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EST Com

e in Canuada, PC, XT & AT Compatible

. |

Py

Monitor not Included. IBM registered trade mark of IBM Canada Ltd.

Features common to BEST MK II, MK Ill & MK IV

Warranty
® Superb iBM PC & XT Compatibility ® Reset Switch We have such confidence in the time tested
& Canadian Made ® Phoenix BIOS as used in many major brand reliability of the BEST that we offer a 300-day
® 256K RAM Standard minimum (uses 41256K IBM compatiblie systems. warranty, way above the industry standard.

RAM chips) ® 15D Watt Power Supply which will handle a

® Expandable on board to 640K RAM Hard Drive without upgrade.

& Parallel Port (for printer) 7 Slots

@ Serial Port (for communications) Flip top case

® Real Time Clock/Calendar 2 Slimline DS,DD 5%, 360K Disk Drives
(with Battery Backup) Colour Video (RGB & Compasite) Board or

® Presocketed for optional co-processor — HERes Monochrome Card (customer choice)
such as 8087 Math Processor ¢ Disk Controller Board

¢ IBM Compatible Keyboard

Please Note: Don't be put off by our spectacularly low
price; this is due to the fact we do not deal with middie-
men and our volume buying power of parts. All BESTs are
manufactured in Canada to the highest quality standards
using prime, guaranteed components by our sister com-
pany. All systems are pretested (burnt-in) for about 48
hours before shipping. Hundreds of happy customers
report excellent reliability and compatibility.

Other Configurations:

BEST MK |l oo With 640K RAM ... ... $1695
) i . With 10 Meg Hard Drive/1 Floppyi256K .. .$2495
Two 360K DS,0D disk drives, Serial and Parallel With 10 Meg Hard Drive/t Fh:gz,sz T s2505
Ports, Real Time Clock, Phoenix BIOS, uses 8088 WIith 20 Meg Hard Drive/1 Floppy/256K ...$2795
processor — fuil specifications given below. With 20 Meg Hard Drive/1 Floppy/640K . . .$2885
T A Other Configurations:
he FAST BEST MK Ill WIhG640KRAM .. ... ... ............... $1995
Q\ As BEST MK |l plus speed selectable: With 10 Meg Hard Drive/1 Floppy/256K . ..$2785
e 4.77 and 8BMHz (most software will run With 10 Meg Hard Drive/1 Floppy/640K . . . $2895
$ on the higher speed), uses 8088-2 pro- With 20 Meg Hard Drive/1 Floppy/256K .. .$3095
cessor. WIth 20 Meg Hard Drive/1 Floppy/640K .. .$3195
SUPER-FAST BEST MK IV
As BEST MK il plus TRUE 16-Elt oo Il B AR
@‘ machine, 8086-2 processor, IBM com- With 10 Meg Hard Drive/1 Floppy/840K . . .$3385
$ patible 8-Bit /O channel bus, even with 20 Meg Hard Drive/1 Floppy/640K . ..$3895
faster than MK Il due to 16-Bit

architecture.

EXCELTRONIX

AVT-286
Superb IBM AT compatibility, 640K
RAM, Two 5.25 in disk drives (one
high density 1.2 Megabyte, one stand-
ard 360K), serial and parallel poris
high quality keyboard, keyboard lock
and status monitor.

$34959%

Circle No. 1 on Reader Service Card

With 20 Megabyte fast stepping Hard

Disk and Controller:

40 Megabyte systems also avallable at reasonable prices.

319 College Street, Toronto, Ont. M5T 1S2
{416) 921-8941. Order line only 1-800-268-3798

Ottawa, 217 Bank Street (613) 230-9000

Visa, Mastercard and American Express accepted.



sSuper Special on Printers

New from Star Micronics
SG-10 Printer

Ideal for Text & Graphics
* Dual Mode - NLQ/draft standard (NLQ = near

letter quality) ¢120 CPS and 20% . faster
throughput e Bidirectional, logic/seeking o 2K
buffer (expandable to 6K with optional buffer in-
terface)  100% IBM PC or Star standard control
codes-switch selected e Friction and tractor
standard e full 1 year warranty 10" wide car-
riage e Standard parallel interface (serial op-
tional) ...l $378.00

$G-10 C for

commodore computers
All the same features as the SG-10 but
includes built-in interface which plugs
directly into Commodore computers.

$389.00

-

Same specifications as the SG-10 except
with 15in. carriage and standard 16K
buffer.

SR-15

* 200 cps and 20% faster throughput « IBM PC
or Star standard control codes switch selected
e Dual Mode - NLQ/draft standard
tion/tractor and automatic single sheet feed -
standard ¢ 15" carriage ¢ 16K buffer * Bidirec-
tional, logic seeking ¢ Pricelperformance leader
* Parallel port standard, serial optionasl e Full 1

year warranty. .00

Star Micronics — Power
Type daisywheel printer

Letter
Quality =
B 2 ('a"
e, ™

18 c.p.s, Bi-directional, Logic-seeking.
110, 132 or 165 columns. 100 Typefaces
available, Proportional Spacing.

e Fric-

Call or write for our
1986 catalogue

Save Money — Time Limited Specials

Please note: These unbelievably good prices are due to a bulk purchase

Prices good while stocks last.

Star Microniecs Gemini 10X

ideal for Text and Graphics
* 120 c.p.s., * 816 characters print buf-
fer, option 4K or 8K e standard parallel
optional RS232C e tractor & friction
feed. Super Speclal $279.00

Star Micronics Gemini
10X PC

All the above features but

Compatible.
$279.00

Check out our catalogue for
prices of Monitors, Disk
Drives, Print Supplies and
Printer Cables

We have excelient pricing
on 10 and 20 Megabyte
Hard Drives and controllers

IBM

EXCELTRONIX

Star Micronics Gemini
5X PC
1BM compatible
Same as Gemini 10X PC but with 15in.

carriage. $399.00
L]

Delta 15 PC
iIBM compatible
160 c.p.s draft, 40 c.p.s Near Letter
Quality, Friction and Tractor feed, 8K Buf-
fer, Serial and Parallel Interfaces. 15in.
carriage. Ultra-High Resolution.

Deita 10 PC
IBM compotible
As above but 10in. carriage.

Radix 15 PC
IBM Compatibie
200 c.p.s draft, 50 c.p.s. NLQ, Friction and
Tractor Feed, Serial and Parallel Inter-
faces, 16K Buffer. 240 x 144 Uitra High

Resolution.
$689.00

Radix 10 PC
IBM Compatible
As above but with 10in. carriage.

Circle No. 2 on Reader Service Card

5'4"” 360K DS/DD Drives
for your IBM or Compatible

Toshiba ND-04D (Black) . .. $159.00
Toshiba ND-04DE-G (Grey) . $169.00

Shugart/Panasonic SA4A5S5
$144.00

Memory Special

i) dendcnone .....54.79
4164150nS ..........%2.49

Large Quantity Discounts Available

Check our catalogue for
other spectacuiar
memory pricing

319 College Street, Toronto, Ont. M5T 1S2
(416) 921-8941. Order line only 1-800-268-3798

Ottawa, 217 Bank Street (613) 230-9000
Visa, Mastercard and American Express accepted.




TOMORROW’'S TECHNOLOGY TODAY

HOME AUDIO « CAR AUDIO « VIDEQ « CELLULAR PHONES « PERSONAL COMPUTERS

SOUND & VISIGN MAGAZINE brings up-to-date infermation on our Electrenic World to your doorstep. Find out not only what's available now, but what will be
available in the future. Internationally recognized writers demystify the latest consumer electronics products through Equipment Features, Test Reports, and
"How To" articles. Reviews of the latest L.P., CD and Videocassette releases help you get the most from your home entertainment centre. In additicn,
subscribers receive once a year, the Audio/Video Preview, Canads’s most comprehensive consumer electronics catalogue containing pictures,
specifications, and Canadian prices of the thousands of Audio and Video froducts available in Canada.

NCHIN AMBRCAS LRS! ALCO VDD MICOUCTR CAMOTR » O+ & I00.CT

Sound&Vision »;
B ‘ n

With it, you can check

loudspeaker and tape upio SYSTEM JEST  ECORD
deck frequency re-

Sound&Vision

sponse, channel bal- CANADATS ELECTRONIC LEZSTYLE MAGAZINE

O Send me my one-year subscription and test record for $11.97 ¥
O [ prefer wo years at$19.97

O / prefer three years at $29.97

O Payment enclosed. Send my test record now.
O Bill me and send the record when | pay.

ance and speaker phas-
ing: evaluate turntable
rumble, cartridge track-
ing and stereo separa-
tion; and optimize
speaker positioning and
low-frequency perfor-
mance. No special equip-
ment Is required; step-
by-step instructions
aliow you to make the

Name
Address

most of your hi-fi systemy’s performance. b
This unigue record is yours, free, when you subscribe to Sound & VisaNumber  Expiry Date
Vision magazine. b — — e — ————————

‘ Chung Media Lud.. Berkeley Castle. 250 The Esplanade. 5ih Floor. Toromo. Ontano MbA 1J2




—— .- * Our Cover

e Special thanks 1o the
~ staff at The Master's
Workshop, Rexdale
Blvd., Toronto, for let-
ting us invade; ~hown is
the MC] console doing
soundiracks. Pholo by
Bill Markwick.

Electronics Today is Published by:
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Editor: William Markwick
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Series

For Your Information

PCB Coating
sy

Loctite’s new Shadowcure 361 is a
PCB coating which can protect
boards from environmental ex-
posure. It’s sprayable and cures in
seconds under ultraviolet light.

e

The thin protective film resists

solvents and moisture. Loctite
Canada Ltd., 5115 Timberlea
Blvd., Mississauga, Ontario L4W
253, (416)625-6511.

Circie No. 30 on Reader Service Card.

Test Clip

Miniclips from Maag Technic of
Switzerland are called ‘eagle’ clips
because of the beak-like tip. The
metal spring tips open easily and
close securely in the smallest of
spaces; the spring clips are coated

with epoxy insulation right up to
the tip. From 1.J. Safety
Distributors Inc., 3356 Henry St.,
Port Moody, BC V3H 3K4, (604)
461-3191.

Circle No. 31 on Reader Service Card.

Digital Thermometer

Low-Cost Overlay

AMAZING

|__SCIENTIFIC and ELECTRONICS |

DEVICES

LASER DEVICES

* LC5 BURNING CUTTINGCO2LASER ...... $20.00
¢ RUB3RUBY LASERRAYPISTOL .......... 20.00
¢ LRG3IRLASERRIFLE/PISTOL ............ 10.08
¢ LGU3 VISIBLERED LASERRIFLE.......... 10,00
¢ LBT1-LIGHT BEAM COMMUNICATOR . .... 10.80

¢ LHC2 BEGINNER simulated VISIBLE LASER .5.00
SCIENTIFIC & ELECT

¢ TCL3SOLID STATETESLACOIL 35KV . ...... 7.00
« BTC3 250 THOUSAND VOLT TESLA COIL .. .16.00
® BTC5 1.5 MILLION VOLT TESLACOIL ...... 15.00
¢ GRA1-GRAVITY GENERATOR .. .......... 10.00
¢ IOG3IONRAY FORCEFIELDGUN ......... 10.00

¢ PTG1-PLASMA TORNADO GENERATOR . ..10.00
ULTRASONIC ACCOUSTICAL

* PPF1PHASOR PAIN FIELD GENERATOR . .. 15.00
¢ PSP3PHASOR SHOCK WAVE PISTOL. .. ... .. 8.00

¢ IPG5 POCKET PAIN FIELD GENERATOR. . ...8.00
¢ MDDIMAGNETIC DIORIENTATION DEVICE .10.00

e HT9 HIGH FREQ. LISTENING DEVICE .. ..... 8.00
SECURITY & PROTECTION

¢ STG1-STUN AND'PARALYZINGGUN ....... 7.00
* PPG1 PHASOR PROPERTY GUARD ........ 15.00
¢ MFT1 MINIVOICEXMTR2-3MILE .......... 7.00
¢ INF1INFINITY TRANSMITTER ............ 15.00
* PSW3 PHASOR BURNING STUNWAND ... .. 7.

* ITMI INTIMIDATOR PLASMAGUN ......... 10.00

WE STOCK ALL PARTS NECESSARY FOR
CONSTRUCTION OF THE ABOVE PROJECTS

¢ CATALOG CONTAINING HUNDREDS MORE OF
ALL NEW AMAZING and FASCINATING PLANS.
EASY TO BUILD KITS AND ASSEMBLED ITEMS
$1.00. CATALOG INCLUDED FREE WITH ANY OF
THE ABOVE PROJECT PLANS. SEND CASH,
CHECK, MO, VISA, MC IN US FUNDS.

INFORMATION UNLIMITED
P.O. Box 716, DEPT, ET, AMHERST, NH 03031

The model 901C hand-held digital
thermometer from Brunelle In-
struments operates with a Type K
thermocouple with a five-foot
length. The 3 1/2 digit display has
a hold switch; temperature range is
-50 to 750 degrees C with an ac-
curacy of plus or minus 0.5 per-
cent. For further information, re-
quest bulletin 901C from Brunelle
Instruments, 73 6th Range S., St.
Elie d’Orford, Quebec JOB 2S0,,
(819) 569-1408.

Circle No. 32 on Reader Service Card.
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If you can never remember how
you’ve set up the function keys on
your IBM or compatible, these
mini-templates are the simplest
answer. They’re six for $9.95 (US)
plus $1 (US) for shipping. Made of
plastic and stackable for use with
different software, they have a sur-
face that accepts pencil or pen.
Micro Logic Corp., PO Box 174,
100 2nd St., Hackensack, New
Jersey 07602, (201) 342-6518.

Circle No. 33 on Reader Service Card.
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Copyright

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

Liability

While every effort has been made to ensure
that all constructional projects referred to in
this magazine will operate as indicated effi-

components are available, no responsibility
whatsoever is accepted in respect of the failure
for any reason at all of the project to operate
efficiently or at all whether due to any fault in
the design or otherwise and no responsibility is
accepted for the fallure to obtain component
parts in respect of any such project. Further no
responsibility is accepted in respect of any in-
jury or damage caused by any fault in design
of any such project as aforesaid.

Editorial Queries

Written queries can only be answered when ac-
companied by a sclf-addressed, stamped
envelope. These must relate to recert articles
and not involve the staff in any research. Mark
such letter Electronics TodayQuery, #e can-
not answer telephone queries.

Binders

Binders made especially for Electronics Today
(ET1) are available for $9.75 including postage
and handling. Ontario residents please add
provincial sales tax.

Back lssues and Photocopies
Previous issues of Electronics Today Canada
are available direct from our office for $4.00
each; please specify by month, not by feature
you require. See order card for issue available.
We can supply photocopies of any article
published in Electronics Today Canada; the
charge is $2.00 per article, regardless of length.
Please specify both issuc and article.

Component Notation and Units

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

Firstly decimal points are dropped and
substituted with the multiplier: thus 4.7uF Is
written 4u7. Capacitors also use the multiplier
nario (one nanofarad is 1000pF). Thus 0.1 uF
is 100nF, S600pF is 5n6. Other cxamples are
5.6pF = 5p6 and 0.5pF = OpS.

Resistors are treated similarly: 1.8Mohms is
1M8, S6kohms is the same, 4.7kohms is 4k7,
100ohms is 100R and 5.60hms is SR6.

PCB Suppliers

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

Plcase note we do not keep track of what
is available from who so pleasc don't contact
us for information PCBs and kits. Similarly do
not ask PCB suppliers for help with projects,

Ont. L9T 4N9.

B—C—D Electronics, P.O. Box6326,Stn. F.,
Hamilton, Ont. L9C 6L9.

Weniworth Electronics, R.R. No. 1 Water-
down, Ont. LOR 2HO.

Danocinths Inc., P.O. Box 261, Westland M1
48185 USA.

Arkon Electronics Ltd., 409 Queen Street W.
Toromnto, Ont., MSV 2AS.

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

ciently and properly and that all nccessary |

K.S.K. Associates, P.O. Box 266. Milton,
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The Kits Keep on Coming
from Varah’s Direct!

Introducing the latest from Tandon, the
DISKARD 21 - the Kit on a Card!

o $1199

Since Varah’s Direct first
introduced Tandon'’s ter-
rific new Winchesterdrive
kits, we've been fighting
to keep up to the demand.
No wonder they're so
popular — never has so
much capacity been
made available so easily
and inexpensively!

But how does the owner of an IBM® PC, XT or compatible expand his machine
when it is already installed with two floppies?

The DISKARD 21 Megabyte card is the perfect solution!

The DISKARD 21 slides easily into asingle expansion slot* without any need for
additional cables, accessory boards, or installaticn software. It's plug-in com-
patible with PC-DOS and MS-DOS versions 2.0 or higher. And because it only
consumes 11 watts, no power upgrading is required. Simply format with “fdisk”
from your DOS diskette and you'll be up and going in as littte as 10 minutes!

The DISKARD 21 and the other drive kits offered here come with the full 90-day
Varah's Direct warranty. They're in short supply, so act now! To order, write us
or call (416) 842-8833 between 8:00 and 6:00 (EST), Monday to Friday.

*PC and XT compatibles may require an additional expansion slot.

1BM or 360KB Kit 10MB kit 20MB Kit 20MB Kit DISKARD 21 | 40MB Kit 40MB Kit
Compatible /2 Height 12 Height 2 Height Full Ht. 21 MByte /2 Height Y2 Height
Floppy Winchester Winchester | Winchester | Card Winchester | Winchester

PC

XT

AT

90 mS

Access Time 80msS 35 mS 35 mS

Varah's Direct

Stock Number 62601 62611 62621 62625 62622 62640 62645 °

Introductory
Price

$169 $1199 | $1899 | $1499

Indicates compatibility “No controller card needed

For more information on the complete line of
electronic components and supplies offered
by Varah's Direct, write, circle, or call today
for your free copy of the:

1986 Varah’s Direct Reference
Guide & Mail Order Catalogue

Not just a price listing, this is a fully referenced
book supplying pin-outs, electrical specs, and
dimensions on over 2500 items from our multi-
million dollar industrial inventory. Contact us
today for your free copy!

LOCATIONS: WRITE: CIRCLE:
Vancouver Varah's Direct The reader service
Edmonton 504 Iroquois Shore Rd. number for this ad

[oF:11-F- 14 Oakville, Ontario OR CALL: |

(416) 842-883°
Monday to Friday
8:00 - 6:00.ES.T

Memoer. Canadian Winnipeg L6H 3Ka
Direct Marketing Oakville (please include your
Associabion Nepean return postal code)

Circle No. 4 on Reader Service Card 7



S5ANMS COMPUTER BOOKS...

bringing technology down to earth!

Cellular Mobile Telephone Guide
Gives all the information you need to intelligently buy, lease,
orrent the system best suited to your needs. Diagrams of
systems layouts and operations are included.

