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Portable Problem Solver

Ultra-compact Digital
Storage Oscilloscope-
Multimeter.

Easily carried in a tool kit or attache
case—powered by batteries or supplied
ac adaptor—this 2-in-1 lightweight is
always ready for hand-held action.

Multi-function,
200-kHz DSO.

Justflip the switch from DMM to
SCOPE and the performance of a pro-
fessional Digital Storage Oscilloscope is
at your fingertips. Lets you capture and
analyze single-shot and very slow phe-
nomena. Stores up to three waveforms,
and has such top-of-the-line features as
auto-ranging time base setting, pre-trig-
ger, roll mode, and on-screen readout of
setting conditions. Low-power indicator

alerts you when batteries need recharg-
ing, while a separate back-up system
protects memory.

Full-function
3Y2-digit D :

Precise measurement of ac/dc volt-
age, current and resistance is easy to
see on the large, high-contrast, display.
Automatically selects range which pro-
vides greatest accuracy and resolution.

Perfect for many
applications.

LCD-100is a unique combinationin-
strument that can confirm that its DMM
is measuring a desired signal. Better by
far than a DMM alone. .. more useful in
the field than any benchtop DSO in this
bandwidth, LCD-100 s ideal for servic-

Clrcle No. 4 on:Reader Service Card

ing a broad range of electromechanical,
electrical and electronic systems.

Ask for an evaiuation unit. more
information. or our latest Catalog.

B.C./Alberta Call
(604) 985-6707

Saskatchewan/Manitoba Call
(204) 775-3354

Ontario Call  Quebec Call
(416)828-6221 (514) 337-9500

Omnitronixg‘

Instruments that measure up.

2410 Dunwin Drive Unit4 Mississauga,
Ontario L5L 1J9 Telex 06-22324
8100 F, Trans-Canada Hwy., St. Laurent,
Quebec H4S 1M5 Telex 05-824151
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* HOLD FUNCTION
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* MANUAL RANGING ON ALL FUNCTIONS

* PROGRAMMABLE SETPOINTS

* COLOR CODED INPUTS TO AVOID CONFUSION

PANORAMIC RESOLUTION

* ONE YEAR PARTS *

: LABOUR WARRANTY

* STILL MANY MORE
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IMULTIMETER

4 “THE HIGH PRODUCTIVITY MULTIMETER™

10% OFF TOTAL ORDER WHEN YOU BUY BOTH UNITS

OUR DIGITAL CAPACITANCE METER DO THIS?]
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For Your Information

New HP Calculators

Four new calculators, two scientific
and two business modcls arc now
available from Hewlett — Packard.

They include (clockwise from upper
left) HP Business Consultant II,
HP —28S advanced scientific, HP —
17B business calculator and HP —27S
scientific calculator. The new units
feature HP Solve, which allows equa-
tions to be entered without program-
ming, and infrarcd —light printer in-
terfaces that connect them to the
portable HP 82240A cordless in-
frared printer.

For more information on the HP
calculators contact the Inquiries
Manager, Customer Support Centre,
Hewtett —Packard (Can) Ltd., 3710
Nashua Drive, Unit A—E, Missis-
sauga, Ontario L4V 1M8 or...

Circle No. 52 on Reader Service Card

Hot Tweezers

This won’t be suitable for removal of
unwanted hair, but it sure will do the
job on surface mount devices.

The SMT — W2 from OK Industries
incorporates  an  ergonomically
designed handpiece which can be
comfortably held by any operator
regardless of hand size. Two eight
watt  ccramic  heating clements
provide exceptional temperature
stability and sufficient power to
remove any SMD from chip to resis-
tors or large quad packs.

A full range of tips are available in-
cluding Smm tips for resistors or
capacitors, miniflats for SOICs and
right angle tips for PLCCs to 84 pins.

The price? $425.00US. Contact
Janai Burnett, OK Industrics Inc., 4
Executive Plaza, Yonkers, NY 10701.
Ph: (914) 969 —6800.

Circle No. 56 on Reader Service Card
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PAL Programmer

Logical Devices has released its
PALPRO-2X family of dedicated
device programmers supporting a
wide range of 20 and 24 —pin PLDs,
EPLDs, PLAs, PALs and IFLs.

