become the first man to discover the rings of
Saturn. If he had met Best Systems Corporation, he
might have been the first to calculate the rotations and
distances of far planets, while simultaneously organiz-
ing his complex observations and managing his daily
entries. He could have then published his scientific
findings with startling clarity using word processing
for technical writing, manuals and documentation.
For solving mathematical problems, he might choose
the optional 80387 math co-processor. Imagine what
Galileo could have achieved with Best.

Of course time moved too swiftly for Galileo to really
meet Best Systems, but the time is right for you.

Whether you are exploring the possibilities of one Best
System, or networking many, Best will show you
how to integrate our micro-computer products into your
universe.

Best can provide you with systems that allow you to
utilize CADICAM, to design ASIC chips, printed circuit
board layouts, schematics and diagrams. As well, Best
Systems can be used for process control applications.
Our MS DOS, UNIX and 0S/2 compatible systems are
designed and manufactured in Canada with pride.

For further information con-
tact Best at (416) 6207400. BEST
Don't wait, your Best dis:

coveries are ahead of you.

BEST SYSTEMS CORPORATION OF CANADA INC.
DESIGNEDANDMANUFACTUREDINCANADAWITHPRIDE

VANCOUVER 604 942 9121  EDMONTON 403 424 8845

CALGARY 4032332180 SASKATOON 306 664 8887

TORONTO 416363 BEST ~ OTTAWA 613235BEST ~ MONTREAL 514 694 2417

MS DOS, 0572 & 2 registered trademark of MicrosoR Canada e,  UNIX is 2 regrstered trademark of ATST  XT and AT are regustered trademarks of 18M Canada L
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Our customers’writing improved our printing.

We get customer letters from around the world, and they
tell us many things. Sometimes they tell us how good

we are already. And sometimes they show us how to get
even better. For example, our world-renowned 3-in-One
dot matrix printers.

We've taken our famous 24-pin print head, pioneered
by Toshiba, and made it quickly and easily “end user
replaceable.”

We've added a built-in tractor feed, with fanfold by-
pass tear bar, single sheet guide, friction feed and auto
load. And we added a 16 character LCD Touch panel with
prompting display, so set-up couldn’t be easier.

In addition, we provided numerous fonts and emula-
tions such as Toshiba, Qume?, IBM ProPrinter**, JX-80,
LQ-1500 and Diablo 630t with a full 32K print buffer
memory.

These suggestions came from our customers every-
where, whose input, as much as that of our engineers,
technicians and scientists, was essential in making the
world’s most popular line of 24-pin quality micro-
computer printers even better than before.

Oh yes. Our customers also suggested that we make
our new “SLIM LINE” printers smaller. So we did. And
quieter. So we did. Although that won’t ever stop us from
making noise about it.

Toshiba’s P321SL and P341SL.
The best keep getting better.

To find out all the other advantages our customers gave |
us, contact your local authorized Toshiba re-seller or call
us direct at 1-800-387-5645. We'd like you to read our
fine printing,

TOSHIBA

WE MEAN BUSINESS

INFORMATION SYSTEMS OIVISION

*Qume Sprint Il is a registered trademark of Qume Corporation.  **IBM ProPrinter 1s registered trademark of International Business Machines Corporation.

tDiablo 630 is a registered trademark of Xerox Canada Inc.
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For Your Information

LAN Transformers

Anyone involved in designing
local area network equipment
might be interested in a new
low cost, off-the-shelf LAN

transformer.
Coilcraft’s LAX-ST100
transformer interfaces both

| node and hub driver circuitry
| to the twisted pair wiring and
- provides impedance matching,

2000 volt isolation, and 60 dB
common mode rejection.

The device measures only
0.35” x 0.50” and is suitable for
use in LANSs described by the
IEEE 802.3 standard.

. For more information about
the LAX-ST100 contact: Paul
Liebman, Coilcraft, 1102 Silver
Lake Road, Cary IL 60013.
(312) 639-6400.
Circle No. 50 on Reader Ser-
vice Card

Precision Resistance
Box

Selecting any resistance value
from 1 ohm to 9999 ohms is
easy with the Brunelle Model
63 Precision Resistance
Decade Box.

It’s suitable for use in electri-
cal measurements, as a sub-
stitution resistor to aid in
designing and for experimenta-
tion in schools and research in-
stitutes. Resistors are formed
with manganin wire wound ele-
ments and the unit has low zero
resistance and low inductance.

For more information on the
Precision Resistance Box con-
tact: Brunelle Instruments Inc.,
73 - 6th Range S. St. Elie
D’Orford, Quebec JOB 2S0.
Ph: (819) 563-9096.

Circle No. 68 on Reader Ser-
vice Card

In-Circuit Emulator
A new in-circuit emulator that
will allow development support
for a full range of CPUs, 8 to 32
bits, with simple module exchan-
ges is available

The AXION emulator will
support real time emulation up
to 20 MHz including initial sup-
port of INTEL'’s 80386 chip set.

In addition to its speed and
flexibility, AXION maintains up
to 768K of emulation memory,
both real address and protected
modes are supported, and GPIB,
RS-232C interfaces are provided
for fast downloading.

Contact John Arata, Ziltek
Corporation, 1651 East Edinger

Ave., Santa Ana, California

92705-5001.

Circle No. 63 on Reader Service
Card

Two-In-One Bus Expander
A GPIB product from Britain is available for use as a IEEE-488
bus expander and a cost effective RS-232 to IEEE-488 converter.

The Model 2010 from Prism Electronics is designed to provide
extra flexibility to IEEE-488-based instruments and systems
through two modes of operation.

Mode 1 offers control and monitoring of two independent
IEEE-488 buses from a single RS-232 serial port permitting 28
GPIB instrument to be controlled from the 232 port of a single
computer. Mode 2 expands, from 14 to 27, the number of instru-
ments which may be controlled in the IEEE-488 bus of a single
controller.

For more information on the Model 2010 contact: Matt Duncan,
Duncan Instruments Ltd., 121 Milvan Drive, Weston, Ontario
M9L 1Z8. Ph: (416) 742-4448 or FAX (416) 749-5053.

Circle No. 71 on Reader Service Card

Amoco Laser Address

In our October 1987 issue we featured an article on semiconductor
lasers in which products from the Amoco Laser Co. were men-
tioned. However, we failed to give the address for Amoco, so here
it is: Amoco Laser, 1809 Mill Street, Naperville, Illinois 60540
(312) 3694190

E& TT April 1988

Passive Infrared
Motion Sensor Kit

Designed for educational and
experimental purposes.

All the basics of passive infrared
motion-sensing are included:
lens, window compatitor
trip circuit, dual element
pyroelectric sensor. Area of
coverage is long and narrow,
using a high gain lens.

$30.00 each - Quantity Discounts
for 25 units or more.

e Dual element sensor

* 12V D.C. at 14MA

* Relay contacts N.C. 50V D.C.
at 1 Amp

» High gain lens, long narrow
area

¢ Includes: Plastic case, P.C.B.

e Detects up to 60 feet

Send cheque or money order
plus $2.00 for handling and postage to:

INFRA-TECH LTD.
1602 - 4955 Newton Street
Burnaby, British Columbia

Canada V5H 4B8
(604) 438-5976

Circle No. 9 on Reader Service Card

DID YOU
RECEIVE
YOUR COPY

!

This catalogue is a
comprehensive description of
the Almost Free Software
available from
Moorshead Publications.

i you would like a copy of this
catalogue, please mail your

request to:

Moorshead
Publications

Software Services
1300 Don Mills Road,
North York, Ontario

M3B 3M8




ON TECHNOLOGY

This third book in the sug.  meesssmtems——————=
cesstul Howard W. Sams’ Crash Course in
“Crash Course” Series is Electronic Technology
presented in a selt-paced T
selt-instruction format and
covers all topics needed fo
understand the basics of
electricity/ electronics.
Coverage is also given fo
electronic communication,
moftors, controls, test equip-
ment and troubleshooting.
This is an excellent text for
industrial training, the B

ician or hobbiest. Crash Course in
fecnican Electronic Technology
Louis E. Frenzel, Jr.
$29.95, 672 224941, 350 poges

This in depth manual
introduces the user to
microphone hardware ‘ond
application concepts. Micro-
phone design, characteris-
tics and theory for use in
protessional production are
illustrated and explained
along with the latest micro-
phone technology. Techni-
cians, engineers, students
and infermediate fo advanc-
ed users will oll find this text
ideal for their needs.

Microphone Manual
Designamd Application

Owvid Wies Huber

0

The Microphone Manual:
Design and Application
David Miles Huber
$47.95, 672 22598 0, 336 pages

For Your Information

Compact PSUs

Two new models of convection cooled switching power supplies with
several standard output configurations are available in a compact 4.25"
and 8.50" footprint.

The models PSI 135 and PSI 225 are rated at 135 and 225 watts respec-
tively. There are over 20 options available for customizing the units in-
cluding up to four fully regulated outputs, L-brackets for special mount-
ing, and input voltage autoranging.

For more information contact: Richard Milne, PSI/STD, Power Sys-
tems Inc., 45 Griffin Road South, Bloomfietd, CT 06002 (203) 726-1300.

Circle No. 74 on Reader Service Card

Containing over 100 projects
and circuits o be built, this
casebook uses step by step
methods which enable
users to build even more
projects of a similar nature
on their own. It covers linear
ICs to CMOs and is ideal for
electronics, computer or
radio hobbiests.

IC User's Casebook
Joseph J. Carr
$19.95, 672 22488 7, 256 pages

mmRm 2775 Matheson Blvd. East
W Mississauga, Ontario
L4W 4P7

Available at bookstores everywhere or order from:
e Copp Clark Pitman Ltd.

(416) 238-6074

EEEEEEEEEEE
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Experimental Mechanical Pacer

The athlete pace-maker who runs every circuit of the track with tircless
efficiency whenever needed has not yet been born. But for serious ath-
letes wishing to improve their stamina, speed and pace judgement en-
gineers in Northern Ireland have designed a mechanical pacer.
Resembling a child's pedal car, the 0.9m-long, three- wheeled remotely
guided vehicle is designed to alongside, or ahead of, an athlete and cun
cover 400m in 40 seconds - faster than any human.

The pace car has a guidance mechanism with light activated sensors
that follow a pre-selected single whitc line, such as a track lane marker.
The speed is set by the runner or his/her coach through digital codes
keyed into an on-board computer by portable telephone. The telephone
also assists communication between coach and athletc when the runneris
out of earshot. Once a lap has been completed, the pacer can be made to
repeat its performance exactly or be adjusied to meet requirements.

For more information contact: Tom Keating or William Beattie,
Queens University of Belfast, University Rd., Belfast BT7 INN Northern
Ireland.

Continued on page 21.




aetron
M100

Multimeter

A comprehensive multimeter that
can test four voltages at once,

plus many other features.

By Bill Markwick

he Dactron MM100 4-in-1 multi-

meter follows on the success of the
MC300 Capacitance Meter, using
microprocessor control as well to give
a multitude of features, including mul-
tiplexed scanning of four input chan-
nels into the same A-to-D converter.
The flexibility of use makes it ideal for
troubleshooting,  educational use,
quality control or the laboratory.

Basics

When first switched on, the MM100
shows two lines of 16 characters on its
LCD display; the dcfault display is
four voltage mcasurements using seven
characters each in the 3 1/2 digit mode.
The autoranging goes from 0.2V to
500V on DC volts for full scale, with a
basic accuracy of 0.1% with an input
impedance of 10 megohms.

AC volts are read on channel 1
only, with ranges of 2, 20, 200 and
500V. Basic accuracy is 2% with an
input impedance of 10 megohms.
Resistance is read on channel 3 only,
from 2k to 20M full scale. DC current
is read on channel 1 only, with ranges
of 20mA and 200mA.

The displays add a V, v, m or K to

E & TT April 1988

the reading to indicate DC volts, AC
volts, milliamperes or kilohms, respec-
tively.

The 4" by 7" case has a 16-key
mcmbrane keyboard and seven color-
coded banana jacks. The unit is
powered by a 9V battery or optional
AC adapter. The contrast of the LCD
display can be altered to suit the view-
ing angle by adjusting a trim pot in the
battery compartment.

The MM100 is made in Canada and
costs $189.95 with a manual
and a pair of test leads. Optional
equipment includes a case, extra leads,
and an AC adapter.

Tryout
The first thing you’ll notice in using the
MM100 is that a 4- channel meter just
naturally creates a tangle of cords. For
this reason, it’s well worth investing
$39.95 in the optional 6-lead color-
coded set, available with either EZ
hooks or alligator clip termination.
When the unit is powered up, only
channel 1 is programmed to respond
to commands like Hold or manual
ranging; we'll get back to the program-
ming mode shortly; here’s a quick tour

of the keyboard. Pressing the Hold key
brings up a tiny “H” on the display of
channels that arc programmed for this
feature, and the display locks at
whatever value was displayed at the
time. A second press deselects the
Hold feature.

The Rel key switches the channel(s)
from regular voltage mcasurement to
the Relative mode; whatever voltage is
on the display when the key is pressed
is taken as the new zero volts and sub-
tracted from the reading (which will
now be zero). For example, you could
have one of the channels monitoring
the output of a power supply while the
others do rcgular measurements; the
power supply channel in the Relative
mode will display only the changes, not
the supply voltage itself. The plus and
minus signs indicate whether the
change has been an increase or
decrease.

The Relative function is also useful
for zeroing the meter if there’s a lot of
constant noise in the circuit.

The AC/DC key toggles channel 1
only; there’s only one internal rectifier.
The Auto/Man key lets you manually
set the range on preselected channels.

9



Daetron MM100 Multimeter

The MMI100 is built on a single printed circuit card, using standard CMOS
switches, a commercial CPU and a custorn ROM chip.

The Pan key switches channel 1 to a
display that looks like 000.000.000;
these groups represent volts, millivolts
and microvolts. If you need more
resolution than the necessarily small 4-
channel display, the Pan fcature gives
you 9-digit performance.

The 4 1/2 digit key is a compromise
between 4-channel and the 9-digit Pan;
it gives you two channels (1 and 3) with
four decimal places each.

The Bargraph switches the display
to channel 1 only, with a 4 1/2 digit
rcadout and a 16-segment analog
bargraph underneath. If you've ever
tricd to adjust a circuit in which the
voltage levels are constantly changing,
you know that a digital readout is very
difficult (or impossible) to decipher.
The bargraph lets you sce graphically
what’s happening to the level, simplify-
ing the adjustment of tuned circuits or
any device where the output changes
are not slow and stable.

The current and resistance features
have their own jacks on the left side.
Channcl 1 is for milliamps and channel

10

3 is for ohms; the separate leads
eliminate unplugging your setup if you
want to measure these parameters. A
250mA fusc (with a spare) is located in
the battcry compartment.

The Setup Menu
Pressing Setup displays “mchr” in each
channel’s place. This stands for

Manual, Comparative, Hold and Rela-
tive; the lower case letter indicates that
the fcature is not selected yet, and
upper case indicates that the feature
will now be toggled by the appropriate
control key. For instance, you could
have channels 1 and 2 held when you
press the Hold key, or channels 2 and
3 toggled in and out of the Relative
mode, or various other combinations.
The features are selected and
deselected by cursoring over to the let-
ter and pressing Enter (the 7, 8 and 9
keys do double duty for this in the
Setup mode).
The ability to set each channel’s
characteristics individually increases
the meter’s versatility considerably.

You could have the meter monitoring
a breadboard setup, with some chan-
nels measuring absolute voltages and
some measuring only changes at cer-
tain test points. Some channcls could
be put on Hold for later comparison.

The Comparative Mode

If yowd like to be notified that a quan-
tity has fallen, risen, or passed through
specified limits, you can set any of the
four channels into the comparative
mode from the Setup menu. When the
comparative mode is activated, right
and left arrows appear; you then enter
the greater-than and/or less-than
values for that particular channel.

If the measured volts, milliamps or
ohms exceed the limits that you've
entered, the meter’s internal beeper
will sound rapidly. The comparative
feature will save you from having to
watch a circuit closely when you think
that changes might be happening; the
audio signal frees you to do something
else.

The lower of the two setpoints can
be changed without going through the
sctup menu by pressing the Rel key;
the reading on the display at the time
becomes the lower setpoint.

Continuity

The usual resistance meter plus con-
tinuity beeper has been expanded in
the MM100. From the Setup menuy,
you can specify upper and lower set-
points for the resistance range that ap-
pears on channel 3. The beeper will
pulse whenever the resistance tested
lies between these values, a good fea-
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The MMi00 would be ideal in
educationai applications for
simultaneousl watching the effects of
changiag transistor biasing, as in the
above example.
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Daetron MM100 Multimeter
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The ability to watch both AC and DC
voltages on one readout would be
ideal for the halfwave rectifier circuit
shown above; the MMI00 could
monitor the AC input, the halfwave
DC output, and the filtered DC
output.

ture for selecting resistors. Entering
0.0001 ohms will produce a regular
continuity beeper that sounds on any
resistance. Being able to set the upper
breakpoint on continuity tests is useful,

because you often want to know if you
have a path with a suitably low resis-
tance.

Impressions

The meter is very well made and per-
formed as promised. The scanning and
updating isn’t the fastest, but it gives a
very stable display, without digits tog-
gling and flickering. Watching four
readouts at once is a bit confusing at
first, but you soon get onto it, and the
pleasure of not having to juggle and
swap the test leads is a big one.

Any negative points are small ones.
I've never been a fan of membrane
keyboards because the operation is so
imprecise, but then they do keep the
cost and complexity down. There’s no
automatic power-down, something I
appreciate on battery-powered instru-
ments. The keystroke sequences, while
easy to learn, are not always self-evi-
dent from the layout and you'll spend
some time at first thumbing through
the manual. The cursor keys lack auto-
repeat, which makes using the bottom
row in the Setup mode a bit slow.

The meter would be ideal for

educational uses: I can’t think of a bet-
ter way to demonstrate transistor or op
amp biasing than to hook up a 4-chan-
nel meter and watch the effect of
changing something. Troubleshooting
would be simplified, especially if you
have to make a lot of interdependent
voltage measurements; the Relative,
Hold and Comparator functions
should let you keep track of those
fleeting glitches and their resulting
changes. Production lines which have
to do several adjust-on-test alignments
could do it all without having to move
a meter around.

Daetron meters are now being ex-
ported to the Far East, certainly a
reversal on the wusual flow of
electronics. The reason is that they’re
unique; they exploit the power of the
microprocessor to do an excellent job
of performing special functions at a
rcasonable price.

For further information, contact
Daetron, a division of Bergeron Tech-
nologies, 935 The Queensway, Box
641, Toronto, ONtario M8Z S5Y9,
(416) 676-1600. »

Features:
high speed.
adapter unit KEM-904.

KEM-903A (8741/48/49) or KEM-Q03B (8751).

becomes a powerful development tool.

ror 18A PCINT NECHROL

New Model

QE Qm ® AT/XT/Turbo

Only K.E.M. original almighty SUPER EP-ROM TOASTER can
support 1 Mega bits EP-Rom programmer, 1-chip CPU
programmer & EP-Rom emulator adapter units.

® Program 2716 to 27512 including CMOS and A versions in super
® Can Program 32 pin type/One Megabit EP-Rom with optional
® Can Program 1-chip CPU with optional adapter units

® Also with an optional EP-Rom unit KEM-902 this programmer

KEM-901 for Apple

for IBM

1802

65816

6811
Super EP-Rom Toaster 80651
KEM-901SP for IBM . $195.00 COP800

..$195.00

s Uses manufacturer's assembly mnemonics.

s Tables & Example Source files are included for ALL
of the following processor families:

m Users may modify or create new tables for

CROSS-16 META

ASSEMBLER

m Table based 8/16 bit cross-assembiler.

3870 64180 6502
6801 68056 6809
68000 7000 8048
8085 8086 8096
SUPER8 Z8 Z80

suPrER 280
P ROM
Foaster 8 Emwiatec
& -

1 Mega bits EP-Rom
Programmer adapter unit
KEM-904 .. ........... $130

1-chip CPU Programmer Unit
KEM-903A, KEM-903B. .$145
EP-Rom Emulator adapter

unit
KEM-902 (Max.256K) . . .$130

Intel HEX or Motorola, format - Binary format convert software.
(to Program from C-compiler, Assembler etc. into EP-Rom)........ $ 50

$6.00 for shipping. Plus PST for B.C. residents. Plus C.O.D. fee, if
required. Sorry we have no faclility for credit cards and do not accept
invoices orders.

K.E.M. Electronics Ltd.

Mail to Box 69126 Station(K), Vancouver, B.C. V5K 4wW4
Office 879E. Hastings Vancouver (604) 251-1514

M. Beriats, WO fame
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,

additional processors.

® Produces listing, symbol table, and 8/16 bit binary,
Intel and Motorola hexcode.

s 5" DSDD for PC/MS-DOS 2.0 or greater.
$99.95 Us $139.95 CDN

m Portable C sourcecode is available.

Worldwide shipping (AIRMAIL) & handling included. Credit
Card orders {$139.95 CDN) please specify: Card number,
name on card and expiry date.

Universal Cross-Assemblers
PO. Box 384, Bedford, N.S.
Canada B4A 2X3
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NRI Trains You At Home—As You Build
Your Own IBM PC Compatible Computer

PAGE. ..
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Learn the Basics the NRI Way -
and Earn Good Money Troubleshooting
Any Brand of Computer

The demand for trained computer service technicians
continues to surge forward. Computer service ranks
high on the Department of Labor’s list of top growth
fields, with accelerated demand expected to create
more than 30,000 new jobs in the next 10 years.

You can cash in on this opportunity—either as a
full-time corporate technician or an independent
service-person—once you've learned all the basics of
computers the NRI way. NRI's practical combination
of “reason-why” theory and “hands-on” building skills
starts you with the fundamentals of electronics, then
guides you through advanced electronic circuitry
and on into computer electronics. You also learn to
program in BASIC and machine language, the
essential languages for troubleshooting and repair.

Total Computer Systems Training,
Only From NRI

No computer stands alone. . .it's part of a total
system. To really service computers, you have to
understand computer systemns. And only NRI includes
a powerful computer system as part of your training,
centered around the new, fully IBM PC compatible
Sanyo 880 Series computer.

GET THE KNOW-HOW
10 SERVIGE EVERY
GCOMPUTER ON THIS

a

18M is a Registered Trademark of 18M Corporation.
Epson is a Registered Trademark of Epson America, Inc.
Apple and the Apple logo are Registered Trademarks of Apple
Computer. Inc. _
Compag (s a Registeren Trademark of COMPAQ Computer Corporatiss
1985 ATAT Techmosogasd, Inc.

—
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You start
with the
step-by-step
assembly of your highly rated Sanyo com-
puter. You build and test the “intelligent”

*keyboard, install the power @
supply and 360K 5% floppy disk e
drive, and interface the high- ==

sresolution menitor. But that’s not all.

You go on to install a powerful 20 megabyte
hard disk drive—today’s most-wanted computer
peripheral—now included as part of your hands-on
training to dramatically increase your computer’s
data storage capacity while at the same time giving you

lightning-quick data access. With your computer now up supply—to ensure that you have  Your NRi total systems training includes: »

8 0 g g . a NRI Discovery Lab to design and modify cir-

andrunning, you're ready to begin using the valuable all the essential skills you need cuits » Four-function digital multimeter with

software also included as part of your total systemstraining.  to succeed as a professional B o b oS ramiegt e o1
. oS o 1 ici k rd circuits ¢ Sal 880 -

It all adds up to confidence-building, real-world experience computer service technician. o italliaont Loyboard and 390K,

3 38— g g 1 H 4 13 §% " Hoppy disk drive e 20 megabyte hard
t'hat lndUdes tl:alnlng n progr’a.l'nmlng, (':erUlt deSlgn’ a'nd "0 Experlence "eeded, dis:k dr?v‘:e yyou ins(:H in(emr:lly . Hvi‘gh-
peripheral maintenance. You'll be learning about, working NRI Builds It In 'z%%?!“émm%"ﬁ'fe'%m°f'{f""°'ﬁa:( ROM,

. . . . * Bun SO are * Relerence
with, servicing, and troubleshooting an entire computer - v : . manuals, schematics, and bite-sized lessons.
system—monitor, This is the kind of practical,
hands-on experience that makes you uniquely prepared, with
eyboard,

4 computer, disk the skills and confidence you need for success. You learn at your
& drive, power own convenience in your own home. No classroom pressures,

y- 3 no night school, no need to quit your present job until you're

~ | ready to make your move. Your training is backed by your

1 personal NRI instructor and the NRI technical staff, ready to
answer your questions and help you when you need it. You get
it all with NRI at-home training.