224 pages, paper, $1550

Mobile Communications Design Fundamentals
This authoritative introduction to mobile communications
design provides easy-to-understand methods of analysis for
the communications engineer and engineering student.
352 pages, hard, $77.95

Gallium Arsenide Technology

A comprehensive introduction to gallium arsenide — its
properties and crystal structure, how to grow it, and how to
apply itin a variety of digital and analog uses.

496 pages, hard, $70.50

Copp Clark Pitman

Available at better bookstores or
A} f 495 Wellington St. W.
qf Toronto, ON M5V 1E9

(416) 593-9911

CANADA REMOTE
SYSTEMS

OFFERS YOU!
PUBLIC DOMAIN SOFTWARE

Canada’s Largest Selection For CP/M, IBM,
Macintosh Microcomputers

By Telephone — 12 remote Telecommunications Systems
available 24 hours per day. Annual Access charge only $55.00.
No charge for downloading. For CP/M and IBM type
microcomputers. Data Pac available.

By Mail — for over 200 different Computers. Over 1000 disks
representing all major user groups including SIG/M and
PCSIG. From $10.00 per user group disk. Our special collec-
tion disks contain the most popular software and are priced
from $15 per disk.

COMMERCIAL SOFTWARE

Specializing in CP/M and IBM commercial software, Low
overhead, low prices, good service. We work with what we
sell, and provide full assistance.

COMMERCIAL HARDWARE

Including coprocessor boards for CP/M computers and a full

line of modems. The new 2400 Baud U.S. Robotics Courier

Modem is now available for only $825.00

Call us at (416) 239-2835 or Circle Reader Service Number 15
for a free mini-catalog.

c R)CANADA
REMOITE
SYSTEMS

Circle No. 5 on Reader Service Card

For Your Information

Circle No. 6 on Reader Service Card

RS232 Breakout Box
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The Datatracker has turret-topped
test points that permit easy multi-
ple clip lead connections or ac-
cessibility to other test equipment.
The indicator LEDs draw only

2mA each, a typical RS232 receiver
load. Contact Home Base Inc., 60
Nably Court, Scarborough, On-
tario M1B 2K9, (416) 293-4488.

Circle No. 34 on. Reader Service Card.

Controlled Iron

The Oryx Platinum 45 has a thick user over the range 490 to 750
film cermet element and a degrees F. The control circuit
platinum temperature sensor. The features zero-point switching to
iron runs directly from 115VAC eliminate RF1. Oryx, 4 Columbus
and is rated at 45 watts. The Avenue, Mt. Kisco, NY 10549,
temperature is adjustable by the (914) 241-0237.

Clrcle No. 35 on Reader Service Card.

Continued on page 28  Electronics Today April 1986



Automatic

Test Equipment

Analog electronics is considered by many electronic
engineers to be a black art, and the testing of

analog circuits even darker.

BECAUSE OF the specialized nature of
most analog circuits, the main limitation
on their design is the ingenuity of the
designer. It is difficult to lay down any
single technique which would work for all
possible analog circuits. The automatic
test equipment used to test analog circuits
must allow for a variety of different
techniques and has to be capable of being
modified to provide a- range of input
stimuli and response measurement con-
figurations. Such ATE is usually describ-
ed as modular, ’

Modular ATE will incorporate a
standard instrument bus (most common-
ly, the IEEE 48 or General Purpose Inter-
face Bus, GPIB) and all the test in-
struments required can be hung on the
bus. The instruments are controlled by the
ATE program and are routed to the unit
under test (UUT) by a set of scanners, for
example, a relay matrix. Each instrument
can be considered a module of any given
testing configuration. Each testing con-
figuration would employ a particular set
of modules, typically including program-
mable power supplies, programmable DC
sources, an AAC source, a digital
voltmeter, general purpose or reed relays,
a phase angle voltmeter and logic units to
perform drive and sense functions.
Specialist modules would include spec-
trum analysers, synchro sources and pulse
generators. For obvious reasons, such a
modular system is often referred to as
‘rack and stack’, and a typical configura-
tion is shown in Fig. 1..

Having a Breakdown
The circuit to be tested is broken-down
into functional blocks for which we have
defined test procedures. Fig. 2 shows a
basic block layout for a data acquisition
subsystem, consisting of input buffering,
input multiplexing, sample and hoid,
analog-to-digital conversion, output buf-
fering and control/decode logic.

This last block should be tested first
in any circuit in which it features.

Electronics Today April 1986

By W.P. Bond

‘Signature analysis or static truth-table
testing could be used. Input buffering and
multiplexing come next and are tested for
insertion loss and crosstalk errors. All
MUX inputs are grounded and the ad-
dresses are stepped through in sequence
until all channels have been selected,

Insertion loss results from the inclu-
sion of networks and functional blocks in
a signal path. It can readily be measured
by comparing output with input (voltage,
current or power) and if the result is out-
side acceptable limits, the measurement
can be interpreted as indicating a fault
within the network or functional block.
Similar comments apply where insertion
gain might be expected from the inclusion
of amplifying stages in a circuit.

In our example, the output of the
multiplexer would be monitored assuming
a fixed input. If the analog-to-digital con-
verter in the circuit operates at a full-scale
(FS) of 10V, insertion loss might be tested
at + FS, -FS and 0V. The limit for accep-

table loss in this sort of circuit would
usually be set at the voltage equivalent of
one least-significant bit (I LSB) - with a
12-bit bipolar ADC operating over a 20V
range this would be 20V/4096 or 4.88mV.

As each channel is tested for insertion
loss, the other inputs are grounded. Tests
for input shorts and multiplexer selectivity
(channel isolation or crosstalk) can be car-
ried out at the same time since, if any
channel is not isolated when another is
selected, the output of the multiplexer will
be loaded. Pin faults can also be detected
during this procedure.

The sample and hold (S-H) circuitry
is 1ested next. Its function is to hold the
instantaneous (sampled) input voltage
constant while the ADC is converting it.
All tests after the MUX will usually be

" made with a signal routed through one

particular channel so that known channel
losses can be accounted for and kept cons-
tant. In testing the S-H -block, it is
desirable to have low offset in sample
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ﬁ
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Fig. 1 Analog test-bed.



Automatic Test Equipment
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Fig. 2 Data-acquisition system.

mode with OV and + /-FS as suitable in-
put voltages. Acceptable errors are
specified in manufacturers’ data sheets. It
is easier to check S-H hold performance
by performing a conversion than by
dynamically measuring the drift.

Testing the Converter

A comprehensive test on an ADC block
can be very complex. First, offset and gain
adjustment should be set according to
manufacturers’ directions. After adjust-
ment, the OV offset should be tested to
check that it is within 1 LSB. Offset (or

Computer Music

Keyboards, drum pads, drum synths, all under the control of the
MIDI system. Check out how it works and some of the equipment
available.

Fractals

displays for computers.

A Review of Unix

you can do with it.

language.

Two more articles on fractals, those mathematical graphic

We look at this popular operating system, how it works, and what

The Hercules Card Meets C
Working with the high-resolution Hercules video card and the C

zero scale) error is a measure of the dif-
ference between theoretical and actual
behaviour of an ADC at zero input
voltage. As Fig. 3b shows, the effect is to
shift the transfer characteristic of the
ADC to the right or left. Offset is deter-
mined as the difference between the
theoretical and actual input voltage at
which the output of the ADC switches
from zero to one bit and can be expressed
as a percentage of the full-scale voltage. it
is usually adjusted to 1/2 LSB, at which
value quantization error is minimized.

Gain (or full scale) error is a measure
of the difference between the theoretical
and actual behaviour of an ADC at an in-
put equal to full-scale (Fig. 3¢). The effect
is to rotate the ideal transfer characteristic
about the origin. The error is determined
as the difference between the theoretical
and actual input voltage at which the out-
put switches to full-scale and is expressed
as a percentage of FS. Gain error is
sometimes adjustable to zero in the cir-
cuit, but where it is greater than 1 LSB
and is not adjustable, it will have to
feature in later calculations.

The single most important error
when it comes to determining the perfor-
mance of an ADC is linearity error. Itis a
measure of the maximum deviation of ac-
tual performance from the theoretical

For Subscription or Advertising Information Call (416) 445-5600
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straight-line (Fig. 3c). It is an intrinsic
feature of the ADC and cannot be ad-
justed, and it should be measured after of-
fset and gain have been calibrated. it is ex-
pressed as a fraction of LSB or as percen-
tage of FS and it is tested for by checking
actual ADC output against expected out-
put for a range of definite input voltages.
The number and value of the test voltages
are fixed only by the degree of accuracy
desired.

The final test for ADCs is for dif-
ferential non-linearity (DNL) which will
reveal missing codes. Differential
non-linearity implies that the ADC will
display non-monotonic behaviour and it
is, if it exists, an intrinsic feature of the
particular ADC. The ideal step size for
any ADC is | LSB. A deviation from this
ideal may result in some codes not appear-
ing at the output at all (Fig. 3d). The im-
portant parameter is code-width, that is,
the voltage range over which a given code
will be output. It should be clear that a
code width of 1 LSB gives a differential
linearity error of zero, in other words,
there will be missing codes.

Testing for code-width usually
demands a programmable DC voltage
source with a high resolution (at least
ImV). By gradually incrementing the

voltage applied to an input in, say, 1 mV

NEXT
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Fig. 3 ADC errors.

steps it is possible to count the number of
steps between actual transition points and
compare the count with the theoretical
code-width representing 1 LSB in mVs,
An error can then be used to generate a
fault message. The accuracy is dependent
on the precision with which the transition
voltages can be determined. Differential
non-linearity only relates to adjacent
codes. In order to obtain a comprehensive

Speech Synth Project

idea of the DNL of an ADC it is, of
course, necessary to test at every transi-
tion point.

The final test in our example circuit
would be on the output buffer. The re-
quired procedures have all been dealt with
before, so I won’t repeat them. The prin-
ciples outlined above for testing analog
units can be readily modified for the
testing of practically any such module. B

Using the readily available SP0256 chip,
we make your computer sit up and talk.

Solid State L@t Meter

Dropped your expensive Gossen? Here's
a solid-state light meter with the accent

on solid.

complex circuits.

Techniques and tips on troubleshooting
equipment and projects from simple to

For Subscription or Advertising Information Call (416) 445-5600
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Almost Free PC Software
Volume VII

Total sensory overload on a single floppy disk

There seems to be no end to the ingenuity one finds in
public domain software for the IBM PC. Far from being
simply programs and video games, there seems to be stuff
for every application, ranging from end user applications
to business packages. We've assembled another selection
of some of its finest works. X .
This disk includes a host of remarkable code. Some, weird heasties
like PCBW, are tiny files that solve large problems. 1 KEY
Others, like QUIKGRAF, a business graphics generator, '

are complete applications in many ways comparable to 5-9‘“_1 7 9_“)(_5_
commercial software. '_! b
BLACKJACK is a BASIC implementation of this popular 5'9!1 wombats
card game. It’s both interesting to play and enlightening to ¢ L
dismantle. It can, of course, be easily listed so you can see ; ‘ 11amas
how it works. A | —

EDSCR is a screen editor which can be used with pretty
well any programming language from assembler to dBASE
III. It generates PC screens replete with block graphics and
text, creating universally applicable source files for them.
An example screen is included.

FK allows you to make the function keys of your PC do
more usefu! things under DOS. You can program them for
macros, store your most used commands in them and
generally make them less mysterious.

FXMASTER is a printer program for the popular Epson FX
series printers and all work alikes. It uses a full screen
menu to give you easy access to the features of these
powerful boxes.

" INDEX allows you to generate indexes from WordStar
documents... or text files from any other text editor, for
that matter. It's an invaluable writer’s tool.

KEYCLICK is a resident program which will make your
keys click. It's very small, easily included in an AUTOEX-
EC file and solves a multitude of problems associated with
clone keyboards.

PCBW is another tiny program... run it and it will convert
colour screen displays from one's software to black and
white video for a green screen monitor.

PINBALL is a pinball simulation that's easily worth the
cost of the disk all by itself. It will waste more of your
time for you than you knew you had.

QUIKGRAF is powerful business graphics package which
renders complex bar, line and scatter charts in medium
and high resolution. An Epson compatible printer with
GrafTrax is required to produce hard copy with this
package.

SERPENT is a variation on the classic snake game in
BASIC. It's remarkably fast and moderately weird.

SHOWCLK is yet another clock program... it's the
smallest one yet, and it beeps to chime the hour.

VTREE is a graphic TREE program that shows you how the
subdirectories are set up on your disk... in a much more
easily understood way than does the MS-DOS TREE utili-
ty.

WORLD is a remarkable program which incorporates a
world map. It allows you to zoom in on bits of the globe,
locate major cities and perform a number of useful calcula-
tions about the map. It also has a feature for tracking hur-
ricanes... tracked any good hurricanes recently?

iy ‘
3,81‘-“ B ; J
2.0 || i i
e l, I
oM i N '

Oan-feh mar-apr may-jun gul-aug sep-oct  nov-dec
heasties

Sample plot from QuikGraf

The disk is available for just

$19.95

plus seven percent Ontario sales tax

Almost Free PC Software
Moorshead Publication
1300 Don Mills Road
Don Mills, Ontario
M3B 3MS8

or you can order by phone at

(416) 445-5600

during business hours. Have your VISA, Mastercard or
American Express card handy.

Fine Print: This software has all been collected from public access
bulletin boards and is believed to be in the public domain. The fee
charged is to defer our cost in collecting, testing and debugging it
and for the cost of the media and postage.

While we endeavour to make sure that all this software
works, we are unable to assist you in applying it to your specific
applications. This software is intended for use on PCs and true
compatibles... it may misbehave on partially compatible
systems.

Moorshead Publications warrants that the disk you receive
will be readable. The post office, on the other hand, warrants
nothing. If you are unable to read any of the files on your disk
please return it to us for a prompt replacement.
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Almost Free PC Software

Volume VIII

This is another collection of fairly large applications. We’ve had to
spread them over two disks. However, the extra three bucks is nothing
compared to the power of some of this software. Whether you're in-
terested in games, business applications or code hacking, you’ll find
something of interest in this larger than usual collection of programs.
In addition to the programs themselves, the set includes all the support
files needed to use them.

Load-Us allows users of the popular Lotus 1-2-3 and Symphony pro-
grams to run them on a hard drive. It isn’t a cracking program, but,
rather, a preboot to avoid the inconvenience of this copy protected
software for legitimate users.

DDCal is a very clever perpetual calendar and desk diary. It keeps
track of your appointments and performs several other functions that
you probably thought could only be done on the backs of match
books.

PC Key Draw is the remarkable public domain paintbox program
which blows away so many commercial applications. It'l] handle
multiple screen images, business graphics and superb computer
art...all in full colour. It’s worth the cost of this package all by itself.

CPU is a tiny program to tell you the effective speed of your system.

Xray is a remarkable co-resident utility to monitor what a program is
doing while it’s busy doing it. It allows you to interrupt the execution
of your code and have a look inside.

Game...well, there are no words for this program, or, at least, none
that are printable. This game is a bit rude... depending on just how
weird your mind is, it can get pretty bizarre. This program does use
some suggestive language, and we recommend that young or sensitive
users not boot it.

Tune is a very small music generator to make noises from within batch
files. It’s useful to see where things are in a complex process.

Chasm, or cheap assembler, is just the thing if you want to get into
assembly language programming but don’t want to spring for the
Microsoft macro assembler package. It’s reasonably fast, not too
huge... it’ll run in as little as sixty-four kilobytes... and, above all,
cheap.

Getdir is a resident directory utility. It allows you to see what’s hap-
pening on your disks even if you’re in the middle of doing something
else.

CopyPC, not to be confused with the commercial Copy Il PC, is a
quick disk backup utility for the IBM,

Lookit is a full screen browsing program to let you scroll forward and
backwards through text files... a sort of a tiny word processor that
can’t edit anything.

Syslock is a security device for hard disk users. By implementing this
package on your XT or compatible no one without a secret password
will be able to have access to your computer.

} RGPS

This two disk set is available for just

$22.95

plus seven percent Ontario Sales tax

Almost Free PC Software
Moorshead Publications
1300 Don Mills Road
Don Mills, Ontario
M3B 3M8

or you can orde; it by phone at

(416) 445-5600

during business hours. Have your VISA, Mastercard or American
Express card handy.

Fine Print: This software bas all been collectzd from public access bulletin boards and is
believed to be in the public domain. The fee charged is to defer our cost in collecting, testing
and debugging it and for the cost of the media and postage.

While we endeavour to make sure that all the software works, we are unable to assist you
in applying it to your specific uses. This software is intended for use on PCs and true com-
patibles ... it may misbehave on partially compatible systems.

Moorshead Publications wamrants that the disk you receive will be readable. The post of -
fice, on the other hand, warrants nothing. If you are unable to read any of the files on your
disk please return it to us for a prompt replacement.
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Series

Transistors: how they work and how to use them correctly.

YOU DON'’T need many components this
month, just the following resistors:

1 x 100k

1 x 220k

1 x 47k miniature horizontal preset,
and one 2N3053 transistor.

You’ll see that the transistor has
three terminals labelled, base, emitter,
and collector (commonly shortened to
B,C and E). When using transistors in
electronic circuits it’s essential that these
three terminals are correctly oriented. The
2N3053 transistor terminals are identified
by holding the transistor with its terminals
pointing towards you from the body and
comparing the transistor’s underside with
the diagram in Fig. 1. The terminal closest

ei§e 8
1
EMITTERN COLLECYOR,(C)
7 TRANSISTOR
TAB BODY

Fig. 1 How to recognize the location of the
base, emitter and collector connections on a
common transistor body.

14

to the tab on the body is the emitter, then
in a clockwise direction are the base and
the collector.

Other transistor varieties may have
different body types so it’s important to
check with reference books or manufac-
turer’s data regarding the transistor ter-
minals before use. All 2N3053 transistors,
however, are in the same body type,
known as a TO-5 body, and follow the
diagram in Fig. 1.

Recently we have looked closely at
diodes, the simplest of the group of com-
ponents known as semiconductors. The
many different types of diodes are all
formed by combining doped layers of
semiconductor material at a junction. The
PN junction (as one layer is N-type
semiconductor material and the other
layer is P-type) forms the basis of all other
semiconductor-based electronic com-
ponents. The transistor, the component
we’re going to look at now, is made of
two PN junctions back to back. Fig. 2
shows how we may simply consider a tran-
sistor as being two back-to-back diodes,
and we can verify this using our meter to
check resistances between the three ter-
minals of the transistor.

To do the experiment, put a tran-
sistor into your breadboard, as shown in
Fig. 3, then use the meter to test the

resistance between transistor terminals.
We know that if there are three terminals
there must be six different ways the meter
leads can be connected to the terminals.
Table 1 lists all the combinations but the

COLLECTOR

A

BASE 4

EMITTER

Fig. 2 A symbol for a transistor considered as
two diodes, back-to-back.

results column is left blank for you to fill
in as you perform the experiment. It’s not
necessary for you to measure the exact
resistance obtained between terminals, it’s
sufficient just to find out if the resistance
is high or low.
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One final point before you start, the
casing of the transistor body (sometimes
called the ‘can’) is metal and therefore
conducts. When connecting test leads to
the transistor terminals, make sure that
they don’t contact the can; short circuits
give an incorrect result! The can of a TO-5
bodied transistor such as the 2N3053 is
also electrically connected to the tran-
sistor’s collector, so take extra care.