Device selection is by manufacturer
and device, type with the average
programming/verification time being
under five seconds. Fuse maps are
stored in the internal RAM buffer
and production runs can be created
from the RAM image. The built—in
software features allow fuse map edit-
ing through a standard RS— 232
serial interface port or a keypad/dis-
Flay option.

For more complete information
contact: Marketing Co—ordinator,
Logical Devices Inc., 1321 N.W. 65th
Place, Ft. Lauderdale, FL 33309. Ph:
(305) 973-2871. Telex: 383142.

Circle No. 64 on Reader Service
Card

Happenings

Event:  State of the Art 32-bit-
Microprocessor Tech-
nology Seminar

Date: March 10, 1988

Location: OCM, Nepean, On-
tario

Contact: Ontario Centre for
Microelectronics, 30
Colonnade Rd.,
Nepean, Ontario K2E
7J6 1-800-267-7039

Event:  Worst Case Circuit
Analysis Training
Seminar

Date:  April4 — 6,1988

Location: Orlando, Florida

Contact: Design & Evaluation
Inc., 1000 White
Horse Rd., Suite 304,
Voorhees, NJ 08043.
(609) 770 —0800.

Event:  The Business Com-
puter Show

Date:  March 2 — 4, 1988

Location: Exhibition Place,
Toronto, Ontario

Contact: Marion Hart (416)
252-—-7791

Event: C.LT.E.X '88 Telecom
Exhibition

Date:  May18 — 19,1988

Location: International Centre,
Mississauga, Ontario

Contact: ECM 324 Lakeshore
Rd,, E., Mississauga,
Ontario L5G 1H4
(416) 274 —5505.

Event:  AutoCAD Expo '88

Date: May 2 — 5, 1988

Location: McCormick Place
North, Chicago

Contact: Autodesk Inc., 2320
Marinship Way,
Sausilito, CA 94965
(415) 332—2344 ext.
799.

Event: High—Speed
Heterojunction
Electronic and Opto-
electronic Devices
Course

Date:  June 6 — 10,1988

Location: College of Engineer-
ing, University of
Michigan

Contact: Janie Lee (313) 764 —
8491

Event:  Supercomputing Sym-
posium 88

Date: June 19 - 21, 1988

Location: University of Alberta,
Edmonton

Contact: Clement Leibovitz,
Computing Services,
U of A Edmonton,
Alta., T6G 2H1

Continued on page 13




RIAA
Equalization

Designing RIAA networks that
will accurately replay your
analog discs.

By Wilfred Harms

RfiAA equalization is an important feature of any
mplifier designed to reproduce music from analog disc.
Suitable circuit designs can be found in any number of
published sources.

Unfortunately, the circuits contained in many handbooks,
electronics journals and even inside some expensive pieces
of audio equipment are often inaccurate. Incorrect designs
are often repeated without question and the original require-
ments are simply forgotten.

This is a pity because it doesn’t cost any more to use a resis-
tor and capacitor of the correct value and the results are well
worth the extra time and trouble. The purpose of this article
is to show why RIAA equalization is important and how to
go about choosing the right filter components when design-
ing disc equalization networks.

In The Groove

From the earliest days of electrical recording it has been
standard practice to modulate record grooves using a con-
stant- velocity recording characteristic and to replay the sig-
nal with a velocity-dependent pickup. The maximum velocity
is set at a certain value and the amplitude of the signal volt-
age is varied with frequency so this maximum is always
achieved.

The system is illustrated in Fig.1. The maximum velocity is
represented by the greatest rate of change of signal voltage,
the steepest part of the waveform slope. On a sinewave this
will always occur at the zero-crossing points.

On lower frequency signals, the maximum velocity will be
less as the rising edge of the waveform is less steep. If,
however, the amplitude of lower-frequency signals is in-
creased, a point will be reached at which the rising edge is as
steep as that of a higher frequency signal with lower
amplitude. This is the principle on which constant velocity
recording works, the maximum velocity remaining constant
across the audio band while the amplitude varies according
to the signal frequency.