Free 100-Page Catalog Tells More

/ Send the postage-paid reply card today for NRI's big,
100-page, color catalog on NRI's electronics training, which
gives you all the facts about NRI courses in Microcomputers,
Robotics, Data Communications, TV/Audio/Video Servicing,
and other growing, high-tech career fields. If the reply card is
missing, write to the address below.

SEND COUPON TODAY FOR FREE NRI CATALOG!

)
3 | MITPE 500 s |
l McGraw-Hill Continuing Education Center l‘. . l
: 330 Progress Avenue, Scarborough, Ontario, M1P 225
! l Main Office: 3939 Wisconsin Avenue, NW, Washington, DC 20016 |
4
p I [E/ CHECK ONE FREE CATALOG ONLY I
yd / [C] Computer Eiectronics [C] Bookkeeping & Accounting
¥, / l [ TVWVideo/Audio Servicing [] Electrician l
7, [] Robotics [] Air Conditioning, Heating & Ref.
| ] Electronic Music Technology [7] Locksmithing & Electronic Security I
[J Satellite Electronics [ Travel Careers
| [] Digital Electronics Servicing [C] Smalt Engine Repair l
[T Telephone Servicing [ Paralegal
I Name (Please print) ( ) Age |
I Street Telephone |




The Sine Wave

The sine wave and how it works — dissecting

and reassembling it with vectors.

By Paul Chappell

There are a number of ways of representing a sine wave.
Fig. 1 shows two possibilities. The first is the usual
graphical representation. A diagram like this gives a good
deal of information about the wave: its shape, amplitude, fre-
quency and phase at the chosen starting point, just about all
you could cver want to know about it.

Fig.1b shows a more abstract representation of the same
wave. The frequency is shown by the position of the line
along the horizontal scale and amplitude is given by the
height of the line. This diagram is more concise than Fig. 1a
(and takes less drawing skill) but some of the information is
lost. The shape of the wave is not shown, so to interpret the
diagram you have to know what a sinc wave looks like.
Another loss is phase information. There’s also a slightly less
obvious loss — see if you can spot it. (Look for a way to alter
Fig. 1a to give another wave which would have the same rep-
resentation in Fig. 1b).

The loss of phase information means that if two or more
sine waves arc shown on the same diagram, it is impossible
to say exactly what time domain waveform they represent.
Fig. 2a may represent either Fig. 2b or Fig. 2¢ or something
else entircly. Without knowing the relative phases of the two
sinc waves, there is no way o decide. (Strictly speaking it
makes no sense to spcak of the phase difference between
two waves of different frequencics since it changes at every
instant. What you can do is to compare cach component
with a sine or cosine of its own frequency at a particular in-
stant in time which will give enough information to decide
the time relationship of the two waves.

For example, if both waves were exactly in phase with the
sine of their own frequency at some instant in time, Fig. 2¢
would be the correct time domain waveform. On the same
pedantic note, I'd better explain that I'm using the phrase
“sinc wave” to mean “any wave which is sinusoidal in shape”
and unadorned “sinc” and “cosine’ to mean waves that
begin at 0 and 1 respectively at some instant t=0. Phase
relationships are difficult to talk about without sounding too
text-booky and I don’t want to confuse you in my attempts to
do so.

In many situations the frequency spectrum of a wave form
is the most important characteristic. An example is frequen-
cy interlacing in colour TV systems. The frequency spectrum
of a monochrome TV signal has the strongest frequency
components at multiples of the line frequency on either side.
Fig. 3a is an idealized diagram of a portion of this spectrum.
The gaps in thc spectrum allow a rather clever trick to
reduce the bandwidth nceded for colour TV transmission.
Instead of avoiding interference by putting the colour sub-
carricr at some frequency way above the monochrome infor-
mation, it can be slotted in to fill up the gaps.

Suppose the colour subcarrier frequency was chosen to

be 200.5 times the line frequency. The main additional fre-
1)

340

Hz
i T— T & I - 1%
50 100 150 200 250 300 350

Fig. 1(a). The normal view of a sine wave, and (b) an
alternative representation.

(b} {c)

Fig. 2 (a). Two sine waves which can represent eithex of the
waves (b) or (c).

quencies introduced would be the subcarrier and its
sidebands separated by multiples of the line frequency,
which neatly fills the gaps left by the monochrome spectrum
(Fig.3b). The half-line offset means that the subcarrier fre-
quency will cancel out to some extent on successive pictures
and too high an amplitude would still cause some very un-
pleasant cffects.

The moral is that it is very important to keep an eye on
the practical interpretation of abstract information. The of-
fset used in the European PAL system, by the way, is 1/4 line
rather than 1/2 line; this simple explanation leaves out some
other rather significant considerations which mean that 1/2
line offset is not the best choice, but the principle still ap-
plics.
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The Sine Wave
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Fig. 3 (a). A portion of the PAL TV spectrum (mono), (b)
the colour subcarrier slotted in the gaps, and (c) the effect on
the mono picture.

Fig. 4 (a) A vector, (b) the wave-drawing machine, (c) a
counterclockwise wave and (d) a clockwise wave.

Yet another representation of a sinc wave is shown in Fig.
4a, and iU’s this one I rcally want to concentrate on. If you
haven’t seen this kind of diagram before, it will take a little
imagination to sec how it works. Just suppose for a moment
that the arrow on the diagram is actually a piece of wood
baton pivoted at the origin, which its free end moving steadi-
ly in an counterclockwise circle. Now suppose that there’s a
spotlight above it and a screen below. As the baton moves,
the shadow on the screen will shorten until the rod becomes
vertical, then lengthen again in the opposite direction, then
shorten again until the rod is pointing downwards, and so
on.

Now suppose that instead of a screen, the shadow is cast
on a strip of photographic material that is exposed by dark-
E& TT Apri 1388

ness (don’t ask me where you can buy it). The photographic
strip is moved along by the same invisible motor which is
turning the baton (I said you'd necd a good imagination.).
When the paper is developed, it will have a trace on it as
Fig.4b. A Sine wave!

A complete cycle of the sine wave corresponds exactly to
one rotation of the baton. The amplitude will be equal to the
longest shadow cast by the baton which will happen when it
is horizontal and so will be equal to its length. The phase
relative to a cosine will be equal to the angle the baton
makes with the horizontal when the machine is started up. In
other words, if I gave you a photograph (or a diagram) of
the initial position of the baton and told you the speed of
rotation, you could predict cxactly whal sine wave the
machine would draw. That brings us back to Fig.4a.

The direction of rotation of sine-wave drawing machines
is important. Figure 4a could draw cither Fig. 4c or Fig. 4d
depending on which way it was turned. By convention, sine
wave drawing machines always turn counterclockwise, so
Fig.4c is correct.

Diagrams like Fig.4a arc called vectors. The most sig-
nificant loss of information here is frequency; 1 have to tell
you how fast the rod is rotating. This may seen like rather
an important piece of information to lose but often it can be
assumed from the context. At other times it can be useful to
know how a circuit responds to a certain frequency. In all
these cases, frequency is part of the background information

Phaser which casts
the same shadow
as the qmoked rod
|
I
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x | |
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|
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Fig. 5 (a). Adding two waves on the vector diagram, (b) thq
resultant wave, (c) adding out of phase waves, (d) the wrong
result, (e) the correct answer, and (f) cancellation.
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The Sine Wave

and it’s the phase and amplitude of the waves that we want
to investigate. This is where vector diagrams come into
their own.

Just as several waves of different frequencies can be in-
cluded in the same frequency spectrum diagram, waves at
the same frequency but with different amplitudes and phase
can be drawn on the same vector diagram (Fig.5a). Since
both waves are at the same frequency, the two rods are lock-
ed together and rotate at the same speed. This gives an easy
graphical way to find the sum of the sine waves of the same
frequency.

To find the result of adding the two waves of Fig.5a, we
want a rod which casts a shadow equal to the sum of the two
individual shadows. A crooked rod that will do the trick can
be made simply by nailing the two rods together, keeping
their angles with the horizontal axis the same. The result is
shown in Fig. 5b.

The final step is to notice that a straight rod from the
origin to the tip of the crooked rod will cast the same
shadow, so this is the vector representing the sum of the two
original waves.

If you think about it for a moment, you’ll see that it makes
no difference which vector is drawn first when adding. If you
try both ways on the same diagram, you’ll end up with a
parallelogram with the sum as one of the diagonals.

One thing to remember is that you must draw the vectors
in the right direction. Take the extreme case of Fig.5c, for in-
stance. The sum of these vectors is Fig.5d and not Fig.5e. If
the two vectors had the same length, adding them would

-$ine
130012 |

~COSHW cosine
ey >

y sine

ta thi
Fig. 6 (a). The vectors for sine, cosine, -sine and -cosine, and
(b) expressing a wave as a sum of sine and cosine.

bring the end point rigit back to the origin (Fig.5f). This is
the equivalent to saying that two sine waves of the same fre-
quency and amplitude but 180° out of phase will cancel each
other out when added.

The vectors for a sine, cosine, -sine and -cosine are shown
in Fig.6a. A sine wave of any phase you choose can be ex-
pressed as the sum of a sinc and a cosine. Figure 6b shows a
particular example:

2 cos(wt + ¥ = sin(wt)- V3cos(ws)

The phase angle 13pi/12 disappears. The Fourier series con-
tain both sine and cosine terms to avoid the need for phase
angles and this is how the trick is done. Another piece of the
jigsaw falls into place. It’s rather like resolving a force into
two orthogonal components. [ ]

THE NEW 65/9028 VT

ANSI VIDEO TERMINAL BOARD!
* FROM LINGER ENTERPRISES *

A second generation, low cost, high performance, mini
sized, single board for making your own RS232 Video
Terminal. This highly versatile board can be used as a
stand alone video terminal, or without a keyboard, as a
video console. VT100, VT52 Compatible.
FEATURES:
* Uses the new CRT9128 Video Con-

troller driven by a 6502A CPU
* On-Screen Non-Volatile Configuration
* 10 Terminal Modes: ANSI, H19,

ADM-5, WYSE 50, TVI-920, KT-7,

HAZ-1500, ADDS 60, QUME-101, and

Datapoint 8200
* Supports IBM PC/XT, and Parallel
ASCIl Keyboards
Supports standard 15.75 kHz (Horiz. )
Composite or Split Video (50/60 Hz)
25 X 80 Format with Non-Scrolling
User Row

Jump or Smooth Scroll n'

RS-232 at 16 Baud Rates from 50 to "‘H
19,200 $7 9 9
FULL KIT

MICRO SIZE!

* * *

* *

On Board Printer Port
Wide and Thin Line Graphics
Normal and Reverse Screen Attributes w/100 Page Manual
Cumulative Character Attributes: De-Inten, ADD $40 FOR A&T
Re\;,erse, Unde::neFand"BIank SETIONANEPEOMIECR
* 10 Programmable Function Keys and
Answe?back message Y "C,’("ET,,gg}’\LRED.SE?;“
* § X 8 Character Matrix or 7 X 9 for .
IBM Monitors
* Minl Size: 6.5 X 5 Inches
* Low Power: 5VDC @ .7A, + 12VvDC
@ 20mA.

Digital Research Computers
P.O. BOX 381450 « DUNCANVILLE, TX 75138 ¢ (214) 225-2309
Call or write for a free catalog on Z-80 or 6809 Single Board
Computers, SS-50 Boards, and other S-100 products.
TERMS: Add $3.00 postage. We pay balance. Orders under $15 add 75¢ handling. No
C.0.D. We accept Visa and MasterCard. Texas Res. add 8-1/4% Tax. Foreign orders
(except Canada) add 20% P & H. Orders over $50 sdd 85¢ for Insurance.

16 Circle No. 11 on Reader Service Card

* * % %

SOURCE DISKETTE:
PC/XT FORMAT
5% IN. $15
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"Instead of just pulling in satellite
TV signals, 'm going to pull in the
whole satellite."
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NERKEIRINE

For Advertising Information Call (416) 445-5600

AD-PCM method solid state Tapeless Recorder Kit.
® Max recording lime 32 sec. (at 32K BPS) with 256K x 4 pcs. D-Ramcontrolled by new
technological 60 pin LS|

® 500mW audio Amp and 600chm/10Kohm MIC Amp puilt-in
Assembled & Tested (without SP.MIC) .................ooionnn .$ 98.00

Volce {speach) recognition SCH (Max. 20CH) Control SW Kit
@ Can control 5 relays on/off with your voice
State-of-the-art special 60 pin LSI control
With additional circuit can extend more 15CH.
CompleteKitwithSRelays . ....................... " .$149.00

Digital Capacitance Meter Kit
e 3digit large size LED display 6V/9V battery operation.
® Wide range 10pF to 999uF. Accuracy 2%
h Complete Kit {(withoutcase) ................... . .$ 39.00

Max 500MHz, 8-digit Frequency Counter Kit
® 10Hz t0 500MHz, 6 combination measurements
@ Upto 10MHz 30mV, 10MHz to 500MHz 100mV, Accuracy 0.005%

Complete Kit {withoutcase) ....... R .$145.00

Frequency Counter Adapter for your muiti-meter
Change your multi-meter into handy frequency counter.
5Hz to 200KHz, with optional pre-scaler. Max. 200 MHz.
Accuracy 1%, sensitivity 100mVv
Comes with X'tal Calibrater Unit
Complete Kit {withoutcase) .. ...................... 5 .$ 45.00

200MHz Universal Pre-Scaler Kit

® 200MHz 80mV. 1/100. 1/1000 divider
Complete Kit (withoutcase) .................... $ 29.00

12CH (Max 32CH) Remote-Control Switch Kit
e Special function 1-chip CPU control
® A-type. Infrared Tx, Rx. Max. distance 40 feet
® B.ype. Wireless FM, Tx. Rx. Max. distance 300 feet.
Complete Kit — A-lype ......887.00 BType ........ . .$145.00

Stepping motor driver kit comes with mini motor

Good [or drive small motor. Max. 12V 1.2A, 3000pps.
Manual or computer control are selectable

Speclalprice .. ... .$ 68.00

High Speed EP-ROm erasing Lamp Kit.

High intensity type. Erase 20pcs Rom in 5 to 10 minutes,
Also, P.C. Board exposing UV Lamp sold by K.EM

1set withtimer . . .. o $ 4198

$6.00 for shipping. Plus P.S.T lor B.C. resldence. Plus C.0.D. tee. if requited. We do not
accept invoice orders

K.E.M. Electronics Ltd.
Mail to Box 69126, Station (K),
Vancouver, B.C. V5K 4W4
Office 879E. Hastings, Vancouver
(604) 251-1514

Cable TV
convertors and electronic components
dJeroldaddon . ... ... ... $175.00
New Zenith Flash(cableready) ............. ... ... ... $275.00
Hamlen NLD-1200 ... ..ot $250.00
08K VN-12. . $225.00
EaglePD-3 .. .. i $250.00

Microcom STR-200. ....................
IBM computers XT turbo
Electronic Parts

Radar Detectors, Stereo Simulators, Video Senders, TVRO
equipment (major brands)

Dealer discounts on (5) units

Catalogue $2.00

DVE Electronique
P.O. Box 1625, St. Laurent, Monteal, PQ H4L 422

Classifieds

ADVERTISING FORM

Rates: The basic one time insertion rate is $1 50 per word (Minimum 25 words) The rate of
$3 50 per word allows your advertisement to run (n all three publications {Com-
puting Now!. Electronics Today, and Computers in Education) Headings, logos and
reverse advertisements are available for an additional $3000
Special discount rates are available for multiple insertions They are as tollows

25% for 12 consecutive insertions

15% for & consecutive insertions

10% for 3 consecutive insertions
These rates apply only to the prepayment of the entire sum

Send a cheque (deduct applicable discounts) along with this order form

Please contact Moorshead Publications
1300 Don Mills Rd, Don Mills, Ontaric M3B-3M8

(416) 445-5600

Dreams can come true if you “'Get Active”

Our remuneration and benefits package is well above average.
Our Managers and Sales Representatives have unlimited earnings
potential! If you dream of the “good life”, we can help you realize
that goal.

Due to our accelerated expansion program, we have immediate
openings for qualified candidates to be trained to manage our
branches. Our comprehensive training program will teach you
all that is necessary to run them.

Nelives
\_

DO DREAMS COME TRUE?

SALES MANAGEMENT TRAINEES
AND SALES REPS

The entrepreneurial spirit lives on at Active Electronics. Active
is one of the fastest growing electronic retailerfMRO distributors
in North America. We plan on opening new branches from coast
to coast, and need management trainees and sales reps to help
us grow. This is a once in a lifetime opportunity that will appeal
to the person who would like the next best thing to running one's
own business!

If you are an above average person, with a great deal of
ambition and drive, prior experience in sales, telemarketing,
management, or electronics, we would like to hear from you!

Forward your resume to:

Hank Boyer, General Manager
Active Electronics
237 Hymus Boulevard
Pointe Claire, PQ H9R 5C7
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The Physics of Music, Part 6

The notes of the musical scale, the
do-re-mis planted in our heads
from childhood, are so familiar to us
that we take it for granted that these
building blocks of music are just part of
nature, a given, like pi or Newton’s
laws.

Not so. The choice of pitches for
the note series could be based on any-
thing: the ycar of your birth, your
favorite number, you name it. The
resulting music would sound weird to
Western ears, or anyone’s ears, but you
could do it, and if it caught on for a
generation or so, peoplc would assume
that that was the way music has to be.

However, we pointcd out in past ar-
ticles that any musical instrument
produces harmonics, cxtra notes that
combine with the fundamental to give
the instrument its characteristic timbrc
(or flavor, if you like). These har-
monics are usually integer multiples of
the fundamental: twice the frequency,
three times, four times, and so on up to
inaudibility. The harmonics occur
simultaneously to give the sound its
character.

Suppose that you decided to have
eleven notes in your scale, and that
each ascending note was going to be
10% higher than the one below be-
cause you liked nice round numbers. If
you had ncver heard any music before,
you’d be as pleased with your scale as
the person who invented the wheel
(hey, the wheel is simple. How about
the person who invented the axle?).

18
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The trouble is, your strings and
tubes and horns and whatnot are going
to continue with their integer har-
monics: the octave will be twice the
fundamental, the next will be three
times (or half again as high as the oc-
tave harmonic — a musical fifth).
Horns, for instance, will still continue
to play a scale based on the harmonics.
To further plague your new invention,
humans have the odd ability to detect
when something is half or twice some-
thing else. People who have trouble
tuning their guitars or violins can lock
right onto the octave or fifth.

So when your music starts up,
there’ll be quite a mixturc of your new
notes and the harmonics determined
by the physics of resonators. Since
you've decided on an 11-note scale, a
fundamental note of 100Hz will have
an oclave of 259.4Hz. When you play
this octave for your listeners, they’ll say
“No, it isn’t”, because their brains
want thcm to hear 200Hz for the oc-
tave. Most of your instruments will
sound out of tune with themselves, as
the integer harmonics grate up against
the fundamentals that you’ve chosen.

This is not to say that your scale is
wrong, not by any means. Various
societies have concocted various scales
throughout history, though I imagine
most of them recognized the existence
of the octave and fifth right away. The
point is that if you want to be an
original scale designer using a new sys-
tem of temperament, you’rc bucking a

o —> e —

The natural scale, the equaltempered scale and where they come from. By Bill Markwick

very strong hcadwind. Composers who
have come up with new scales, such as
the twelve-tone, arc rcally just rear-
ranging the standard  wcstern
chromatic scale; after all, their music
has to fit on existing instruments.

Concert Pitch

Before we get into any number-
crunching, i’s best to clear up a
misunderstanding that happens when-
ever anyone writes about musical fre-
quencies. If you look in physics books
and articles like this onc, you’ll find
certain frequencies given for certain
notcs. If you look in music books,
you’ll find a different set of values for
the same notes.

The reason for this is the science
writer’s wish that you understand the
numbers without having to plug every-
thing into a calculator. If we, take a
note as 100Hz, as we did above, the
harmonic series is instantly apparent:
100, 200, 300, 400 and so on. The
100Hz note, however, doesn’t exist on
the piano.

In 1939, rather late in the history of
music, there was international agree-
ment to standardize the frequencies of
the musical scale, and 440Hz for A
above middle C was chosen as the
reference point. We'll shortly come to
the explanation of how to derive the
rest of the notes.

When you see scales explained in
terms of middle C being 256Hz, which
it isn’t, indulge the author of the work;
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Fig. 1. The natural harmonics derive from simple integer ratios as shown above the scale. C is taken as 100H:z for clarity, and the
frequencies of the other notes shown below them. The last row shows the percentage change from one note to the next; there are
three types of intervals in the natural scale. The numerical values are rounded off to integers.

he or she is saving you from having to
look at C being 261.63Hz, which it is.

Incidentally, it’s of interest to note
that technology has raised the pitch of
music over the centuries. The early
pianoforte, for instance, was limited in
the amount of tension the older strings
could stand, and the same probably
goes for other stringed instruments as
well. The A above middle C was about
a semitone lower than 440Hz, about
415 to 425Hz according to tuning forks
from the late 18th century.

Early Scales

Once you discover the fundamental,
octave and fifth notes (1,2, and 3 times
the fundamental), usually by ex-
perimenting with a simple whistle or
horn, you might decide to expand your
scale a bit by seeing what other notes
you can make, and which of these
sound good with the others. The next
few notes in the harmonic series will
be another octave, the third above this,
and the fifth above this, corresponding
to 4,5 and 6 times the fundamental. In
terms of today’s notation, here’s what
we have so far if we take the fun-
damental as C:

C-C-G-C-E-G

This note sequence will be familiar
to horn players; it’s the note sequence
a horn will play without valves or
E & TT April 1968

slides. Continuing on with the process,
primitive musicians would have found
the second (D above C) and the fourth
(F above C). Now we’ve really got
something here: five notes, six if you
count the octave: C-D-E-F-G-C. The
problem is that they span a very large
frequency range, about three octaves
worth of very forceful horn or whistle
playing, not to mention the gaps be-
tween some of the notes; a closely-
spaced scale doesn’t appear until
rather high in the harmonic series
where it’s hard to play unless you have
lungs of steel. To make the notes
easier to get, folk musicians (as op-
posed to today’s Folk Musicians, a dif-
ferent thing entirely) would have
brought their newfound notes into the
space of an octave by means of holes
drilled in the whistle, or separate
strings mounted on a frame, as with
the harp.

Modes

These simple, gap-toothed scales are
called modes, and a great deal of
music has been obtained from them in
many different cultures throughout
history, and they’re still in use today. If
you have a harp that’s strung C-D-E-F-
G-C, you can play all sorts of simple
tunes. As a trivial example, you can
play Mary Had a Little Lamb with only
C-D-E-G. There’s no reason that you
have to have C as the root note; a harp

could be tuned D-E-F-G-C- D; this
rearranges the tone\halftone sequence
and produces a haunting sound some-
where between our major and minor
scales. Different modes are easily ob-
tained by starting on different
keynotes. To illustrate this, trying play-
ing on the piano from A to A, using
only the white keys; this is the Aeolian
mode, better known as our modern
minor scale.

Naturally, musicians began to ex-
periment with changing and expanding
the five notes. By changing the note
that you take as the root, they noticed
that different-sounding “scales” were
produced; no doubt they became dis-
satisfied with the large gaps between
some of the notes, and added some
more. The note A is from the har-
monic series and fits nicely; in the key
of C, this gives us a sequence close to
the major scale with a gap just before
the octave C. This gap was filled in one

CH Db
C /106.7 105.5\ D
100”7 112.5
16/15 15/16

Fig. 2. The natural scale has both a
sharp and a flat between the whole

notes, as explained in the text.
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Fig. 3. The division of the octave into 12 equal sections produces the
equal-tempered scale. X is a multiplier that will give us an octave frequency of twice
the fundamental when multiplied by itself 12 times.

of two ways; musicians sometimes in-
serted a small interval above the A,
giving the equivalent of C-D-E-F-G-A-
Bb-C (Mixolydian mode, or flatted-
seventh scale), and sometimes they
added a whole tone, giving a major
scale.