Your results should show that low
resistances occur in only two cases, in-
dicating forward current flow between
base and emitter, and base and collector.
This corresponds as we should expect to
the diagram of Fig. 2.

point of it all?

Well, as mentioned earlier, what hap-
pens in one of the two PN junctions of the
transistor affects the other. Let’s say for
example that we start the lower PN junc-
tion (between base and emitter) conduc-
ting by raising the base voltage so that the
base-to-emitter voltage is above the transi-
tion voltage of the junction (say, OV6 if
the transistor is a silicon variety). Fig. 6
shows this sifuation. Now, the lower junc-
tion is flooded with charge carriers and
because both junctions are very close
together, these charge carriers allow cur-
rent flow frgm collector to emitter also
(Fig. 7).

Fig. 3 An experiment to check resistances bet ween the transistor terminals.

Very Close

Unfortunately things aren’t quite as sim-
ple as that in electronic circuits, where in-
dividual resistances are rarely considered
alone. The real life transistor deals with
currents in more than one direction and
this confuses the issue. What is happening
is that the two PN junctions are very close
together. So close that, in fact, they affect
one another.

Fig. 4 illustrates how a transistor can
be built up, from two PN junctions
situated very close together. It’s really on-
ly a thin layer of P-type semiconductor
material (only a few hundred or so atoms
thick) between two thicker layers of
N-type semiconductor material. Now let’s
connect this transistor arrangement bet-
ween a voltage supply, so that collector is
positive and emitter is zero, as in Fig. 5.

From what we know so far, nothing
can happen and no current can flow from
collector to emitter because two back-to-
back PN junctions lie between these two
terminals. One of these junctions is
reverse biased and so, like a reverse biased
diode, cannot conduct. So, what’s the
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To summarize, a current will flow
from collector to emitter of the transistor
when the lower junction is forward biased
by a small base-to-emitter voltage. When
the base-to-emitter voltage is removed the
collector-to-emitter current will stop.

We can build a circuit to see if thisis
true, as shown in Fig. 8. Note the tran-
sistor circuit symbol. Fig. 9 shows the

P.TYPE SEMICONDUCTDR

N-TYPE ICOLLECTOR
TOR JCTOR!

Fig. 4 A narrow P-area gives two PN junctions
very close together.

breadboard layout. From the circuit
you’ll see that we’'re first measuring the
transistor’s collector-to-emitter current
(collector current) when the base-to-
emitter junction is first connected to zero

volts (reverse biased), then when the base
is connected to positive and the base-
emitter junction is forward biased.

Now do the experiment and see what
happens. You should find that when the

EMITTER “OLLECTOR OV

Fig. 5 Connected up, the emitter is at OV and
the collector is positive.

_base is connected to zero via the 100k
resistor nothing is measured by the meter.
But when the base resistor is connected to
positive, the meter shows a collector cur-
rent flows. In our experiment a collector
current of about 12mA was measured,
yours may be a little different. Finally,
when the base resistor is returned to zero

EMITTER| COLLECTOR

L] ’ N W

TOEMITTER

BASE
CURRENT no;h
FAOM BASE

v

Fig. 6 If the voltage at the base is raised, cur-
rent flows from base to emitter.

CURRENT

EMITTER|

COLLECTOR ) .,

CUII(:A 1““‘

“BY

Fig. 7 Charge carriers accumulating around the
lower junction allow current to flow from the
collector to the emitter.

volts (or simply when it’s disconnected!)
the collector current again does not flow.

What use is this? Not a lot as it
stands, but it becomes very important
when we calculate the currents involved.
We already know the collector current
(about 12mA in our case) but what about
the base-to-emitter current (base current)?
The best way to find this is not by
measurement (the meter itself would af-
fect the transistor’s operation) but by
calculation. We know the transistor’s
base-to-emitter voltage (base voltage) and
we know the supply voltage. From these
we can calculate the voltage across the
resistor, and from Ohm’s law we carf
therefore calculate the current through the
resistor. And the current through the
resistor must be the base current.

So, the resistor voltage is:

9 —0.7 = 8.3V
15




Electronics from the Start Part 10

And from Ohm’s law the current is:

I = V/R = 8.3/100,000 = 83uA

Now we can begin to see the impor-
tance of the transistor. A tiny base current
can turn a large collector current on or
off. This is illustrated in Fig. 10 and is of
vital importance.

In effect, the transistor is a current
amplifier. No matter how small the base

BANANA
METER
e o

'Vl

——————

gz

a1
CONNECT POINT A 2N3083
FIRST.TO|

ZERO THENTO BV

|
e

Fig. 8 An experimental circuit to test what we
have described so far.

current is, the collector current will be
much larger. The collector current is, in
fact, directly proportional to the base cur-
rent. Double the base current and you
double the collector current. Halve the
base current and the collector current is
likewise halved. It’s this fact that allows
the transistor to be used as a controlling
element (the base current controlling the
collector current) which makes it the most

important component in electronics.
The ratio:

collector current/base current

gives a constant of proportionality for the
transistor, which can have many names
depending on which way you butter your
bread. Officially it’s called the forward
current transfer ratio, common emitter,
but as that’s quite a mouthful it’s often
just called the transistor’s current gain
(seems sensible!). You can sometimes
shorten this even further if you wish, to
the symbols: hfe, or B. In manufacturer’s
data sheets for transistors the current gain
is normally just given the symbol hfe
(which if you’re interested stands for
Hybrid parameter, Forward, common
Emitter. Are you any wiser?). However,
we’ll just stick to the term current gain,
generally.

We can work out the current gain of
a transistor by measuring the collectar
current, and calculating the base current
as we did earlier, and dividing one by the
other. For example the current gain of the
transistor we used is:

(12 x 10E-3)/(83 x 10E-6) = 145
Yours may be a bit different. Manufac-

turers will quote typical values of current
gain in their data sheets; individual tran-
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Fig. 9 A breadboard layout for the circuit in
Fig. 8.
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sistors’ current gains will be somewhere
around this value, and may not be exact at
all. It really doesn’t matter, too much.
The transistor we use here, the 2N3053, is
a fairly common general purpose tran-
sistor. High power transistors may have
current gains more in the region of about
10, while some modern transistors for use
in high frequency circuits such as radio
may have current gains around 1000 or so.

NPN

The 2N3053 transistor is known as an
NPN transistor because of the fact that a
thin layer of P-type semiconductor
material is sandwiched between two layers

(o]
LARGE
= chEckszen
TINY U
BASE
CURRENT
(o]

Fig. 10 Important: a very small base current
can control a large collector current.

of N-type semiconductor material. The
construction and circuit symbol of an
NPN transistor are shown in Fig. 1la.
You may have worked out that there is
another way to sandwich one type of
semiconductor material between two
others, and if so you would also have
worked out that such a transistor would
be called a PNP transistor. Fig. 11b shows
a PNP transistor construction and its cir-
cuit symbol. The only difference in the
circuit symbols of both types is that the
arrow on NPN transistor’s emitter points
out and the arrow on the PNP transistor’s
emitter points in.

The emitter arrow of either symbol
indicates direction of base current and
collector current flow. So from the circuit
symbols we can work out that base cur-
rent in the NPN transistor flows from
base to emitter, while in the PNP tran-
sistor it flows from emitter to base.
Likewise collector current flow in the
NPN transistor is from collector to emit-
ter and from emitter to collector in the
PNP transistor.

Knowing this and comparing the
PNP construction to that of the NPN
transistor we can further work out that a
tiny emitter-to-base current (still called
the base current, incidentally) will cause a
much larger emitter-to-collector current
(collector current). This is illustrated in
Fig. 12. The ratio of collector current to
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base current of a PNP transistor is still the
current gain. In fact, apart from the dif-
ferent directions of currents, a PNP tran-
sistor functions identically to an NPN
transistor. As we’ve started our look at
transistors with the use of an NPN tran-
sistor, however, we’ll finish it the same
way.

to use a variable resistor to provide a
variable base current for the transistor in
the circuit. The breadboard layout of the
circuit is in Fig. 14. Before you connect
the battery, make sure the preset variable
resistor is turned fully anticlockwise.
Now, connect the battery and slowly
(with a small screwdriver) turn the preset

C

E

{a ) NPN

E

(b} PNP

Fig. 11 The internal construction and circuit

Using Transistors

We’ve seen how transistors work but we
don’t yet know how they can be used. On-
ly two basic uses of a transistor exist, and
every transistorized circuit, every piece of
electronic equipment, every television,
every radio, every computer, etc, contains
transistors in one form or another which
do only one of two things. We’ve already
seen the first of these two uses, an elec-
tronic switch, where a tiny base current
turns on a comparatively large collector

LARGE
COLLECTOR
CURRENT

TINY
BASE
CURRENT

Fig. 12 An NPN has the same effect as a PNP
transistor, but in the opposite direction.

current., This may appear insignificant in
itself, but if you consider that the collec-
tor current of one transistor may be used
as the base current of a following tran-
sistor or transistors, then you should be
able to imagine an enormous number of
transistors inside one appliance, all swit-
ching and hence controlling the
appliance’s operation.

We can see the second use of a tran-
sistor in the circuit of Fig. 13. From this
you should be able to see that we’re going

Electronics Today April 1986

symbols for NPN and PNP transistors.

clockwise. Gradually, as you turn the
preset, the LED should light up: dim at
first, theen brighter, then fully bright.
What you’ve built is a very simple lamp
dimmer.

So, the other use of a transistor is as a

eo1 W
220k =

P %
PRESET 2N3063

___.‘___._.*—__

control the much larger collector current,
which can be the driving the current of an
LED, an ordinary lamp, a motor, a
loudspeaker, in fact just about anything
which is variable.

These two operational modes of tran-
sistors have been given names. The first,
as it switches between two states, one
where the collector current is on or high,
the other where it is off or low, is called
digital. Any circuit which uses transistors
operating in digital mode is therefore call-
ed a digital circuit.

The other mode, where transistors
control, is known as the analogue mode,
because the collector current of the tran-
sistor is simply an analogue of the base
current. Any circuit which uses transistors
operating in the analogue mode is known
as an analogue circuit. Sometimes
analogue circuits are mistakenly called
linear circuits. However, this is wrong,
because although it might appear that a
linear law is followed, this is not so. If
transistors were linear they would follow
Ohm’s law, but (like diodes) they do not
follow Ohm’s law and are non-linear
devices. [ |

Fig. 13. The preset should be turned slowly
with a small screwdriver.

BLACK

/ Y (7]
sATTERY

”r Q
’_'é)o-—cm—

Fig. )4 A breadboard layout for the circuit
in Fig. 13.

variable control element. By controlling
the transistor’s tiny base current we can
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Designing

Transistor Stages

Concluding the investigation of simple transistor
stages with a roundup of some useful two-transistor

configurations.

SO FAR all the circuits we’ve looked at
have used only one transistor. A second
transistor, however, can bring about a
dramatic improvement in one aspect of
circuit performance, if used judiciously.

Fig. 1 shows a simple and economical
method of achieving higher gain, just by
running two stages together in series.
Since neither stage has any emitter
degeneration, the total gain (the product
of each individual stage gain) can be very
high indeed, around 5000 in this case.
With such a high gain, it is important to
keep the power supply smooth. In most
applications, the power rail should be
decoupled with a small series resistor and
a parallel capacitor. It should also be
noted that the DC operating point of each
transistor is dependent on its hFE figure,
so that R1 and R3 may need to be changed
for individual transistors. General pur-
pose NPNs are suitable, but each tran-
sistor will demand attention to these
resistor values, so no recommendation has
been made.

In fact, the circuit can also suffer
from high distortion and demands low
level signals in and out. Its only virtue is
simplicity, and that is not outstanding.

A few extra components can make all
the difference, as in Fig. 2. This is a
universal gain block which finds many ap-
plications in audio equipment, particular-
ly as an input stage in high quality
amplifiers and is the basis of equalization
stages. It utilizes the very high gain of a
two-transistor stage to provide negative
feedback (via R6). The eventual gain is
considerably reduced, but the circuit is
much less prone to noise, distortion and
the idiosyncrasies of transistors than that
of Fig. 1.
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O +12V(Vcee)

GAIN, A
AC 5000

@ DC UNSTABLE
OUTPUT:
NON INVERTING
IMPEDANCE, Z*
1/P MEDIUM
0/P MEDIUM

Fig. 1 Economic high gain amplifier. (Note: all circuits use general purpose silicon transistors

operating at lower power AF or RF frequencies).

—Q+12V

—0 o/P

GAIN, A

AC 46

DC STABLE
OUTPUT:
NON-INVERTING
IMPEDANCE, Z.

P HIGH
O/F LOW

O ov

Fig. 2 Low noise, low distortion.

The operating point of Q2 is set by
the emitter resistor, RS, while R4 deter-
mines the open-loop output impedance
(that is, assuming no feedback). DC feed-
back is run separately from AC feedback
via R3. This biases Q1 and gives the circuit
very good DC stability. R1 has a relatively
high value to give the circuit low noise

performance which is better than that of
most op-amps. The feedback resistors,
R6 and R2, set the overall gain at (R6 +
R2)/R2 (in theory, 46.45). The negative
feedback through R6 also controls the in-
put and output impedances. The lower R6
is, the more feedback there will be and the
lower will be the output impedance,
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O +12v

GAIN, A,

AC45

DC 45

OuUTPUT:
NON-{INVERTING

IMPEDANCE, Z:
1/P HIGH
0O/P VERY LOW

O ov

Fig. 3 Low gain, very low distortion.

Lowering the value of R6 also increases
the circuit’s input impedance and a high
input impedance using one component is
very desirable in audio circuits. It can also
be exploited to design equalizing stages by
replacing R6 with a suitable RC network,
and such circuits are frequently found in
RIAA equalizers.

Really Negative

Negative feedback is further exploited in
the next two configurations. In the circuit
shown in Fig. 3, the feedback is enor-
mous, with the result that gain is very low
and distortion is even lower. The circuit is
popular in high quality pre-amps. With
DC coupling as featured gain must be
kept low in order to prevent DC
operating point drift. The gain is actually
determined by RS and R4 and is given, ap-
proximately, by (R5 + R4)/R4. If gain is
altered by changing these values, then R1
and R2 will also need to be altered to br-
ing the output DC point to around half
the supply voltage. Like the previous cir-
cuit, this one features high input im-
pedance (thanks largely to the negative
feedback in the Q1 circuit) and low output
impedance. In this case, the output im-
pedance is very low at a few tens of ohms.
Once again general purpose transistors
can be used, remembering that Q2 is PNP
and both transistors should be low noise
varieties for audio work.

The next circuit (Fig. 4) features
significantly higher gain at the cost of
worse performance from the noise and
distortion point-of-view. The circuit is
very similar to that of Fig. 3, but has
separate DC and AC feedback paths. the
DC gain is unity and the AC gain (deter-
mined by feedback resistors, R4 and RS5) is
around 20. AC gain is given by (R4 +
R5)/RS and can be adjusted over a wide
range without significantly affecting the
DC operating point.

Distortion tends to increase with
gain, but can be kept down by the use of
complementary transistors. As with the
Fig. 2 circuit above,frequency response
can be tailored to the user’s requirements

by including reactive networks in the feed-

back loop. If the gain is lowered too much
at HF, circuit stability might suffer with
spurious oscillations as the result.

Both of the last two circuits depend
heavily on feedback and may tend to
oscillate if they are required to drive a
large capacitive load. It is a wise precau-
tion to include a small series resistor of
around 100R at the output, especially if
driving a shielded cable.

More Frequency

Amplifying frequencies above, say,
100kHz demands different techniques, as
touched upon in discussing the common
base amplifier. Video frequencies go from

uT
NON-INVERTING
IMPEDANCE, Z.
1/P HIGH

0/P VERY LOW

Fig. 4 DC stable, low distortion (Note: Q2 is PNP).
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DC to around 10MHz, and we need to
consider how to prevent deterioration of
performance over such a considerable
bandwidth.

The circuit shown in Fig. 5 has been
designed with the main considerations for
any bandwidth amplifier in mind. Firstly,
it features optimum collector current for
maximum current gain/bandwidth pro-
duct. An increase in emitter current (and
therefore collector current) produces a
decrease in the dynamic resistance of the
base-emitter junction of a transistor as
viewed from the base. This parameter is
known as hIE and is related to the dyna-
mic resistance of the base-emitter junc-
ticn as viewed from the emitter (or, rE) by
the following equation:

° hie = (hfe+1)re.

The decrease in hIE with increasing
emitter current follows from the approx-
imate equation:

hie = (he.25)/1¢

which itself follows from the relationship
between rE and iE:

r. = 25/lg, where |¢ is in milliamps.

Unfortunately, as collector current
increases the effective base-emitter
capacitance also increases due to a
phenomenon known as base-stretching. It
is the base-emitter capacitance, Cbe,
which determines the high-frequency cur-
rent-gain of a transistor and the cut-off
frequency (the point at which transistor
current gain falls by 3dB). The cut-off
frequency, in fact, is defined as the fre-
quency at which Cbe and hIE are equal,
while the transition frequency, fT, is
defined as the frequency at which current
gain, hIE, falls to unity. The transition
frequency is roughly equal to the product
of current gain and cut-off frequency.

Clearly, there will be an optimum
collector current at which Cbe going up
meets hIE coming down. In practice, this
current is between SmA and 50mA and is
the value at which the transition frequen-
cy of the transistor is at its maximum.

Another consideration involved in
the design of the Fig. 5 circuit is the inclu-
sion of a low-level load resistor, R3. As
well as helping to achieve optimum collec-
tor current in Q2, this serves to minimize
the time constant of the output of the
stage.

The circuit shown in Fig. 5§ achieves a
bandwidth of more than 40MHz al-
though, like most video circuits, it is a
heavy consumer of current. It also has a
low input impedance. Transistor Q2 is
configured as a common base amplifier
giving a good voltage gain up to the transi-
tion frequency. It is fed by Q1 providing
current gain alone and therefore not
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O +12v

RS
9k 1

———-Qorr

GAIN, A

AC45

0C45

OUTPUT:
NON-INVERTING
IMPEDANCE, 2
I/P LOW

0/P MEDIUM
l*cz

T 10u
—O oV

Fig. 5 Video amplifier (Note: both RF, QI is PNP).

—Q +12V

GAIN, A:

AC5.6

DC56

OUTPUT:
NON-INVERTING

oo IMPEDANCE, Z.