The main drawback with this system is that bass frequen-
cies require a very large amplitude. The result would be wide
groove spacing and correspondingly little recording time on
each disc. In addition, the comparatively small amplitude at
high signal frequencies would yield a poor signal-to-noise
ratio.

8

To overcome these problems, the basic constant-velocity
characteristic is modified to a constant-amplitude charac-
teristic over certain parts of the frequency range by means of
a corrective network.

In the early days this was done very much at the whim of in-
dividual record manufacturers and a number of different
replay characteristics grew up side by side. In order to hand-
le the different recording characteristics correctly, amplifiers
were fitted with a number of switch-selectable equalization
networks.

The situation was eventually rationalized by agreement.
British Standard 1928 (issued in 1955 and re-issued without
changes in 1965) recommends a recording characteristic
similar to that put forward by the Comite Consultatif Inter-
national des Radiocommunications (CCIR) in Europe and
the Recording Industries Association of America (RIAA).
The latter term is the one most commonly used today.

Changing Shape

The RIAA characteristic modifies the basic constant-
velocity characteristic to a constant amplitude characteristic
at two points in the audio frequency band.

At very low frequencies the constant-velocity characteristic
is retained so that the gain does not go on increasing right
down to the lowest recorded frequenciss. Using a constant-
amplitude characteristic here would emphasize turntable
rumble and vibration.

At bass frequencies the characteristic changes to constant-
amplitude to limit groove pitch before switching back to a
constant-velocity characteristic for the middle frequencies.
At high frequencies the characteristic sgain becomes con-

MAXIMUM RATE OF
CHANGE/OF VOLTAGE

LW FREQUENCY
LANGE AMPLITUDE

/ LOW FREQUENCY
/ SMALL AMPLITUDE

HIGH FREQUENCY
SMALL AMPLITUDE
¥

4
4
S/
— 4
ZaN Ve mi VAN

i \ ~

~ ’/
g \_K; L

Fig. 1 For optimum modulatiow of the record groove when
a velocity-dependent pick-up is ssedd & signal frequencies
should have the same max. rate of change of voltage. To
achieve this, lower frequencies &e recorded with a cor-
respondingly greater amplizude 50 & 10 give a steeper rising
edge.

stant amplitude and remai=s %0 1o the limits of the audio
band.

These four distinct regioms give the RIAA characteristic its
familiar flat-steep-flat-steep shape. The shape is sometimes
shown instead as a series of asgular lines but these are mere-
ly asymptotes to the curwes. Provided the recording and
replay networks are as meas idemtical as possible, the exact
shape of the response does ot make a lot of difference. It
therefore makes sense to wse 2 series of curves which can
easily be replicated to a high ievel of accuracy rather than an
idealized, sharp-cornered sesponse which could only be ap-

proximated with difficulty.
E & TT March 1988



RIAA Equalization

Calculated Curves

The response shape is described in terms of three curves
(flat becoming steep, steep becoming flat and flat becoming
steep again) which ‘turn over’ at frequencies of 50.05Hz,
500.5Hz and 2.115kHz. The slope of the curves is that given
by a first order (6dB/octave) filter network comprising one
resistor and one capacitor.

The RIAA replay characteristic is the exact opposite of the
recording characteristic and is shown in Fig.2. The complete
characteristic can, in theory, be reproduced using three
capacitors, and three resistors in series and parallel pairs, al-
though this is not necessarily the best way of doing it as we
shall see later.

The "actual values of the resistors and capacitors used will
vary according to the individual circuit configuration, but the
CR time constant for each filter curve is determined solely by
the turn-over frequency and is therefore fixed. For this
reason, it is usual to define the three curves in terms of CR
time constants.

The values required must, at the frequency concerned, give
CR values which result in C and R having equal impedances.
This can be determined from the formula:

CR= 1

2mf

GAIN

6dB/OCT

! | 1
100Hz 1kHz 10k Hz
FREQUENCY

Fig. 2 The RIAA replay characteristic.

A ©
C1R2 = 75us
c1 ouT

CR = 3180us

Fig. 3 A simple replay equalization circuit using separate fil-
ter networks for each of the three time constants.