With an instrument tuned to an
eight-note major scale, you can get all
sorts of effects. If you have a keyboard
handy, try taking different notes as the
root, but stay on the white keys. If you
play from A to A, for instance, you
have our modern minor scale. G to G
will produce the Mixolydian mode
mentioned above. Old Joe Clark is a
classic example of this mode; play it in
G on the white keys only, starting with
a D note. There are many other modes
that can be constructed on the white
keys, and they werc all used to flavor
the music with sharps and flats back
when there weren’t any sharps and
flats; you slide the intervals around by
changing your selection of root note,

Modal music tends to confuse a bit
thesc days because the sound isn’t
quite major or minor, but seems to
have characteristics of both. The Wreck
of the Edmund Fitzgerald is an cxccl-
lent example of modern songwriting in
the Dorian mode: play it on the white
keys [rom D to D, with the first note
being A.

Changing Keys

Here’s wherec we come to the main
stumbling block with our major scale
that we’ve created out of the harmonic
series. Changing keys means to raise or
lower the pitch while keeping the note
relationships the same. Singers prefer
different keys, and instrumentalists
would have wanted more keys to avoid
having to carry many single-key instru-
20

ments.

Even if you add the necessary
sharps and flats to our harp or flute, it
isn’t possible to switch to another key
without encountering sour notes. The
reason for this should be clear if you
ponder the intervals shown in Fig. 1.

With our familiar equal-tempered
scale, we’re used to building music out
of the tone and the semitone (half a
tone). The tone increase from C to D,
for instance, is the same percentage in-
crease in pitch as from G to A; a tone
is a tone. Further, sharping a note
produces exactly the same pitch as
flatting the note above; D# is the same
as Eb and so on, Not so in the natural
scale generated according to the laws
of acoustics. Note that there are a
number of unique percentage changes
(the frequencies and percentages are
rounded off to integers). Instead of the
tone and halftone, we now have the
major tone (about a 13% increase), the
minor tone (about an 11% increase)
and the semitone (about 6%).

The intervals of the natural scale
are Tone, Minor Tone, Semitone,
Tone, Minor Tone, Tone, Semitone.
Even if you add sharps and flats,
changing keys is going to mess up the
order; imagine that you have a C# and
F# available, and you try to play in D
simply by playing a major scale starting
on the D note. You're into sour
trouble right away. The first interval, D
to E, is a minor tone when it’s sup-
posed to be a major.

And if that’s not enough confusion,
consider that sharps and flats are com-
pletely different creatures in the
natural scalc. A semitone is dcfined by
the harmonic series as an incrcase of
16/15, or a decrease of 15/16. Taking C
as 100Hz, C# becomes 106.7Hz. Com-

ing down from the D note of 122.5Hz,
Db becomes 105.5. A keyboard tuned
to the natural scale would have to have
keys for both the sharps and the flats.
In fact, an organ builder in past cen-
turies actually made such a thing. I
don’t suppose it was very popular with
organists. I've also heard that a guitar-
maker in the US is bringing out a
guitar with an 18 or 19 fret neck to ac-
commodate the natural scale, but I
haven’t been able to find out any more
about it. No doubt it’s a fun exercise
for the builder, but the improvement in
temperament must be rather subtle for
such complication.

So the natural scale gives the
sweetest sound, agreeing as it does
with all the harmonics ringing from the
various notes. It just isn’t very practi-
cal.

The Cure

Long before Bach did such a mar-
velous public relations job for equal
temperament with his Well-Tempered
Clavier, people had been experiment-
ing with dividing the scale into 12
equal sections (along with the mean-
tone system, which was a compromise
that allowed a few keys to work well
and the others badly). Each section is
a semitone and each tone is two semi-
tones. Since there is no bother with the
major-minor-semitone sequence, . the

C ... 100
D ...1122
E..... 125.9
F... 133.5
G ....149.8
A... 168.2
B...... 188.7
C ... 200
C...2616 o
D...293.7
[Sooccee 329.6
F...349.2
G....391.9
A.... 440
B...... 493.9
C ...523.3

Fig. 4. The upper column shows the
frequencies of the equal-tempered
scale for C = 100Hz, which is not a
musical pitch and was chosen for
convenience. The lower chart shows
concert pitch for A = 440Hz.
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root note can be anywhere; every scale
in every key is identical to all the
others except for pitch.

Fig. 3 shows how thc intervals are
derived. F is the frequency of any note,
and 2F is the octave frequency above
it. To find the frequency of thc next
semitone, F has to be multiplied by a
number X that will give 1/12 of the oc-
tave. If you multiply our semitone by
X, you should get the next note, and so
on until the last note is twice F.

Looking at it another way, X times
itself<12 times has to equal 2.

) C)

Solving for X by taking the 12" root of
both sides, X becomes the 12" root of
2. Poke this into your calculator or
computer (easicst way: 2 to the 1/12
power) and you’ll get 1.059463094.

If you multiply any note by this, you
get the next semitone up. Multiply any
note by the reciprocal (.943874313)
and you get the semitonc below.

Multiply it by 100 and you get the
percentage change in frequency be-
tween notes: 105.946%, if we round it a

bit. Thus any note is 5.946% higher
than the semitone below.

The Catch

There’s always a price to be paid in
compromises, but in the case of the
equal-tempered scale, it isn’t much. In
fact, as complex compromises go, it’s a
miracle.

Musicians with very good senses of
pitch will argue that the notes are
never exactly on, especially the pesky
seventh or leading tone. Others com-
plain that the natural harmonics from
the instruments clash with the equal-
tempered fundamentals. You can hear
this last effect on a very well-tuned
piano: sound a C and the G in the next
octave above it and listen as the notes
fade away. You should hear rapid
beats weaving in and out of the sound.
They're caused by the tiny difference
between the natural harmonic G (off
the C string) and the equal-tempered
G string.

Still, all the differences are extreme-
ly small, small enough that you rarely
hear a complaint about this. People
who play continuous-tone instruments

Continued from page 8.

(violin, trombone) will often bend the
notes (o suit themselves anyway. I'm
not much of a violin player, but on oc-
casions when I’'m having a good saw at
it, I like the leading tone very close to
the octave, as do a number of other
players. Perhaps we've invented our
own musical scale.

Fig. 4 gives you two frequency
charts. The first is the equal-tempered
scale of C with C taken as 100Hz be-
cause it made the arithmetic easier.
The second is the proper equal-
tempered scale, in rcal concert pitch,
starting on middle C; I derived it by
taking A as 440Hz and using the
1.05946 method outlined above.

The Cent
To simplify working with small pitch
changes, the octave is further divided
into 1200 cents, with each semitone
being equal to 100 cents. A semitone
should really be called a dollar, then,
and while we’re at it, we need a name
for 1.05946, like fleen.

The cent rarely turns up in music
except on the readouts of electronic
tuners.
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The new Hitachi Video Floppy System produces high resolution prints in
full color of anything that can be viewed on the screen of a TV, freezing
motion, recording events for future reference.

When the scene you want (o keep is displayed on the TV monitor, press
the memory button of the VY-S0A or VY-100A Printer; the video infor-
mation will be stored in IC memory to be printed out in 80 seconds after
issuing the print command. The VX-52A floppy system is capable of stor-
ing up to 50 scenes on a standard 2" video floppy disc.

If you'd like more information on the Hitachi Video Floppy System
contact: Rayonics Scientific Inc., 585 Canarctic Drive, Downsview, On-
tario M3J 2P9. Ph: (416) 736-1600.

Circle No. 77 on Reader Service Card

The LT1001 from Raytheon boasts an ultra low offset voitage of 15uV
maximum, and low offset drift of 0.6uV/°C maximum. This makes the
device ideal for low level signal conditioning, instrumentation, data con-
version applications eliminating the need for offset zero adjust in many
instances.

Additionally, the 1001 features a low input bias current of 2nA maxi-
mum, high CMRR of 114dB and PSRR of 110dB. Low input noise voltage
is a mere 0.6uV p-p (0.1 to 10 Hz) and its power dissipation of 7SmW.

More information can be obtained from Lorraine Jenkins, Raytheon
Company, Semiconductor Division, 350 Ellis Street, Mountain View, CA
94043,

Circle No. 78 on Reader Service Card
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BP:53 PRACTICAL ELECTRONIC
CALCULATIONS AND FORMULAE

$11.75
A book that bridges the gap between
complicated technical theory and the
‘cut and try' method. A good
reference book.

BP 174: MORE ADVANCED ELEC.
TRONIC MUSIC PROJECTS  $12.00
Complementing Book BP74, "Elec.
tronic Music Projects”, BP174 pro-
vides more advanced projects, such
as a flanger, a phaser, mini-chrous
and ring modulators, percussion syn-
ths, etc. Each project has an in-
troduction circult dlagram and con-
structional notes.

BP 113: 30 SOLDERLESS BREAD-
BOARD PROJECTS-BOOK 2
R.A.Penfold $9.00
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projects. Also, there are a con-
siderable number of actual com-
ponents and wiring layouts, to ald the
beginner.

BP135: SECRETS OF THE
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dividual understand the principles of
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BPS1: ELECTRONIC MUSIC AND
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This book sets out to show how Elec-
tronic Music can be made at home
with the simplest and most Inexpen-
slve equipment.

BP222: SOLID STATE SHORT WAVE
RECEIVER FOR BEQINNERS

R.A Penfold $7.80
In this book, R.A. Penfold has design-
ed and developed several modern
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cults that wlll give a falrly high level
of performance, despite the fact that
they use only relatively few and Inex-
pensive components.

BP110: HOW TO QET YOUR ELEC-
TRONIC PROJECTS WORKING

R.A. Penfold $7.80
We have all built circuits from
magazines and books only to find
that they did not work correctly, or at
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of this book is to help the reader over-
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dicating how and where to start 100k-
Ing for many of the common faults
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jects.

BP74: ELECTRONIC MUSIC
PROJECTS $10.00
RA. Penfold

Although one of the more recent
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The purpos~ of this book Is to provide
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UNMARKED IC’s $1.95
An unusual and fascinating chart
that is highly recommended to all
those interested in electronics and
which will hopefully pay for ltself
many times over, by enabling the
reader to use IC's that might other-
wlse have been scrapped.

BP121: HOW TO DESIGN AND MAKE
YOUR OWN PCBs $5.85
The purpose of this book is to
tamifarise the reader with both sim-
ple and more sophisticated methods
of producing printed circuit boards.
The emphasis of the book is very
much on the practical aspects of
printed circult board design and con-
struction.

BP180: ELECTRONIC CIRCUITS FOR
THE COMPUTER CONTROL OF

MODEL RAILWAYS $9.00
Shows how home computers can
easily be applied to the control of
model rallrcads and other quite
sophlisticated control. A varlety of
projects are discussed as well as cir-
cuits for train position sensing,
signal and electric points control etc.

BP185: ELECTRONIC SYNTHESISER
CONSTRUCTION $9.00
With this book a relative beginner
shou!d be able to build, with the
minimum of difficulty and at a
reasonably low cost, a worthwhile
monophonic synthesiser and also
learn a great deal about electronic
music synthesls in the process.

BP115: THE PRECOMPUTER BOOK

$5.85
Aimed at the absolute beginner with
no knowledge of computing, this en-
tirely non-technical discussion of
computer bits and pleces and pro-
gramming Is written mainly for those
who do not possess a microcomputer
but either intend to one day own one
or simply wish to know something
about them.

BP72; A MICROPROCESSOR
PRIMER $5.25
In an attempt to glve palnless ap-
proach to computing, this Inexpen-
sive book will start by designing a
simple computer and then the short-
comings of this simple machine will
be discussed and the reader Is shown
how these can be overcome. A
glossary of microprocessor terms is
at the end of the book.

BP78: PRACTICAL COMPUTER
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The aim of this book Is to enable the
reader 1o simply and Inexpensively
construct and examine the operation
of a number of basic computer circuit
elements and It Is hoped gain a fuller
understanding of how the mysterious
computer "chip” works.

BP86: AN INTRODUCTION TO BASIC
Programming Techniques $5.85
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understand the language.
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Moorshead Publications.
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Contains 50 interesting and useful
circuits and applications, covering
many different branches of elec-
tronlcs, using one of the most inex-
pensive and freely avallable com-
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BP85: INTERNATIONAL TRANSI
STOR EQUIVALENTSQUIDE  $9.00
This book Is designed to help the
user find possible substitutes for a
popular user-oriented selection of
modern transistors and includes
devices produced by over 100
manufacturers.

BP140: DIQITAL IC EQUIVALENTS
AND PIN CONNECTIONS $15.00
Shows equivalents and pin connec-
tions of a popular user orientated
selection of Digita! Integrated Cir-
cults. Includes European, American
and Japanese devices.

BP131: MICRO INTERFACING CIR-
CUITS-BOOK 2 $9.00
Intended to carry on from Book 1, this
book deals with practical applica-
tlons beyond the parallel and serlal
interface. “Real world" Interfacing
such as sound and speech genera-
tors, temperature and optical sen-
sors, and motor controls are discuss-
ed using practical circult descrip-
tions.

BP100: AN INTRODUCTION TO
VIDEO $5.85
This is a book for the person who has
just, or Is about to buy or rent some
video equipment but is not sure what
It 1s all about.

BP125: 25 SIMPLE AMATEUR BAND
AERIALS $5.85
This book describes how to build 25
amateur bank aerials. The designs
start with the simple dipole and pro-
ceed to beam, trlangle and even a
mini-rhombic.

BP136: SIMPLE INDOOR AND
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listening can benefit from these in-
structions on optimlising the Indoor
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AND PIN CONNECTIONS
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Find equivalents and cross-
references for both popular and
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BP156: AN INTRODUCTION TO QL
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The powerful Sinclair QL microcom.
puter has some outstanding capabi-
litles In terms of Its internal struc-
ture. WIth a 32-bit architecture, the
QL has a large address range, ad-
vanced instructlons which Include
muitiplication and division. These
teatures glve the budding machine
code programmer a good start at ad-
vanced programming methods. This
book assumes no previous know-
ledge of either the 68008 or machine
code programming.

See order-form:insthis Issue.
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BP7: RADIO AND ELECTRONICS
COLOUR CODE AND DATA CHART

$3.00
Opens out to Wall Chart approxi-
mately 584 x 457 mm. Inciudes many
Radio & Electronics Colour Codes In
use In UK, USA, Europe and Japan.
Covers Reslstors, Capacitors,
Transformers, Fleld Coils, Fuses
Battery Leads etc.

BP144: FURTHER PRACTICAL
ELECTRONICS CALCULATIONS
AND FORMULAE $15.00
This book covers many aspects of
electronics where a knowledge and
famlilarlty of the appropriate for-
mulae Is essential for a fuller
understandings of the subejct. An
essential addition to the library of all
those Interested in electronics be
they amateur, professlonal or stu-
dent.

ELEMENTS OF ELECTRONICS - AN
ON-QOING SERIES

F.A. WILSON, C.G.LA., C.ENG,
BP62: BOOK 1. THE SIMPLE ELEC.
TRONIC CIRCUIT AND
COMPONENTS $11.70

BP77: BOOK 4 MICROPROCESSING
SYSTEMS AND CIRCUITS $11.80
Although written especially for
readers with no more than ordinary
arthmetical skllls, the use of
mathematics is not avolded, and all
the mathematics required is taught
as the reader progresses.

Each book Is a complete treatlse of
a particular branch of the subject and
therefore, can be used on lts own
wlith one proviso, that the later books
do not duplicate material from their
predecessors, thus a working know-
ledge of the subjects covered by the
earller books is assumed.

BOOK 1. This book contains all the
fundamental theory necessary to
lead to a full understanding of the
simple electronic circult and its maln
components.

BOOK 2. This book continues with
atternating current theory without
which there can be no comprehen-
sion of speech, music, radio, televi-
slon or even the electricity utllities.

BOOOK 3. Follows on semiconduc-
tor technology, leading up to tran-
sistors and Integrated clrcuits.

BOOK 4 A complete description of
the internal workings of micro-
processor.

BOOKS5 A book covering the whole
communication scene.

BP180: ELECTONIC CRICUITS FOR
THE COMPUTER CONTROL OF
MODEL RAILWAYS $9.00
The projects in this book conslsts of
various types of controller, Including
a high quallty pulse type, as well as
clrcults for traln positlon sensing,
signal and electronic points control
and many more.

BP184:: MODERN OPTO DEVICE
PROJECTS $9.00
This book provides a number of prac-
tical designs for beginners and ex-
perienced project bullders. These
projects utlilze a range of modern
opto-electric devices, Including such
things as fibre optics, ultra bright
LEDs and passive IR detectors.

BP37: 50 PROJECTS USING RELAYS,
SCR's & TRIACS $7.80
F.G. RAYER, T.Eng (CEl),Assoc. |IERE
Relays, sllicon controlled rectifiers
(SCR's) and bi-directional trlodes
(TRIACs) have a wlde range of ap-
plications In electronics today. This
book glves tried and practical work-
Ing circuits which shouid present the
minimum of difticulty for the en-
thusiast to construct. in most of the
circults there is a wide iatitude In
component values and types, atlow-
Ing easy modlfication of circults or
ready adaptation of them to In-
dividual needs.

BP147: AN INTRODUCTION TO 8502
MACHINE CODE $10.00
The popular 6502 microprocessor is
used In many home computers; this
is a guide to beginning assembly
language.

BP225: A PRACTICAL INTRODUC-
TION TO DIGITAL ICs $7.00
This book deals mainly with TTL type
chips such as the 7400 serles. Simple
projects and a complete practical
construction of a Logic Test Circuit
Set are included as wetl as details for
a more complicated Digital Counter
Timer project.

BP47: MOBILE DISCOTHEQUE

HANDBOOK $7.80
Divided iInto six parts, this book
covers such areas of moblle "disco™
as: Basic Electriclty, Audio, Ancillary
Equlpment, Cables and Plugs, Loud-
speakers, and Lighting. All the Infor-
mation has been considerably sub-
dlvided for quick and easy reference.

BP59: SECOND BOOK OF CMOS IC

PROJECTS $7.80
This book carries on from its
predecessor and provides a further
selection of useful circults, malnly of
a simple nature. the book wlll be well
within the capabilities of the begin-
ner and more advanced constructor.

BP71: ELECTRONIC HOUSEHOLD
PROJECTS $7.00
R.A. PENFOLD

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

BP44:IC 555 PROJECTS $10.00
E.A. PARR, B.Sx., C.Eng., M.I.E.E.
Every so often a device appears that
Is so useful that one wonders how
life went on before without it. The 555
timer is such a device Included In this
book are Basic and General Circuits,
Motor Car and Model Railway Cir-
cuits, Alarms and Nolse Makers as
well as a section on the 556, 558 and
559 timers.

BP82: ELECTRONIC PROJECTS
USING SOLAR CELLS $7.80
A coilection of simple circuits which
have applications In and around the
home using the energy of the sun to
power them. The book deals with
practical solar power supplies In-
cluding voltage doubler and tripler
circults, as well as a number of pro-
Jects.

BP95: MODEL RAILWAY PROJECTS

$7.80
Electronic projects for model rail-
ways are fallry recent and have made
possible an amazing degree of
realism. The projects covered include
controliers, slgnals and sound ef-
fects: striboard layouts are provided
for each project.

BP93: ELECTRONIC TIMER
PROJECTS $7.80
windscreen wiper delay, darkrool
timer and metronome projects are in-
cluded. Some of the more compliex
circuits are made up from simpler
sub-circuits which are dealt with in-
dividually.

BP94: ELECTRONIC PROJECTS FOR
CARS AND BOATS $7.80
R.A. PENFOLD

Projects, tifteen In al, which use a
12V supply are the basis of this book.
included are projects on Windscreen
Wiper Control, Courtesy Light Delay,
Battery Monltor, Cassette Power Sup-
ply, Lights Timer, Vehicle Immo-
blllser, Gas and Smoke Alarm, Depth
Warning and Shaver Inverter.

BP49: POPULAR ELECTRONIC
PROJECTS $10.00
R.A. PENFOLD

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

BP84: DIGITAL IC PROJECTS  $7.80
F.Q. RAYER, T.ENG (CEl), Assoc.lERE
This book contains both simple and
more adanced projects and it Is
hoped that these will be found of help
to the reader developing a knowledge
ot the workings of digitai circuits. to
help the newcomer to the hobby the
author has Included a number of
board layouts and wiring diagrams.
Also the more ambitious projects can
be bulld and tested section by sec-
tion and this should help avoid or cor-
rect faults that could otherwise be
troublesome. An ideal book for both
beginner and more advanced en-
thusiast alike.

BPg9: MINI - MATRIX BOARD
PROJECTS $7.80
R.A. PENFOLD

Twenty useful projects which can all
be built ona 24 x 10 hole matrix board
with copper strips. Includes Door-
buzzer, Low-voltage Alarm, AM
Radio, Signal Generator, projector
Timer, Guitar Headphone Amp. Tran-
sistor Checker and more.

BP103: MULTI-CIRCUIT BOARD
PROJECTS $7.80
R.A. PENFOLD

This book allows, the reader to bulid
21 talrly simple electronic projects,
all of which may be constructed on
the same printed circuit board.
Wherever posslble, the same com-
ponents have been used in each
design so that with a relatively small
number of components and hence
low cost, It Is possible to make any
one of the projects or by re-using the
components and P.C.B. all of the pro-
Jects.

BP107: 30 SOLDERLESS BREAD-
BOARD PROJECTS-BOOK1  $8.00
R.A. PENFOLD

A "Solderless Breadboard” is simply
a special board on which electronic
circuits can be built and tested. The
components used are Just plugged in
and unplugged as desired. The 30
projects featued In this book have
been speclally deisgned to be bullt
on a 'Verobloc' breadboard.
Wherever possible the components
used are common to several projects,
hence with only a modest number of
reasonably Inexpensive components
It is possible to bulld, in turn, every
project shown.

BP127:HOW TO DESIGN
ELECTRONIC PROJECTS $9.00
Although information on stand cir-
cult blocks is avallable, there |s less
Information on combining these cir-
cult parts together. This titie does
just that Practical examples are used
and each is analysed to show what
each does and how to apply this to
other deslgns.

BP122: AUDIO AMPLIFIER
CONSTRUCTION $6.75
A wide clrcults Is given, from low
nolse microphone and tape head
preamps to a 100W MOSFET type.
There is also the circuit for 12v
bridge amp giving 18W. Circult board
or stripboard layout are included.
Most of the clrcults are well within
the capabillities for even those with
limited experience.

BP106: MODERN ON AMP
PROJECTS $7.80
R.A. PENFOLD

Features a wide range of construc-
tional projects which make use of op-
amps including low-noise, low dlstor-
tion, ultra-high input Impedance, high
slew-rate and high output current
types.

BP98: POPULAR ELECTRONIC
CIRCUITS, BOOK 2 $9.00
R.A. PENFOLD

70 plus clrcults based on modern
components aimed at those with
some experlence.

BP179: ELECTRONIC CIRCUITS FOR
THE COMPUTER CONTROL OF
ROBOTS $12.00
The maln stumbling block for most
would-be robot bullders is the elec-
tronics to interface the computer to
the motors, and the sensors which
provide feedback from the robot to
the computer. The purpose of this
book is to explain and provide some
relatively simple electronic clrcults
which bridge the gap.

BP32: HOW TO BUILD YOUR OWN
METAL & TREASURE LOCATORS

$7.80
Several tasclnating applications with
complete electronic and practical
detalis on the simple, and Inexpen-
sive constructlon of Heterodyne
Metal Locators.

BP108: $7.00
Cross-references European American
and Japanese dlode part numbers.
Besldes rectitier diodes, It Includes
Zeners, LEDS, Diacs, Triacs, SCRs,
OClis, photodlodes and display
diodes.

BP88: HOW TO USE OP AMPS
E.A.PARR $11.80
A designer's guide covering several
op amps, serving as a source book of
circuits and a reference book for
design calculations. The approach
has been made as nonmathematical
as possible.

BPB5: SINGLE IC PROJECTS  $6.00
R.A. PENFOLD

There Is now a vast range of ICs
available to the amateur market, the
majority of which are not necessarily
designed for use In a single applica-
tion and can offer unlimited possi-
bilities. All the projects contalned in
this book are simple to construct and
are based on a single IC. A few pro-
Jects employ one or two transistors In
addition to an IC but in most cases
the IC is the only active device used.

BP118: PRACTICAL ELECTRONIC
BUILDING BLOCKS-BOOK2 $7.80
R.A. PENFOLD

This sequel to BP117 |s written to
help the reader create and experl
ment with his own circults by com-
bining standard type circult building
blocks. Circuits concerned with
generating signals were covered in
Book 1, this one deals with process-
ing signals. Ampiitiers and filters ac-
count for most of the book but com-
parators, Schmitt triggers and other
clrculits are covered.