1/P LOW
O/P VERY LOW

O ov

Fig. 6 Video amplifier.
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—O +12v
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© GAIN, A

AC 12

0C9

OUTPUT,
NON-INVERTING
IMPEDANCE, Z
1/P MEDIUM

Q2 0Q/P MEDIUM

[0} ]

—O ov

Fig. 7 Very linear cascode stage.

susceptible to bandwidth limitation. In
fact, QI is configured as an emitter
follower, giving a suitable low output im-
pedance to match the subsequent stage.
Resistor R3 provides a low load for Q2.
The circuit resembles a standard cascode
amplifier, but gives superior performance.
It should be remembered that layout and
supply decoupling are very important with
any HF amplifier.

The main drawback with this cut at
the cost of increasing output impedance.
Fig. 6 shows a circuit using two NPN tran-
sistors configured as common base and
emitter follower stages and employing
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parallel feedback. Here, the feedback
path is provided by R4 and R3. Thecircuit
has a very low output impedance,
although its high frequency response is
weaker than that of the Fig. 5 circuit. The
open loop gain of this circuit is given by
R1/(R2//Rs), where Rs is the source
resistance. Closed loop gain is effectively
(R4 + R3)/R3.

The next circuit (Fig. 7) is a
more-or-less conventional cascode
amplifier with Q1 in common base mode
and Q2 connected as a common emitter.
The common emitter provides current
gain and feeds the common base which

provides voltage gain. The arrangement
produces a high power gain. With the base
of QI held at a constant voltage, Vce for
Q2 is also constant. This avoids the effects
of Miller capacitance and so the normal
deterioration of frequency response of a
common emitter stage does not occur.
The configuration is widely accepted
as a very high frequency amplifier display-
ing extremely good linearity. This feature
is useful for quality audio, and the circuit
can often be found in amplifier systems.
In this circuit, gain is controlled by
parallel feedback via resistor R4, lowering
the open-loop output impedance and suc-
cessfully stabilizing the circuit. Improved
frequency response can be obtained by
omitting R4, short-circuiting R5 and plac-
ing resistor in the emitter of Q2 to pro-
vide series feedback. This will increase
both the input and output impedance.

Vive La Difference
The circuit shown in Fig. 8 is commonly
called a differential (or operational)
amplifier, although it was once universally
referred to as a long-tailed pair in
deference to the joint emitter resistor. In
this configuration, the input signal is ap-
plied across the two input terminals and
the output is taken from across the two
output terminals. If there is no potential
difference across the two inputs (both be-
ing positive for conduction to take place)
and assuming the transistors and collector
resistors are identical, then both halves of
the circuit will conduct equally and a there
will be no difference across the output ter-
minals. The input here is described as
common mode. Referred to ground, each
output terminal produces an inverted ver-
sion of the input at a gain given by the
ratio of one collector resistor to twice the
tail resistor (in the example, about unity).
Now, imagine that input 1 is made
slightly more positive than input 2, either
by increasing the applied DC voltage or
through the application of an instan-
taneous AC voltage. More current will
flow in the collector-emitter circuit of Q1
and the voltage across R1 will increase.
Referred to ground, the voltage on output
1 will fall and a potential difference will
appear between outputs 1 and 2. This
potential will be proportional to the
potential across the inputs and will be in-
verted (output 1 voltage decreasing as in-
put 1 voltage increases). The same reason-
ing applies if input 2 voltage is changed,
with the net result that the output of the
circuit will be proportional to the poten-
tial difference across the input terminals.
Assuming that the tail resistor is large
enough (much greater than the dynamic
emitter resistance of the transistors, rE),
then the potential drop across the inputs
can be expressed in terms of emitter cur-
rent and 2rE. In this way, it becomes clear
that the output can be taken from only
one collector with reference to ground and
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Fig. 8 Basic differential amplifier.

still be proportional to the potential dif-
ference across the two inputs.

In fact, this depends on the tail
resistor acting as a constant current
source, which it will do if it is large
enough. Looked at in this way, the
voltage drop across the resistor remains
constant and the current flowing through
it remains constant - which actually ap-
plies only when small voltage changes take
place. As long as R3 can be considered a
constant current source, any change in
collector and emitter current in one tran-
sistor will be exactly matched by an op-
posite change in the other. Current is
diverted to whichever transistor is more
heavily biased into conduction and, using
a single-ended output,
one input becomes an inverting input and
the other non-inverting. In effect, R3 is
decoupled to difference signals across the
input terminals while common mode
signals produce a voltage across it thereby
providing negative, gain-reducing, feed-
back.

For difference signals, the differen-
tial amplifier has a very high gain, given
approximately by the formula [0ItRI,
where It is tail current and R1 is one of the
collector resistance values. The com-
promise involved here is due to the fact
that, in our circuit, a high tail current is
incompatible with a high tail resistance
value. In practice, differential amplifiers
tend to be designed with genuine current
sources in the tail (usually a fully stabiliz-
ed transistor circuit producing a quiescent
collector current).

The most important feature of dif-
ferential amplifiers is their common mode
rejection, which ensures that thermal
noise, drift and any similar voltage distur-
bances common to both transistors are ig-
nored during amplification. The measure
of a differential amplifier’s quality is its
common mode rejection ratio (CMRR),
given by the ratio of difference signal gain
to common mode gain and usually ex-
pressed in dB. In the Fig. 8 circuit, the
CMRR would be between about 20 and 40
dB, an unimpressive figure, given contem-
porary op amp CMRRs in excess of

Electronics Today April 1986

100dB. The simplest way to improve the
CMRR would be to increase the value of
R3, but this would require higher supply
voltages (or even a split rail supply) to
maintain tail current.

Conclusion

The few circuit blocks described in this
series should show the wealth of design
opportunities for those willing to work
with discrete components. The important
thing to remember is that a circuit can be
readily designed for practically any given
purpose, if first you are clear as to the re-
quirements that will be made of it. Once
the general outlines have been understood
and a configuration decided on, the
calculation of component values can pro-
ceed with recourse to little more than
Ohm’s Law. Rather than tie yourself up
with complex mathematics (unless, of
course, that is what you enjoy) a circuit
sense, a few rules of thumb, a few sums
and a clear idea of what you want. The
final stage in the process, of course, is to
build your design and test it. You will, un-
doubtedly, find that minor adjustments
need to be made to your component
values, but if you pay heed to the advice
that a little observation and measurement
is worth a ton of theory you will almost
certainly produce circuits which work and
work well. The theory may produce work-
ing circuits, but only the practice will
make them perfect. u
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Publications.

BP53: PRACTICAL ELECTRONICS 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

BP136: 25 SIMPLE INDOOR AND WINDOW

AERIALS $6.65
People living in apartments who would like to improve s hort
wave listening can benefit from these instructions on op-
timising the indoor aerial

BP147: AN INTRODUCTION TO 6502 MACHINE
CODE $7.75
The popular 6502 microprocessor is used in many home com-
puters; this is 4 guide to beginning assembly language

BP150: AN INTRO. TO PROGRAMMING THE

SINCLAIR QL $7.75
Helps the reader make the best use of the Sinclair QL’s
almost unlimited range of features. Complements the
manufacturer’s handbook

BP225: A PRACTICAL INTRODUCTION TO

DIGITALICs $6.65
This book deals mainly with TTL type chips such as the 7400
series. Simple projects and a complete practical construction
of a Logic Test Circuit Set are included as well as details for a
more complicated Digital Counter Timer project

BP130: MICRO INTERFACING CIRUITS -

BOOK 1 $8.55
Aimed at those who have some previous knowledge ot elec-
tronics, but not necessarily an extensive one, the basis of the
book is to help the individual understand the principles ot in-
terfacing circuits to microprocessor equipment

BP131: MICRO INTERFACING CIRCUITS -

BOOK 2 $8.55
Intended to carry on trom Book 1. this book deals with prac-
tical applications beyond the parallel and serial interface
‘Real world” interfacing such as sound and speech
generators, temperature and optical sensors, and motor con-
trols are discussed using practical circuit descriptions

BP111: AUDIO $13.25
This one is ideal for readers who want to really get into
sound. A wide range of matenial is covered from analysis of
the sound wave, mechanisms of hearing, room acoustics,
microphones and loudspeakers, amplifiers, and magnetic
disc recording

.
BP141: LINEAR IC EQUIVALENTS AND PIN CONNECTIONS
ADRIAN MICHAELS $21.95
Find equivalents and cross-references for both popular and
unusual integrated circuits. Shows details of functions,
manufacturer, country ot origin, pinouts, etc.; includes Na-
tional, Motorola, Fairchild, Harris, Motorola, Intersil, Philips,
ADC, AMD, SGCS. Teledyne, and many other European,
American, and )apanese brands

BP156: AN INTRODUCTION TO QL MACHINE CODE

$7.75
The powerful Sinclair QL microcomputer has some outstand-
ing capabilities in terms of its internal structure. With a 32-bit
architecture, the QL has a large address range, advanced in-
structions which include multiplication and division. These
features give the budding machine code programmer a good
start at advanced programming methods This book assumes
no previous knowledge of either the 68008 or machine code
programming

BP47: MOBILE DISCOTHEQUE HANDBOOK $5.25
Divided into six parts, this book covers such areas of mobile
“disco” as: Basic Electricity, Audio, Ancillary Equipment,
Cables and Plugs, Loudspeakers, and Lighting. All the infor-
mation has been considerably sub-divided for quick and easy
reference

8P59: SECOND BOOK OF CMOS IC PROJECTS $7.75
This book carries on from its predecessor and provides a fur-
ther selection of usetul circuits, mainly ot a simple nature
the book will be well within the capabilities of the beginner
and more advanced constructor

BP32: HOW TO BUILD YOUR OWN METAL &

TREASURE LOCATORS $7.75
Several fascinating applications with complete electronic
and practical details on the simple, and inexpensive con-
struction of Heterodyne Metal Locators

Imported from England and exclusivelypyw-.
available in Canada from Moorshead
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alculations and
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ELECTRONIC THEORY

ELEMENTS OF ELECTRONICS — AN ON-GOING SERIES
F.A. WILSON, CG.1A, ClEng.,

BP62: BOOK 1. The Simple Electronic Circuit

and Components $11.70
BP63: BOOK 2. Alternating Current

Theory $ 855
BP64: BOOK 3. Semiconduclor

Technology s $18.55
BP77: BOOK 4. Microprocessing Systems

And Circuits $11.70
BP89: BOOK 5. Communication $11.70

The aim of this series of books can be stated quite simply

it 15 to provide an inexpensive introduction to modern elec
tronics so that the reader will start on the right road by
thoroughly understanding the fundamental principles involv
ed

Although wiitten especially for readers with no more
than ordinary arithmetical skills, the use of mathematics 1s
not avoided. and all the mathematics required is taught as
the reader progresses

fach book 1« a complete treatise of a particular branch
of the subject and. therefore. can be used on its own with one
proviso, that the later books do not duplicate material from
their predecessors. thus a working knowledge of the subjects
covered by the earlier books 1s assumed

BOOK 1 1his book contains all the fundamental theory
necessary to lead to a full understanding of the simple elec
tronic circuit and its man components

BOOK 2 This book continues with alternating current
theory without which there can be no comprehenswon ot

speech. music, radwo, television or even the electricity
utdities
BOOK 3 Follows on semiconductor technology

leading up to transistors and integrated circuits
BOOK 4 A complete description of the internal work
ngs of microprocessor
OOK 5 A book covering the whole communication
scene

PROJECTS

BP48: ELECTRONIC PROJECTS FOR BEGINNERS $7.75
F.G. RAYER, T.Eng.(CEl), Assoc.lERE
Another book written by the very experienced author — Mr
FG Rayer — and in it the newcomer to electronics, will find
a wide range of easily made projects. Also. there are a con
siderable number of actual component and wiring layouts. to
ard the beginner

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

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

BP37: 50 PROJECTS USING RELAYS,
SCR’s & TRIACS $7.75
F.G.RAYER, T.Eng.(CEl),Assoc.IERE

Relays. sdicon controlled rectifiers (SCR's) and bi-direc tional
triodes (TRIACs) have a wide range of apphcations in elec
tronics today This book gives tried and practical working cir
cuits which should present the minimum of difficulty for the
enthusiast to construct In most of the circusts there 1s a wide
latitude n component values and types. allowing easy
modification ot circuits or ready adaptation of them to in
dividual needs

8P221: 28 TESTED TRANSISTOR PROJECTS
R.TORRENS $5.00

Mr  Richard Torrens is a well experienced electronics
#velopment engineer and has designed, developed, built
and tested the many useful and nteresting circuits inctuded
in this book The projects themselves can be sphit down into
simpler building blocks, which are shown separated by boxes
in the circuits for ease of description. and also to enable any
reader who wishes to combine boxes from different projects
to realise 1deas of his own

B8P71: ELECTRONIC HOUSEHOLD PROJECTS $7.20
R. A. PENFOLD

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

8P73: REMOTE CONTROL PROJECTS $8.10
OWEN BISHOP

This book v aimed prumanly at the clectronics enthusiast
who wishes to expeniment with remote control full explana
tions have been given <o that the reader can tuily understand
how the Circunts work and can more easily see how to modity
them for other parposes. depending on personal re
quirements Not only are radio control systems considered
but also ntra-red, vivible light and ultrasonic systems as are
the use of Logic 1Cs and Pulse position modulation ete

BP90: AUDIO PROJECTS $7.60
F.G. RAYER

Covers i detail the construction of a wide range of audio
projects The text has been divided into preamphfiers and
mixers, power amplitiers, tone controbs aad matching and
miscellaneous projects

BP74: ELECTRONIC MUSIC PROJECTS
R.A. PENFOLD

Although one ot the more recent branches ot amateur elec
tronics. efectronic music has now become extremely popular
and there are many projects which tall into this category The
purpose of this book 1s to provide the constructor with a
number of practical circuits for the less complex seme of
electronic music equipment. including such things as a Fuzz
Box, Waa-Waa Pedal, Sustain Unit, Reverberation and
Phaser-Units. Tremelo Generator etc

$7.20

BP44:1C 555 PROJECTS $7.75
E.A. PARR, B.Sc.,C.Eng., M.L.EE

Every so otten a device appears that is so usetul that one
wonders how life went on betore without it The 555 timer 1s
such a device Included in this book are Basic and General
Circurts, Motor Car and Model Railway Circunts, Alarms and
Noise Makers as well as a section on the 556, 558 and 559
timers

BP82: ELECTRONIC PROJECTS USING SOLAR CELLS  $7.75
A collection 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 circuits, as well as a
number of projects
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BP49: POPULAR ELECTRONIC PROJECTS $7.75
R.A. PENFOLD

Includes a collection of the most pop ilar types of circuits
and projects which, we feel sure, will >rovide 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, Audio Projects, Household
Projects and Test Equipment

BP94: ELECTRONIC PROJECTS FOR CARS AND BOATS
R.A. PENFOLD $7.6
Projects, fifteen in all, which use a 12V supply .are the basis
of this book Included are projects on Windscreen Wiper
Control, Courtesy Light Delay, Battery Monitor, Cassette
Power Supply, Lights Timer, Vehicle Immobiliser, Gas and
Smoke Alarm, Depth Warning and Shaver Inverter

BP95: MODEL RAILWAY PROJECTS $7.60
Electronic projects for model railways are fairly recent and
have made possible an amazing degree of realism. The pro-
jects covered include controllers, signals and sound effects-
striboard layouts are provided for each project.

BP93: ELECTRONIC TIMER PROJECTS $7.60
F.G. RAYER
Windscreen wiper delay, darkroom timer and metronome
projects are included Some of the more complex circuits are
made up from simpler sub-circuits which are dealt with in-
dividually.

BP113: 30 Solderless Breadboard Projects-Book 2

R.A. Penfold $8.85
A companion to BP107. Describes a variety of projects that
can be built on plug-in breadboards using CMOS logic I1C’s.
Each project contains a schematic, parts list and operational
notes.

BP104: Electronic Science Projects

Owen Bishop $8.85
Contains 12 electronic projects with a strong scientific
flavour. Includes Simple Colour Temperature Meter, Infra-
Red Laser, Electronic clock regulated by a resonating spring,
a ‘Scope with a solid state display, pH meter and electro-
cardiograph.

BP110: HOW TO GET YOUR ELECTRONIC PROJECTS
WORKING $7.60
R.A. PENFOLD .
We have all built circuits from magazines and books only to
find that they did not work correctly, or at all, when first swit-
ched on. The aim of this book 15 to help the reader overcome
just these problems by indicating how and where to start
looking for many of the common faults that can occur when
building up projects.

BPB84: DIGITAL IC PROJECTS

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

BP67: COUNTER DRIVER AND NUMERAL DISPLAY
PROJECTS 7.05
F.G. RAYER, T.Eng.(CEl), Assoc. IERE
Numeral indicating devices have come very much to the
forefront in recent years and will, undoubtedly, find increas-
ing applications in all sorts of equipment. With present day
integrated circuits, 1t 15 easy to count, divide and display
numerically the electrical pulses obtained from a great range
of driver circuits.

In this book many applications and projects using
various types of numeral displays. popular counter and
driver 1C’s etc. are considered.

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

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

BP103: MULTI-CIRCUIT BOARD PROJECTS $7.60
R.A_ PENFOLD

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

$7.60

$7.60

B8P107: 30 SOLDERLESS BREADBOARD PROJECTS —
BOOK 1

R.A. PENFOLD $8.85
A “Solderless Breadboard” is simply a special board on
which electronic circuits can be built and tested. The com-
ponents used are just plugged in and unplugged as desired.
The 30 projects featured in this book have been specially
designed to be built on a "Verobloc’” breadboard. Wherever
possible the components used are common to several pro-
jects, hence with only a modest number of reasonably inex-
pensive components it is possible to build, in turn, every pro-
ject shown.

BP106: MODERN OP-AMP PROJECTS $7.60
R.A. PENFOLD

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

CIRCUITS

How to Design Electronic Projects

BP127 $8.95
Although information on standard circuit blocks is avaifable,
there is less information on combing these circuit parts
together. This title does just that. Practical examples are used
and each is analysed to show what each dees and how to ap-
ply this to other designs.

Audio Amplifier Construction

BP122 $8.95
A wide circuits is given, from low noise microphone and tape
head preamps to a 100W MOSFET type. There is also the cir-
cuit for 12V bridge amp giving 18W. Circuit board or strip-
board layout are included. Most of the circuits are well
within the capabilities for even those with limited ex-
perience.

BP80: POPULAR ELECTRONIC CIRCUITS —
BOOK 1

R.A. PENFOLD

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

$7.75

BP98: POPULAR ELECTRONIC CIRCUITS, BOOK 2 $8.85
R.A. PENFOLD

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

BP39: 50 (FET) FIELD EFFECT TRANSISTOR
PROJECTS $6.75
F.G. RAYER, T.Eng.(CEl),Assoc.|ERE B
Field effect transistors (FETs), find application in a wide
variety of circuits. The projects described here include radio
frequency amplifiers and converters, test equipment and
receiver aids, tuners, receivers, mixers and tone controls, as
:\vell as various miscellaneous devices which are useful in the
ome.