1

C1R2 = 75us
C(R+R1} = 3180us
N c1 ouTt
i CR = 318us T
o b O

Fig. 4 A two-stage replay circuit in which one compound fil-
ter stage provides two of the time constants.

‘ |

and for the RIAA characteristic gives time constants of
3180, 318 and 75 microseconds. These time constants are,
incidentally, the period of one radian of one cycle at thee
frequency concerned.

Fig. 3 shows a simple equation network which uses three
separate stages to realize the RIAA characteristic. This will
work but a much better approach is to merge two of the net-
works in the way shown in Fig.4.

In practice, all three stages are usually combined into a
single network and some examples are shown in Fig.5. All of
these circuits give similar results but in each case there will
be a degree of interaction between the three time constants
and this will affect all four circuit components.

The response curves for an RIAA network are defined in
terms of a single reference frequency, 1kHz. Taking the cir-
cuit of Fig.4 as an example, the output level from the
318/3180us section (the network comprising R, R1 and C)
will be 11.17% of the input signal level. Similarly, the output
from the 75us section (the network comprising R2 and C1)
will be 90.46% of the its input level.

(b)

R1 (a)
| Icz c2
IN a ouT RIS C1
'|' R2 a2
o O
e
Rl _t1+13-@2- 2 _
2= =687
R2C2 = 2 = 318us
113 d
R2C1 nTn-g-un Z- g = 109us
]
td}
R3 tc)
Ica c3
IN out R3

T R4 Cc4 R4
O O

R3 11+ 13 —t2
— ]2.‘0
R - ua

tT+t3 -2

113

RC4- 3 o-

=81.2%s

Rac3 =1z - 1B

e - 2%88u

RS c5 c7 R7
cs
R ce R8
R SR Fﬂ._ﬂ*"—ﬂ-%-e.an
R6C6 = 11 = 75us Re a
q6cs - B2 1)« 2700 RBCB = m'«‘l'—-n_«a = 95.21us
-1 3

R7C7 =13 +11 % = 250508

Fig. 5 Some examples of RIAA replay networks in which
all three time constants are set using a single network.
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RIAA Equalization

Taking these two together, the final output level from the
circuit at 1kHz will be (0.1117 x 0.9046) = 0.10103 times the
input level or 10.103%. Therefore the input or zero frequen-
cy response for the network should be set at (1/0.10103 =)
9.898 times the reference response at 1kHz.

Network Design
Designing a network of the type shown in Figs.2 and 3 is
quite straightforward but the single network of Fig.4 require
a different approach.

For those who want to go into the mathematics of it all, the
figure for output level/input level of an RIAA network is

given by
(1 + st)

(1 + st) (1 + st

Where t is the period of the CR time constant and s = jo
(w, of course, is shorthand for 2xf). Taking the circuit of
Fig. 5a as an example, the output level/input level at a given
frequency will be equal to

(1 + sR,C)
1 + s(R.C, + RC, + RC, + sRR,C,C)

The two expressions can be equated and the component
ratios determined.

Thankfully, there is little need to go through all of this be-
cause a full set of data has been available for nearly thirty
years. In 1957, in the British magazine Wireless World, W.H.
Livwy of EMI Studios presented a set of formulae which
allow the ratios between resistor and capacitor values to be
determined accurately for different time constants. Two of
the networks, he suggested were suitable for passive de-em-
phasis but all could be used in feedback circuits because the
overall impedance/frequency variations were in accordance
with the RIAA requirements.

The data is presented in an even simpler and more readily-
useable form in a technical paper written by Peter Baxandall.
Entitled ‘Pick-Up Equalization’ it appears in the Radio TV
and Audio Technical Reference Book edited by S.W. Amos
(Newnes-Butterworth, 1977). Baxandall uses formulae for
the component ratios based on the original 1957 data and
describes the operation and use of several types of network.
The article is just five pages long yet it covers not only the
networks but also such questions as where the equalization
should be placed, the problem of inverted feedback, aspects
of pick-up response correction and sensitivity and the mini-
mum levels of gain in feedback circuits.