ORDER BY
TELEPHONE OR
WRITE TO: -
MOORSHEAD
PUBLICATIONS
1300 DON MILLS RD.,
NORTH YORK, ON.,
M3B 3M38
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Reaction

Circuits built using integrated cir-
cuits have several advantages over
circuits built from separate transistors,
resistors and other components. They
occupy less space, they are simpler to
assemble and often cost less too.
Another advantage is that most ICs are
designed to operate at high speed.

All of these advantages explain why
the arrival of low-cost home computers
depended upon the availability of ICs.
This month we have two projects that
depend upon the high speed operation
of ICs. The ICs used are not the fastest
available but, even so, are more than
adequate for the purpose.

Project One — Reaction Timer
The circuit diagram shown in Fig. 1 al-
lows you to measure your reaction
time to the nearest tenth of a second.
It is an oscillator followed by a count-
ing chain. The difference here is that
this circuit is stopped and started
under the control of a bistable. In the
non-running state the bistable holds
the reset input of the 555 timer (IC2)
low, so it does not oscillate.

The 7493 binary counter IC3 is first
reset by pressing switch S3. All lumps
go out. Now your friend presecs the
“start” button (S1). Instantly the bis-
table changes state. The resct of the
555 goes high and it begins to produce
10 pulses a second. These are counted
by the 7493.

At the same time as counting
begins, the light emitting diode (LED)
D6 comes on. You should be watching

~ for this and as soon as you see it come
on, you press the “Stop” button (S2).
When you press this, the state of the
bistable is reversed, the counter stops
counting and D6 goes out.

The count indicated by LEDs D1 to
D5 tell you how many tenths of a
second elapsed between the instant
when your friend pressed the Start
button and the instant you pressed the
“Stop” button. This is a measure of

4

Timer

Actually two projects demonstrating
high-speed logic techniques.

e
By Owen Bishop
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Fig. 1. Circuit diagram for the Reaction Tester using the 555 timer IC.
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Fig. 2. Demonstration breadboard component layout for the Reaction Timer.
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Reaction Timer

your reaction time.

Construction

The demonstration breadboard com-
ponent layout for the Reaction Timer
1s shown in Fig. 2. If possible, place the
start button out of sight, so that you
can not tell when your friend is about
to press it. When the circuit is as-
sembled, let it run steadily and watch
the final LED of the sequence. This
should go out every 3.2 seconds.

You will need to adjust poten-
tiometer VR1 to make the 555 timer
run at the correct frequency. The
easiest way is to watch the fifth LED as
it goes out. Measure how long it takes
to go out 10 times; this should be 32

seconds exactly. Then you know that
the count indicated on the LEDs is
your reaction time in tenths of a
second.

Variation

Here is a problem for you to work on.
How can you adapt the timer circuit so
that it can be used as a lap-timer for
races, for example with model racing
cars?

Project Two — Who Was First?
It is all too easy to disagree about who
did something first. With the circuit
diagrams shown in Fig. 3 there can be
no argument — even when one person
is only 25 seconds before the other.

+6vV

st ’102 1c2
T b X 7400 PIN 14
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Fig. 3. Circuit diagram for a simple Who Was First using the 7400 quad NAND.
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Parts List

Reaction Timer

Resistors

|4 B s i E e 10k

R it i s et 27k

R R R, Tttt 180
All 0.25W 5% carbon
Potentiometer

VR1 10k linear, carbon track

potentiometer

Capacitors

Gl ecssvans 2u2 electrolytic
Semiconductors

D1-D6 TIL 209 (or similar) LED
IC1 7400 quad 2-input NAND gate
IC2 555 timer

IC3 7493 4-bit binary counter
Miscellaneous
ST83 = e Push-to-make
Breadboard (2 small or 1 large);
connecting wire; knob for VR1 and

5V to 6V supply
Who Was First?
Resistors
R R i o ans 1k
RARAINC T Ssiirtaeisen 180
Semiconductors

D1, D2 TIL209 (or similar) LED.
IC1-IC2 7400 quad 2-input NAND

gate
Miscellaneous
S$1-83  Push-to-make push-button

switch

Breadboard (e.g. Verobloc); con-
necting wire and 5V to 6V supply.

Since a nano second is only a
thousand-millionth of a second, most
close ties can be decided easily.

The circuit (Fig. 3) is triggered by
push-buttons operated by two players
— perhaps they are playing “Snap” or
some other game in which it is neces-
sary to know who was first. It could in-
stead be triggered by two phototransis-
tor light sensors and be used in decid-
ing which model car was first to cross
the finishing line. For each player
there is a bistable, which operates an
LED. When the circuit is reset (press
$3) and ready for action, both LEDs

are out.
2
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Reaction Timer

TO BATTERY et
{+6v) 1Y

input comes from the bistable of the
opposing player. Each bistable feeds a
“high” input to the NAND gates, so
that if the other input is made high, by
pressing the button, the output of the
gate goes low. This triggers the bis-
table.

Suppose that player —A changes
state and the lamp comes on, to indi-
cate the winner. At the same time a

N T

TO BATTERY
{ov)

———

Fig. 4. Demonstration breadboard for the Who Was First circuit.

“low” input is fed to the NAND gate
belonging to player — B. Now it makes
no difference if B presses the button or
not. The output of that NAND gate is
bound to be “high” whatever B does
and it is impossible for B’s bistable to
be triggered. If B had pressed the but-
ton first, then the opposite would
apply and 4 would be unable to trigger
the bistable. So the lamp lights for
whoever was first, and stays lit until the
whole circuil is reset.

The demonstration breadboard
component layout for the Who Was
First? circuit is shown in Fig. 4. Com-
mence construction by inserting all the

link wires followed by the on-board

Between each push-button and the  gate. One input to the gate comes from  components. Finally insert the switch
corresponding bistable is a NAND  the player’s push-button. The other  and battery leads. ]

For Your Information Continued from page 21.

Super VHS

The GR-S855 from JVC is a versatile, compact camcorder/player with the
latest in Super VHS circuitry at its heart.

This lightweight unit (1.1 kg) sports the following features: horizontal
picturc resolution of more than 400 lines, separated Y/C output tcrminals
(S-VIDEO OUT) and AV IN/OUT connector, selectable shutter speeds
of 1/60, 1/250, 1/500, 1/1000 of a second; one-button operation of focus,
cxposure, and white balance; and two-speed 6:1 power zoom lens.

Other features include a dubbing mode switch for better editing results
and a trigger alarm for warning of record start/stop changes preventing
recording errors.

For more information contact: Greg Parsons, JVC Canada Inc., 21
Finchdene Sq., Scarborough, Ontario M1X 1A7

Circle No. 75 on Reader Scrvice Card

DISSOLVE 1100 SERIES

RATE

TAYLOR ELECTRONIC

AV Dissolve

The 1100 Scries from Taylor Electronic Designs features a sclf-contained
Synchronizer with long/short pulsc system cnabling the programming of
any preset dissolve rate (1 to 10 seconds) plus a cut.

Specifications are as follows: lamp output, 500 watts max. per projcctor,
slide advance, 30V @ 1 amp maximum; and weight, 1.8 kg.

Other standard features include: a standard 5 pin jack for remote con-
trol or when using an external programmer for expansion, and a phono
jack for the connection of a stereo tape deck when using the internal
synchronizer.

For more information contact Roy Taylor, Taylor Electronic Designs,
2831 Dundas Street W., Toronto, Ontario M6P 1Y6

Circle No. 76 on Reader Service Card
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For Your Information

Largest TV Picture-Tube
Matsushita Electric Industrial Co. has unveiled the
world’s largest, and perhaps heaviest, color picture-
tube television featuring a 43-inch direct-view screen.
The complete TV tips the scales at 180 kg (360 Ibs).

Other features include: 110° deflection angle, non-
glare flat aberration reducing triode CRT; three sets of
stereo audio/video inputs and two sets of output jacks;
stereo output power of 10W + 10W; and a learning
remote control.

Don’t look for this set on the shelves of your local
dealer just yet though; only two working models exist
and current production is only one set per day.

Western Gets Supercomputer
The University of Western Ontario recently celebrated
the acquisition of its new Control Data ETA10-P su-
percomputer, making it only the third Canadian
university to own such a machine.

The new, low-cost supercomputer can perform 375
million operations per second and will be the basis of

Semiconductor Laser Emits Visible
Light
A high-efficency semiconductor laser emitting
light visible to the human eye has been developed
at Philips Research Laboratories. This laser,
made of mixed crystals of aluminum, gallium, in-
dium and phosphorous, emits light at a
wavelength of 650 nm, and is particularly suitable
for digital optical recording. The peak output
power of the laser is more than 0.1 watts.
Semiconductor lasers are used in professional
products such as optical telecommunication and
digital storage, as well as in consumer products
such as the Compact Disc player. For reading
stored information, a semiconductor laser that
emits light at a wavelength of about 800 nm is
used at present, but reducing the wavelength
down to the 600 nm range can considerably in-
crease the information density on a disc.

E8 TTApri 1988

Zero Slot LAN

With SimpleNET ONEPLUS, data
transfer rates of 9600 to 115,200 bps
are possible via existing serial ports.
This zero slot device also features
built-in electronic mail, high- perfor-
| mance assembly language software,
NETBIOS, and the SimpleWare Net-
work Manager.

Also included: a comprehensive
user’s manual, 25 feet of twisted pair
cable with standard RJ-11 telephone
jacks, all software and SimpleNET’s in-
novative small form RS-232 connector
which uses a proprietary on-board cir-
cuit card utilizing surface mount tech-
nology. Price: $174.95US per node.

If you'd like more information on the
SimpleNET LAN device contact:
SimpleNET Systems, 545 W. Lambert
Rd., Brea, CA 92621 or phone (714)
529-2413 or ...

Circle No. 49 on Reader Service Card

Technology Notes

networked multiple user system on campus. The cost of
the system will eventually total more than $2,000,000,
inexpensive by supercomputer standards, and the U of
W expects that it won’t have to rely on outside clients
to help support the system.

Fibre Optics At McGill

McGill University in Montrea! has become the first
university in Canada to take advantage of CNCP’s fibre
optic technology to communicate between two cam-
puses. A single strand of glass fibre, no wider than a
human hair, is being used to communicate data infor-
mation between the downtown Montreal campus and
the Faculty of Agriculture campus in Ste. Anne-de-Bel-
levue, 30 km away.

The system has two Northern Telecom SL-1
switches. The larger, an SL1-XT, is located on the
downtown campus and has about 4600 connections to
it. The other unit, with about 400 connections, is lo-
cated at the Macdonald College.

The new semiconductor laser consists of a number of single-crystal layers of compounds of aluminum, gallium,
indium and phosphorous of different composition and with different doping. These layers are then deposited on a
gallium-arsenide substrate by means of a chemical reaction in a gas mixture. As a result, the materials obtained are
of such purity and have such a perfect structure that the internal losses in the laser are minimal.

Contributions to the new technology were made by researchers from Eindhoven (Netherlands) and the
Laboratoires d’Electronique et de Physique (L.E.P), both part of the Phillips international research organization.
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AutoCAD Expo '88
May 2 - 5, 1988

Location: McCormick Pl North,

Chicago, IL

Inc., 2320
Marinship Way, Saus-
alito, CA 94965. (415)
332-2344 ext. 799.

Midwest
Exposition
May4 -5,1988

Electronics

Location:St. Paul Civic Center,

St. Paul Minnesota

Contact: MG Expositions Group,

1050 Commonwealth
Avenue, Boston, MA
02215 (617) 232-3976
FAX: (617) 232.0854

Worst Case Circuit
Analysis Training Semi-
nar

May 9 - 11th, 1988

Location: Washington, D.C.
Contact: Design & Evaluation

Inc., 1000 White Horse
Rd., Suite 304, Voor-
hees, NJ 08043. (609)
770-0800.

Canada’s International
Telecom Exhibition and
Telecom Futures Con-
ference. (CILT.EX.)
May 18 - 19, 1988

Location: The International Cen-

tre,
tario

Mississauga, On-

Contact: ECM, 324 Lakeshore

Rd. E., Mississauga,
Ontario LSG 1H4 (416)
274-5505

ATE & Instrumenta-
tion Conference East
June 7-9, 1988

Location: World Trade Center,

Boston, MA

Contact: MG Expositions Group,

1050 Commonweaith
Avenue, Boston, MA
02215 (617) 232.3976
FAX: (617) 232-0854

Meeting  Tomorrow's
Competition (EEMAC
Annual Conf. and Na-
tional Conf. on Elec-
tronics merged)

June 8 - 10, 1988

Le Concorde
Hotel, Quebec City

Contact: EEMAC Communica-

tions Dept., 10 Carlson
Court, Suite 500, Rex-
dale, Ontario M9W
61.2. (416) 674-7410

The Third Pan Pacific
Computer Conference
August 15 - 19, 1989

Location: Beijing, People’s Re-

public of China
information con-
tact: Halbrecht As-
sociates Inc., 1200 Sum-
mer St., Stamford, CN
06905 (203) 327-5630
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TV/VCR Portable
With the dawn of April we will see the release of the Casio VF-3000 3.3”
TV with built-in VCR — at least in the U.S. anyway. (You can bet that
Casio Canada won't be far behind.)

First introduced at the Winter Consumer Electronics Show, this past
January, the VF-3000 is a portable 3.3” color LCD TV with a buiit-in
VCR unit, 93,720 pixel resolution, VHF channels 2 - 13 and UHF chan-
nels 14 - 69. The VCR portion of the unit accepts a standard 1/2” VHS
video cassette and jacks are provided for video and audio in/out, ear-
phone, external power and external antenna. The VF-3000 operates via
battery pack, household current or car battery — all with optionat adap-
tors. The weight of the unit is 2.2 kilograms and it measures ap-
proximately 203mm x 152mm x 76mm. It’s introductory price is expected
to be $1399.00US.

More information, including projected Canadian pricing, may be ob-
tained from: George Staleos, National Sales Manager - Audio/Video,
Casio Canada, 2100 Ellesmere Rd., Suite 240, Scarborough, Ontario
M1H 3B7.
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Drive-On

Starting with the 1989 model year, all automobiles sold in Canada will be
required to operate with headlights on at all times. Vehicles manufac-
tured before that date will be exempt from this law, but, a simple add-on
device is available for those who wish to be safety conscious in their older
vehicles.

Drive-On is easily installed by the do-it-yourselfer using everyday hand
tools. Once connected, the unit turns your vehicle’s headlights on when
it's started, then off when the engine is turned off.

In Finland and Sweden where the law has been in effect for some time
now, driving with headlights on has proven to reduce multiple vehicle col-
lisions by as much as 27%. Numerous tests have shown that vehicles are
easier to see and judging distance between vehicles is easier with head-
lights on during daylight hours.

The Drive-On! device is available for $29.95 (CDN) from Multination-
al Marketing Associates Inc., P.O. Box 3160, Reston, VA 22090-1160.
Dealer inquiries are welcomed.

Circle No. 53 on Reader Service Card

Movie-Box

The Movie-Box is a combination VIIS video cassette player and 14 inch
color monitor, ideally suited for A/V presentations. It’s a portable unit
weighing less than 18 kilograms and it can be plugged into any 115 VAC
outlet.

The unit features a front-loading deck with still, fine still tuning, track-
ing, frame-by-frame forward, five-times speed search, auto repecat, 6-
hour timer, and external video and audio connections.

The Movie-Box is ideal for sales meetings, in-store demonstrations, in-
structional sessions, school programs etc. The list price of the Movie-Box
is $1095.00. For more information contact: Bert Pantrey, Len Finkler &
Co., 80 Alexdon Rd., Downsview, Ontario M3J 2B4. Ph: (416) 630-9103.
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Temp Controlled Iron

The Antex Model XTC 50 watt soldering iron features a thermocouple in
the tip combined with a sliding potentiometer in the station for precise
temperature control with positive feedback. Designed for use with heat
and voltage sensitive components, the tip is positively grounded and zero
crossing electronic switching in the station eliminates RF interference
and magnetic fields.

Temperature can be controlled from 140° to 815°F with *2% ac-
curacy. The unit heats up in 45 seconds and has quick recovery times be-
cause the hcating element is directly under the tip. Three tip sizes are
available: 3/32”, 1/8" and 3/16”. The price: $167.70US.

More information about the Antex soldering station can be obtained
from Charles Loutrel, Sales Manager, M. M. Newman Corp., 24 Tioga
Way, P.O. Box 615 Marblehead, MA 01945. Ph: (617) 631-7100.
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For Your Information

IEEE-488 to Parallel Converter

The GPIB-PRL is an 8-bit microcomputer-based interface tailored for
use as an IEEE-488 bus to parallel (Centronics) bus converter providing
transparent data conversion in either direction.

The unit can be connected to a GPIB listener, such as a printer or plot-
ter, to a computer with Centronics-type output port or it can be used to
add a standard Centronics-type printer to a GPIB network. The standard
GPIB-PRL includes an integrated DMA controller which transfers the
data directly to a 64K memory buffer (expandable to 256K) at rates as
high as 900K bytes/second.

The unit comes complete with on-board firmware, self- test circuitry,
and switch selectable IEEE-488 address for configuring the device as a
dedicated talker or listener. The price of the unit is $695 for the 64K ver-
sion and $995 for the 256K version.

For more information contact: David Green, Allan Crawford As-
sociates, 5835 Coopers Avenue, Mississauga, Ontario LAZ 1Y2. (416)
890-2010.
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Temperature and Humidity Instruments
Two new products from Lab Systems offer temperature and humidity
monitoring in critical environments.

The Day and Night Thermometer automatically records low and high
temperature extremes, using markers sealed in the capillary tubes. The
markers can easily be reset by turning a knob or by using an optional
keyed reset. The price is $24.95US.

The Hygromat direct reading hygrometer gives accurate “wet bulb”
readings of relative humidity without the use of complex charts. When
the drum inside is turned so the current temperature appears in the win-
dow at the top, the correct relative humidity appears beside the right
thermometer tube. The price of the Hygromat is $79.95US.

For more information contact Lab Systems, 555 Grizzly Peak Blvd,,
Berkeley, CA 94708. Ph: (415) 525-0947.
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Amstrad PC1640

Europe’s best selling personal computer is now available in Canada. The
Amstrad PC1640 is a 16-bit, 8 MHz 8086 machine with 640K memory, one
5 1/4” 360kB disk drive, mouse, joystick port, and light pen port. Three
IBM-PC compatible expansion slots are also included; hard disk control-
ler and mouse connections do not require the use of any slots. An option-
al 20 Mb hard disk is also available.

Serial and parallel ports are included, as well as full compliment of
software including Microsoft MS-DOS V3.2, GEM Desktop, GEM
Paint, Calculator, Clock-Alarm, Print Spooler and GEM Basic 2.

The standard 1640 comes with MIGA Hercules monochrome output
and a paper white monochrome monitor; EGA and CGA are optional.
Also included are a tilt and swivel monitor stand and an XT-style
keyboard.

The price? A very reasonable $1499.95 (CDN). For more information
contact AudioVideo Specialists Inc., 2134 Trans Canada Hwy. S,
Montreal, Quebec H9P 2N4. Ph: (514) 683-1771 or FAX (514) 683-5307.
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New 1553 Interface

The PC1553 is a low-cost MIL-STD-1553 plug-in interface board for the
IBM-PC, XT, AT, or compatibles. By providing an interface to the 1553
data bus protocol, the PC1553 enables PCs to be used to test, operate and
simulate equipment and systems using that standard.

The unit is capable of connecting a PC to a 1553 network, and as a func-
tional tester, can be used during the development, production and main-
tenance of products using 1553 interfaces.

For more information on the PC1553 interface contact Ballard Tech-
nology, 1216 NW 75th Street, Seattle, WA 98117. Ph: (206) 782-8704.
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For Your Information
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Gold-Ens Cables
Discwasher has re-introduced its 4m and Sm length Gold-Ens Connector
Cables at the recent Winter Consumer Electronics Show.
These cables are high-quality RCA-style connectors that feature gold-
plated ends, pure copper conductors and special age-resistant insulation.
The 4m set carries a suggested retail price of $17.95US while the Sm
Gold-Ens sell for $19.95US. These cables are also available in .5Sm, 1m,
and 2m sets and in triple cable sets as well for hi-fi/VCR hookups.
Available from Discwasher dealers across Canada at slightly higher
prices.
Contact: Donna Austi, HWH Enterprises, Inc., (212) 355- 5049.

Digital Pressure Gauges
The Beta Products series of digital pressure gauges offer an accuracy of
#0.5% full scale reading, and &1 count.

The Model 311 is for use in the low ranges of 0 - Spsi whereas the 312is
for use in pressures of 3 - 15psi. Both units also measure milliamps in the
range of 0 - 100 mA with 1 mA resolution on the 20 mA scale. These units
are compact (6” x 3.6” x 1.9”) and light-weight, weighing only 15 oz. Stan-
dard equipment includes: padded case with handle; built-in NiCad bat-
teries; battery charger; test leads; and instruction manual.

For more information contact Reggie Newton, Beta Products, 2029 Mc-
Kenzie Drive #150, P.O. Box 115004, Carroliton, TX 75011-5004. Ph:
(214) 241-2200.
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Pocket Megohm Meter

The U Meg Pocket Megohm Meg:r sigcgpable of testing static dissipative
and conductive materials over a ~ to " sensitivity range. Simple to use,
just place its bi-electrode sensors on the surface being tested, press a but-
ton and a series of six colored LEDS will illuminate indicating whether
the material is antistatic, static dissipative, or conductive.

The meter is suitable for testing static dissipative floor wax and
laminates, portable work surfaces, transparent shielding bags, foam, and
wrist/grounding straps. It comes supplied with a rechargeable NiCad bat-
tery and performs 1,000 tests per charge. The unit is small, lightweight,
and there are no wires, cables or electrical hazards. The price is $249US .

More information is obtainable from: Pauline Bendana, Marketing,
Charleswater Products Inc., 93 Border Street, West Newton, MA 02165.
Ph: (617) 964-8370.
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Motorola SMARTMOS
Motorola offers a complete line of SMARTMOS overvoltage and over-
temperature protection circuits to cover 5, 12, and 15-volt power buses
for protection against overvoltage. The product family is made up of six
components, rated at 7.5 Amps and 15 Amps. The devices are capable of
high peak capacitance discharge currents, 75 and 150 Amps, Or ten times
their continuous current ratings.

More information can be obtained from: New Product Inquiries,
Motorola Semiconductor Products, Canada, 4000 Victoria Park Ave.,
North York, Ontario M2H 3P4.
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For Your Information
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True R.M.S. Meter

The model AR700T is a 4 1/2 digit True R.M.S. meter with a DC volt ac-
curacy of 0.05%. This meter also features a two range built-in frequency
counter to 200 KHz, diode test, conductance, current measurement up to
10A AC and DC and an audible continuity tester.

All ranges are overload protected and battery life is typically 200 hours
on an alkaline battery. The unit is also capable of bench operation with a
standard 9V AC adaptor. It comes complete with test leads, battery, car-
rying case and is covered by a 1 year parts and labor warranty.

For more information on the AR700T contact Arthur C. Baier, BCS
Electronics Ltd., Units 6 & 7, 980 Alness Street, Downsview, Ontario
M3J 2S2, Ph: (416) 661-5585, FAX (416) 661- 5589 or Telex at 065-28169.
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High-Rel Guide

D.A.T.A. Business Publishing has announced a new reference digest,
High Reliability Electronic Components Digest, which contains detailed
component information for High-Rel ICs and discrete semiconductors.

A single annual edition of the new publication can be subscribed to for
$90 in Canada. Quarterly updates are $25 each and a special two-year sub-
scription which includes two annual editions plus six updates is available
for $300, $30 off the regular one-year subs rate.

For additional info or to place an order write to: D.A.T.A. Business
Publishing, c/o Tech-Trek Ltd., 1015 Matheson Blvd., Unit #6, Missis-
sauga, Ontario LAW 3A4. Ph: (416) 238-0366

Key Set
Unbrako's folding key set contains keys for seven of the most popular
sizes of TORX keys in a single convenient handle.

Each key is made of precision-machined and hardened chrome-nickel
alloy steel. The keys range in size from T-10 to T- 40 and can be used
straight out or at right angle for extra leverage.

The six-pointed star shaped recessed fasteners have become increas-
ingly popular for automobile and truck interior and exterior fittings, as
well as for appliances, electronic equipment, locking screws in carbide
tooling, power tools and office machines.