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

$5.40

Since 1t first appeared in 1977, Mr. R.N. Soar’s book has prov-
ed very popular The author has developed a further range of
circuits and these are included in Book 2 Projects include a
Transistor Tester, Various Voltage Regulators, Testers and so
on.

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

BP24: 50 PROJECTS USING IC 747 L9675
projects that can be

A unique book crre- -

simply construs \_D 0 . up amp and a few com-
ponents. Origin . ~vtished in Germany, this book will be
an valuable asset to any hobbyist.

BP88: HOW TO USE OP AMPS $8.85
E.A. PARR

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 non-
mathematical as possible.
BP65: SINGLE IC PROJECTS $6.05

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 application and can offer unlimited
possibilities All the projects contained in this book are sim-
ple to construct and are based on a single IC. A few projects
employ one or two transistors in addition to an IC but in most
cases the IC is the only active device used.

223: 50 PROJECTS USING IC CA3130 $5.00
R.A.PENFOLD

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

BP117: PRACTICAL ElECIIONIC BUILDING BLOCKS
BOOKX 1 $7.
Virtually any electronic circuit will be found to consist ot a
number of distinct siages when analysed. Some circuits in-
evitahly have unusual stages using specialised circuitry, but
in most cases circuits ure built up from building blocks of
standard types.

This book is designed to aid electronics enthusiasts who
like to experiment with circuits and produce their own pro-
jects rather than simply follow published project designs

The circuits for a number of useful building blocks are
included in this book Where relevant, details of how to
change the parameters of each circuit are given so that they
can easily be modified to suit individual requirements.

BP102: THE 6809 COMPANION $7.60
Written for machine language programmets who want to ex-
pand their knowledge of microprocessors Outlines history,
architecture, addressing modes. and the instructionset of the
6809 microprocessor. The book also covers such topics as
converting programs from the 6800, program style, and
specifics of 6809 hardware and software availability.

B8P113: PRACTICAL ELECTRONIC BUILDING BLOCKS -
Book 2

R.A. PENFOLD $7.60
This sequel to BP117 is written to help the reader create and
expetiment with his own circuits by combining standard type
circuit building blocks. Circuits concerned with generating
signals were covered in Book 1, this one deals with process-
ing signals. Amplifiers and filters account for most of the
book but comparators, Schmitt triggers and other circuits are
covered.

BP24 50 PROJECTS USING IC741 $6.75
RUD: & UWE REDMER

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

BP83: VMOS PROJECTS $7.70
R.A. PENFOLD

Although modern bipolar power transistors give excellent
results in a wide range of applications, they are not without
their drawbacks or limitations This book will primarily be
concerned with VMOS power FETs aithough power
MOSFETs will be dealt with in the chapter on audio circuits.
A number of varied and interesting projects are covered
under the main headings of:  Audio Circuits, Sound
Generator Circuits, DC Control Circuits and Signal Control
Circuits.

RADIO AND
COMMUNICATIONS

BP96. CB PROJECTS $7.60
RA. PENFOLD

Projects include speech processor, aerial booster, cordless
mike, aerial and harmonic filters. field strength meter, power
supply, CB recewer and more.

BP222: SOLID STATE SHORT WAVE RECEIVER FOR
BEG/INNERS $47.60
R.A. PENFOLD

In this book, R.A Penfold has designed and developed
several modern solid state short wave recewer circuits that
will give a fairly high level of performance, despite the fact
that they use only relatively few and inexpensive com-
ponents

BP9T: AN INTRODUCTION TO RADIO DXing $7.60
This book 15 divided into two main sections one to amateur
band reception, the other to broadcast bands. Advice is given
to suitable equipment and techniques. A number of related
constructional projects are described.

BP105: AERIAL PROJECTS $7.60
R.A. PENFOLD

The subject of aerials is vast but in this book the author has
conwidered practical designs including active, loop and fer-
rite aernals, which give good performances and are
reasonably simple and inexpensive to build. The complex
theory and math of aerial design are avoided.
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OTHER PUBLISHERS

PH121: HARDWARE INTERFACING WITH THE TRS-80
). UFFENBECK (1983) $19.45
tRS-80 Model | and Model I} = *rs now have a book to
help them understand * eir personal computers
to monitor ar-! \— 0 .» interfaces between the
computer a1 v industrial environment Contans
14 hands-on ¥ unents using BASIC.

$822026 POLISHING YOUR APPLE® $7.45
Clearly written, highly practical, concise assembly of all pro-
cedures needed for writing, disk-f1ling, and printing programs
with an Apple 11 Postively ends your searchs through endless
manuals to find the routine you need! Should be in the hands
of every new Apple user, regardless of experience level Ideal
for Apple classrooms too!

A BEGINNER'S GUIDE TO COMPUTERS AND
MICROPROCESSORS — WITH PROJECTS.

TAB No. 1015: $14.45
Here's plain English introduction to the world of microcom-
puters — it's capabilities, parts and functions . and how

you can use one Numerous projects demonstrate operating
principles and lead to the construction of an actual working
computer capable of performing many useful functions

TAB1370: A MASTER HANDBOOKX OF tC CIRCUITS  $21.95
A circuit for every occasion. Yoi''! . all the circuits you're
looking for in this 537 - 0 "he 932 circuits are
broken down L . Tunctions and in six
categories. It" “winucopia of ideas, projects, and
designs that yo  an build now.

TAB1544: ELECTRONIC PROJECTS FOR

PHOTOGRAPHERS $21.95
This hook gives you needed tips on ¢+ principles of elec:
tronics and building techme: n how to set up a
work area, and mnrt, D ~mds of practical ac-
cessories for VLS \— .wui1o, or darkroom with this
helpful guide

$B22361: INTRODUCING THE APPLE

MACINTOSh $20.95
A wealth of information on hardware, software etc for the
Mac Included are such topics as. making your desktop more
efficient, improving your productivity with the Mac, getting
the most from your mouse, how the 6800 microprocessor
works and much, much more

PH131: ZAP! POW! BOOM!

ARCADE GAMES FOR THE VIC 20

T.HARTNELL & M. RAMSHAW (1983) $17.45
Move through the maze eating dots with MAZEMAN Sail
through space zapping the ASTROIDS. Qutshoot the fastest
draw 10 town CUNFIGHT Owners of the VIC 20 can now
play these games — and more — simply by following the
programs outhned in this handy guide

THE BASIC COOKBOOK.

TAB No. 1055: $10.45
BASIC 1s a surprisingly powerful language .. if you under-
stand 1t completely. This book, picks up where most
manufactuers’ documentation gives up. With it, any com:
puter owner can develop programs to make the most out of
his or her machine

HANDBOOK OF MICROPROCESSOR APPLICATIONS

[AB No.1203 $16.45
Highly recommended reading f~- .ese who are interested in
NIFCrOProcessors as a "~ o 1 'comrlishing a specific
task The auth~- \_ woividual microprocessors,
the 1802 ana o ¥4 now they can be put to use in real
world applici %2as :

MICROPROCESSOR INTERFACING HANDBOOK: AD &
DIA

TAB No. 1271 - $16.45
A useful handbook for computer; 1 »sted in using their
machine i linear apn!:, D > discussed include
voltage referencc . uata conversion, analogue
switching and muls 7.g and more.

HOW TO BUILD YOUR OWN WORKING MICROCOM-

PUTER
“ $16.45
u .+ building your

TAB No. 1200
An excellent reference or -

D oardware and software
auy practical circuits.

own microcompute” so\_

are developed as w.

PH180: 1984 CANADIAN BUSINESS GUIDE TO MICRO-
COMPUTERS

K. DORRICOTT $11.95

Written by the managing director of Deloitte, Haskins & -

Sells, a Canadian partnership of public accountants and
other protessional advisors to management, this book is one
of the most complete comprehensive guides to microcom-
puters available Starting with a general overview of
microcomputers and their business applications, the author
helps you assess your computer needs, compares and
evaluates computer systems and application packages, and
gives you tips on “doing it right” A must for anyone thinking
of purchasing a microcomputer for business.

COMPUTER PROGRAMS IN BASIC
ABO1 $15.45
A catalogue of over 1,600 fully indexed BASIC computer pro-
grams with applications in Business, Math, Games and more

This book lists available software, what it does, where to get.

it and how to adapt it to your machine.

PH217: BASIC COMPUTER PROGRAMMING FOR KIDS
P.CASSIDY & ). CLOSE $16.45
Fully illustrated with phet- s and drawings, this book
teaches the reader *' computers and computing
) O . nathematics and the basic

and gentlv
theory « SO\,D _.vwork Written in an easy. conversa
tional tc

PHS1: PASCAL FOR THE APPLE

LAIN MacCALLUM . $34.20
A step-by-step introduction to Pascal for Apple I! and Apple
t Plus users The package of text and software diskette pro-
vides readers with worthwhile and interesting programs
which can be run immdiately and the results studied in

cludes over 200 exercises with full solutions Book/Disk
Package

PHS2: APPLE GRAPHICS GAMES

PAUL COLLETTA $40.95

Contains 10 arcade-style games wnitten especially for Apple
11, including Spider, Piano, Pairs and Poker, as well as educa:
tion, math, and designing games Book/Disk Package

PHS7: START WITH BASIC FOR THE COMMODORE VIC 20
D.MONRO ‘ $33.45
This book/cassette package shows the reader how easy it
really is to create programs using the full capacity of the
machime Includes helpful exercises and step-by-step instruc-
tions to put the full power of the VIC 20 at the user’s finger-
tips Book/Cassette Package

$B21822: ENHANCING YOUR APPLE® 11 — VOLUME 1

D. LANCASTER $25.50
Who but Mother Nature or Don Lancaster could successfully
enhance an Apple? YOU can, with help from Volume 1 in
Don's newest series for Sams Among other things, you'll
learn (1) to mix text, LORES, and HIRES together anywhere
on the screen in any combination, (2) how to make a new-wire
modification that will open up whole new worlds ot 3-0
graphics and other special effects, plus (3) a fast angd easy
way to tear apart and understand somebody else’s machine-
language program Qther goodies abound!

PH106: PROGRAMMING TiPS AND TECHNIQUES FOR THE
APPLE it

J.CAMPBELL (1983) $23.45
An advanced exploration of the intricacies of structures pro
gramming Further develops the skills necessary to solve pro-
gramming problems Special chapter on sound and graphics
which discusses both high and low resolution graphics for th
Apple Il

HB131: THE BEGINNER'S GUIDE TO BUYING A PERSONAL
COMPUTER $6.45
Written for the potentally interested computer buyer, in
non-technical language, this affordable book explains the
terminology of personal computers, the problenis and
vanables to be discussed and discovered white making that
initial buying decision The book does not make recommen-
dations, but does present a great deal of information about
the range of hardware avaialble from the largest personal
computing manufacturers Readers discover the meaning
and impact of screen displays, tape cassette storage and disk
storage, graphics and resolution, and much more Com-
parison charts clearly define standard and optional features
of all the current mass market personal computers

DESIGNING MICROCOMPUTER SYSTEMS
HB18:
POOCH AND CHATTERGY

This book provides both hobbyists and electronic engineers
with the background information necessary to build
microcomputer systems 1t discusses the hardware aspects of
microcomputer systems Timing devices are provided to ex-
plain sequences of operations in detail Then, the book goes
on to describe three of the most popular microcomputer
tamilies, the Intel 8080 Zilog Z-80, and Motorola 6800 Also
covered are designs of interfaces for peripheral devices, and
information of building microcomputer systems from kits

$18.95

$100 BUS HANDBOOK
HB19:

BURSKY

Here s a comprehensive book that excluswvely discusses
$-100 bus computer systems and how they are organized The
book covers computer fundamentals, basic electronics, and
the parts of the computer Individual chapters discuss the
CPU, memory, nput/output, butk-memory devices. and
speciatized peripheral controllers It explains all the
operating detalls of commonly available S$-100 systems
Schematic drawings

$26.00

110 THYRISTOR PROJECTS USING SCRs AND TRIACS
MARSTON

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

PH104: ACCOUNTANT’S BASIC PROGRAMMING FOR THE
APPLE 1|

A PARKER & |. STEWART (1983) $20.45
Shows the reader how to program the Apple |l to perform a
variety of accounting functions, such as payroll, accounts
payable, accounts receivable, tax, inventory, customer
statements, and more

HOW TO PROFIT FROM YOUR PERSONAL COMPUTER:
PROFESSIONAL, BUSINESS, AND HOME APPLICATIONS
LEWiS .

HBO1 $18.95
Describes the uses of personal computers n common
business applications, such as accounting managing, inven-
tory, sorting mailing hsts, and many others The discussion in-
cludes terms, notations, and techmgues commonly used by
programmer’s. A full glossary of terms

AN INTRODUCTION TO MICROPROCESSORS
EXPERIMENTS IN DIGITAL TECHNOLOGY -

HBO7 ° $18.95
SMITH

A “learn by doing” guide to the use of integrated circuits pro-
vides a foundation for the underlying hardware actions of
programmming statements Emphasis 1s placed on how digital
circuitry compares with analog circuitry Begins with the
simplest gates and timers, then introduces the fundamentat
parts of 1Cs, detailing the benefits and pitfalls of major IC
families, and continues with coverage of the ultimate in in-
tegrated complexity ~ the microprocessor

MICROCOMPUTERS AND THE 3 R'S

DO

HBO9 $16.45
This book educates educators. on the varnous ways com-
puters, especially microcomputers, can be used in the
classroom It describes microcomputers. how to organize a
computer-based program, the five instructional application
types (with examples from subjects such as the hard sciences,
hfe sciences, English, history, and government), and
resources listings of today’s products. The book includes
preprogrammed examples to start up a microcomputer pro-
gram, while chapters on resources and products direct the
reader to useful additional information All programs are
written i the BASIC language

HB107: GRAPHICS COOXBOOK FOR THE APPLE
WADSWORTH

HB107 $15.95
Learn how to use your Apple 1] to “paint” shapes, objects,
and letters in low-resolution graphics. The author provides a
hbrary of microcomputer graphics including such
multicoloured illustrations as robots and flying saucers,
trees, sailboats, and colourful picture backgrounds. Contains
complete annotated Applesoft BASIC programs to draw all
the pictures described in the book as well as suggestions for
improving programming techmques

HB116: THE BASIC CONVERSIONS HANDBOOK FOR
APPLETM, TRS-80TM, and. PETTM USERS

BRAIN BANK $14.50
A complete guide to converting Apple 11 and PET programs
to TRS-80, TRS-80 and PET programs to Apple |1, and TRS-80
and Apple | programs to PET Equivalent commands are
listed for TRS-80 BASIC (Model I, t evel 1), Applesoft BASIC
and PET BASIC, as well as variations for TRS-80 Model I}
and Apple Integer BASIC Also describes variations n
graphics capabilities

SARGON: A COMPUTER CHESS PROGRAM
SPRACKLEN
HB12 $27.50
“1 must rate this chess program an excellent buy for anyone
who loves the game “ Kilobaud

" Here is the computer chess program that won tirst place
in the first chess tournament at the 1978 West Coast Com-
puter Faire It s written In Z-80 assembly language, using the
TDL macro assembler It comes complete with block
dragram and sample printouts

BASIC COMPUTER PROGRAMS FOR BUSINESS:
STERNBERG (Vol. 1)

HB13 $21.50
A must for small businesses utilizing micros as well as for en-
trepreneurs, volume provides a wealth of practical business
applications Fach program s documented with a description
of 1ts functions and operation, a listing in BASIC. g;symbol
table, sample data, and one or more samples _

AUDIO AND VIDEO {NTERFERENCE CURES

KAHANER

HB21 $8.95
A practical work about interf~ @ e causes and cures that af.
tect TV, radio, hi-fi, CB, a~, “ avices Provides all the in.
formation needed tc werference Schematic wiring
diagrams of filter 0 vpes of recetvers and transmtters
are include \¢ * supplies simple filter diagrams to
eliminate + 20 TV interference caused by noisy home
appliances, .*on lights, motors. etc

PH107; APPLE LOGO PRIMER

G.BITTER & N. WATSON (1983) $19.95
A pictonal starter book that will make LOGO easy for
anyone Includes easy to follow examples and reference
tables Also included 1 a workshop outline for teachers and
leaders who want to train others.

$822047: 26 BASIC PROGRAMS FOR YOUR

MICRO $17.45
Features 26 previously unpublished, simple-to-complex
games you can run on almost any brand of microcomputer as
long as you have enough RAM on board. Most take between
500 and 5000 bytes, with the highest taking 13K. Conversion
charts that let you key them into your Radio Shack, TRS-80,
Appte 11, Timex/Sinclair 1000 (ZX81), Spectrum, Atari, or PET
are included Also features notes on program techniques and
structures

24

Electronics Today April 1986




Learn robotics and
Industrial control as

New NRIhome training prepares you
for a rewarding career in Canadas
newest high-technology field.

The wave of the future is here. Already, advanced robotic systems are producing
everything from precision electronic circuits to automobiles and giant locomotives.
By 1990, over 100,000 “smart” robots will be in use.

Over 30,000 New Jobs in North America

Keeping this robot army running calls for well-trained technicians. . . people who
understand advanced systems and controls. By the end of the decade, conservative
estimates call for more than 30,000 new technical jobs. These are the kind of careers
that pay $25,000 to $35,000 a year right now. And as demand continues to grow,
salaries have no place to go but up!

Build Your Own Robot As You Train at Home

Now, you can train for an exciting, rewarding career in robotics and
industrial control right at home in your spare time. NRI, with 70 years of
experience in technology training, offers a new world of opportunity in one of
the most fascinating growth fields since the computer.

You need no experience, no special education. NRI starts you at the
beginning, takes you in easy-to-follow, bite-size lessons from basic electronics
right on through key subjects like instrumentation, digital and computer
controls, servomotors and feedback systems, fluidics, lasers, and
optoelectronics. And it’s all reinforced with practical, hands-on experience to
give you a priceless confidence as you build a programmable, mobile robot.
Program Arm and Body Movement, Even Speech

Designed expecially for training, your robot duplicates all the key ele-
ments of industrial robotics. You learn to operate, program, service, and
troubleshoot using the same techniques you'll use in the field. It's on-the-
job training at home!

Building this exciting robot will take you beyond the state of the
art into the next generation of industrial robotics.

You'll learn how your completely self-powered robot intera

with its environ-

sound, and motion.
You program it to travel
over a set course, avoid
obstacles using its sonar
ranging capability. Program
in complex arm and body
movements using its special
teaching pendant. Build a

wireless remote control device
demonstrating independent robot

You'll even learn to synthesize
speech using the top-mounted
hexadecimal keyboard.
Training to Build a Career On
NRI training uniquely incorporates
hands-on building experience to reinforce
your learning on a real-world basis. You get
professional instruments, including a digital
multimeter you'll use in experiments and dem-
onstrations, use later in your work. And you get the
exclusive NRI Discovery Lab®, where you examine
and prove out theory from basic electrical concepts to
the most advanced solid-state digital electronics and
microprocessor technology. Devised by an experienced
teamn of engineers and educators, your experiments,
demonstrations, and equipment are carefully integrated
with 51 clear and concise lessons togive you complete
confidence as you progress. Step-by-step, NRI takes you from
the begirning, through today, and into an amazing tomorrow.
Send for Free Catalog Now
Send for NRI's big free catalog describing Robotics and
Industrial Control plus over a dozen other high-technology
courses. You'll see all the equipment you get in detail, get complete
descriptions of every lesson, find out more about career
opportunities for trained technicians. There's no cost or obligation, so
send today. Your action today could mean your future tomorrow.