Network Accuracy

If the accuracy of an RIAA network is to be assessed against
the published standard it is helpful to be able to calculate the
response figures in decibels. The formula for any frequency, f
is

44118 (r* + 0.2505)
s (100r' + 0.2502) (r' + 4.503)

10 dB

where r = /1000. if it is desired to check the characteristic
of one network against another, the impedance must first be

10

determined at any frequency and compared with the im-
pedance at 1kHz to give

20

Z_
s ZII(O

Design Misconceptions

Fig. 6a shows a type of network which is frequently used, and
component values in similar proportions will be found in
many RIAA circuits.

The zero-frequency impedance is 1M1 while the im-
pedance at 1kHz is 122k which is too high. The result is a loss
in response below 1kHz of up to 1dB.

Here RsC3 = 75us and R¢C4 = 3300ms which is accept-
able. The error is in the false assumption that RsC4 should
equal 318us. A check with the basic formulae in Fig. 5(¢)
shows that RgRs = 11.78, and to meet this Rg must be in-
creased to 1M2 and C4 reduced to 2n7.

Figure 6b shows another commonly used RIAA network,
and again it is possible to find component values in similar
proportions in many other networks. As with the previous
circuit, the impedance at 1kHz is high resulting in a loss in
response at both lower and higher frequencies. Since RsR3
= 3300, R4C3=330 and R4C; = 72.6, what is wrong?

In this case, everything, because interaction affects all
values. Fig 6(b) requires that RsCz = 2937ps, R4C2 =
81.2us and R/R4 = 12.40 and three components must be
changed. If it is desirable to retain the 33k resistor, then
suitable values for the others would be Rz = 2.7k, C2 = 30n
and C3 = 91n.

The noticeable common error in faulty networks is that one
of the two larger resistors is ten times the other, a cir-
cumstance which cannot arise if it is correctly designed,

The ratios of component values in Fig.4 in terms of time
constants (t] = 75us, tz = 318us, t3 = 3180us) are those
originally given by EMI Studios which have been checked
and evaluated to facilitate their use. The theoretical differen-
ces appropriate to a feedback circuit are within the normal
component tolerances (1% recommended) provided the
1kHz gain exceeds 65.

In conclusion, one must realize that the final design of any
RIAA replay network depends upon the equalization circuit
as a whole and particularly upon the impedances associated
with it. But perfection cannot be obtained without an under-
standing of the underlying principles. ’

Fig. 6 Two commonly encountered RIAA network con-
figurations with interaction problems. -
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COMPUTER PARTS GALORE

316 COLLEGE ST.

TORONTO M5T 1S3

SALES,SERVICE 1-416-928-2161 FAX# 1-416-924-0292
TOLL FREE ORDERS 1-800-387-1385 BBS # 1-416-366-2069
ENVOY100 ID: CPG
CENTRONICS PAGEPRINTER 8
HP LASERJET I COMPATIBLE
LASER PRINTER

only $1995.95

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

AT286 PREMIUM SYSTEM

BAISC PREMIUM SYSTEM INCLUDES:

MACH 12 12Mhz 286 MOTHERBOARD w/Manual
ZYMOS POACH VLSI CHIPSET

MB DESIGNED and PRODUCED in the U.S.A.
640K (120ns) DRAM

AWARD BIOS w/SETUP/SPEED SWITCH IN ROM
FULL SIZE AT FLIP TOP CASE

CGA or MGA VIDEO ADAPTER
200W POWER SUPPLY

PARALLEL and SERIAL PORTS

5060 “TACTILE" KEYBOARD

16 BIT HARD/FLOPPY DRIVE CNTRL
1.2MEG and 360K FLOPPY DRIVES
1 YEAR PARTS/LABOR WARRANTY
6 DISK SET OF SYSTEMWARE SOFTWARE

all for only

$1899.95

BABY AT BOARDS - UPGRADE PC or XT SYSTEM
BABY AT+ - 6/10 or 6/12 Mhz. Uses new CHIPS & TECH six chip
chipset. Fits in XT case. Runs all XT peripheral cards, ZeroKram.