For more information contact: Larry Simpson, President, Standco
Canada Ltd., 101 Spinnaker Way, Concord, Ontario LAK 2T2. Ph: (416)
738-4050.
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Thermistor Surface Housings
Fenwal Standard Surface Housings are designed to position and protect
NTC or PTC thermistors which are mounted and operated in a given
medium. These special probe assemblies can be readily attached or
mounted with screws, threaded into surfaces, or cemented, soldered or
taped to a surface. Housings may be made of stainless steel, aluminum,
brass, plastic or other material. The most common types of thermistors
used in the Surface Housings are NTC Uni-Chips, beads, glass probes,
discs and PTC thermistors.

If you'd like some free technical information on Fenwal thermistor
products contact: Fenwal Electronics, 450 Fortune Blvd., Milford, MA
01757 USA. Ph: (617) 478-6000 or FAX (617) 473-6035.
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For Your Information

PC Waveforms

The Datamax is a general purpose waveform
recording system for IBM PC/XT/AT compatible
computers. Up to eight channels of analog informa-
tion may be monitored using your own transducers.
High resolution waveforms may be displayed on the
screen in real time and displayed parameters can be
adjusted to suit the waveform.

The unit includes an 8-channel universal
transducer interface, an A/D card (12 bits) and
comprehensive  software. Snapshots of any
waveform may be saved to disc and later retrieved
for analysis or printing. The system requires CGA,
EGA or Hercules display, and 640K RAM. Sam-
pling rate for each channel is adjustable in the range
from 10 to 1000 samples per second. Transducer in-
puts provide 10V excitation and accept full scale sig-
nal +/- 10, 20, 40 and 80mV; inputs from unipolar
sources accept +/- SV. The cost of the Datamax is
$3990.00US including hardware and software.

Contact Columbus Instruments, 950 North Hague
Avenue, Columbus, OH 43204 USA. Ph: (614) 488-
6176.
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TI Filter Video

A video tape from Microwave Filter gives an
overview of terrestrial interference, its sources
and symptoms and also shows a listing of 500
receivers and what filters may be applied to each
system.

Other equipment and accessories described are
a kit of filters and accessories for diagnosing T1, a
standard gain horn to determine the frequency of
interference and stick-on absorbers to dissipate
interfering microwave energy. Great idea for
anyone trouble shooting satellite TV systems. The
price of the video is $9.95US.

For more information or tape orders contact:
Linda DeCoursey, Microwave Filter Company
Inc., 6743 Kinne St., East Syracuse, NY 13057. Ph:
(313) 437-3953.
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Personal Logic Analyzer
The Pc/La Personal Logic Analyzer features the acquisition speeds, triggering capabilities and num-
ber of input channels that are normally associated with high performance instruments.

The basic unit supports 32 acquisition channels, external clock, and two clock qualifiers. It
samples data at a rate of 40 MHz on all 32 channels simultaneously.

Other features include: 4 channel glitch detect per group of 32 channels; 4096 sample data buffer
for each channel; user definable pre-trigger buffer size; and storage and retrieval of sampled data
and setup configurations. The unit is packaged as a single plug-in card for the IBM PC family. The
price starts at $2495 (FST not included).

For more information on the Pc/La contact Rayonics Scientific and Techmatron Ltd., authorized
distributors, or Alan Simmons at V- Corp., 285 Raleigh Ave., Scarborough, Ontario M1K 1AS. Ph:
(416) 266-5511.
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Chinese Get Direct Dial

Bell Northern Research of Ottawa, Ontario, recently announced the develop-
ment of an exploratory gallium arsenide (GaAs) circuit that can handle signals
at 5,000 cycles per second (S GHz).

The circuit attains its extremely high speed through the use of a BNR chip
design that employs gallium arsenide and air bridge technologies. Air bridges
form a complex network of highly conductive metal pathways that direct infor-
mation through the circuitry on the chip. Made of gold, air bridges are sup-
ported above the circuit by posts to avoid contact with the chip’s surface.

The circuit, known in the industry as as 4 x 4 space switch, creates direct
electrical paths between the chip’s four input and output channels, with data
passing through the channels in a continuous stream.
»

The end of 1987 saw the dawn of a new age in technology in the People’s
Republic of China. On December 24th, China opened its first direct dial
telephone exchange between Beijing and the outside world.

According to an official at the Ministry of Posts and Telecommunica-
tions, the project has a 400 circuit telephone switching exchange and a
3,000-line telex switching exchange manufactured by Siemens of the
Federal Republic of Germany, and microwave systems made by GTE of
Italy.

The official also claimed that callers from Beijing will be able to call
19 countries and regions using direct dialling including Japan, Hong
Kong, the United States, France and Italy.
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For Your Information

World’s Fastest Chip

than the current generation of advanced DRAM:s.

chip to useful levels.

IBM RISC Processor

conventional form.

IBM researchers recently announced that they have what is believed to be the world’s fastest DRAM chips. These
experimental IBM chips can retrieve a unit of information (bit) in just 20 billionths of a second - three times faster

The advanced design directs power on the chip more precisely, supplies faster circuits at critical points in the
chip’s access paths and provides more sensitive circuits to detect and amplify the almost infinitesimal signals on the

IBM is also doing research into Reduced Instruction Set Computer (RISC) microprocessors which are said to in-
crease both the speed of memory and logic while decreasing the physical dimensions of the chips.
One such experimental RISC chip, called a fixed-point processor, ran 60 per cent faster than the same chip in a

RISC is a concept invented by IBM Fellow John Cocke in 1975 and is applied today in the microprocessor engine of
the IBM RT PC engineering workstation as well as in other IBM processors. The RISC concept has also been
adopted by the computer industry as the basic blueprint for a number of advanced microprocessors.

New Intron Scope

The Intron DSO-2020A features 20M samples per second as well as 20
MHz real-time bandwidth. The DSO-2020A also has an 8-bit by 2K
memory per channel, X-Y storage and X-Y(t) plot output.

For more information contact RCC Electronics Ltd., 310 Judson Street,
Unit 19, Toronto, Ontario M8Z 5T6. Ph: (416) 252- 5094 or FAX (416)
252-3031.
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Computers and Roses

At the University of Guelph, roses
will soon be programming com-
puters. Researchers in horticul-
tural science who listened to
plants to determine their need for
water no plan to let these plants
regulate their own greenhouse en-
vironment through an automated
computer control system.

“Plants are the ultimate en-
vironmental sensors,” says hor-
ticultural  science  professor
Michael Dixon. They can tell us
what their needs are in terms of
light, temperature, humidity and
soil moisture.

The current project will inves-
tigate the effectiveness of a com-
puter-automated control system
that responds to changes in a
plant’s water status. One result of
this research will be the develop-
ment of a set of minimums and
maximums, reliable parameters
that will enable growers to make
better use of sophisticated com-
puter equipment.

“The greenhouse industry’s
rapid adoption of computer tech-
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nologies has created a manage-

’Tnti Noise Car Stereos
From Britain we bring you this
little piece on car stereos that
stifle engine boom as they play
music.

Engine boom is a problem in
most modern cars and happens
when the engine vibrates at the
same frequency as body panels,
seats or even the air inside the
vehicle. It's usually the loudest
when cruising at engine speeds
of around 4,000 RPM.

Lotus, a British engineering
company, believes that its adap-
tive noise control system, which
instantly responds to engine
boom by generating sound of
equal amplitude but opposite
phase, could be incorporated
into conventional car stereos.

The system has been perfected
over the past 18 months as a
result of collaboration between
Lotus and Southampton Univer-
sity scientists.

The recently demonstrated
Lotus system used a computer to
simulate the engine boom, and
four microphones with two 80W
loudspeakers to suppress it. A
Lotus spokesperson says the
amplifier and speakers of car
stereos installed in many cars are
good enough to support the anti-
noise system, so only the inex-
pensive microphones and a small
computer need be added.

If you'd like more information
on the anti-noise car stereo sys-
tem, contact: Lotus Group, Nor-
wich, Norfolk, England NR14
8EZ. Ph: +44-953 608000 or
FAX +44-953 606884.

ment dilemma,” Dixon says.
“While an automated greenhouse
can maintain an environment, the
grower may not know the optimal
settings for variables such as
temperature, humidity and light
intensity.  Unfortunately, the
development of sensor tech-
nologies has lagged behind control
hardware and software,” he
added.

Dixon hopes to change that
situation by improving sensor
technology and evaluating the
problems and advantages of com-
puter-automated greenhouse en-
vironments. The department has
received much assistance from
North American rose growers,
and more than $270,000 from the
Ontario Ministry of Agriculture
and Food will provide the neces-
sary technical expertise needed to
operate the program throughout
its three-year duration.

1t is the ultimate objective of the
project to evaluate the plant’s
response to the whoe environment
and then use that response to trig-
ger the automated system that
controls the environment.
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Precision PSUs

The PS732 series from O.K. Industries fea-
ture dual 3 3/4 digit display for simultaneous
metering of current and voltage. Output
controls provide 0.1% accuracy for voltage
readings and 0.3% accuracy for current
readings.

The PS732 has a single output of 0-30V/0-
2A while the PS732-Q features a dual out-
put/quad mode which includes: 2 x 0- 30V /0-
2A;  0-30V/04A;  0-60V/0-2A;  or
0=£30V/2A. The third model in the series
has three output capabilities including 0-
30V/0-2A; 0-30V/0-1A; and £5V/7A.
Prices start as low as $345US and more in-
formation is available from O.K. Electronics
Division of O.K. Industries Inc., 4 Executive
Plaza, Yonkers, NY 10701.
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Designers, Engineers, hobbyists:
Looking for that hard-to-find circuit?
Try search on bibliographic data base.
Thousands of pratical circuits from
dozens of journals. Many scientific
applications. Ask for manual.
CIRCUIT SEARCH. P.O. Box 268,
sslau, Ontario NOB 1MO

DRIGINAL TRI-MODE parts $89.95,
3B3 Parts $69.95, Notch Filters
$39.95, Catalogues $1.00,

;ENIE, Box 522, Montreal, PQ,
13S 2Vv3

CABLE TV DESCRAMBLING
TECHNIQUES. 56 pages. $13.95.
Channel 3 notch filter $39.95.
Amazing see-in-the dark infra-red night
view kit $295.00. SCA background
music kit $49.95. Catalogues $1.00.
OCTE(J), Box 173, Montreal, PQ.,
H3X 3T4. (514) 739-9328.

COMPUTERS and Electronic
components at reasonable prices.
Send $2.00 for 1988 Catalogues and
be on mailing list for one year of
'Bargain Flyers.’

M.O. Enterprises, Box 2066,
Bramalea, Ontario, L6T 3S3

L

For Advertising Information Call:
(416) 445-5600 Or Fax:
416-445-8149

Electrostatic Field Meter

This compact, lightweight meter utilizes a four
color array of twelve solid state LEDs to indi-
cate the magnitude and polarity of electrostatic
fields.

It features a single range selector switch that
enables the user to select either a 0 to *500
volt range or a 0 to 5KV range. A yellow
X10 indicator illuminates when the 0 to
+ SKV range is selected to remind the user to
multiply all readings by 10. Polarity indication
will automatcally switch whenever the field
polarity changes.

For more information contact: Sharon
Sandy, electro-tech systems inc., 115 E. Glen-
side Ave., Glenside, PA 19038.
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50 MHz Pulse Generator

The Tabor 8500 is a GPIB pulse generator
which is fully programmable and is capable of
generating high power pulses with rise times of
less than SnS.

Using a 7 digit LED display the 8500 can
operate within a period range of 20nS to 2S. At
a slightly reduced amplitude level this range
can be extended to 14nS (above 70 MHz)

Also featured are a burst generator func-
tion, reciprocal counter/time, and storage for
up to 30 pre-programmed set up states in non-
volatile memory.

Contact Bruce Petty, Duncan Instruments,
121 Mitvan Drive, Toronto, Ontario M9L 1Z8.
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Assistant Editor Moves On
Edward Zapletal, Assistant Editor of
Electronics & Technology Today is moving on
to become Editor of a new Moorshead Publica-
tion titled - Business Computer News. Mr.
Zapletal began with Electronics Today as
Editorial Assitant in May of 1984 and later be-
came Assistant Editor in September of 1985.
Business Computer News will publish its

| first bi-weekly issue on April 15th, 1988.
Continmed-onpage 40.
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natural adventure among
friends. We specialize in
2 day altinclusive whitewater
A . 3 i 0¥ rafting packages on the Ottawa River,

= VW2 PP 90 minutes west of the Nation's Capitel
B No experience is necessary for what will be the
' highlight of your summer.
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BACK ISSUES
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Canada’s Magazine for High-tech Discovery

For advertising or subscriptions
please call (416) 445-5600 Fax: 41 6-445-8149

The UPS

A parcel service? The Uninterrup-
tible Power Supply keeps com-
puters and other equipment going
during power failures. Here’s how
they work, from mainframes to
micros.

Bulld a Pseudo Echo Unit
The simplest echo unit going —
it's actually a special form of
tremolo clrcuit.

Shockmounting electronic
cabinets — Build a capacitance
meter — E&TT reviews a
superconductor kit that you can

buy.

BE SURE OF YOUR ISSUE
EACH MONTH.
SUBSCRIBE TODAY.

Bonus!

Subscribe today and receive a sampler disk
filled with great public domain software programs
(IBM PC/MS DOS format only). This disk
contains great games like Pango and Pitfall,
as well as a fantastic Chess program
and some great DOS utilities.

See what you’ve been missing!

Regular value: $19.95
Time Limited Offer

Moorshead
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1300 Don Mills Rd., North York, Toronto, Ont. M3B3M8
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Tester

An in-circuit transistor tester

that will test your components rather

than your patience.

How many hours have you spent
testing transistor after transistor in
a ponderous search for the monstrous
component that has blackened your
golden PCB? How often do you wish
for a device that could tell good from
bad with a single prod from a probe?

Wish no longer. This tester will con-
firm a single measurement if a diode,
transistor or thyristor is OK as well as
showing its polarity (PNP/NPN for a
transistor and PN/NP for a diode). It is
tolerant of in-circuit resistance of the
order of 40R across the junctions so
you can flit from component to com-
ponent without once reaching for your
soldering iron. There is even a buzzer
which sounds whenever a healthy piece
of semiconductor is tested.

The Test

To test a transistor a SHz square wave
is applied to the collector-emitter ter-
minals of the device being examined
(see Fig.1). Forward bias is supplied to
the base, again with a 5Hz square
wave.

The low saturation voltage of a
good transistor is taken as the indica-
tion of a good device but is differen-
tiated from a short circuit by checking
that conduction occurs in one direc-
tion only.

E& TT April 1988

By Allan Wilcox

If conduction occurs on the positive
half-cycle (relative to the emitter) this
is interpreted as being a good NPN
transistor,
Conduction on the other half-cycle
would be due to a good PNP device.
The design criterion here is that the
collector-emitter voltage must fall
below 500mV for a good indication to
be given. This ensures the tester ig-
nores any diodes that may be in circuit.
This is particularly important in order
to detect a collector- base short which
would act as a diode, conducting on
one half- cycle only and erroncously
indicating a good device.

Diodes, thyristors and Darlington
transistors have a forward voltage drop
between 500mV and 1V so to test
these a separate range is provided. On
this range the threshold for a good in-
dication is increased to approximately
1V.

The Display
A 4-digit LCD is used to show the
status of the device under test. The
first three ’digits’ can show either an n
or a p, and indicate the device type.
The first digit is blanked when testing
diodes.

The fourth digit shows either a t or
a d to indicate_transistor or diode

v

range. It also serves as an ‘on’ in-
dicator. Failed devices will give a dis-
play of nnn on the LCD if the test ter-
minals are short circuited. If they are
open circuit, the first three letters of
the LCD are blank.

Construction
The component overlay for the main
PCB is shown in Fig. 2. All ICs are
CMOS and so the usual precautions
against static should be taken. Note
that they all face the same way on the
board.
All odd numbered transistors are PNP
and even numbered are NPN. The
presets RV1, RV2 may be replaced by
4M7 fixed resistors with just a small in-
crease in the responsc time resulting.
Avoid any stress on the LCD display,
taking care not to overtighten any
fixing nuts. The mounting bezel
specified comes complete with two
socket strips on a board. These were
removed and used on the display PCB
(fig.3). Take care to observe the
polarity of the ribbon cable when con-
necting the main PCB to the display
PCB.
Note that the two switches are momen-
tary push to make, similar to a
keyboard type. The ones used on the
prototype were from the junk box.
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Transistor Tester

NOTE.

iC1 = 40478

IC2 = 40178

iC3.4~ 40118

IC5,6 = 40708

Q1,385,79 = BCIO7 or similer
Q2,4,6,8,10 = BC237 or similer
D18 = 1IN4148

821 = PIEZO-ELECTRIC BUZZER
LCD1 = 4 DIGIT LCD

ey 1
SUPPLY LINE .'c'z‘s': ALTE G e’
WIRING PINY PINS 79,12

RS R10
10k

#

[+

1

C

R21
Mo

13

DISPLAY
PCB

R9
10k

-2
-
=

P> 50Hz

10

h I;r?env
-v 12
The complete circuit diagram.
Shock, Horror, Probe Testing And Setting Up test mode.

Testing a transistor involves connect-
ing into the circuit at three separate
points. Manipulating three individual
probes with only two individual hands
can be a practical problem. To over-
come this, a special collector-emitter
test probe was constructed using a
small Eveready torch case into which
were fitted two short lengths of curtain
wire to form the probes. Dart points
were filed down to fit tightly into these.
The result can be seen in the
photograph.

The probe used for the base con-
nection is one commercially available.
In addition to sockets for the circuit
probes, a transistor socket was fitted to
the from panel of the case to ease the
testing of devices out of circuit.

If the presets (RV1,2) are fitted, turn
both counterclockwise and connect up
the batteries. When on, the display
should blank apart from the mode in-
dication which should be a d or t. This
should alternate each time SW2 is
operated.

Now select the diode mode and ad-
vance a preset until the display starts
to flash, then back off until the display
just blanks. Repeat this procedure with
the other preset.

To test the unit connect a diode
across the collector-emitter terminals.
The display should show pn when the
diode anode is connected to the col-
lector terminal and np when the diode
is reversed. There should be no
response from the connection of the
diode when the unit is in the transistor

Check the transistor mode usipg a
good transistor of each type. The dis-
play should remain blank until the base
conncction is made. Now short the col-
lector-emitter probes together and
check the display shows nnn.

Note that the buzzer will sound con-
tinuously while a good device of any
type is connected. This is useful for
rapid testing of components on a
board when there is no regard for
polarity. Thyristors should be tested on
the diode range due to their higher
saturation voltage. The collector, emit-
ter and base terminals become anode,
cathode and gate respectively. A good
device will show pn (it does of course
act as a diode) but only when the gate
connection is made. Confirm that
point otherwise it is faulty. If the

E& TT April 1968




Transistor Tester

TO OISPLAY PCB
g Parts List
Resistors (.25W, 5%)
R1 4k7
R2:4.611. 230 . et et 10k
R35¥151608. .« Sl 100k
RUAE ... e B0 180R
73105 4105 1 ey 330R
RAGNMES24.. .5 s S 47k
R19,20,21,22 .....ccccuneneee. 1MO
RV v, e e 4M7 trim
Capacitors
(CIES ey 1 100n
Semiconductors
(@ b B re® it o 4047B
(€7, mt B s ok 4017B
LE3 M. .0 e pmars 4011B
(@5 S S 8 40708
Q1,3,5,7,9 ...2N3905 or equiv
> ou/orF Q2,4,6,8,10. 2N3094 or equiv
"é%?ia/ Miscellaneous
g > SW2 BZ Aol piezo buzzer
SK,{;___. 4y Ry LCD1.......... ICM7211AIPL
by i35 -V 4-digit
8%t direct-drive LCD
SISl ol push-to-make
Battery holder, LCD bezel, case. The LCD
is available from Electrosonic, 1100 Gordon
Baker Rd., Witlowdale, Ont. (416) 494- 1555.

The main PCB.
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IRERERR
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21 ‘2_0
LCD1

r 5
0]

Component overlay for the LCD.
; / o\T
A
3 ] .

The LCD printed circuit board.
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thyristor has an internal diode then it
will show np before the application of
the gate connection due to the conduc-
tion of the internal diode.

Once the gate connection is made
in this case, the display will show nn
(which would normally indicate a short
circuit) due to a legitimate conduction
in both directions. The display will
similarly show nn when testing two
L 4

diodes which are connected ‘back to
back’. A check can be made that this is
due to conduction through two good
diodes rather than a short circuit by
switching to the transistor range and
checking the display blanks off.

Darlington transistors also have a
high saturation voltage and can be
tested in the same way on the diode
range. Darlingtons with internal diodes
mean that an NPN device for example
will display np due to an internal diode
which updates to nn upon application
of the base connection in both direc-
tions.

A flashing display at any time
should normally be interpreted as
being a good device of the type indi-
cated but with the presence of a large
value electrolytic capacitor across a
junction. The presence of such a com-
ponent in circuit will give some con-
duction in the opposite direction to the
semiconductor being tested and cause
this effect. As a result, this unit is not
really suitable for checking mains
supply rectifiers. Because of the low
resistance of the supply transformer
winding, the reservoir capacitor is ef-
fectively across the diode as far as the
tester is concerned. If the capacitive
reactance is below 40R or so at SHz, a
short circuit indication will result even
though the rectifier may well be OK. A
low battery will first show up as the
display flashing at all times.

How It Works

Gates a and b in IC3 are wired as a
bistable that changes state each time
the on/off switch SW1 is pressed.
When pin 3 is low, Q1 is turned on
through R1 and power is supplied to
the rest of the circuit. Gates ¢ and d
are also connected as a bistable, this
time changing state when the transis-
tor/diode switch SW2 is pressed. In the
transistor test mode Q2 and Q3 are
biased on, effectively shorting out
diodes D1,2. (Some features of the dis-
play are also controlled by this bis-
table). These diodes come into effect
in the diode test mode, raising the
threshold voltage for testing as men-
tioned above.

IC1 is connected in the astable
mode having a frequency set at 50Hz
by R24 and CS5. This provides the
waveform to drive the display and is
divided by IC2 to give the SHz square
wave used to drive the bridge circuit
formed by Q4-7. The result of this is

that the collectors of Q4,5 have a 5Hz
square wave that is the inverse of that
on the collectors of Q6,7. A 1V peak-
to-peak waveform is this generated
providing an AC supply ot the test ter-
minals.

The potential to the collector-emit-
ter terminals is limited to 600mV in
each direction by the basc-emitter
junctions of Q8,9 across these ter-
minals in the transistor text mode. In
this mode Q2 and Q3 are always on as
the Q4 and Q5 collectors switch be-
tween the supply lines because I1C3 pin
10 is high while pin 11 is low.

Assuming no device is connected
tot he test terminals, Q8 and Q9 will
conduct alternately, again at 5Hz
When the common emitter line is low
Q8 is biased on through R13 and when
it is high, Q9 received its bias via R14.
It is the conduction or otherwise of Q8
and Q9 that is monitored by IC4 to
provide information on the device
being tested. Q8 charges C3 each time
it conducts, and the time constant C3-
RV1 is such that the input to gate IC4d
remains below its switching threshold,
thus holding the output pin 1 high.
Conduction through Q9 on the other
hand charges C4 so the input to gate a
stays just above the switching
threshold, keeping output pin 3 low.

The collector-emitter junction of a

transistor being tested is effectively
across the base-emitter junctions of Q8
and Q9 so if, say, a good NPN transis-
tor is in circuit the bias to Q8 is
diverted and it will switch off. Forward
bias to the test transistor at this time is
through Q7 and R12.
Similarly Q9 will be turned off by the
application of a PNP device, this time
biased by Q6 and R12. A short circuit
across the collector-emitter connec-
tion will of course turn off both Q8 and
Q9. A diode across these connections
will draw some current but this will be
insufficient to effect conduction of Q8
and Q9. This ensures a transistor with
a base-emitter or base-collector short
will register.

In the diode test mode, the bistable
IC changes state, reverse biasing Q2,3.
D1 and D2 are effectively in series
with the bias feed to Q8 and Q9. A
diode connected across the collector-
emitter terminals will be able to turn
off either Q8 or Q9 depending on
which way around is connected.

The time constant RV1-C3 and
RV2-C4 is dictated by the choice of
E& TT April 1988
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5Hz as the rate at which the supply to
the test terminals is reversed. This in
turn is a trade off between the
response time of the instrument and
rcasonable immunity to the effect of
any large value electrolytic capacitor
that may be in circuit across a junction.