”R’SCHOOLS

McGraw-Hill Continuing
Education Center

330 Progress Avenue
Scarborough, Ontario M1P 2Z5
or telephone 416-293-8787

- We’ll give you tomorrow.

You get and keep Hero 1 robot with gripper arm and
speech synthesizer, NRI Discovery Lab for electronic
experimentation, professional multimeter with 3%- |
digit LCD readout, 51 fast-track training lessons.
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trolled by a discrete resistor (R2). Output |
currents of 1 microamp to 10 milliamps
can be accommodated, and the output
current is approximately equal to 0.0677
divided by the value of R2 in ohms. Using

ment to sense light,

control in hazardous environments.

the specified value of R2 gives a nominal
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For Your Information

Function Generator

Owners of Texas Instruments
99/4A computers may be in-
terested in the TI 99/4A National
Users Group with chapters all
across Canada. Software, hard-
ware and full assistance can be
yours for $10 per year. Call or
write the headquarters for further
information: 759 - 6th St., Bran-
don, Manitoba R7A 3P3, (204)

Zilog has introduced a 28-pin
8-bit microcontroller, the Z8,
designed for low-cost control of
appliances and electronic pro-
ducts. The component has been
specifically designed for applica-
tions with low input/output re-
quirements that require inexpen-
sive silicon replacements for
mechanical devices.

The Series 8200 programmable
function/sweep generator has a
range of 2 milliHertz to 20MHz,
waveforms of sine, square,
triangle, ramp and pulse, TTL and
DC. A standard IEEE interface
programs all front panel controls.
Variable duty cycle, DC offset and

symmetry controls are provided,
together with a sweep mode which

covers 10 decades maximum
width. Duncan Instruments, 121
Milvan Drive, Torconto, Ontario
MOL 178, (416) 742-4448.

Clrcle No. 36 on Reader Service Card.
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Versatile Tester

The UTM tester checks circuits not

under power for continuity, and
also checks live circuits from 5 to

PROBES & TEST/LEAD
____CLEARANCE

380 volts, AC or DC. When DC is
checked, the tester reacts only to
positive voltages. It’s said to be
ideal for cable testing, checking

wring and computer circuits,
checking car circuits and various
components. $29.95 including
postage and handling. From Rolek
Enterprises, PO Box 22186, Bar-
rie, Ontario L4M S5R3, (705)
737-3334.

Prices valid on curre

Your Canadian Coline Sales
and Stocking Source.

Mo terC ard '

=)

1
M

Store Hours:
Monday to Friday 8:00 am to 5:00 pm.
Saturday: 10:00 am to 1:00 pm.

Y, \: Circle No. 38 on Reader Service Card.
38088 ; ! :
Zijriii Description Regular Sale* Power Supply

A G Price Price

“Probés 20 MHz 1.5m Hong $2405 | $17.95 |
X10"Probe, 100 MHz 1.5m Egng $2497 | 8$19.95

A < s
2P150 X10 Probe, 150 MHz 2.0m Longi,  $26-87 $18.95
Y i
TL 1000, | Meter Test Leads et $13:13 $10.95
- .

126074 % BNC-Banana Patch Cord 1.0m Long $12-17 $9.95

126083 | BNC-CROC Patch Cord, 1.5m Long $10-74 $ 8.95

_?nt(;ck only. Some quantities are limited. Sale ends June 30th 1986.

Please add $2 for shipping and handling.

Ontario residents please add 7% P.S.T.

The King KI-1353B is a general-
purpose constant voltage/current
supply. It provides three types of

980 Alness St. Unit 7,
Downsview, Ontario,
M3J 282

(416) 661-5585
TELEX 065-28169

output: two 0 to 30V variables and

a 5V 3A fixed. It features low

noise, excellent regulation and fast

recovery time. Contact RCC Elec-

tronics, 310 Judson St., Unit 6,

Toronto, Ontario M8Z 5T6, (416)

757-5094.

Circle No. 39 on Reader Service Card.
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Toronto Computing

Formerly Surplustronics

entre Inc.

8088 Computer Systems
with 90 day Warranty

‘ﬁ?"‘ i S

From $995

Includes: ¢ Disk Controller
¢ 8088 motherboard

¢ One DS,DS 360K Drive System is Video Board
* Power Supply with Fan Colours: $159.00
e Keyboard Mono $159.00

e Flip-Top case

8088 motherboard with 256K

$339 {expandable on board to 640K} Fully

assembled and tested with legal Bios,
Flow soldered provision for 8087.

e With plenty of spare slots
« High quality legal Bios All you need for complete

Hard Drives
Half-height, with
Controller and Cables
10 Meg .......$639.00
20 Meg .......$975.00

Disk Drives for IBM Computers
Shugart/Panasonic, 5%'' slimline, DD, DS 360K,

40track ...l Lol $169.95
Monitors

ZenithZVM1230 Green and ZVM1220 Amber . $135.00
Tatung, TTL, Hi-Res, 22MHz ............... $219.00

Complete 6502 System

¢ Assembled and fully tested [flow slodered)
® 64K, 80 x 24 video with soft-switch, fleppy controller.

¢ System comes with blank EPROM's on board, does

not come with any proprietary software or

BasiC ...t $199.00

Complete System

e Using 6502 board above in IBM style flip-top case,
using powerful 75 watt power supply with fan,
programmatle serial keyboard adaptor, IBM style
keyboard

As above with one builtindisk drive ......... $699.00
As above withtwodrives ................... $859.00

6502 Power Supply

256K Memory For 6502 Case. CSA Approved 5V, 5A,
41256 (150nS) .. ... ........ $ 4.35 +12V 2.5A, -5V 0.5A, -12V 0.5A.
Setof9 ... (B8  000a0000000000000000000000000000300G $69.00
64K Memory
4164 (150nS) . ........... ... $2.45 Kepco Power Supply
; SV 5A,+12V 2.8A,+ 12V
IBM Compatible 2A, -12V 0.54,
Keyboards Open Frame
Maxiswitch . ... .. .. $135.00 e $38.95
Keytronics 5151 . ...$195.00
IBM &
Apple Compatible . ..$149.00

IBM Style Case
Flip-Top8slot ...................... $75.00

Set of 8088, 8255A-5, 8237A-5, 8288, 8284,

Panasonic Printers — Sale

(€)5E0 {13 aoa000000000000000000005000 00000 $29.95

8253A-5,8259A . ................... $45.00 Ideal for experimenters. No warranty.
= 256K & Multifunction Board.
IBM Penphel‘al Cal‘ds Includes: Serial port, parallel port, game port, provision
for optional real time clock/calendar and socketed for up
2 to 256K RAM.
Colour VideoBoard ................. SISO WS GAKTAM . e e $149.00
Floppy Controller with With 256K RAM £ . $299.00
RS232 .........civiiniiiniinianns $139.00 515k Board Sockered for 512K including:
Modem 300Baud .........co000vnen 17900 GARBRAM oo e e $149.00
Multifunction Floppy Board .......... $199.00 IBM Compatible Disk Drives ......... $169.95
Parallel and Game Port Brand Mew, fresh from factory. Shurgart SA455 40 track,
CRpil e b e $ 59.00 double sided, double density Slimline. We have ordered
i e R R i 10,000 from Shugart - that is why we can pass the sav-
ings on to you
Peripheral Interface Card . . .. ......... $159.00

Includes two serial ports, parallel port, game port and
provision for (but not including) real time clock.

Clock/Calendar Option . ............ $ 29.00
With battery backup.

IBM Cnmpat'ble Keylmards

Maxiswitch . .. -§135.00
Keyboard
IBM and Apple compatible with adapter - - .$149.00

We have changed our name. We felt our
previous name of Surplustronics did not
properly describe our line of quality pro-
ducts. Service and prices are still the best
available to which we now add warranties
on most products.

IBM Style Power Supply
130W,+5V 13A, -5V 0.5V,+12V 4.5A,

-12¥ 0.5A
........................................ $145.00

150W .. $155.00

oBYIY o aooooooa0on noneaase0ane0an0a00000 $259.00

Power Bars with

Surge Protectors........ooovvninenn... $49.95

Apple Cards

Assembled, flow-soldered/cleaned and 100% tested
16KRAMCard .............. ... ......... $ 49.00
80x24videocard ................. ... ... $ 69.95
ZBDACard ... $ 59.00
Parallel Printer Card {cables extra). ... ........ $ 49.00
Parallel Printer Card withcable .. ........... .. $69.00
123K RAM Cardwith128K ................. $105.00
EPROM Programmer with Software .......... $ 79.00
(programs 2716, 2732, 27324, 2764)
ZBD/64K Card . ... ... $119.00
Serial Card (cableextra} .................... $ 69.00
Floppy Controller .. .................... ... $ 44.00
PrototypingBoard . ........................ $ 14.95

Modem Bargain!

Apple Compatible plug-in Autoanswer, Autodial, Touch
Tone or Pulse Dial. Excellent for use with most Bulletin

Boards. 300 Baud. Final Saleasis ............. $39.95
Apple Compatible Slimline
Disk Drives 5-1/4” .................. $179.00

Agpple Compatlble
Modem

$159.00

Plags into your Apple or compatible computer, Direct
cannect, 300 Baud, Autodial, Autoanswer, Touch
Tene/Pulse Dial, complete with documentation.

IBM Style Case
Suitable for $75.00

8088 or
Apple

Boards

o

Mail Crders add $5.00 minimum for shipping & handling Ontano
residents add 7% P.S.T. Visa, Mastercard and American Express cards
accepted: send card number, expiry date, name of bank and signature
Send certified cheque or money order, do not send cash

(416) 960-1350

More lines
to serve you better

Toronto Computing Centre Inc. 310 College Street, Toronto, Ontario M5T 183
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WHEN you play a compact disk or a
quality regular disk and you revel in the
clarity and power of really good sound,
you might assume that studios have some
sort of other-worldly high-tech elec-
tronics available to them, something that
isn’t accessible to the regular herd.

Your suspicions will be confirmed if
you try to make a recording in your living
room, even under the best of conditions
with really good equipment. ‘Well, that
clinches it,” you think, after you hear your
efforts. ‘They’re onto something cosmic,
I guess.’

Yet it isn’t true, at least not in the
sense of the existence of some sort of
special high-performance circuitry that’s
light-years above home hifi. Most of the
electronics in recording studios or profes-
sional sound reinforcement is pretty much
a cousin to the circuit cards in your home
system. In fact, there are studios whose
technical performance is the same or falls
behind the quality audio gear available at
reasonable prices today. A lot of profes-
sionals in sound or photography or similar
crafts envy the amateurs with the time and
money to tinker with really good gear.

Mind you, I’'m oversimplifying a bit
here, but in general, the splendid results
obtained by the pros result more from
techniques of design and application than
from dark secrets of the inner sanctum.

30
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Of course, when you see the dazzling ar-
ray of controls in a large studio, or get
your ears flapped by a huge tower of
speakers at a concert, it’s hard to keep in
mind that it’s all related to the stereo on
your bookcase.

Overview

The basic idea is straightforward; each of
up to 32 or more microphones has its own
amplifier and equalizer (tone controls);
the output of these amplifiers can be swit-
ched into any of the tracks on the tape
machine. Each microphone can then be
recorded onto any number of the tape
tracks.

There may be only one track, for
mono recordings, or up to 24 or more.
Some gigantic setups use two 24-track
machines synchronized together with
digital techniques, giving a total of 44
tracks after you subtract the four control
tracks for sync and level controls. What
they do with 44 tracks remains a mystery
to those of us who think of stereo as two
mikes, but it’s sort of like computer
memory space: the more you have, the
more uses you find for it, and you soon
fill up 640K, or what used to be a stagger-
ing amount of RAM.

On multi-track recordings, the input
channels on the console are switched from
mike to line; the channels now get their in-

put from the tape machine’s playback.
The console’s mixing facility is now used
to mix the recorded tracks down to stereo.
Or quad, back in the days when they
wanted to sell more speakers and amps.

That’s really all there is to the basic
layout; everything else is icing on the
cake, providing a myriad of functions to
manipulate the sounds into their final
form.

An Input Strip

The input channel, or strip, is responsible
for setting up the initial corrections to the
tone, and routing its output to the final
mixing stage, which is usually just a fader
(volume control) which accepts any
number of input channels and sends them
to one tape track.

The first control that you usually
meet will be the gain control. This is a
control missing from most microphonein-
puts on home or amateur equipment; it’s
usually just a feedback resistor in an op
amp circuit that can vary the gain up or
down. On some mixing boards a switch is
included to insert a resistive attenuator
ahead of the first stage of amplification
for handling really large outputs from
microphones.

It’s interesting to consider the output
of microphones. The best way to do it is
to watch the microphone’s output using

Electronics Today April 1986



an oscilloscope, because what we’re in-
terested in is the peak voltage that the
microphone can achieve under operating
conditions. Studio mikes are always low
impedance, usually 50 to 600 ohms, and
will usually be either dynamic (moving
coil) or electronic types (condenser, elec-
tret, etc.). A 250-ohm dynamic mike may
only produce 50 to 100mVAC if you sing
directly into it, but on certain sounds, par-
ticularly sustained ones, it’s not unusual
to see peaks of up to 2V, High-impedance
mikes were once very popular for home
use because the internal transformer gave
a voltage gain of about 20dB (ten times),
and this allowed manufacturers to scrimp

on expensive gain stages. These can hit a -

remarkable 20V of output.

The input stage, then, must be
designed to handle high input voltages as
well as supplying up to 80dB of gain for
very soft signals, and this can only be
" done by using a variable gain control. The
maximum input can be found by dividing

the amplifier’s output by the gain. Forin- -

stance, an. op amp running from
plus-and-minus 15VDC can usually swing
about 9 volts RMS. If the gain is 40dB (a
good general-purpose gain figure), then
the maximum output is 9/100, or 90mV
(we’ll get further into the decibel as we
go). This is 90 x 1.414 = 127mV peak.

At one time, most consoles ran with
plus-and-minus 15V supplies to accom-
modate the limitations on the op amps of
the time, but now that higher-voltage
amplifiers are available, bipolar supplies
of 20V or higher are becoming popular.

While the professional input preamp
is fitted with gadgetry for optimizing the
signal, it probably isn’t a great deal dif-
ferent in noise or distortion than a good
home stereo. For instance, a zillion radio
stations and studios use Shure mike mix-
ers for auxiliary mixing, and the older
models of these had signal-to-noise about
10dB worse than an average stereo system.
I recall them being plagued with hum and
hiss, but everybody went on using them
anyway.

The next function in the strip is the
equalization, or EQ. The EQ on even a
basic board should consist of bass and tre-
ble control similar to a home stereo and a
midrange control which can boost or cut
(by 15 or 20dB) a band of frequencies
tunable from about S00Hz to 5kHz. The
mid control is essential; because it affects
the frequencies to which the ear is most
sensitive, it’s the best control for brighten-
ing or diminishing the tone of almost any
sound. In fact, it’s such a useful control
that the more expensive boards have up to
four of them, tunable to overlapping
bands covering the audio range. In effect,
each input strip then has a graphic
equalizer, except that rotary controls are
used.

Next comes the auxiliary outputs.
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These vary tremendously in number with
the make and price of the console, but in
general, the two most-often used outputs
are the effects send and the cue (or
foldback) send. Both of these are general-
ly switchable from pre- to post-fader;
that is, they can work independently of
the main fader (pre) or they can fade
along with it (post). The effects send is us-
ed to send the mike output to a reverbera-
tion unit, or an echo unit, or similar.
Generally, the master tapes are made
without an special effects added; it’s easy
to add them later, but very difficult to
take them out afterwards. The separate
output allows the effects (if used) to be
stored on a separate tape track or just sent
back-to performers.

The cue or foldback outputs are used
to send the mike output to one or more
headphone amplifiers so the performers

can hear each other via headsets. On most -

boards the cue feeds can be ‘wet or dry’;
that is, the sound heard by the performer
can be straight from the mike without ef-
fects added, or it can be jazzed up with
reverb or echo. It’s a bit easier to hear
your own voice in a headset if there’s
some reverb added.

The fader comes in now. Most are
conductive-plastic for low operating
noise, and the taper is logarithmic. The
usual operating level is marked near the
top as OdB, and there’s another 10dB or
more remaining in the travel. Large con-
soles have insertion points before and
after the fader; this lets the operator add
in (patch) special effects boxes in the pre-
or post-fader mode.

Lastly comes the assignment buss (or
bus) strip. It consists of two banks of
pushbuttons, one for each track, usually
with the odd numbers on one side and the
evens on the other. A pan pot is used to
adjust the level between any two opposite

buttons, allowing positioning of a track or
mike in a stereo mix.
It’s like the balance pot on a stereo, but
with only one input.

Qutputs and Monitoring

The various inputs are mixed; each mixing
buss will consist of a resistor from each in-
put strip wired to a common rail that runs
the length of the mixer. Most consoles use

- feedback mixing; the common rail is fed

into an inverting output and a resistor
wired from the output to the input. This
resistor is usually the same as the mixing
resistors (typically 10k); the feedback
method has the advantage of lowering the
buss impedance to a few ohms, and this
means that you can add or subtract input
channels without disturbing the buss level
through impedance changes. The voltage
level out of the mixing amp is usually 30
or 35dB below maximum, giving lots of
headroom when multiple signals are add-
ed together.

Each mixing amplifier goes to a fader
and then to the final line amplifier which
feeds a track of the tape machine. A
typical line amplifier is an op amp with a
current booster on the output, capable of
swinging about 12 volts RMS into 600
ohms. This is about 20dB higher than line
level, allowing lots of room for transient
peaks.

Monitoring is an exceptionally im-
portant part of any mixer. It’s the
gadgetry that lets the operator hear what’s
going on in the studio and what’s been put
on tape. Several pairs of speakers are swit-
ch-selected so the operator can hear the

- sound through super speakers, through

car-radio types, and so forth. The
top-of-the-line studio monitor speakers
are extremely impressive. Not that you
can’t get them for home use, but most
people just can’t afford them.

The monitor controls and patchbay of an MCI console. The patching jacks allow direct outputs and
equipment insertions.
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The monitor speakers are fed in one
of two ways, at least in general. The first
way is the separate monitor panel. This
consists of a separate mixer all on its own,
but mounted on one side of the console.
This little mixer has two main sets of in-
puts: the first one listens to the outputs of
the console (the audio going to the tape)
and lets the operator doodle with levels
and effects and panning without actually
affecting the tape. The second set of in-
puts is connected to the playback outputs
of the tape machine; this set can be swit-
ched in place of the console outputs all at
once, either by a massive mechanical
switch or by electronic switching (FETs,
4066 1Cs, etc.). If the operator wants.to
hear a single microphone or tape channel,
there’s a switch called the Solo; it ac-
tivates a relay to change the monitor feeds
from multi-track to the output of the
desired channel. Most operators spend a
lot of time punching the solo buttons
frantically, yelling ‘where’s that buzz
coming from???’