*8 Pages per Minute only $299.95
*Diode Laser System
*Sharp Laser Engine
*Separate Consumables

tor Economic Operation
*Paraliel Interface
*8 1/2x11 and 8 1/2x14 paper size
*Uses Standard Paper
*Public Domain Software

Fonts included
*Supports Full Page

Graphics with Memory

Upgrade
*One Year Warranty

TONER

N
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{
e
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N HOUSING
- PHOTOCONGUCTOR
BELT

*IBM,XT and AT are Trademarks of IBM Corperation

CikCal. ONLY $699.95
PREMIUM AT SYSTEM Above with BABY AT + Motherboard

ONLY$1799.95

DRIVES and CONTROLLERS MONITORS

PANASONIC JU455 DSDD 360K $149.95

JU364 3.8' Drive with Mounting Kit $169.95 Packard Bell Hi-Res TTL Amber $149.95
PANASONIC JU475 1.2M AT Orive $198.95 Packard Bell Hi-Res TTL Green $149.95
XT 20 Meg Hdisk w/controlier $459.95 AMDEK 410 Hi-Res TTL Amber $265.95
XT 30 Meg Hdisk RLL Controller $519.95 Thompson 14° RGB Monitor $499.95
AT 42M 38ms 1/2 hgt Seagate ST-251 $774.95 NEC MULTI_SYNCH-2 147 $974.95

AT 44Meg 28ms 1/2 hgt Miniscribe 3053  $980.95
AT 72M 28ms Full hgt Micropolis 1335 $1250.00
AT 16 Bit WD Hard /Floppy Controller $289.95
AT 18 Bit WD Hard/Floppy RLL Controlier $375.00

GOLSTAR EGA 13" Monitor Dual-Scan 15.7-22 Mhz
Monitor only $624.95
w/EGA Card $799.95

XT* SYSTEMS

Latest clone technology. 100% compatble. Legal BIOS. Fuily
tested and Burned-in.  BASIC SYSTEMS INCLUDE:

-640K Ram on 8 slot Motherboard

-2 DSDD 360K floppy and controller

-AT/XT 5160 Tactile keyboard

-Mono/graphic Video Adapter - Hi-Res TTL Monitor

-Clock / Cal, Serial, Parallel, Game Ports

-8 Slot Flip-Top case w/180W Power Supply

-6 free disks of public domain Systemware

Motherboard Options.

(1) 4.77 Mhz std. $1075.95
{2) 8 / 4.77 Mhz 2 Layer Pcb $1099.95
{3)10 / 4.77 Mhz 2 Layer Pcb $1125.95
(4) BABY AT 6 / 10 Mhz $1699.95
ADD TO BASIC SYSTEM PRICE
-20 Meg Hdisk with Controller $438.85
-30 Meg RLL Hdisk w/ Controller $519.95
-Upgrade to EGA Card w/256k $140.00
-Upgrade to EGA monitor $460.00
-8087 5Mhz $188.95
-8087 8Mhz $299.95
-MS-DOS 3.30 with system $124.95

Next Month in
Electronics &

Jechnology Today

Canada’s Magazine for High-tech Discovery

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

Build a Transistor Tester!

With a few logic gates and transistors, you can make an
in- circuit tester for transistors, diodes and SCRs. A handy
supplementary tester to go with our microprocessor course.

How Coaxial Cable Works!

Since cable TV, coaxial cable is second only to the telephone
system for communications wiring. Why it’s used and how to
use it.

Electrochemical Computers!

The DMA Demystified!

explained. Here’s what it’s all about.

Computer designers, always looking for ways around the limitations of present-day chips, are investigating
electrochemical and bioelectronic circuits. Here’s what they’ve discovered so far.

Direct Memory Access is supposed to be a good thing to have among your computer’s circuits, but it’s rarely
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Velleman Kits

Transistorize your ignition and build a mono/stereo booster

for your car.

For those die-hard tinkerers out
there who are always on the look-
out for good kits, look no more. The
Velleman Company, of Belgium,
produces a number of kits and this
month we’re taking a look at two
automotive types: the Transistor Igni-
tion and the Mono/Stereo Booster.