Good immunity to in-circuit resis-
tance is achieved because the rcsis-
tance across the junction must fall
below one tenth of the value of R13,
14in the case of the collector-emitler
connection and one tenth of R 12 in
the cast of the base-emitter connec-
tion before the conduction of Q8,9 or
the transistor being tested is affected.

In-circuit resistance below this will
reduce the bias in cach case to under
the 600mV required for conduclion.
A conventional 4-digit LCD us used to
indicate the status of the deice being
tested. The display is driven by a per-
fect square wave from the bistable out-
put of IC1. The individual segments re-
quired to represent the desired letters
are driven by the exclusive-OR gates of
IC5 and ICé6.

The clock output from pin 10 of IC1

is connected to one input of cach EX-
OR gate and also to the backplate of
the LCD. If the second input to any
gate goes high, a square wave will then
turn on any segments connected to the
output of that gate.

Open circuit across the test connec-
tions blanks the first three letters of
the LCD since both inputs to IC4 from
Q8 and Q9 are high, forcing a low on
pin 10 and the five control inputs of
the relevant gates. If a good NPN tran-
sistor is tested, Q8 turns off, sending
the output of IC4d low and IC4c high,
displaying nnn and releasing control of
the lines through R17 and R18. Since
Q9 is o, IC4b is high and the display
npn is completed.

With a PNP transistor, the output of

IC4b goes low as Q9 turns off, leaving
n showing on the second digit. A p is
completed each side from IC5b and
IC5d, since the output IC4d is high.
In short circuit, both Q8 and Q9 are
off, sending the lines through R17 and
R18 low. This leaves a display of nnn
from the high output of IC4c.

In the diode mode, the first digit of

the LCD is blanked by sending the
control inputs of IC5b and IC6c low
through D7 and D8. The bistable ICs
turns off Q2 and Q3 placing diodes D1
and D2 in series with the bias path to
Q8 and Q9. The voltagc across the col-
lector-emiltler test connections is now
about 1.2v and the application of a
diode will cause the cutoff either Q8 or
Q9 depending on its direction. This
displays either pn or np as described
above.

The buzzer sounds if the inputs of
gate IC6b are different, which only oc-
curs when a good device is in circuit. B

7724}> BREAK

THE PATTERN
OF POVERTY

Please contribute to:

LISC 472 e

Ottawa

Canada| =

(613) 234-6827

What you Didn’t Know About Solder Guns:
Z-50 CORDLESS sOLDER GUN

PRINCIPLE OF OPERATION

The Z-50 soldering tips contain both the heating element and
temperature sensor. The combination of a small tip mass,
powerful heating element and fast sensor response assures
the very efficient use of the energy stored in the batteries. In
operation the tip temperature actually increases to match the
workload.

o Lightweight: 11 0z./315g.

e Charging Unit included - doubles as
docking station - overcharge protected
CSA Approved.

e Cordless for safety and
convience and 4 hr. recharge

* Made in Canada

* 650°F within 10 seconds at
full charge from cold start.

e Since tip temperature rises to match
workload there is no longer a need for
more than three tip styles.

e Full 1 year warranty (tip excluded)

ggfr?'r?f--rme Point” $14.95 1-800-363-9120

Please add $8.50 for postage and handling. Quebec residents add applicable P.S.T.

Zimac Laboratories
111 Bombardier St.,Chateauguay

Quebec J6J 472 (514) 691-5510
Fax (514) 691-6467
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Uninterruptible
Compu_ter Power System

-
—

.l
'
Powser Control

- ’
Computer SLANBY PO Systam

/

Complete Power Protection for Serious Computers

The new Power Control SPS protects against Power Failures,
BrownQuts, Surges, Sags and Impulses. Emergency AC Power is
automatically generated from the enclosed heavy duty batteries,
while audible, visual and remote alarms alert the operator. Power is
conditioned with surge suppressors and line filters, providing a
continuous, computer grade electrical supply.

« Superior Technical Specifications
« Available up to 1200 watt
e Load Transfer in less than 2 milliseconds

e Surge and Spike Protection up to 300 joules

« Battery Recharge within 4 hours

« Very Quiet Operation

« Audible and Visual Alarm Indicators

¢ Remote Alarm Contacts

+ 12 Months Unconditional Warranty

» Manufacturing and Service in Canada

Power Control Inc.

12 - 175 Toryork Drive Toronto Canada MOL 2Y7
Phone: 416 747-6644 FAX: 416 747-9070
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Four GOOD Reasons to Try
SuperDisk Software.

For

Your
Mind...
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by Bill Bovee

1911 PATH
I’lmm'

e
A superb collection of general utilities. You get the Extended
Batch Language; a fast file compression and
“Un”-compression utility; a directory sort utility; a TSR
memory manager that lets you install and de-install memory-
resident software and much more!

SuperDisk 2

Games, Games and more Games! You get Blockade, Daleks,
RLOGIC, Letfall, Wimps, Flightmare, Pyramid and HI —9
games in all. A fantastic disk! CGA required for some games.

dBase 111 and Cligper utilities. If you’ve been programming
with dBase 111, these utilities will help you write and debug
your code faster than you thought possible.

Utilities and IA %)ications. Include Deaf tir
tool; PCSTYLE, a simple | |
EXPENDIT, a personal finance program;mlNDg R, a
good clock/reminder utllity and much, much more!

8 S

Applications! This disk includes DATASCAN, & great
statistical analysis program; ZENCALC, a small spreadsheet
that includes many mathematical & finandial functions;
PC-Flow, a flow chart creation program, DR.COMM, a fast
directory utility and SIMCGA, a recent version of a utility
which displays CGA graphics on Hercules-type graphic
displays. Indispensable!

For
Your
Leisure...

¥z lolmn§

¥ Bin. = 2360601
¥ Max. = 8. 86B%00]

Xz Column_|

N, = LA
X Max, = 7, M55Ee8

Use thece keys

0 Apve cursar,

i‘% to mie cu‘su:,

0 2000 bl .

R for Re esz a:if
0 quit,

F1 for help,

Colunn_! Colum § Column_§ Column 7 Columa 8 Colum 9 Col. 10 Cal._l]

$19.95 each

Plus §1 for shipping and handling.

Moorshead Publications

1300 Don Mills Road,
North York, Ontario
M3B 3M8

Phone: (416) 445-5600
Fax: (416) 445-8149

Visa, Mastercard, and American
Express orders are welcome.
Ontario residents, pleasc add 7%
PS.T.

Ask for Our FREE
Software Catalogue!

SuperDisk Software has been carefully
collected from Public Access Bulletin
Boards from accross Canada and the

United States. All programs are believed
to be in the Public Domain. Software
has been tried on a variety of
computers, including XT’s and AT’s
with and without hard disks. It is
believed to be safe and compatible with
all IBM PC/XT/AT and compatible
computers. We can not guarantee that
each program will work on every PC.

SuperDisks can be exchanged for a full

refund if you are not satisfied.

Ev we ( udes a nice version of YAHTZEE;
M D ajg space adventure game; MAYAKDM2
a Mayan Kingdom adventure. You also get 3-D Tic-Tac-Toe,
ICBM, a Crossword Puzzle maker, ROBOT and BLACK-
JACK. CGA required for some games.

SuperDisk 7

A mes_You get NFL Football; SOPWITH?2
flight simulator, éOMOKU, an ancient srategy gamee;
TICK, space invaders with a twist; an EGA solar system
simulator; HIQ for the intellect and KILLER. CGA required.

SuperDisk 8

ag, of ut games and just plain fun! You get
\X/gD, aalftility that calculates flyin u'Pmes and distances be-
tween various world cities; HLPURSLF, a resident on-lin®
help system that lets you create your own help screens;
UNIX, a nice PinBal( ame; TAQ, spiritual wisdom; EP, a
nice PATH editor; VDE, a small WordStar- like text editor
and HAVE, a system environment checker.

For Lows lovers only! An interesting collection of Lots
worksheets and utilities. You get: TEMPLATES of DOOM,
a Lotus adventure game that lets you use Lotus commands to
solve several mysteries; HANGMAN, a nice version of an old
game; a host of utilities, templates and macros 1o make time
spent with Lotus 1-2-3 even more productive. (some
Worksheets require Lotus 1-2-3 version 2.0 or higher)




IF YOU WANT TO GET
INTO PC SERVICING,
YOU HAVE TO GET
INTO A MICROCOMPUTER!

Building Your Own

Desk-Top Computer!

NTS Intronic Home training
gets you right down into the heart
of computer circuitry. Learn how
microprocessors function, how
they operate and are used to
solve problems. Your program
includes a wide variety of tests
l and projects you perform as you
' build your own PC, circuit board
by circuit board unit by unit.

SEND FOR “FREE
COLOUR CATALOGUE"
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Hand-On Training With
Your (IBM Compatible)
PC-XT Puts You At The
Leading Edge Of
Technology!

This remarkable desk-top PC is
the most powerful and versatile
ever offered in any home study
course. Advanced features of this
PC-XT include:

e 16 Bit 8088 microprocessor for

IBM compatibility
® 640 K RAM for high speed

performance
® 8 expansion slots
135 watt power supply
® Dual 360K double density

floppy disk drives
® Colour graphics/printer adapter

card
e Operating system included:
MS-DOS with GW Basic
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The
Scientists
Tell

Me...

By David Dempster

Getting Well With the
Ginko Tree

For more than 5,000 years the
Chinese have used ginkgo leaf ex-
tract because of its unique healing
powers. In fact, so popular is the

medicinal properties of the ginkgo,
Europcans and Asians spend over
$640 million annually on over-the-
counter ginkgolide compounds.
Doctors in Europe and Asia
prescribe ginkgolides for a variety
of diseases, from asthma to
Alzheimers.

But now a Ifarvard University
professor and his collcagues have
synthesized a chemical that repli-
cates the ancient hecaling power of
the Chinese ginkgo tree, a
breakthrough that could have im-
portant medical applications.

Professor Elias J. Corey recently
announced that after more than two
years of research, they have syn-
thesized ginkgolide B, the most
potent medicinal compound in the
ginkgo tree.

Despite attempts by laboratories
around the world to synthesize the
medicinally potent chemical, most
have failed and thrown in the
sponge. Not so Professor Corcy. He
is the Sheldon Emery Professor of
Organic Chemistry and his lab,
which has synthesized more than 80
complex molecules in the past 30
years. Corey says tha ability to make
the chemical will help scientists
evaluate the specific health benefits
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of each ginkgolide compound and
make it easier for drug companies
to obtain large amounts of those
that are most promising. Without
this capability, only small amounts
of the compound can be extracted
from the leaves by a time-consum-
ing process.

However, says Corey and other
researchers, medical application of
the synthetic chemical is still some
way down the road. IHowever, he is
content to let pharmaccutical com-
panies explore its potential for fu-
ture medical use while he con-
centrates on the synthesis of similar
molecules.

“My lab provides the chemistry
to make it possible to synthesize
similar, but simpler, related
molecular structures whose
therapeutical use may be even
greater than ginkgolide B,” said
Corey. “Our role was the dis-
covery.”

Corey is of the opinion that the
ginkgolide B discovery may have
many applications. Doctors in
England have already tested
ginkgolide B on humans, for treat-
ing asthma and allergy-type respon-
ses. The positive results, which
agree with many centuries of casual
observation, suggest that
ginkgolides could make good
medicines for those maladies, says
Corey and others.

UV Curable Encapsulant
Seals Connectors

The post and box style connectors
widely used for today’s multiple
lead printing wiring assemblies pose
new challenges for protective con-
formal coating. An unsealed con-
nector can open a pathway for un-
wanted moisture and contaminant
to reach the circuitry. Additionally,
during the coating process material
can wick into the contact area and
interfere with the insertion of
mating parts, forcing manufacturers
to scrap boards worth thousands of
dollars.

But now there is an answer to the
problem. A new encapsulating
material has becn developed to
overcome these difficulties. An
ultraviolet heat curable encapsulant
is especially designed to backfill or
preseal connectors which can then
be used for printed wiring as-
semblies requiring conformal coat-
ing.
¢ A product of Dow Corning, the
encapsulant is a methacrylated/acry-
lated urethane supplied in one com-
ponent. It is dispensed directly into
the contact tail and cavity area and
is formulated to be wused in
automated dispensing systems. The
thixotropic material, known as
UVEXS 605-A, flows just far
enough into the connector cavity to
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seal it before returning to a high vis-
cosity. It cures in seconds on ex-
posure to UV radiation and the
one-step dispensing and curing
operation is said to be accomplished
in as little as 15 seconds.

Dow Corning is also developing a
new testing system to locate leaks in
sealed connectors and determine
their size. It is claimed the new test-
ing device will overcome many of
the problems associated with
solenoids, and will verify that a con-
nector is sealed in a fraction of the
time previously required.

New technologies
Needed for Future Space
Missions

New rocket cngines that can carry
heavier payloads into higher orbits
at lower cost, nuclear propuision
and power systems, and flexible
robots that can mancuver in zero
gravity — these and more are some
of the new technologies nceded in
years ahead if the United States
wishes to retain its competitive
status in space. So says a National
Research Council Committee in
their report to the National
Aeronautics and Space Administra-
tion (NASA). The committee
pointed out that many basic re-
search programs were terminated
or allowed to wither before he tech-
nologies were rcady for use. Since
the closc of the Apollo program, it
added, “little has been done to en-
hance or develop the basic tech-
nologies that will enable future mis-
sions or provide thc nation with a
variety of options for the space
program. The shuttle, itsclf, was
built largely with existing technol-
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The committee recommended
that NASA place its highest priority
on advanced propulsion tech-
nologies. The space shuttle main
engine is the only significant
development in space propulsion
for the past 20 years, the committee
said.

Although Saturn heavy-lift
vehicles has been successfully
deploycd, they have becn discon-
tinued, as have research programs
in nuclear propulsion. If United
States wants to explore nuclear-
propelied spacecraft, the report
says that the country must start
over because much of the technical
base was lost.

Facilities were mothballed or
converted to other uses. Today a
great deal of the present knowledge
“resides in memories of now retir-
ing scientists, metallurgists, and en-
gineers,” the committee stated.

What does all of this mean in
dollars? The committee sees the
need for the U.S. to retain its com-
petitive status, not necessarily its
pre-eminence. For the past eight
years, the U.S. has ejoyed a positive
balance of trade in aerospace with a
surplus of more than $10 billion
(US) annually. But now there is
strong competition from Europe,
Japan, and the Soviet Union.

And the solution. According to
the committee, 7 percent of
NASA's budget should be allocated
to R & D over the next decade to
help develop breakthrough advan-
ces. As well, such funds should be
protected from short-term require-
ments of special operations such as
the space station.

In making its selections, the
panel of 16 aerospace experts con-
sidercd future demands in four co-
called “driver missions”: space
science, national security, and
humans-in-space. It identified eight
key technologies that, it said, had
been “relatively neglected” during
the past decade or longer. Accord-
ing to the committee, advances will
be needed in propulsion, technol-
ogy for humans in space, life sup-
port systems, automation and
robotics, power, materials and
structures, information and control
systems, and sensors.

Space transportation. Future
missions will require reusable,
economical engines that can put
humans into space and return them
to Earth; and rockets to boost
payloads from low to high orbits. If
humans are to be involved in long
missions, to Mars, for example,
high-thrust systems with shorter
transmit times will be needed, the
committce said. Planned for the
late 1990’s, work on the main en-
gine would have to begin im-
mediately, it said.

Space Science. Among space
science missions the committee
identified as technology "drivers"
for the mid-1990’s are the Earth
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Observing System, a group of tele-
scopes in space to study the Earth’s
atmosphere, surface, and interior;
the Large Deployable Reflector, a
space telescope about 10 times
larger than the Hubble Space Tele-
scope that would have to be as-
sembled in space; and the Mars
Sample Return Mission to collect
samples of the Martian surface and

bring them back to Earth.
Looking ahead to the early 21st
century, the committee urged

NASA to begin now to develop
technologies for larger arrays of
telescopes in space, solar probes,
Venus sample return, and human
exploration of Mars.

Humans in Space. The commit-
tee identified research needed in

physiology, psychology, and sociol-
ogy to better support humans in a
space environment. Humans will be
involved in a number of proposed
missions from constructing a space
station in the 1990's to that possible
manned mission to Mars in the
early years of the 21st century. New
technologies needed for space sta-
tion work include improved space
suits and "space taxis" for out-of-
craft activities, better protection
against cosmic radiation, and fine-
tuned robots. New technologies
needed for a Mars mission include
environmental systems that
generate or recycle their own air,
eat, water, and food; better tech-
nologies for handling human waste;
and use of resources found in space

to resupply colonies on Mars and
the moon.

National Security: While civilian
space pursuits are NASA’s prin-
cipal concern, the agency can con-
tribute technical know-how to some
areas of national security such as
developing clearer and more reli-
able communications; remote sens-
ing of the oceans; low- cost, heavy-
lift space vehicles; and advanced
composite materials.

And in some of the forcgoing, it
could be that Canada could con-
tinue to play a role, as it has in the
past with Spar Aerospace’s
Canadarm and the University of
Toronto’s Aerospace Institute.
Who knows what tomorrow will
bring? ]
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How VCRs
Work

Courtesy JVC Canada

Despite their flimsy plastic facias
and fluorescent flashing displays,
VCRs are little miracles of electronic
and mechanical engineering. It is true
they are known for producing waxy
faces, color shifts, poor resolution and
picture noise but on the other hand as
one broadcasting engineer told me;
“they are still not that bad and they are
getting better.” The latest VCRs intro-
duced by Sony and JVC prove that an
already sophisticated and complicated
recording process can be improved to
yield results that match or exceed the
performance of the laser disc. In order
1o appreciate how these new machines
work, it is necessary to first understand
some of the basics of video tape
recording. You'll also be able to ap-
preciate what is hype and what is a real
improvement.

A video cassette machine is basically
an audio tape recorder with helical
scanning video heads. (A helix
resembles a coil or spring.) Instead of
the tape passing at right angles in front
of a head as in audio cassettes and
open reels, a minimum of two heads
are used (except for Sony’s Beta movie
camcorder) and the tape is looped in
something akin to an omega shape
around a drum or cylinder that rotates
at high speed.

The drum is mounted at an angle
(approximately 6°) so that a pair of
48

Follow along
on a trip through the inner

workings of one of the most popular

home entertainment devices.

video heads, mounted on its surface
180° apart, move in a helical fashion as
the drum rotates. The angle of the
drum, as well as some tape guides,
force the tape to touch the bottom part
of the drum when it first makes contact
and to leave the drum at its top. This
results in the two heads either record-
ing or picking up a continuous series of
slanted or diagonal signal tracks. In
VHS and Beta machines, a track is
scanned or recorded at the rate of one
every 1/60th of a second by two heads.
As the one head completes a track, a
second is beginning a second track and
so on, Two tracks or fields make up a
single frame of a television picture,
Although VCRs are precision pieces
of equipment and lolerances are
measured in microns, the laying down
of tracks next to each other still poses
some problems especially since the
width of the tracks is so small. Each
track on a Beta Two tape, for example,
is only 0.03 mm wide! How is it pos-
sible that the heads are able to scan the
same tracks exactly on playback or to
pick up the tracks made by another
machine? This has been made espe-
cially tricky in consumer VCRs since
the so called “guard bands”, used in
professional machines lo separating
each track, have been eliminated to
make more efficient use of tape. And,
how arc slight speed differences be-
tween machines resolved? The

By Timothy B. Palmer-Benson

answer to these problems are taken
care of with servo systems, control
heads, phase inversion and azimuth
recording.

Azimuth Recording

In azimuth recording, the angle of the
gap in each pair of video heads is mis-
matched slightly so that each head ¢an
only record and pick up high frequen-
cies from the track made by that par-
ticular head. Thus in a sequence of
tracks, head A will pick up information
from track one and three, while head
B, on the other side of the head drum
will pick up tracks two and four. In _
8mm camcorders the head gaps are
angled away at +12° and -12°. On Beta
machines, the head gaps are angled
away from the perpendicular by +7°
and -7° while VHS uses +6° and -6°. A
strong signal is received from a par-
ticular track only when it is scan by a
head having the same azimuth. It may
scan a bit of an adjacent track but high
frequencies won’t be picked up be-
cause the azimuth in the adjacent track
will always be different.

There is another means of ensuring
that only the right track gets picked up
at any given time and that is with
phase- inversion recording. Again it is
used by both VHS and Beta and is
designed to take care of that portion of
the video signal that is so low in frc-
quency that azimuth recording won’t
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Betamax head drum 7.45 cm in diameter
VHS head drum 6.20 cm in diameter

N

Sony relative tape speed faster by 1 m/sec.!

17

.

The relationship between Betamax and VHS head drum sizes

Couriesy Sony Canada Inc.

work so well. It achieves the same end -
reducing crosstalk between adjacent
tracks - by shifting the phase of the
lower frequencies (in this case the
chrominance signal) by 180° for each
track in Beta, and by 90° for each track
in VHS. Having adjacent tracks
recorded with different phase relation-
ships helps to prevent the video head
from picking up information from an
adjacent track.

Speed and Heads

Speed accuracy is also very important
in VCRs and iUs taken care of with
various servo systcms. Sync pulses that
arc part of the video signal are used to
synchronize the speed of the head
drum with the movement of the tape.
The pulses, (a 60Hz square wave), are
recorded onto a stationary or lon-
gitudinal track along the edge of the
tape by a control head. This occurs
after the tape has left the head drum
and is on its way to the take up reel.
When a tape is played back, these con-
trol pulses (square waves) are detected
at the control head. If the shape of the
square wave is altered because the
mechanism is running too fast or too
slow, this distortion of the wave will
cause a servo system to adjust the
speed of the capstan motor. A track-
ing control is provided to compensate
between slight distortions in square
recorded by different machincs.

VCRs depend very much on some-
thing called “relative speed” to achieve
wideband frequency response. Be-
cause the heads on the drum are whizz-
ing around at a tremendous rate (1,800
rpm) in a helical fashion, they are able
to “simulate” a high recording speed.
(The 1,800 rpm is enough to cause the
tape to ride on a cushion of air as it
travels around the head drum at the in-
E& TT April 1988

finitesimal distance of only 35 microns.
Only the heads are actually in contact
with the tape.) This relative speed or
“writing speed” as its called, along with
special heads helps to ensure that
video’s high frequency information,
which extends out to beyond 4 MHz, is
recorded onto a tape even though it is
moving passed any given point in the
VCR at less than the speed of an audio
cassette. (VHS SP or Standard Play
speed is 1.31 ips, while Beta’s popular
Beta Two speed is 0.79 ips.) All video

cassette recorders, even the 8mm cam-
corders, use this system for recording
the video portion of a signal though
drum sizes are different.

Naturally, this is not the complete
story in the process of getting a video
signal on or off a piece of tape. Merely
spinning a  drum  containing
record/playback heads won’t ac-
complish much unless the heads are
specially designed for recording high
frequency information. Also the video
signal must be “treated” before it gets
to the heads in order to ensure equal
amplitude or strength for its various
components.

If you remember the theory behind
recording heads in audio tape re-
corders, yowll know that as the gap be-
tween opposing poles in the head be-
comes smaller, the greater the ability
for the machine to reproduce and
record high frequencies. It’s the same
in video which has taken things some-
what further. Modern manufacturing
has managed to produce a gap that is
so small that it can be seen only with a
powerful microscope. The gap is so
small (typically .6 microns ) that it ap-
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TAPE MOTION

proaches the same gap contained in a 4
MHz sine wave displayed on an oscil-
loscope. If you’ve ever seen even a 1
MHz signal displayed on an oscillo-
scope, youwll really appreciate how
small these gaps are! Another way of
illustrating these head gaps is to com-
pare them with the 100 micron
diameter of a human hair. Small head
gaps are laudable, but there comes a
point in the existence of any head gap
when it can no longer record a par-
ticular frequency unless tape speed is
increased.  This is the main reason
why Beta One or VHS SP speeds in
consumer VCRs produce recordings
that have greater bandwidth. The
other reason for increased bandwidth
and general picture quality at the faster
speeds is that more tape is being used
(the actual size of the heads is larger)
to record the information than at the
slower speeds - the tracks of video in-
formation are actually wider apart.