The second method of monitoring is
to have a volume control and pan pot on
each input channel. This greatly simplifies
the console monitor panel, but lots of
. switching is still needed to go from con-
sole output to tape machine output. The
choice is a matter of operator preference.

Patching

Consoles have inputs and outputs routed
to 1/4° telephone-type jacks in a large
panel; how many you have depends on
how much money you have. Operators
would like thousands of patch point for
inserting special effects wherever they
want, but the high cost of the hardware
usually - limits the choice to pre- and
post-fader. In addition to insertion points
(in which the connection is normally made
by spring contacts in the jacks and broken
by the plug for adding other equipment in
series), there are also channel outputs and
tape machine inputs. This is a great
moneysaver, because it minimizes the
number of mixing busses required. The
operator only needs so many mixes, .and
some input channels can bypass the mix-
ing process completely and go straight to
the. tape machine via the patching jacks
(the monitoring facilities still listen to
these direct channels). This is how a con- -
sole with only eight output faders can be
called a 16-track board. The other eight
tracks are fed directly through the pat-
chbay; the line returns (playbacks) from
the tape machine are listened to via a
16-input monitoring system.

Balancing
Studios consist of enough wire to lash up

a trawler net if you needed one. This in-
credible tangle of mike, console and tape
lines makes. an ideal setting for .in-
terference, crosstalk, RFI and what have
you. To minimize the problems, all lines
are balanced in professional studios, .
though on smaller setups you often see
unbalanced lines which do the job using
very low impedances and lots of filters.
The subject of balance/unbalance or
transformer versus electronic balancing
will provoke a hot debate among
operators any time. The choice of monitor
speakers, for instance, is seen as a per-
sonal thing, like your choice of religion,
but wiring fans see unbalanced studios as
some sort of ignorant recklessness, or
balancing as intolerably old-fashioned. In
fact, it doesn’t matter an awful lot. Both
systems work excellently if properly in-
stalled.

The balanced line consists of two
wires plus a shield; the output amplifiers
are either transformers or two amps in an-
tiphase. The inputs are- either trans-
formers or differential amplifiers. Since
only the potential difference across'the
line pair is amplified, interference signals
common to both sides of the line are sub-
tracted by an amount dependent on the
quality of the unit.

Unbalanced lines are much more eco-

'“o‘omo

NOW JUST ARRIVED!

PC/XT Compatible ECS1-PC/XT

More Powerful More friendly
High Speed EPROM Toaster For Apple and 1BM

From 2716 to 27256 all-round player. Function pro-
gramming voltage (12.5V, 21V, 25V), and ROM
selection totally software control. Just change 1I/F
card, Can switch to IBM or Apple.

For Apple ............... .....$185.00
ForIBM ..............co0ue. $195.00 .
Extra I/F card Appleor IBM ....$ 79.00

o oy

Apple i/t

Also KEM High Speed Rom UV Eraser.
Erasing time only within 5§ to 10 minutes.

$5.00 for shipping. Plus Provincial Tax for B.C. residents. Plus
C.0.D. fee if required. Price and specification are subject to
change without notice.

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

Special
$899.00

* 8088 processor * support PC software
¢ optional Intel 8087 » 90 day warranty
* numeric coprocessor ® 8 slot Mother board
= 256K memory
= double sided double
density disk drive
» detachable keyboard
e colour graphic board
* 130 watt power supply

TTL Flat Screen Monitor

32 Circie No. 9 on Reader Service Card

— _$1 9900 XT/PC MAIN PERIPHERAL
Enhance Graphic Card . ...$695.00
Mother Board8Slot ... ... $249.00
Color GraphicCard . ...... $139.00
Multifunction . ........... $149.00
== MonochromeCard ... ..... $139.00
Monochrome Graphic . ... .$175.00
GamePort ......... ....$ 49.00
R8232 Card ipgy23d e $ 59.00
Parallel Interface .........$ 59.00
Mouse — Disc ControllerCard ......$ 89.00
Base Gulnm e s e $ 69.00
$149.00 &_b |keyboard (Cherry) . .. .. .$ 99.00
Power Supply 130 Watts . ..$139.00
. . PrinterCable ... .......... $ 25.00) -
AT Compatible RS232Cable . ... ........ $ 25.00
$2995.00 Disk Drive Cable .........$ 15.00
. Moving Message Board . ..$495.00
. ?112.'2(Mm§n"12'y TTL and CMOF test Card ..$ 99.00
» Colour card 150 Watt Power Supply . ...$149.00
» Keyboard Modem 1200B . .......... $349.00
* 200 watt power supply NetworkCard ............ $595.00

ELECTRONIC CONTROL SYSTEMS

S 1590 Matheson Boulevard, Suite 1 & 2 Mississauga, Ontario L4W 101

== === (416 625-8036 Hours — Mon. to Fri. 10-6. Sat. 10-2
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Long Distance Ordering
1-800-268-3798

(Operators on 800 number cannot handle enquiries other than orders)

Local Orders (416) 921-8941



YExceltronix

Our original store in Toronto is still at the same location (319 College Street — College
and Spadina) but has greatly expanded to incorporate adjacent stores.

S

Multiflex and Versa-Digital developed and
manufactured the digital display signs us-
ed on the Toronto Subway System and the
Vancouver LRT Transit System — and they
are now controlled and updated using
several BEST computers!

In excess of $1 million was devoted by
Multiflex to development of new high tech
products in 1985.

Pl 7 =

All our own products are manufactured in
Canada to the highest quality, inciuding
being flow-soldered and ultrasonically
cleaned.

2 — Exceltronix Spring 1986 Catalogue

Our newly purchased 25,000 square feet
facility, near Toronto airport, will allow us
to expand research and development in the
computer field.

It will also take us into a new fieid of
development advanced underwater in-
telligent robotics.

Eugen F. Hutka, the founder and President
of Exceltronix, Multiflex and ali the
associated companies.

All prices and specifications in this
catalogue are subject to change without
notice.

Our cover shows our AVT-286,
IBM AT compatible computer with
a graph showing our rapid and
sustained growth.

The History and
Development

of our successful and raplidly ex-
panding All-Canadiaon company
committed to high technolgoy.

Now in its seventh year, Exceltronix and its
associated companies, has grown from a
single store, to three retail outlets, a large mail
order division, and an ever expanding
engineering and manufacturing facility with
revenues for 1986 expected to exceed $15
million.

Many of the products sold at our own retail
outlets are manufactured by our associated
company, Multiflex Inventions and Technology
in Toronto. This direct link between manufac-
turing and retailing benefits our customers in
several ways. Our competitive prices result
from not having to deal with middlemen (with
their markups) and enables us to respond
rapidly to the changing needs of customers.
We are proud of both the high quality of our
products and their excellent reliability and
consequently we are able to offer warranties
far better than the industry standard. Ex-
celtronix is probably most widely known for its
highly successful line of IBM compatible BEST
personal computers and peripherals, but when
an off-the-shelf product will not satisfy your
needs, the engineering division at Multlflex is
able to analyze your problem and develop a
cost effective solution. Proof of this is the Ad-
vanced Message Display System in the Toron-
to Subway System and the Vancouver LRT,
manufactured by Versa-Digital, another
associated company. These examples are just
some of the-many solutions that we have pro-
vided for Canadian industry and commerce
and we will be happy to discuss your particular
requirements.

Even though we have grown enormously, we
have not lost the personal touch that con-
tributed to that growth. Although we are now
one of the largest manufacturers of computers
in Canada, our dedicated and knowledgeable
staff are happy to discuss your needs, be it for
a computer to solve a problem or a single elec-
tronic component.

In the recent past, the microcomputer
business has seen huge booms and some
massive recessions. Despite this, Exceltronix
and its associated companies have grown con-
sistently and we continue to increase our
market share. Being diversified, we have the
resources to research and develop our pro-
ducts properly. Not being dependent on a
single line, we have avoided the mistake of
many computer companies of bringing out pro-
ducts before they are properly developed.

Our company is proud of the fast and ex-
cellent service in our stores and we now have
available a team of specialists who can pro-
vide on-site analysis of your hardware, soft-
ware and interfacing needs.

We have yet to see what tomorrow has to of-
fer, but you can be assured that the Ex-
celtronix group of companies will be accep-
tingthe challenge.

Associated Companies:
Exceltronix Inc.
Multiflex Inventions and
Technologies Inc.

BEST Computers Inc.
Toronto Computing Centre Inc.
Versa-Digital
Technologyinc.
Digi-Media Inc.

XL Electronix Computer
Music Centre Inc.



BEST AVT-286: the 1Bm aT compatible

Designed and made In Canada with pride.

Proving once again that Muitiflex is an
industry leader, by producing more than
just affordable alternatives in personal
computer design, we are pleased to an-
nounce the BEST AVT-286 Microcom-
puter, our new, fast IBM AT compatible.
The AVT-286 is based on the 80286
microprocessor. The AVT-286 is sup-
ported by the Phoenix AT compatible
Bios, the same software house that sup-
plies the Bios for all other BEST com-
puters as well as many of the well known
IBM compatibles currently manufactured.

Check the long list of standard
features that are included on the new
BEST AVT-286:

® The AVT-286 runs faster than the
(12MH2) IBM AT but retains superb soft-
ware compatibility.

® The main board features a standard
640K RAM using state-of-the-art memory
chips for fast, reliable data processing.

® Seven expanslion slots of which five
support IBM AT signals. The two remain-
ing slots are compatible with IBM PG or
XT peripheral boards.

® Presocketed for the
math co-processor

e Two floppy diskette drives, one format-
ted for a capacity of 1.2 Megabytes, the
other for 360K to read and write normal
diskettes.

® The BEST Colour Video board which
offers the user four modes of operation,
composite and RGB output.

® An AT compatible keyboard.

e On board Real Time Clock/Calendar
with battery backup.

® Parallel Port (for printers etc)

o Serlal Port (for communications).

optional 80287
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® Heavy duty Power Supply as standard
allows for adding extra cards as well as a
Hard Disk without requiring an upgrade.
® Attractive flip-top case.

® A keyboard lock with unigue security
key which prevents any unauthorised use
of the system.

@ A front control status panel provides
infarmation on the keyboard lock status,
reset, power-on, disk activity and parity
errors.

¢ A hardware resat button so the system
can restart without having to power down.

The BEST AVT-286

Canadian designed and made, Super IBM
AT compatibllity, 640K RAM, Two 5.25in.
Disk Drives (one high density 1.2Mb, one
360K), Serial and Parallel Ports, High
quality keyboard, Keyboard lock and
Status Panel. See detailed description
above.

Simpler or more complex configurations
available at most competitive prices.

$34950°°

As standard configuration with fast-
stepping Hard Drives:

20 Meg Hard Drives . . . .. . ... $4950
30 Meg Hard Drives . . . ... ... $5475
40 Meg Hard Drives

Warranty

We hawe such con-idence in the time
testad reliability of the BEST that we
offer a 300 day wairanty wh ch is way
abov2 the industny stancard. On-site
service plan available al extra cost
Natiar-wide through 3M of Canada Ltd

The BEST IBM AT Conpartible
4 Meg Memory Card

in order to take advantage of the memory
addressing capabilities of the IBM AT or
the BEST AVT-286 business computer, we
developed a memory card to give the user
up to 4 Megabytes of dynamic RAM. The
memory card will run at speeds up to
16MHz, which is fast enough to meet the
needs of any 80286 microprocessor on the
market today. The design uses state-of-
the-art (256K x 9) memory arrays, to allow
for maximum memory in the smallest
physical space. The ninth bitis used as a
parity bit to insure the validity of the data.
The card is available in memory sizes from

512K to 4 Megabytes in steps of 512K.
Boundaries are switch selectable above 1
Meg in blocks of 512K.

With SE2K S - Gcr e ==t S 695
WIthIIMEOIS o st ok 3 4 o $ 895
wWithameg ............. $1995

Attention IBM Owners!
BEST AT Compatible Enhancement Cord
This card includes the following featues:
Two Serial Communications Ports, Cne
Parallel Printer Pcrt and Memory starting
from 128K to 512K in selectable boun-
daries. This card will allow IBM AT user
with 256K or 512K of on-board memory to

expand that AT machine to full 640K
capability as well as provide them with
two serial ports and one paralliel port.

........................... $299.00

319 College Street, Toronto, Ont. MST 1S2
(416) 921-8941. Order line only 1-800-268-3798
Ottawa 217 Bank Street {613 230-95000

Visa. Mastercard and Americam & xpress accepted.

JExceltronix
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Made in Canada with pride.
superb IBM PC/XT Compatibility

In today’s Industry, more than ever, time is
money. It is for that reason we developed
the Mark IV personal computer.

Still retaining IBM PC and XT software
and hardware compatibility, the Mark IV
uses the true 16-bit 8086-2
microprocessor. Although the system
runs at the same clock speed as the Mark
Ill, the 8086-2 has a 16-bit external data
bus compared to the 8088 and 8088-2's
8-bit data bus. This allows memory ac-
cess to occur much faster than with most
other IBM PC/XT and compatible com-
puters.

The bus structure of the Mk IV remains
compatible with the standard IBM 8-bit 1/0
channel but still has the benefits of the
16-bit architecture.

Couple the 8086-2 microprocessor
with the 8087 math co-processor and you
have one of the fastest, most reliable
business or engineering aids available in
this price range.

Since the BEST Mark IV is geared
towards the serious microcomputer user,
a standard complement of 640K RAM is in-
stalled on the main board, along with a
long list of standard features.

e
I

Standard Features of the BEST Mk IV

Superb IBM Compatibility.

Canadian made

Phoenix BIOS, as used in many major

brand |BM compatible systems.

® 640K of RAM Memory.

® Seven Expansion slots, so that you
have lots of room to tailor the system
to your needs, with the wide range of
peripheral cards available.

® Real Time Clock/Calendar, with soft-
ware and battery backup.

® Parallel Printer port, to interface dot

matrix, letter quality printers and

digital plotters.

® Serial Communications Port that sup-
ports all RS232-C signals (a second
serial port can be added.

® Two double sided, double density 360k
5.25 inch floppy disk drives, with the
option of adding an additional two
drives.

® Colour graphics video bcard, with both
RGB and composite video outputs.
Four modes of operation are available
with this board.

® Pre-socketed for the optional Intel 8087
math co-processor.

® A reset switch, which can be a life

saver, in the event of a program hang-
ing your system.

® A 150 watt power supply, with more
than enough power to supply expan-
sion boards, disk drives, and hard disk
drives,

® |BM compatible, high quality keyboard.

Warranty

LWe have such confidence in the time
ested reiiability of the BEST that we offer

a 300 day warranty which is way above the

industry standard. Nation-wide on-site

service plan available at extra cost
through 3M of Canada Ltd.

SUPER-FAST BEST MK IV

As BEST MK (Il plus TRUE 16-Bit
machine, 8086-2 processor, IBM com-
patibie 8-Bit I/O channel bus, even
faster than MK Il due to 16-Bit archi-
tecture. With 640K RAM.

$2500°°

Other Contigurations:
With 10 Meg Hard Drive/1 Floppy/640K . .. .. $3395
With 20 Meg Hard Drive/1 Floppy/640K . . . .. $3495

Options:

Tape Drivel . .ol sam oo . .} . cpe M from $1295
Second Floppyon H.D. systems ........... $180
300/1200 Baud Modem Board .
BESTMonochromeCard .................

APPROXIMATED SPEED COMAPRISONS

The BEST line

ALL of the BEST personal computers come with standard features
that other manufacturers consider expensive options. The excellent
reliability proved since we started manufacturing this range enables us
to offer warranties far, far better the industry standard.

A complete description of the personal computers manufactured is

included in this catalogue. Before you buy your system our computer
fluent sales staff can provide you with advice on the hardware and soft-
ware required to solve your problem. And remember that after you pur-
chase the BEST computer that suits your needs, Exceltronix and its
sister companies will be around long after some other retailers have
come and gone, to offer you unparalleled service and selection, as we
have been for the last six years.
Special Requirements? We have the in-house experts in both hardware
and software to interface a lot of complex equipment to IBM, BEST or
compatible computers. We can recommend or customise existing soft-
ware packages for your business or industrial needs. We have excellent
in-store and on-the-road sales staff with computer expertise and a
superb team of in-house hardware and software engineers.

We can probably help you with every aspect of your computer
needs at reasonable, honest prices. Call us.

For the speed comparison test a PL1 programmer was compiled on a 360K RAM
disk, namely VDisk supplied on Dos 3.0. The reasons for this instead of a diskette
are twofold: 1. The drive characteristics between an AT and a PC are radically dif-
terent. We wouldn’t know if we were comparing speed of the drives or speed of the
machines. 2. The 16-bit machines such as the Mark |V and AT cannot utitize their
full power while talking to 8-bit devices.

The base was an IBM PC/XT with 640K running at 4.77MHz. The compile was of
moderate length: 170 seconds. The table here gives the results of the speed test:

Machine IBM PC/XT Mark Il Mark IV IBM PC/AT AVT-286

Type 477 MHz 800 MHz 8.00 MHz (12 MHz) (16 MHz)
(6 MHz CPU) (8 MHz CPU)

Seconds 170 105 80 67 53

Relative

Speed 1.00 1.62 213 2.53 3.2

Looking at the table we see a number of remarkable things. The first is the speed of
the AVT-286 over the IBM PC/AT. The AVT-286 is about 25% faster than the IBM AT.
The other remarkable thing is that the Mark IV is only 16% slower than the IBM AT!
(This is even more remarkable considering the price differential). We also see, as ex-
pected, that the 16 bit data path of the 8086 in the Mark IV gives 31% improvement
over the Mark Il at equivalent processor clock speeds.

If you want the Best, buy the BEST
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We are proud to introduce the

New Easr yBEST Mark 11l

Made in Canada with pride.

To meet the demanding needs of industry for
faster information processing, Exceltronix is
pleased and proud to introduce the Mark il per-
sonal computer. Based on the success of the
BEST Mark H, the Mark lil goes a step beyond.
The system is based on the B088-2 micro
processor, which is capable of running almost
twice as fast as any 8088 based system.

® Superb IBM PC/XT software and hardware
compatibility has been retained.

® A hardware switch allows you to go from
4.77TMHz to 8MHz operation. Any software that
implements a lot of memory manipulation will
run vislbly faster. Compilers work much faster,
spreadsheets will speed through calculations,
and even video intensive games run quicker.

® All the same cost effective package that
made the Mark il a success, has been continued
in the Mark 1ll. We consider features such as a
Real Time Clock, Parallel Printer Pont, Serial
Communications Port and a minimum of 256K
RAM memory, necessities in today's personal
computer. These have been included in the base
price along with a colour video board, so even if
you don't need the options today, tomorrow you
will not have to pay to have them Installed.