Ignition Upgrade

The very design of the conventional ig-
nition, although it served us well for
many years, was a little less than ade-
quate. These systems were prone to
difficult starts in cold weather, exces-
sively burned breaker points, and long
voltage rise times of the ignition system
when spark plugs were fouled or when
damp weather prevailed.

Major advantages of TI are: breaker
point life is prolonged due to the low
switching current used; good spark
energy and voltage are maintained
during cold starts; and the fast 2 msec
rise time of the ignition waveform
provides a strong spark energy with
fouled plugs or in damp weather.

The Velleman 2543 TI kit includes
everything you’ll need to convert a con-
ventional ignition system to TI. Com-
12

By D.E. Ward

ponent locations and off-board con-
nections on the PC board are well-
marked, and the unit can be mounted
into a suitable weatherproof enclosure.

Mounting the unit under the dash or
hood should pose no real difficulties,
especially in older vehicles with lots of
room in the engine compartment.
Remember, the heatsink must be well
ventilated, so choose a case and
mounting location which will be
suitable. Also protect the completed
PCB by spraying it with a couple of
coats of non-conductive varnish.

Four connections to the TI unit are
required: switched +12VDC (before
the ballast resistor if present); chassis
ground; breaker points (disconnect ex-
ternal condenser if present); and to the
side of the coil previously connected to
the points.

The English instructions which ac-
company the kit are barely readable
due to poor translation from the
original French. However, construc-
tion is supplemented with a circuit
diagram and a good exploded-view
drawing of the assembly procedure.
The cost of the K2543 is $29.95US

10 - 30W Mono/Stereo Booster

If you car or truck radio needs a little
boost in the output department, the
Velleman 2598 Mono/Stereo booster
kit may be just the ticket.

This unit is capable of providing 10
watts of power at 4 ohms from a 12V
supply, 2 x 5 watts at 4 ohms in stereo
mode, or 2 x 15 watts at 4 ohms from a
24V supply. Power can be supplied
from any suitable 12 - 24V DC supply
capable of delivering 2A. The design of
the Mono/Stereo booster also includes
thermal and short circuit protection.

The entire kit is assembled onto a
119mm x 85mm PCB including the
heatsink. Good quality reference
diagrams are supplied for the circuit,
parts placement, and mono/stereo con-
figuration connections; the written in-
structions are, unfortunately, the same
quality as those for the Transistor Igni-
tion. The price for the Mono/Stereo
Booster is $29.95US

Technical Specs

Quiescent current:..

Input sensitivity: c.ooeveeeericiinecinns typ. 200 mV
Input imp:............ 100 Kohms (Inp. A and B)
Freq. Resp:....20 t0 20,000 Hz *2dB Mono
PSU Hum Compression:.............. typ. S0dB
Thermal Cut-off: ...c.cccvvneee.

Output Impedance:........ccoc.ceennes 4 to 8 ohms

All in all, these kits are great value
for the money. The quality of the trans-
lation in the instruction manual can be
overlooked if you're patient enough.

Velleman kits and catalogs are avail-
able from Hobby Electronics, P.O. Box
44247, Denver, Colorado 80201 USA.
Tel: (303) 296-5544 or FAX (303) 296-

5542.
Circle No. 80 on Reader Service Card
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Continued from page 7 For Your Information

Diamond Vision Stereo TV
Mitsubishi Electric Sales Canada Inc., is pleased to announce the
availability of their 21-inch (MTS/SAP) Diamond Vision TV.

The Diamond Vision CRT provides vivid life-like color as well as uni-
quely absorbing ambient light and automatically increasing contrast.

In addition, the new set also includes: 41-function integrated TV/VCR
remote control; on-screen display of time and channel; 125-channel cable
ready tuner; auto picture latituted circuitry; channel lockout/program
timer; separate bass and treble controls; double sets of stereo audio in-
puts/outputs; dual video inputs/outputs; and external speaker terminals.
Product Manager, Mitsubishi Electric Sales Canada Inc.,

8885 Woodbine Avenuc, Markham, Ontario L3R 5G1.
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New KB Scope
KB Electronics has announced the addition of the OS —635 Dual Trace
Oscilloscope to its line of electronic test bench equipment.