Although super narrow head gaps,
helical scanning and fast play/record
writing speeds are of major importance
in VCRs the system still wouldn’t work
properly without frequency modula-
tion in the same way that an audio sig-
nal is transmitted over the broadcast
FM band. One of the reasons frequen-
cy modulation must be used is because
the output voltage from tape recorder
heads varies with frequency and the
frequencies involved here are par-
ticularly high. Another reason is that

50
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iimple representation of how the tape is magnetized by the head.

RECORD CURRENT

OUTPUT VOLTAGE OF
PLAYBACK HEAO

Courtesy Sony Gmadx lm:

FM ignores random amplitude varia-
tions in playback signals. A tape can
be driven into saturation during signal
peaks and any amplitude distortion is
simply ignored.

There are many similarities between
the Beta and VHS systems but at the
same time there are some major dif-
ferences particularly in the way tape is
handled. Until just recently for ex-
ample, you couldn’t fast cue in VHS
the way you can in Beta. Beta
machines use a head drum that’s about
20% larger than a VHS one. If you go
back to the discussion of “relative
speed” you’ll realize that a larger drum
means a higher relative speed, or writ-
ing speed, and a higher writing speed
means better high end frequency
response for the video signal. Both
formats use azimuth and phase inver-
sion techniques and frequency modu-
late the video signal before it’s put onto
tape.

Audio Techniques

In audio, both formats began with so
called “drag heads” or “longitudinal
heads” mounted in part of the control
head. But because the speed of the
tape is so slow, frequency response was
and still is limited despite equalization
circuitry. Noise levels are high. VHS
has followed with stereo longitudinal
heads but with two tracks of hiss, the
noise becomes intolerable, so in addi-
tion to equalizing the signal VHS has

added Dolby noise reduction. The
consumer was confused:  “Stereo
Dolby...Wow!” Salesman rarely
pointed out that high end frequency
response on VHS stereo machines is
limited to approximately 10kHz + 3db,
little better than a Lloyds cassette
machine!

Then came Beta Hi-Fi; simply put
Beta Hi-Fi reprocesses the video sig-
nal. It separates video’s two main sig-
nal components, luminance (crispness
and brightness) and chrominance
(color), to squeeze a frequency modu-
lated stereo signal in between. Then
everything gets recorded on the video
heads just as before. This method
results in a wide band audio response
of 20Hz to 20kHz, a dynamic range of
more than 80 dB and very low wow and
flutter. While this is still not hi-fi in the
true sense of the word Beta Hi-Fi is
quite satisfactory for watching movies.
JVC followed Sony’s lead with VHS
Hi-Fi and obtained similar specs. But,
JVC was forced to use a more complex
system because of the way the VHS
video signal must be recorded onto
tape. There isn’t room in VHS signal
to squeeze in an FM audio signal and
so VHS uses “depth multiplex record-
ing,” In this system, the audio is fre-
quency modulated and then sent to
separate audio heads positioned 180°
apart on the head drum. The process
uses the entire tape width to lay down
the information but because the
azimuth of the head gaps is different
(+30° and - 30°) the audio is not pick-
ed up by the video heads. The require-
ment for two additional heads natural-
ly raises the cost of VHS Hi-Fi
machines over their Beta counterparts.
As you can imagine, the tolerances in-
volved here have become much tighter.
If you've ever wondered why. some
VHS Hi-Fi movies seem to be afflicted
with unexplained sputtering on their
hi-fi tracks these tolerances are the
reason. It only take’s a dubbing house
to have machines that are slightly out
of adjustment and the hi-fi track is
ruined. When youre dealing in
microns it can happen!

Higher Technology

Back in video, Sony’s Beta system con-
tinues to lead the way in pure technol-
ogy even if Sony can’t do so well in
sales. Sony’s first step was Super Beta,
In this system the frequencies of the
luminance signals are boosted by
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800kHz resulting in a 20% increase in
resolution. Only the luminance part of
the signal, the part that gives you that
crisper, clearer picture, gets boosted.
You get 290 lines of resolution with a
Super Beta VCR compared to 240
lines for regular Beta. JVC’s reply was
HQ (High Quality). This is a package
of improvements that include a reduc-
tion in noise levels contained in the
luminance and chrominance signals as
well as an increase in the ceiling or
what is termed “the white clip level” of
the video. On VHS VCRs without HQ
images that have bright edges against a
dark background tend to smear be-
cause the full video wave form has
been clipped in order to get it
recorded onto tape. Raising the white
clip level enhances the apparent con-
trast and detail in the picture. Despite
these improvements, the horizontal
resolution of HQ remains at 240 lines
as opposed to Super Beta’s 290. On
the other hand, VHS HQ is completely
compatible with regular VHS while
Super Beta sometimes causes difficulty
for standard Beta machines because
they don’t have video heads capable of
picking up the higher frequencies used
by Super Beta.

No look at how VCRs work would be
complete without mentioning the bat-
tle for over the video heads themselves,
freeze frames and slow motion.
Thanks to manufacturing hype, the
average VCR buyer has been left with
the impression that the more heads a
machine has the better its performance
but if you’ve understood this article
yow’ll know that you can only use two
heads at a time and that extra heads
(aside from the ones for VHS Hi-Fi)
are for special effects only. A single
pair of heads won’t work because when
the tape is stopped only one of the
heads can scan a track accurately. The
other head is unable to pick up the
video information because its azimuth
setting is wrong, but with one or more
heads a second reading of a particular
track becomes possible and thus a full
frame for a tv is obtained since two
fields, or track scans, make up a frame.

It is true that the resulting tv picture
is in reality only half a frame (a normal
frame is made up of two fields or
tracks) but manufacturers discovered
several years ago that a single field,
scanned twice gives the best jitter free
picture.

The simplest way of scanning a single
track twice is to add a third head, thus
we have a “three headed VCR.” The
azimuth of the third head is the same
as the azimuth of a head on the other
side of the drum. When the drum
rotates both this third head and one of
the regular heads is able to scan a track
or field perfectly and produce a jitter
free still picture. This works fine for a
tape that has been recorded at onc
speed and played back at the same
speed but what about VCRs that have
three speeds such as VHS EP (Ex-
tended Play), LP (Long Play) and SP
(Standard Play)? One of the most im-
portant answers to this problem is
Matsushita’s  Tech 4 system
(Panasonic). It places a pair of heads
in a single housing on each side of the
head drum. Each housing has an SP
head with a positive azimuth gap while
the one next to it has a negative
azimuth gap for EP. The two heads on
the other side of the drum have
azimuth gaps that are exactly the op-
posite of the first pair. When a freeze
frame is required either an extra EP or
an extra SP head is switched in
electronically to provide that second,
crucial scan of a single track. The gap
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Detail of tape path through the works of the Betamax system (left) and through the VHS system (right).
Courtesy Sony Canada Inc.
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Audio frequency modulation system used in stereo recorders (top) and in conventional machines (bottom).

Courtesy Sony Canada Inc.

on each head is carefully chosen so
that good results are obtained not only
with still frames on each speed but also
with slow motion. One of the latest
ways of doing things is with
Mitsubishi’s 4 head logic system. It
works in the same way as the Mat-
sushita system except that Mitsubishi
has taken things further by using a digi-
tal system to provide not only video
tracking during high speed search
(similar to Betascan) but also audible
cueing in EP. Mitsubishi calls its digi-
tal auto-tracking and mercifully
refrains from calling its machines digi-
tal VCRs.

Other manufacturers are a little
more brazen with their digital technol-
ogy especially when it comes to making
still frames from a digital signal or
using a data chip for noise reduction.
Digital freeze frame is achieved by a
computer-like RAM chip that is con-
stantly fed fields of information as the
tape passes over the video heads.
There is so much information in a
single picture frame that it requires a
lot of RAM - 550 Kilobytes for a full
frame - to light up every pixel on a
television screen. The RAM must con-
stantly memorize and then dump the
video information as new tracks are
scanned by the video heads at the rate
of 60 per second. The advantages of
this system are that extra heads aren’t

needed and special features like pic-
ture-in-a-picture (PIP for short) come
at very little extra cost to the manufac-
turer. But, there are some disad-
vantages. First, it takes 1/60th of a
second for the RAM chip to fill up
with information, so it is always lagging
slightly behind what is being picked up
by the video heads. Second, on some
machines the tape goes on rolling while
the memorized freeze frame is being
viewed which can be annoying if you
want to pick up where you left off.
There’s a third question; are all
manufacturers using the required
amount of RAM to do a proper job?
Meanwhile, what promises to make
the current controversy over DAT re-
corders look insignificant, is the
planned introduction of Super VHS
and Sony’s ED (Extended Definition).
Simply put, both systems significantly
boost the frequency at which the
luminance signal is put onto tape. In-
stead of this information being carried
at between 4.4 MHz and 5.6 MHz as it
is in Super Beta, the Super VHS sys-
tem raises the frequency to between
6MHz and 7TMHz. A special tape for-
mulation is required for the system.
Sony has replied with the ED Beta
VCR which carriers its luminance sig-
nal even higher at 6.8MHz to 8.6MHz.
Both systems provide extremely good
resolution - far better resolution than

what is obtainable off air with the best
possible broadcast signal. For ex-
ample, typical resolution for a broad-
cast signal received at home is 330 to
350 lines. Conventional VCRs provide
resolution up to 290 lines, but with
super VHS it is claimed the resolution
is 430 lines in EP! But, what is more
significant is that both systems com-
pletely separate the luminance and
chrominance and provide separate in-
puts and outputs thus avoiding the
cross color interference produced by
combining these signals at the outputs
and inputs of VCRs and the inputs of
tvs. This will enable anyone owning
two of these VCRs to obtain almost
perfect dubs.  “The questi®n of
copyright infringement because of
DAT is nothing compared to what this
new technology will do to the video
market,” says a spokesman for Mit-
subishi who would like to remain
anonymous.

Ed. Note: It should be noted that Sony
has announced that it will begin
manufacturing VHS video cassette re-
corders. Although BETA units will con-
tinue to be produced, it certainly appears
as though the future of BETA is in
doubt.

Tim Benson is a Montreal-based
freelance writer specializing in areas of

audio and video. [ ]
E & TT April 1968




A ———— -

. Introducin
Microprocessor

sgPart 2

The basic terms of the microprocessor system.

Learning Objectives

The general learning objectives for
part two of Introducing Microproces-
sors is that readers should be able to:
(a) draw a block diagram showing the
internal architecture of a repre-
sentative 8-bit microprocessor and
state the function of each of the prin-
cipal internal elements (2.1)

(b) state and explain the function of
each of the principal external connec-
tions of a representative 8-bit
microprocessor (2.1)

(c) explain the need for a clock and
state typical frequencies and periodic
times for microprocessor clocks (2.1)
(d) make appropriate use of
manufacturers’ data sheets (2.1)

The specific objectives for the part are
as follows:

2.1 Internal
Microprocessor
2.1.1 Draw and interpret a block
diagram showing the internal architec-
ture of a representative 8-bit
microprocessor.

2.1.2 State and explain the function of
each of the principal internal registers
of a representative 8-bit microproces-
sor,

2.1.3 State and explain the function of
each of the principal external connec-
tions of a representative 8-bit
microprocessor.

2.1.4 Explain the need for a clock and
distinguish between external and inter-
nal microprocessor clocks.

2.1.5 State the range of typical clock
frequencies and periodic times for
common 8-bit microprocessors.

2.1.6 Use manufacturers’ literature to
determine the supply voltage, pin-out,
and internal features of any common
8-bit microprocessor.
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Architecture of a

By Mike Tooley

Microprocessors

In Part 1 we briefly mentioned that a
microprocessor performs the functions
of a central processing unit (CPU)
within a microcomputer. We also
stated that the microprocessor
provides control and synchronization
signals for the rest of the system. From
this, it should be obvious that the
microprocessor is the single most im-
portant component within  any
microcomputer system.

The basic internal elements of a
microprocessor are as follows:

(a) registers for temporary storage of
instructions, data, and addresses

(b) an arithmetic logic unit (ALU)
able to perform a variety of arithmetic
and logic functions

(c) control logic which accepts and
generates external control and super-
visory signals (such as RESET and
READ/WRITE) and synchronizes
data transfers within the system.

Registers

Internal registers can be thought of as
arrangements of pigeon holes into
which data (in binary form) can be
placed during processing. Some
registers are directly accessible to the
programmer (ie. he can set to read
their contents at will) whilst others are
reserved for the machine’s own use.
Registers may also be classified as
“dedicated” (i.e. they have a specific
purpose such as pointing to a memory
location or holding the results of an
ALU operation) whilst others are
described as “general purpose”.

In the case of an 8-bit microproces-
sor, most of the general purpose
registers will be capable of storing
eight bits. Furthermore, since each of

the bits may be either 0 or 1, there will
be a total of 256 possibilities for the
contents of such a register, ranging
from 00000000 to 11111111. Registers
used for “pointing” to memory loca-
tions, on the other hand, will generally
be capable of holding sixteen bits and
consequently their contents may range

from 0000000000000000 to
1111111111111111 (ie, 0 to 65535
decimal).

The data bus lines in an 8-bit
microcomputer are labelled DO to D7.
The most significant data bit (i.e. that
with the greatest binary weight) ap-
pears on D7 whilst the least significant
bit (i.e. that with the least binary
weight) appears on D0. In the case of a
16-bit address bus, the lines are
labelled AO to Al5 and the most and
least significant address bits are
respectively those which appear on ad-
dress lines A15 and AQO. The most and
least significant bits are often referred
to as the MSB and LSB last (see Part
1).

Unfortunately, there is some con-
siderable variation in both the internal
architecture and terminology used by
different microprocessors manufac-
turers. Despite this, there are a num-
ber of common themes. The major
microprocessors families, for example,
tend to retain a high degree of upward
compatibility both in terms of internal
architecture and the software “instruc-
tion set” and that is clearly an impor-
tant consideration in making a new
product attractive to the equipment
manufacturer,

Introducing IMP

IMP  stands for  introductory

microprocessor, a hypothetical device
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16 > ADDRESS BUS

Fig. 2.1. IMP’s external connections. Note that a bar over a particular signal
indicates that it is active-low (logic 0 when activated).

which we shall be using to explain
some of the fundamental concepts of
microprocessors. We have chosen to
follow this route, rather than tailor our
description to real microprocessor, in
order to keep the explanation as
simple as possible. IMP contains many
of the features found in a real 8-bit
microprocessor without favouring the
architecturc of any particular proces-
sor family. By this means, we hopc to
provide rcaders with a gentle introduc-

tion to microprocessor avoiding super-
fluous or processor specific informa-
tion which may otherwise serve only to
confuse the newcomer.

Important differences between IMP
and real microprocessors will be dis-
cussed as we progress but readers who
require detailed information on par-
ticular microprocessors need not
worry as we shall be presenting this in-
formation in the current series of Data
Cards. These cards will feature all the

most popular 8-bit microprocessors
(6502, 6800, 8085 and Z80) and will
build to provide a useful library of
microprocessor related data.

IMP has an 8-bit data bus, 16-bit ad-
dress bus and five control and super-
visory signal lines. Like most 8-bit
microprocessors, IMP has a 40-pin
d.il. package and operates from a
+5V supply. IMP’s connections with
the outside world are shown in
simplified form in Fig. 2.1

Internal architecture

The internal arrangement (architec-
ture) of the IMP is shown in Fig. 2.2.
At first sight this diagram may look
rather complex so we will spend some
time explaining each individual feature
and how it relates to the working of the
unit as a whole.

The majority of IMP’s internal
registers are linked together by means
of an internal data bus. This bus can be
thought of as a highway along which
bytes are transferred from one register
to another. Since we are dealing with
an 8-bit microprocessor, the internal
data bus is naturally eight bits wide.

DATA BUS DO -07
" - - - - - -7 . —————____—_————ﬂl
I
| DATA BUS |
| BUFFER I
| |
' |
|
I | INTERNAL DATA BUS i I
|
I I
: A F IR B .I
| {} J vI z NI 1 {} H L I
I I
| v INSTRUCTION sP |
DECODER
| ALU 1P I
: T I
J L I
| ]
| CONTROL UNIT ADDRESS BUS BUFFER l
I
P I O I B N
g TRa WMl RESET RIW ADDRESS BUS A0 - A1S
Fig. 2.2 The IMP’s internal architecture.
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Fig. 2.3 shows how two 8-bit registers
(A and B) are coupled to the internal
bus. Separate lines from the control
unit (not shown on either Fig. 2.1. or
Fig. 23) are used to determine
whether:

(a) the contents of the register are to
be made available on the bus (so that it
may be copied elsewhere),

or (b) the data currently present on
the bus is to be latched into the
register (replacing whatever was there
before),

or (c) the register is to be isolated
from the bus (preserving its contents
for future use).

Now, consider the process of copy-
ing data from register A to register B.
We would need to make the data in
register A available on the bus (case
(a) above), latch the data into register
B (casc (b) above), and ensure that
every other register connected to the
bus was currently isolated (case (c)
above). If this is beginning to sound
rather complex, there is no need to
worry as the generation of the neces-
sary internal control signals is both im-
plicit in a particular instruction and
entirely automatic.

Data Bus Buffer

The data bus buffer separates the in-
ternal data bus from the external data
bus and it incorporates eight individual
bidirectional current amplifiers. The
buffers may be made to receive data
from the external bus or transmit data
to the external bus in response to con-
trol signals (not shown in Fig. 2.2). The
buffer helps regularize the logic levels
received by the microprocessor and
provides a reasonable amount of cur-
rent gain for “driving” the external
bus. The data bus buffer thus provides
a means of isolating the microproces-
E & TT April 1988

sor from the harsh world outside!
[Some microprocessors allow the
microprocessor to isolate itself from
the data bus by placing the data bus
buffer in an open- circuit (i.e. discon-
nected) or “tri-state” condition. This
allows other “intelligent” devices to
place information on the data bus.]

Address bus buffer

The address bus buffer behaves in a
similar fashion to that of the data bus
buffer. It is, however, important to
note that the individual address bus
buffers are unidirectional since ad-
dress information is only generated by
the microprocessor and not received
by it.

[Some microprocessors allow the
microprocessor to isolate itself from
the address bus by placing the address
bus buffer in an open-circuit (i.e. dis-
connected) or “tri-state” condition.
This allows other “intelligent” devices
to place information on the address
bus.]

Instruction Pointer (IP)

The instruction pointer is a 16-bit
register which contains the address of
the next instruction byte to be ex-
ecuted. The contents of the register is
thus said to “point” to the next instruc-
tion byte. The contents of the instruc-
tion pointer is automatically incre-
mented each time an instruction byte is
fetched.

[Note: Many microprocessors refer to
this register as a Program Counter
(PO)]

Accumulator (A)

The accumulator is an 8-bit register
which functions both as a source and
destination register; not only is it the
source of one of the data bytes re-

quired for an ALU operation but it is
also the location in which the result of
an ALU operation is placed.

Flag Register (F)

The flag register contains information
on the internal status of the
microprocessor and, in particular, sig-
nals the result of the last ALU opera-
tion. It is important to note that the
flag register is not a register in the con-
ventional sensc; it is simply a collection
of bistable latches which can be “set”
or “reset” depending upon the result
of an ALU operation. The output of
each bistable can be considered to act
as a “flag”. IMP has the following

CARRY

OVERFLOW

ZERO

I

NEGATE

INTERRUPT

Fig. 2.4. IMP’s flag register.

flags:

CARRY (C) — set to 1 when the last
ALU operation has produced a carry
OVERFLOW (V) — set to 1if the last
ALU operation resulted in an overflow
ZERO (Z) — set to 1 if the result of
the last ALU operation was zero
NEGATE (N) — set to .1 when sub-
traction has taken place, otherwise
reset to 0

INTERRUPT (l) — set to 1 when in-
terrupts are disabled (in this state the
microprocessor is unable to accept
and “interrupt request” generated by
an external device).

The composition of IMP’s flag register
is shown in Fig. 2.4. It is important to
note that once changed, the various
flag bits remain either set or reset until
a further change occurs. The program-
mer is only able to directly affect the
state of the CARRY and INTER-
RUPT flags. The others change state
indirectly as a result of program execu-
tion.

Stack Pointer (SP)

IMP needs to have access to an exter-

nal area of read/write memory (RAM)

which permits temporary storage of

data. This area of memory is known as

a “stack” and it may typically occupy
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between 16 and 256 bytes of memory.
(Note, however, that the stack is a
dynamic structure and its size varies
continuously during processing.)

The stack operates on a “last-in first-
out” (LIFO) basis; data is “pushed”
onto the stack and later “pulled” off it.
The “stack pointer” keeps track of the
extent of the stack by holding the ad-
dress of the last used stack location.
[Note: Some popular microprocessors
(e.g. 6809) have two independent stack
pointers; a “system stack pointer”
(SSP) and a “user stack pointer”,
(USP).)

Instruction register

The instruction register is a temporary
storage location which is used to con-
tain the current instruction byte whilst
it is decoded. The instruction register
is not directly accessible to the
programmer (i.e. it cannot be loaded
directly nor can its contents be copied
to other locations).

Instruction decoder

The instruction decoder, a complex ar-
rangement of logic gates with outputs
which are fed to the control unit,
operates on the instruction currently
held in the instruction register. The in-
struction decoder informing the con-
trol unit of the actions demanded by
the current instruction (e.g. the need
to take the R/W line low and latch the
contents of the HL register pair into
the address bus buffer).

Control Unit

The control unit generates internal
control signals (not shown in Fig, 2.2)
which determine the direction, source
and destination of internal data trans-
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Fig. 2.5. IMP’s register model.
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Fig. 2.6. The state of the registers for problem 2.1.
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fers, activates external control lines
when required, and responds to exter-
nal signals which arrive on the control
bus. The control unit is also respon-
sible for internal synchronization.

General purpose registers

Apart from the accumulator (A), IMP
has three 8-bit registers which may be
classed as “general purpose”. These
are B, H and L. Register B is often
used as an “alternative accumulator”,
results which appear in the ac-
cumulator being regularly transferred
to and from register B. The H and L
registers can be used as individual 8-
bit registers and may also be used
“end- on” to provide a 16-bit general
purpose register (referred to as the
“HL register pair”). In this mode, HL
can be used as a pointer to data stored
in memory (i.e. the 16-bits in HL from
an address at which data is to be
stored or from which data is to be
fetched). The HL register pair can
thus be used as an “address pointer”
and, in this context, the H register con-
tains the “high” (most significant) byte
of the address whilst the L register
contains the “low” (least significant)
byte of the address.

Register model

Whilst Fig, 2.2 provides us with some
idea of IMP’s internal arrangement, it
is unnecessarily complex from the
point of view of the programmer. The
programmer is neither concerned with
the links between registers nor need
he/she be aware of internal features
over which he/she has no direct con-
trol. In this context, the ‘“register
model” depicted in Fig. 2.5 provides a
more useful representation of IMP and

this merely shows the registers which
are directly accessible to the program-
mer and over which the programmer
has control.

Problem 2.1

Fig. 2.6 shows the state of IMP’s inter-
nal registers at a particular point in the
execution of a program. The MSB of
each register (with the exception of the
flag register) appears on the left and
the layout follows that shown in the
register model of Fig. 2.5.

(a) What is decimal value of the data
in the accumulator?

(b) What is the hexadecimal value of
the data in the accumulator?

(¢) Which one of the three 8-bit
general purpose registers has the
GREATEST value?

(d) What hexadecimal address is
pointed to by the Instruction Pointer?
(e) What decimal address is pointed to
by the Stack Pointer?

(f) In which of the 8-bit registers is the
MSB set?

(g) In which of the 8-bit registers is the
LSB set?

(h) Which of the flags is set?

(1) Which of the flags is reset?

(3) If the HL register pair is currently
being used as an address pointer, what
hexadecimal address is it pointing to?
(k) Are-interrupts currently enabled
or disabled?

Control Signals

IMP has five control bus signals. Four
of these are inputs and onc is an out-
put. We shall briefly discuss the func-
tion of each:

Read/Write (R/W)

(output)

This line is taken low (i.e. to logic 0)
E& TT April 1588




The Almost Free

Hard Drive Survival Disk
Especially for new PC owners

A DOS manual is a fearsome thing... and even that ‘s small compared to some of
the things you could do with your computer. If you have a hard drive you can 4
have all sorts of powerful, useful utilities and programs installed in your sys-
tem to make your use of it more efficient and productive.

Getting this fogether, if you're new to all this technological stuff, is difficult at
best.

Rather than have to plow your way through disks of software that you don’t un-
derstand, you might want to consider our hard drive survival disk. We’ve
created it to let you jump start your computer and get it set up with the best
public domain utilities and enhancements... all without having to

sweat over tricky installation procedures.