IBM PC/XT

Compatibility

o SR
o=
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Monitor and printer not included. IBM Is a registered trade mark of iBM Canada Limited.

The FAST BEST MK Il

As BEST MK |l plus speed selectable:
4.77 and 8BMHz {most software will run
on the higher speed), uses 8088-2 pro-
cessor.

$18950°0

Other Configurations:

With 640K RAM . T - - T 3 $1995
With 10 Meg Hard Drive/1 Floppy/256K . . . . .$2795
With 10 Meg Hard Drive/1 Floppy/640K . .. .. $2895
With 20 Meg Hard Drive/1 Floppy/256K . . . . . $2895
With 20 Meg Hard Drive/1 Floppy/640K . . . .. $2995

Standard Features Common to the BEST MK 1l and MK 111

® Superb IBM Compatibility.

® Phoenix BIOS, as used in many major
brand [IBM compatible systems.

® Minimum of 256K RAM (Random Ac-
cess Memory) using 41256K RAM
chips, expandable to 640K or higher on
the main board.

® Seven Expansion slots

® Real Time Clock/Calendar, with soft-
ware with battery backup.

® Parallel Printer port

@ Serial Communications Port that sup-
ports all RS232-C signals (a second
serial port can be added for only
$39.00 extra).

® Two double sided, double density 360k
5.25 inch floppy disk drives

@ Colour graphics video board, with both
RGB and composite video outputs.

® Pre-socketed for the optional Intel 8087
math co-processor

® A reset switch

® A 150 watt power supply, with more
than enough power to supply expan-
sion boards, disk drives, and hard disk
drives.

® |BM compatible, high quality keyboard.

Warranty

We have such confidence in the time
tested reliability of the BEST that we offer
a 300 day warranty which is way above the
industry standard. Nation-wide on-site
service plan available at extra cost
through 3M of Canada Ltd.

Options:

Tape Drive I = N from $1295
Second Floppy on H.D. systems .. ...... . ..$180
Second SeriatPort. ... ... ... .. .. ..$39

The BEST Mark 1

Made in Canada

In the past two years, thousands of BEST personal computers
have been working their way into the Canadian business,
educational and home environment. Based on the 8088

microprocessor, the BEST Mark 1l is an inexpensive entry into

the personal computer field.

As with all the BEST product range, it is made in Canada

to the highest standard of quality.

It is the success of the original BEST and the Mk ii that
prompted us to develop the newer and faster Mk [l and Mk IV.

Superb IBM PC/XT Compatibility
L T —

ud

Moritor and printer not Included. IBM Is a registered trtade mark of IBM Canada Limited.

BEST MARK II
Standard Mark |l with 256K
RAM and two 360K DD/IDS
diskette drives, Serial and
Parallel Ports, Real Time
Clock, Phoenix BIOS. Uses
8088 processor.

$1695

Other Contigurations:

WIth640KRAM . ... ... ... . . .......... $1795
With 10 Meg Hard Drive/1 Floppy/256K . ... . $2595
With 10 Meg Hard Drive/1 Floppy/640K ... .. $2695
With 20 Meg Hard Drive/1 Floppy/256K .. ... $2695
With 20 Meg Hard Drive/1 Floppy/640K . . . .. $2795

If you want the Best, buy the BEST
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BEST External Hard Disk Drive and
Tape Back-up Unit

Easlliy convert your iBM PC or
compatibie into a Hard Drive System
with Tape Backup.

As more people become educated in the use of personal com-
puters, the office computer becomes victim to late night
hackers and curiosity seekers. The data upon which your
business decisions are made every day is in danger of being
wiped away by a wrong sequence of key presses or the data
may be seen by those without proper authorization. Protect
your data and yourself by removing the hard disk drive from
the system.

Multiflex has designed a unit which allows you to
physically remove the mass data storage device and lock itin
another room without disassembling your entire system. The
external hard disk drive and tape backup unit is self contained

© with its own power supply and connects to back of your
system through a ribbon cable. Simply follow normal shut
down procedures then unplug the unit and carry it to a safe
location.

With Seagate 20 Megabyte Hard drive and
Scorplor Tape Backup unit
$2795.00

With 10 Megabyte Hard Drive and Irwin
Tape Backup unit

$2395.00

BEST EXPANSION System for your
I1BM PC

If you are one of the many who invested thousands of dollars
in an |BM PC, you may be realizing the limitations of the hard-
ware you own. The power supply may not be able to handle the
addition of a hard disk drive or the five expansion slots may
already be filled with necessities, leaving no room for the lux-
uries of more memory or communications hardware.

The BEST Expansion System was designed to function in
a transparent fashion to the |BM operating system. The host
system (IBM PC or XT) will look at a peripheral card in any of
the eight slots of the expansion system as if it were installed
in the slots on its own main board.

The Expansion System is packaged in an attractive flip-
top case with its own power supply and ventilation fan. Two 3
foot long ribbon cables connect the host computer to the ex-
pansion system, which allows the expansion system to be
placed on top, beside or underneath of your existing |BM PC or
XT system.

The expansion chassis is powered by a 150 watt power
supply with power connectors for two disk drives included as a
standard feature. This power supply has enough power to run
four diskette drives, expansion cards, or hard disk drives.

Although the system provides you with more slots and the

capacity for a hard drive, your existing system will run with
less load and therefore cooler.
Complete BEST Expansion System including the peripheral
adapter to plug into your existing IBM PC or XT system, 8-slot
expansion bus, with flip-top case and 150W power supply and
cooling fan.

Price $795.00

convert your IBM PC or XT into a Hard
Drive System within Minutes
Do It yourself with no mechanical alterations.

This unit rapidly converts your system into a Hard Drive unit,
and it is compact enough to fit in a brief case. The unit con-
tains it own power supply, fan, a reliable Seagate 20 Megabyte
hard drive and a controller card which plugs into your existing
system.

with Seagate 20 Megabyte Hard Drive
$1295.00

With 10 Megabyte Hard Drive
$1195.00

Add a Tape Drive to your Existing System
Those who have used computers for any length of time can ex-
plain the absolute necessity for an external backup of the data
held in a Hard Disk. Our self-contained unit, including power
supply, (which looks similar to the Hard Drive Unit illustrated
left) has a cable and peripheral card which simply plugs into
your |IBM or compatible system.
Tapes for these systems are readily available.

With irwin Tape Dr;ve and BEST controlier
1195

With Scorpion Tape Drive and controlier
$1395

Add Extra 360K Disk Drives to your System
If you need more than the two existing drives for your system,
our self-contained external unit with two 5.25in. 360K disk
drives with its own power supply, fan and controller will be of
interest.

Price $595.00
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Mail Orders: 319 College Street, Toronto, Ontario, M5T 152

The BEST Colour
Graphics Video Board

The BEST Colour Graphics Video Board was designed
for those personal computer users who require an inex-
pensive, but versatile video display. The user has a
choice of three types of monitors that can be connected
to the card, a composite monochrome monitor, com-
posite colour monitor or direct drive RGB colour
monitor. Software utilizing a light pen can be run since
the BEST -Colour Video board supporis the necessary
hardware.

The video board is capable of operating in four
modes, two text and two modes of graphics display

Text display

The BEST Video Card can display either 80 or 40
characters on one line. The character generator con-
tains all the standard ASCIlI characters plus block
graphic characters and a set of international characters
such as the English pound and Japanese Yen. Depen-
ding on your choice of monitor, the application text can
be displayed with a variety of foreground and
background colours. In addition, black and white mode
allows for the following attributes: reverse video, blink-
ing and highlighting.

The operator can switch between 40 and 80 column
display by using the DOS MODE command. The 80 col-
umn mode gives crisp characters on either colour or
monochrome monitors. The 40 column text mode is
suitable to use if you were to use a common television
set in conjunction with a RF modulator that can be
directly attached to the video board.

Graphics Display

The BEST video board is capable of displaying three
styles of graphics.

Low resolution — Monochrome or
Colour

In the tow resolution mode either colour or monochrome
graphics can be displayed. The screen is capable of
displaying 200 rows of 320 pixels (a pixel is one dot on
the screen). In the colour graphics mode each pixel can
be one of four colours, and the background can be one
of 16 colours. Many software packages are written with
colour graphics capabilities. LOTUS 123, and Symphony
for example become more powerful and easier to use
with the addition of crisp and vivid colour graphics.

High resolution — monochrome

For applications such as computerized drafting or in-
tricate business charts, colour may not be desired, but
high resolution is required. The BEST card is able to
double the resolution of the display to 200 rows of 640
pixels, by selecting the monochrome instead of colour
graphics. In the high resolution mode an inexpensive
composite monitor can still be used.

$179.00 with warranty

The BEST Monochrome
Card

In the office environment where a great deal of word pro-
cessing, or data entry takes place, eye fatigue may be a
problem. A solution to this problem is an upgraded text
display card for your BEST, IBM PC or compatible. The
monochrome card displays a character that is made up
of 7 x 9 matrix of dots in comparison to the 5 x 7 matrix
used on the standard colour graphics video board. The
finer dot pattern makes text appear much cleaner and
easier to read. The monochrome card will display
characters in four modes; normal, intensified, reverse
video and blinking. The display is 80 x 25 characters.
Note: This is a half size board which will fit even those
computers with restricted space.

Phoenix Video Board

The choice of a video display card can be a difficult one.
There are many different capabilities for each style of
video card available. If your display needs are as diverse
as the number of cards available, you may havetoinstall
two or three video cards in your system. Not only is this
expensive, but it also steals precious expansion slots
from your system. Phoenix Computer corp. has a design-
ed an expansion card to satisfy all of your display
needs. The Phoenix video card can emulate the follow-
ing styles of display cards.

IBM colour graphics card — 40 or 80 column
character display

320 x 200 colour graphics
640 x 200 monochrome graphics

IBM monochrome text display — 80 column high
rasolution text display

Techmar

Hercules high resolution monochrome graphics
display 120 x132 column colour text display mode

Depending on which display mode you choose any

monitor up to 25kHz colour monitors can be interfaced
to the Phoenix video card. The setup software is menu
driven, and allows the user to program its own character
set, as well as selecting from a 64 cotour pallet.

$179.00 with warranty $395.00 with warranty
Hercules Tecmar
Colour Graphics Board.......... $312.00 Graphics Master Board/Paint .. ..$799.00

4 colour graphics and printer board that fits into stan-
dard PC/IXT or compatible slot. Also included is a
paratlel interface.

MonochromeBoard ............ $600.00
A high resclution monochrome display of graphics. Sup-
ports word processor, and business graphics software.

Displays alphanumeric text and graphics on any
monochrome display or other standard composite or
AGB monitors. Comes complete with a light pen and PC
paint brush.

EPROM
PROGRAMMER

This card can program any one of the ftollowing
EPROMs: 2716, 2732, 2732A, 2764 and 27128s. Two
sockets are available on the adaptor board, one for the
28-pin  EPROMSs, the other for 24-pin types. These
sockets are standard sockets, however as an option ZIF
sockets can be used (we recommend ZIF sockets if large
numbers of EPROMs will be programmed). Also as an
option an extension board is available. This board at-
taches to the adaptor via a ribbon cable and extends out
the back panel. This is to allow EPROMs to be program-
med without removing the cabinet cover every time pro-
gramming is to be performed. Also as a standard
feature, the source software is supglied to allow users
to modify the program to suit their needs.

As an option a serial port can be included on the
card; this serial port has the same features as the port
described with the floppy disk controller (see the floppy
disk description for documentation of the serial port)

External Card.

MAIN EPROM PROGRAMMER CARD
(WITH SOFTWARE)
With 2 standard EPROM sockets . ............ $99.00

EPROM PROCRAMMER WITH Z1F SOCKETS
(WITH SOFTWARE)

With one 24-pin. ZIF socket and one 28-pin ZIF socket
with provision for serialport ............... $139.00

EXTERNAL CARD

Ready to plug into the main EPROM Card (includes one
24-pin and 28-pin ZIF socket and cable). Saves you from
opening the computer each time you want to program

YOurEPROMS . ... ... ... $69.00
SERIAL OPTION

For your main EPROM programmer. Provides you with a
second RS232 serialport ................... $49.00

BEST MODEM

The BEST modem is a smart 1200/300 direct connect modem. Itcan

Receiving, Data Set ready.
Software packages such as Crosstalk, PC-talk, and Hayes' Smart-

either be a stand-alone unit in which case it requires a smatl wall adap-

tor, or it plugs in one of the 1BM slots. When used as a stand-alone unit,
the modem looks like a Hayes 1200 Smart Modem, that is, it emulates
the same instruction set. When it is used in the IBM, it looks like an in-
telligent serial communications port which also supports a super-set of

the Hayes instruction set.

The modem supports auto-dial, auto-answer, and auto-speed select
directly from software control. The modem aiso has a speaker so that
aural monitoring of the call is possible. There are also LED monitors so
that the state of the modem can always be known. These LEDs are:
Modem Ready, Auto-Answer enabled, Carrier Detected, Transmitting,

com 1| also will run with this modem.

300 Baud $179.00 300/1200 Baud $249.00

300/1200 Baud, Stand-Alone Unit,
Attractively Packaged
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The BEST Quanta Board

Do you find that your PC is not able to communicate with the outside world and you
are constantly having to tell it the comect time and date? A simple solution for a
system's short coming would be the BEST Quanta Board. Another of the multi-
function boards designed with the personal computer user in mind, its features in-
clude the following:

Serial Ports

& Two serial communication ports that are configured under PC or MS-DOS as COM1
or COM2. Both communications ports support RS232-C signals (TxD, RxD, DTR, DSR,
RTS, CTS, CD, and RI) at communication rates of up to 9600 Baud. One or both the
serial ports can be disabled, to alleviate contention between any other serial port your
system may already contain. The serial ports can also be configured to support the
IBM PC mA curent loop. The cument ioop allows the system to communicate with
some types of teletype printers.

Paraliel Printer Port

@ A parallel printer port which supports many of the popular dot matrix and letter
quality printers, as well as digital plotters that are commercially availdble. The parallel

port can be selected as the primary or secondary printer.port (LPT2 or LPT3 using
DIP switches).

cames Port

® A game pont which allows up to four game paddles, or two joy sticks to be con-
nected to the system. The port is not limited to entertainment software. The port ac-
tually gives a value proportional to the resistance on the input, which allows your
system to control industrial applications and CAD (computer aided design) software.

Real Time Clock/Calendar

® A real time clock/calendar with software to interface the clock hardware with the
TIME and DATE functions of MS-DOS and PC-DOS. The clock continues to keep the
correct time when the system is powered down by utilizing a replaceable lithium bat-
tery. The clock is based on the MM58274 CMOS chip and it is accurate to within

seconds every year.
$159.00 Cables Extra.

BEST Multi-Function
Disk Drive Controller

The BEST Multi-Function disk drive controller is much more than its name implies.
This card makes the most use of an expansion slot in your system by including many
needed options on one card. This board may be the last you will have to install in your
IBM PC or compatible system because of the extra features we have included.

Floppy controller
@ Floppy disk drive controller, which can handle up to four double sided, double den-
sity 5.25in. 360K disk drives.
The controlier circuitry will also control some Tape Back Up units such as those
manufactured by Irwin Magnetics in place of one of the four disk drives.
Serial Ports
® Two serial communications ports that support RS232-C standard signals (TxD,
RxD, CTS, RTS, DSR, DTR, and Rl).
Paraliel Printer Port
@ Parallel Printer Port that can be configured as either your primary or secondary
printer port.
Real Time Clock/Calendar
® Real Time Clock with software, to integrate the clock with your version of PC-DOS
or MS-DOS. The clock is designed around an ICL clock chip and is accurate to within
seconds a year. A battery back up continues to keep the time during power down.
This is the same floppy controller used in all versions of the BEST personal com-
puter, with excellent reliability and compatibility. Using PC-DOS 2.0 or later, each
diskette has a formatted capacity of 360 Kilobytes.

$199.00

The BEST 256K/512K
PentaRAM Board

Almost every option your system is lacking can be supplied by the BEST PentaRAM
board. This combination of options is one of the most economical ways (from the
point of view of both your pocketbook and the expansion slots on your system) to ex-
pand your system. All communication ports follow the Industry standards. The addi-
tional memory continues on from where your main board’s memory stopped, in a com-
pletely transparent fashion. In detail the features of the BEST PentaRAM board are as
follows:

Memory

& Up to 256K RAM using 4164's or 512K RAM using state-of-the-art 41256's can be ad-
ded to your system. The starting memory boundary can be set to 256K, 384K, 512K, or
640K by contiguring a bank of dip switches. The added memory is necessary for
anyone wishing to operate a RAMdisk, and much of today's software requires a
minimum of 384K RAM (Symphony, Framework, etc.) which many of the older PC's are
not capable of holding on the main board. Each bank of memory contains an extra
chip to suppont a parity bit for reliable data handling. (If the above boundaries do not
match your system’s configuration, they can be modified at the factory).

Serial Port

@ A serial communication port that is configured under PC-DOS or MS-DOS as COM1
or COM2. The communications port supports RS232-C signals (TxD, RxD, DTR, DSR,
RTS, CTS, CD, and Rl} at communication rates of up to 9600 Baud. The serial port can
be disabled, to alleviate contention between any other serial port your system may
already contain. The serial port can also be configured to support the IBM PC mA cur-
rent loop. The curmrent loop allows the system to communicate with some types of
teletype printers.

Paraliel Printer Port

@ A parallel printer port which supports many of the popular dot matrix and letter
quality printers, as well as digital plotters that are commercially available. The parallel
port can be selected as the primary or secondary printer port {(LPT2 or LPT3 using
DiP switches).

Gcames Port

@ A game port which allows up to four game paddles, or two joy sticks to be con-
nected to the system. The port is not limited to entertainment software. The port ac-
tually gives a value proportional to the resistance on the input, which allows your
system to control industrial applications and CAD (computer aided design) software.

Real Time Clock/Calendeor

® A real time clock/calendar with software to interface the clock hardware with the
TIME and DATE functions of MS-DOS and PC-DOS. The clock continues to keep the
correct time when the system is powered down by utilizing a replaceable lithium bat-
tery. The clock is based on the MM58274 CMOS chip and it is accurate to within
seconds every year.

PentaRAM Board with 256K and all options
$299.00

PentaRAM Board with 512K and all options
$379.00

The BEST Paraliel/
Game Card

$69.00 (Cables Extra)

The BEST paralleligame card is an inexpensive addition to any BEST, IBM PC or com-
patible, which gives yau the ability to connect almost any parallel printer or plotter to
you system. The Paraliel port is accessible through a DB25 connector located on the
back of the card, which eliminates the need to disassemble the system case to con-
nect the interface cable to the card. Printers such as the Epson family and Stai
Micronics, Toshiba and others work with the BEST printer card with no special hard-
ware except the connecting cable.

The game por