Set up your hard drive as per the instructions which came with your

computer, pop in our disk and a comprehensive, user

friendly menu will install any of a whole host

of useful programs in your system.

There’s nothing to copy, format, make,

remake, link, transfer

or edit. If you can find

your keyboard this

disk will work for you.

This disk includes

SIZE File size finder

ADDRESS Resident envelope addresser
WHEREIS
HGC Colour card emeulator for Hercules
SETUP Resident Epson printer setup
RENDIR Sub-directory renamer

POPCAL Resident perpetual calendar
PINPRESS Prints things very small
NOTEPAD Resident notepad

FREE Free space finder

D Sorted directory

CLOCK Screen clock

EDWIN WordStar like editor

NANSI Screen driver

CACHE Disk cache

RAMDISK RAM disk program

LPTX Printer redirection

MURPHY Foolishness and wisdom
LOCKERUP  Security system

BOTH Printer paper saver

PCWINDOW Resident grab bag

HOTDOS Multiple tasker

BLANK Screen blanker

K9 Another resident grab bag

LAZY Menu generator

Hard drive file finder This disk is available for only

$19.95

plus seven percent Ontario sales tax

from
Moorshead Publications
1300 Don Mills Road
Don Mills, Ontario

M3B 3M8
FAX: 416-445-8149.

or you can order by phone. Call (416) 445-5600
during business hours. Have your Visa, MasterCard
or American Express card handy.

Fine print: The software on this disk has all been either generated by us or found in the public domain. ltis
rovided here for the cost of the disk and the preparation of this collection only. Please respect the distribu-
tion requests of the individual software authors. The installation program on this disk is copyrighted and may

UNWS
MORTGAGE
LOOK

DOSEDIT
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WordStar converter
Measure of your indenture
File vicwer

Colour killer

Hard disk map

File manager

Resident calculator
Command line editor

not be distributed.

Moorshead Publications warrants that this disk will be readable when you get it. If you have difficulty in using
it due to corruption in transit we will be pleased to replace it for you at no charge. Some software on this disk
may not function on semi-compatible systems. Neither the author(s) nor Moorshead Publications accept any
responsibility for loss, expense or damage resulting from the use of the programs on this disk, however
caused.
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Fig. 2.7. The architecture of a simple IMP-based system.
when IMP is performing a “write” provides us with a flexible method of  Clock (O)
operation (e.g. when data is to be responding to interrupts; we can ac-  (input)

transferred from one of IMP’s internal
registers to an address in RAM). IMP
takes the line high (i.e. to logic 1) when
a “read” operation is being carried
out.

[NB: Some microprocessors (e.g. Z80)
have separate READ and WRITE
lincs.

Interrupt request (IRQ)

(input)

This line serves as an input to the
microprocessor and is taken low by an
external device wishing to signal the
fact that it requires attention. Provided
the “interrupt flag” is reset (i.e. logic
0) this request will be honoured and
the microprocessor will cease normal
processing and exccute the required
“Interrupt service routine”. The inter-
rupt line is said to be “active-low” (i.e.
it is taken to logic 0 when asserted).

Non-maskable interrupt (NMI)
(input)

As we have seen, the response to an
ordinary interrupt (IRQ) is deter-
mined by the interrupt status flag and
thus the interrupt may be “masked”.
Instructions may be placed within the
program which “set” or “reset” the in-
terrupt flag hence disabling or ena-
bling interrupts. This technique

cept them or reject them at will. There
are, however, some situations in which
it is desirable that an interrupt should

HIGH

Low f

0-Syps
Fig. 2.8 Idealized 2MHz clock signal.

be serviced regardless of what else is
going on. Hence a separate “non-
maskable interrupt” line is provided.
When this line is taken low, normal
program execution is interrupted
regardless of the state of the interrupt
flag (i.e. regardless of whether inter-
rupts are currently enabled or dis-
abled).

Reset (RESET)

(input)

This active low input to the
microprocessor is used to initialize the
system into a known state prior to nor-
mal execution of the program. When
the RESET line is taken low, the
program counter (PC) is placed in a
defined state (by loading it with zero)
and interrupts are disabled.

IMP requires an accurate and stable
square wave clock having a frequency
of typically 2MHz. The clock is used to
provide an accurate time reference for
the contro! unit (see below).

[Many microprocessors have internal
clock oscillators and merely require
that a quartz crystal of appropriate
resonant frcquency be connccted to
two of the microprocessor’s pins. The
vast majority of 8-bit microprocessors
operate with clock frequencies be-
tween 1IMHz and 8MHz ]

(b)

L 1-33us

(e} _!

1-25us

Fig. 2.9. Clock waveforms for problem
2.2.
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a2 6 General Purpose Registers and an lAndI-bhlnEXPﬂEss
Accumulator Standard Temperature Range
8 16-Bit Program Counter for Directly UMMMMNM
Addressing up o 64K Bytes of Pesicsss
Table 1. Pin Description
Memory
-wmmmm Symbol | Type Name and Function
for Rapid N .
Aqs.Ag [o] Bus:The to ¥ (up to 64K 8-bit words) or denotes the VO
md“mm dwmmmbuluuplo&vmlmdmoutpulm Aoulholomwmﬂammnum

The Intef® 8080A is & 8-bit p: J unn(CPU)Itiuabﬂcutodonlﬂnglot.&chlpu-lng 07-0o vo Deta Bus: The data bus p: bi-di the CPU. memory. and VO

an%mmaﬂmomMOSmmtoﬂmmmnNohpoﬂmmu fution to ol and p! 9 devices for i ions and dats Also, during the first clock cycle of each machine cycle. the

applications. B0B0A outputs a status word on the data bus that the current hine cycle. Dy is the least
significant bit.

Thomcominnemmnlpurpouwung L and an L The 8 g | purpoee registers may be Synchrontzing Signel: . . — —

addressed individualty or in pairs providing both single and doubk 3 Arithmetic and logical instr Z:f g e Tmosmru:s:":am"”‘:“:t. wmcmq:da:mi"”:h mﬂ:

4 testable A fifth thi i n: nal indicates to ernat circui s 1N mm

;otnutm flags. flag provides decimal eri moticopontuon i signai should be used to enable the gating of data agto the B0B0A data bus from memory or VO.

B8080A an external stack feature wherein any portion of memory may be used as a last inffirst out stack to READY | Roady: The READY
signal indicates to the 80B0A that valid memory or input data is avaiiable on the 8080A
mdmm-eonmomnwwmm flage, program counter, and all of the 8 general purpose registers. The 16-bit data bus. Thes signal is used to synchronize the CPU with siowar memory or YO devices. i after sending
stack p g of this external stack. WMOWWW'NMY“’M"W" mulllplo an address out the 8080A does not receive a READY input. the B080A will enter a WAIT state for a3 long as
lemwwwmmwmmnwww 1t aiso provides aimost s the READY line is low. READY can aiso be used to single step the CPU.

nesting. WAIT o Walt: The WAIT signal that the CPU is in & WAIT state.

This microprocessor has been designed to simpitfy sy design. Sep. 16-ine address and 8-line bidirectional data wWh o Write: The WA s:gnai is used for memory WRITE or VO output control. The data on the data bus is stable

Mmuudmmo.-ylnbdmtommmdvoSlgnahtocovmollholnmhcnommrydeOm while the WH signal 13 active low (WR = 0).

provided directly by the 8080A. Ultimate i of the add and data ides with the HOLD signal. it provides HOLO ) Hoid: The signal

P ~ g A " ) HOLD requests the CPU to enter the HOLD state. The HOLO state aliows an external
the abllity 10 susp and force the and dats into a highimp state. This permits device to gaifl controi of the B080A address and data bus s $00n &3 the 8080A has completed its use of

Mmmmmmwmnmmm(ommm Y or multi-p perati these busses for the current cycle. It is under the 9

NOTE: o the CPU is in the HALT state.

The 80B0A ls y and ek y ble with the Intet® 8080. o the CPU is in the T2 or TW state and the READY signal is active. As a result of entering the HOLD state
the CPU ADDRESS BUS (Ay5-Ag) and OATA BUS (D7-Dy) will be in their high impedance state. The CPU
acknowledges its state with the HOLD ACKNOWLEDGE (HLDA) pin.

e HLDA o Hoid Acknowledge: The HLDA signal appears in response to the HOLD signal and indicates thal the dats
e S N and address bus will Qo o the high impedance state. The HLDA signal begins at:
:‘:o_; :__o,:: * T3 for READ memory or input.
0, Ow—ed3 up—eon, * The Clock Period following T3 for WRITE memory or OUTPUT operation.
0y 014 37 =0 Ay In either case. the HLDA signal appears after the rising edge of ¢.
< RE=1k fof EDOYA INTE o the tof the i upt enable fitiop. This fip/fiop may be set
0, Ow—ef? 30 Ay 01nmbytmEmbhuMOnubhlmmplmumctmwlnhtbm pts from being
3 am M B a0 & the CPU when it is reset. it is au k i g further i pts) attime T1 of the instruction
::f;'_::. R s Mcncycu(m)mn-nmtonupmmpmwndmmloymnesnm
- o— 1t » =0 A INT ' The CPU izes an i on this line at the end of the current
(W C— & bd mmedad instruction or while haited. MMCPUmMMHOLDmoo'|HholntofruptEMb|o"aMlopumnctwﬂ
e I od DA not honor the request.
s o—f 0 » —0 A RESET' ] Reset: While the RESET signel is acti the t of the p is cleared. Atter RESET,
;:o :: : 0:',,, tmprogmnwalmttntlocmmo»nnmyThomTEundMLDAmplﬁoponnuaornu Note that the
W o—1" n f—o rtsoy flags. accumulator, stack pointer. and registers are not cleared.
O b — O T
":,_,: :_O:w‘ Vgsg wr«m
Voo | Power: +12 =5% Voits.
Vee | Power: +5 =5% vors.
= Vee Power: -5 =5% Voits.
Figure 1. Block Disgram Figure 2. Pin Configuration 4. 2 Clock 2 Y d clock phases. (non TTL compatible)
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Introducing Microprocessors Part 2

A complete IMP
Microcomputer System

Fig. 2.7 shows the internal architecture
of a complete microcomputer based
on the IMP. Since this diagram is
somewhat more complicated than that
in Fig. 1 of Part 1, we shall attempt to
justify the additional features which
have appeared.

The reset circuitry is designed to take
IMP’s RESET input low for a short
time (typically 20ms) when the power
is first applied to the system or when
the manual reset button is pressed.
This ensures that the system initializes
itself in an orderly fashion as IMP al-
ways commences program execution
from address 0000H when its RESET
input is taken low.

In order that data flow within the sys-
tem is orderly and that there is no un-
certainty as to whether the data
present is valid or not, it is necessary to
synchronize all data transfers using a
reference clock signal. This signal, a
symmetrical square wave, is generated
by an external oscillator. For accuracy
and stability, the clock is crystal con-
trolled the functions at a fixed fre-
quency of 2MHz.

The relationship between the frequen-
cy and periodic time (period) of a
microprocessor clock is given by:

f= 1 or t=l

t f

Where f is the frequency (in Hz) and ¢
is the periodic time (in seconds). In
practice, it is often more convenient to
work in terms of MHz and us, and th
same formula will apply. As an ex-
ample, suppose the clock in Fig. 2
operates at 2MHz. Its periodic time
(period) will be 1/2 us (i.e. 0.5us or
500ns) and its idealized waveform is
shown in Fig. 2.8,

The clock cycle (often known as a T-
state) is the fundamental timing inter-
val used by the microprocessor. A
“machine cycle” (M-cycle) is the smal-
lest indivisible unit of microprocessor
activity and usually comprises between
three and five T-states. An instruction
cycle (i.e. that associated with fetching
an instruction, decoding and executing
it) normally requires between one and
five M-cycles.

To put this into context, suppose that
IMP is operating at its maximum clock
frequency of 4MHz. The periodic time
of the clock (T-state) will be 250ns. A
machine cycle (M-cycle) will then oc-
80

cupy from 0.7us to 1.25us whereas an
instruction cycle will require some
1.25us to 6.25us depending upon its
complexity. To put this another way,
IMP is capable of executing between
160,000 and 800,000 instructions every
second!

The two most significant address lines
are fed to an address decoder which
generates active low signals to enable
the ROM, RAM and I/O devices
(more of this in Part 5). At this stage it
is merely necessary for readers to un-
derstand that ONLY one of these
devices is enabled (i.e. linked to the
data bus) at any particular time.

The all-important “break” key is con-
nected to IMP’s non- maskable inter-
rupt (NMI) input. This allows the user
to regain control WITHOUT having to
reset the system (and erase the data
and/or program currently present in
RAM). The general topic of interrupts
is outside the scope of Introductory
Microprocessors and therefore readers

need not at this stage concern themsel-

ves with the action which takes place
when an interrupt is received.

Problem 2.2

What is the frequency of each of the
microprocessor clock signals depicted
in Fig. 2.9?

Glossary for Part Two
Accumulator

One or more registers associated with
the ALU which temporarily store the
results of ALU operations.

Arithmetic Logic Unit (ALU)

One of the essential elements of a
CPU. The ALU performs various
forms of addition, subtraction and
logical operations.

Buffer

A hardware device which provides
isolation between two parts of a circuit
and which usually increases the drive
capability of a signal. In the context of
software, the word refers to a con-
tiguous area of memory used for tem-
porary storage of data when perform-
ing I/O.

Clock

The clock provides a reference timing
source within a microcomputer system.
The output of a clock comprises
regular pulses of accurately defined
frequency and period.

Flag

A bit contained within a flag (or

status) register which indicates the in-

ternal status of the microprocessor or
which signals the outcome of an ALU
operation.

Instruction

A single command within a program.
A complete sequence of instructions
constitutes a program.

Interrupt

A signal generated by an external
device which requires the services of
the microprocessor or which needs to
alert the microprocessor to a par-
ticular condition (such as imminent
power failure).

Stack

The stack is a contiguous area of
read/write memory that is accessed on
a last-in first-out (LIFO) basis by the
microprocessor and used for tem-
porary storage of data and addresses.

Answers to Problems
2.1 (a) 137
(b) 89
(o L
(d) 879D
(e) 57346
() A,HandL
(g) AandL
(h) N
(1) C,Z,Vandl
(i) 8AF1
(k) enabled
2.2 (a) 1IMHz
(b) 1.5MHz
(c) 1.2MHz
23 (a) 16
(b) 256 for input and 256 for output
(c) 12
(d) 14
(e) 2
(f) no
(g) +5V, +12V and -5V
(h) active-low
(i) 0
() 0(0000H)
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COMPUTER PARTS GALORE

316 COLLEGE ST. TORONTO M5T 1S3

AT286 PREMIUM SYSTEM
BAISC PREMIUM SYSTEM INCLUDES:

MACH 12 12Mhz 285 MOTHERBOARD w/Manual
ZYMOS POACH VLS| CHIPSET

SALES,SERVICE 1-416-928-2161 FAX # 1416-924-0292 | Mg DESIGNED and PRODUCED in the U.SA.
TOLL FREE ORDERS 1-800-387-1385 BBS # 1-416-366-2069 640K {120ns) DRAM
ENVOY100 ID: CPG AWARD BIOS w/SETUP/SPEED SWITCH IN ROM

FULL SIZE AT FLIP TOP CASE
CGA or MGA VIDEO ADAPTER

230W POWER SUPPLY all for only
CENTRONICS PAGEPRINTER 8 PABALLEL ang SERIAL FORTS $1899.95

16 BIT HARD/FLOPPY DRIVE CNTRL
1.2MEG and 360K FLOPPY DRIVES

1 YEAR PARTS/LABOR WARRANTY

6 DISK SET OF SYSTEMWARE SOFTWARE

BABY AT BOARDS - UPGRADE PC or XT SYSTEM
BABY AT + - 6/10/12 Mhz. Uses new ZYMOS 2 VLS| chipset. Fits In XT}
case. Runs all XT peripherai cards. ZeroK ram. CikCal. ONLY $589.95

HP LASERJET Il COMPATIBLE LASER PRINTER only $1995.95

1.5 MEG MEMORY UPGRADE FOR FULL PAGE GRAPHIC
SUPPORT, REQUIRED FOR LASERJET EMULATION only $299.95

*8 1/2x11 and 8 1/2x14 paper she
*Diode Laser System *Uses Standard Paper

*Sharp Laser Engine *Public Domain Software Fonts Included
*Separate Consumables for Economic Operation *Supports Full Page Graphics with Memory Upgrade PREMIUM AT SYSTEM Above with BABY AT + Motherboard

L]
*Parallel Interface One Year Warranty ONLY$1 799.95

XT* SYSTEMS
JT‘ ASH ER FAX CARD by QUADRAM Latest clor§ technology. 100% compatble. Legal 8IOS. Fully

tested and Burned-in.  BASIC SYSTEMS INCLUDE:
-640K Ram on 8 slot Motherboard
-2 DSDD 360K floppy and controlier
-AT/XT 5160 Tactile keyboard
-Mono/graphic Video Adapter -Hi-Res TTL Monitor
-Clock / Cal, Serial, Parallel, Game Ports
-8 Slot Filp-Top case w/180W Power Supply
-6 free disks of public domain Systemware

“IBM,XT and AT are Trademarks of IBM Corperation Motherboard options.

*8 Pages per Minute

* Half card design fits XT or AT
* 4800 Baud operation

* TSR software included

* Scanner Compatible

* Send and Recieve Fax

* One year Warranty

only $695.95

(1) 4.77 Mhz Std. $1075.95
DRIVES and CONTROLLERS (2)] & /477 Mhze2llayeqHch $1009.95
PANASONIC JU455 DSDD 360K sisass | MONITORS (3) 10 / 4.77 Mhz 2 Layer Pcb $1125.85
CHINON 3.5' Drive with Mounting Kit $149.95 Packard Bell Hi-Res TTL Amber $139.95 | (4) BABY AT 6 /10 Mhz $1590.95
PANASONIC JU475 1.2M AT Drive $174.95 14" Flat Screen TTL amber or Green $239.95 ADD TO BASIC SYSTEM PRICE
XT 20 Meg Hdisk w/controller $439.95 AMDEK 410 Hi-Res TTL Amber $265.95 -20 Meg Hdisk w}th Controller $439.95
XT. 30 Meg Hdisk RLL Controlier $489.95 Thompson 14" RGB Monitor $499.95 -30 Meg RLL Hdisk w/ Controller $489.95
AT 42M 38ms 1/2 hgt Seagate ST-251 $649.95 NEC MULTISYNCH-2 $949.95 -Upgrade to EGA Card w/256k $140.00
AT 44Meg 28ms 1/2 hgt Miniscribe 3053  $979.95 GOLSTAR EGA 13" Monitor Dual-Scan 15.7-22 Mhz 'gggasd;r:: EGA monitor ::gg-gg
AT 72M 28ms Full hgt Micropolis 133 1250.00 f = .
AT 16 Bit WD Hard/gloppy gon(follefs Sszis.gs Monitor only $624.95 8087 8Mhz $200.95
AT 16 Bit WD Hard/Floppy RLL Controller  $314.00 w/EGA Card $799.95 -MS-DOS 3.30 with system $120.95

WIDE BAND
SWEEP GENERATOR MODEL 6082
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I'm glad to see o magazine that's better than most

Amer 1Can ones. GOQd work! ,15.3. NEPEAN, ONTARIO

/

e “Entertaining and informative e mowne owrasio

“Ithink Sound & Vision is the best stereo buyer's
guide on H’lé’ market today' D.G. REGINA, SASKATCHEWAN

That's what readers are saying about Sound & Vision — Canada’s Electronic
Lifestyle Magazine.
Sound & Vision brings up-to-date information on our electronic
world to your doorstep. Read about what's available now, and
what’s coming. Internationally recognized writers de-mystify the
latest consumer products in features, test reports, and “"How To”
articles. In each issue, read reviews of the latest CD, LP, and
VCR releases. And, every year, subscribers get the
Audio/Video Preview Canada’s most comprehensive
consumer electronics catalogue with pictures, spec’s and
prices of the thousands of audio and video products available
in Canada.

IN ADDITION, if you Subscribe Now you will
receive absolutely FREE the two record set ROCK
o rm‘?“‘::gges ANTHEMS—"Twenty Tracks That Rocked a Generation”
o 1“‘::’m,0\,\es;§:‘e\_ This collection of hits define an era, including hits by: Derek and the
\W“e‘\‘:m o Dominos, The Who, Bachman Turner Qverdrive, Eric Clapton,
e 0 Rod Stewart, Jefferson Airplane, Joe Cocker, Procol Harum, ].].
Cale, Steppenwolf, Loggins & Messina, Santana, and more . .

FOR ONLY $13.97, not only do vou get Ruck Antlims, vou get Sound & Visim magazine Canada's most authoritative
and entertaining consumer-electronics magazine. And, subscribers get the annual Audio Vidko Prvie.

YES y Idon't want to miss one issue of Sound & Vision!

My payment is enclosed for b issues of Soand ¢« D Please bill me for o issues of Sound & Vizon at
D Vison at $13.97 — an 18% saving off the $13.97 — and send me my FREE Rack Anthems
newsstand price. Send my FREE Raik Anthons atbum when vou receive my paymentin full.
alburn immediately and begin my subscription as soon as
possible.

Signature P — S _ S
Name _ S
(Please print)

Address _ S —

City _ Prov. Postal Cade —

Visa # Expiry date

Mail to: Sound & Vision 250 The Esplanade, 5th Floor Toronto, Ontario M5A 1J2
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The Hitachi Compact Series . . .
nothing else comes close

Sure there are other 60 and 100 MHz service
scopes out there but do any give you the
features, quality, warranty and price of Hitachi's
compact series”?

With features like trigger lock, autoranging,
cursors and self calibration in this compact
package, you'll agree that nothing else

| 5
comes close! To arrange a demonstration call

1-800-268-3597

Hitachi Denshi,Ltd. (Canada)

Performance Proven Electronics

Head Office: Ottawa Office: Eastern Office: Western Office:

65 Melford Drive, Scarborough, 159 Colonnade Road, Unit 3, 8096 Route Trans Canadienne 3433-12th Street N.E.
Ontario M1B 2G6 Nepean, Ontario K2E 7J4 St. Laurent, Quebec H4S 1M5 Calgary, Alberta T2E 6S6
Tel.: (416) 299-5900 Tel.: (613) 727-3930 Tel.: (514) 332-6687 Tel.: (403) 291-4388
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Available from leading distributors
across Canada or call:

FLUKE

®

FLUKE ELECTRONICS CANADA INC.

Mississauga, Ont. Tel. (416) 890-7600 Fax: (416) 890-6866 » Cttawa, On!. Tel. (613) 723-9453 Fax: (613) 723-9458
Dorval, Que. Tel. (514) 685-0022 Fax: (514) 685-0039 - Calgary, Alta. Tel. (403) 291-5215 Fax: (403) 291-5219
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Good
as
Gold

The 70 Series Multimeters:
the shining standard by which others
are measured.

These multimeters are produced through
advanced technology that assures you a
wealth of product features. Giving you solid
value for your money.

Security of a 3-year warranty.

A 3-year warranty reduces your cost of
ownership. So you don't have to pay the price
over and over for lesser-quality multimeters.
More features for your money.

Choose from either the basic 73 or the
feature-rich 75 and 77. You'll find the features
you need at the price you can afford. Touch
Hold™ for capturing and holding readings.
Audible tones to signal you for continuity.
Autoranging for simple operation. And a
sleep mode for extending battery life up to
2000 hours.

Extra protection built in.

Features built into every 70 Series multi-
meter help ensure your safety and protect the
meter, too. High-energy fuses on all current
inputs, including the 10A range. Overload pro-
tection. An ABS plastic case, and a protective
holster (77 oniy) that guards your meter
against bumps and jolts.

Unsurpassed quality.

Like other Fluke products these multi-
meters offer you uncompromised quality
at competitive prices. Visit your electronics
representative today and get your hands on a
70 Series Multimeter. You'll see that brilliant
performance is within your reach.

FROM THE WORLD LEADER
IN DIGITAL MULTIMETERS.

FLUKE73,75,77

0.7%. 0.5%, and 0.3% basic dc accuracy _3-year warranty

Analog/digia! dsplay Auoibte centinuity (75 & 77)
Volts_ohms_10A. giode fest Rasge newd {75 6 77)
Fused current inputs Mult puspose hoste” (77)
Aulorange Touch Hold funchon (77)

2000 » hour ballery life