The 35MHz scope features a 6kV accelerating voltage for high bright-
ness and sensitivity to ImV/div. The unit operates in CH—A, CH-B,
dual add and sub modes with the pOSSlblllty of inverting CH— B. The
OS —635 incorporates a quick rise time of 10ns, delayed triggering sweep
which is available at any point on the waveform, variable hold —off and
alternate triggering capability.

The combination of features make this unit ideal for general purpose
and computer service work.

For more information contact: Jim Peffers, KB Electronics, 355 Iro-
quois Shore Rd., Oakville, Ontario L6H 1M3. Ph: (416) 842 —6888
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Moniterm RT6155 Display
IBM RT users now have a 19" high-res monochrome monitor available to
them.

Based on Moniterm’s popular VY monitor, the RT6155 will plug direct-
ly into the IBM 4768 Extended Monochrome Graphics Display Adapter.
Featuring a format of 1024 x 768, refreshed at 60Hz, the RT6155 displays
flicker-free monochrome images.

The 6155 is ideal for a number of applications including desktop
publishing, windowing, and multiple terminal emulations.

SAK Data Products, 4500 Dixie Road, Unit 12B, Mississauga, Ontario
LAW 1V7. (416) 624-6763
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150 Meg RF Signal Generator

The new B&K 2005 RF signal generator is capable of a frequency range
from 100KHz to 150MHz in fundamental frequencies up to 4S0MHz on
harmonics.

The ouput level is 100mV with 20dB of level control. An internal
amplitude modulation of 1KHz continuously variable from 0 to 100% is
provided as well as external modulation capabilities. It also features fre-
quency monitor output to provide connection to an external frequency
counter, and variable attenuation to 40dB.

Jo-Anne Enzel, Atlas Electronics Ltd., 50 Wingold Ave., Toronto, On-
tario M6B 1P7. (416) 789-7761

Circle No. 70 on Reader Service Card
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For Your Information

DMM/Scanner

Keithley Instruments has introduced a new product that combines a 5 1/2 digit System DMM
with an optional eight — channel scanner into one rack —mountable instrument.

The new Model 199 System DMM/Scanner combines two instrument capabilities into one
half —rack size package. The mainframe is a complete six—function (AC and DC volts, AC
and DC current, ohms and dB), IEEE —488 programmable DMM. The optional scanner turns
the 199 into a complete multi—channel measurement system. The price of the DMM is
$1725.00 and the scanner is priced at $680.

Specifications of the DMM include: 1V sensitivity; 1 milli—ohm sensitivity; 100nA sen-
sitivity; best one year DC voltage accuracy of 0.007% of reading + 2 counts; maximum 150
readings/second (4 1/2 digit res.) externally triggered into an internal buffer; and an internal

Oops!

~1 r

The PCB artwork for the Power Meter project in our
February issue was supplied at 50% full size. The full

memory capable of storing 500 readings for data logging.
switching; and less than 1V thermal offset in switch contacts.

Quebec H8T 3H4. Ph: (514) 631 — 1891.
Circle No. 66 on Reader Service Card

20mV Full Scale DPM

Believed to be the world’s first production 3 1/2 digit DPM to offer 20mV
full scale resolution, the SM-35MV from Texmatecomes in LED and
LCD versions.

Both versions are designed for low-voltage inputs and provide three
header-programmable input ranges of 20mV, 200mV, and 2V full sclae.

The meters can be user-scaled to almost any engineering unit of
readout with internal multi-turn potentiometers that provide zero offset
capability, continuous fine and coarse full scale adjustment.

The 20 mV and 200mV ranges enable the meters to be scaled for direct
reading of all standard 50mV and 75mV current shunts. The unique
pinout design of the SM series provides for either screw terminal or PCB
edge connector inputs.

The LED version is priced at $69.00US and the LCD is $79.00US in
single quantities.

For more complete info contact; Texmate Inc., 348 South Cedros Ave.,
P.O. Box 2000, Solana Beach, CA 92075-0980. Ph: (619) 481-7177

The scanner specs include a switching speed of 40 chan/sec; two—pole and four—pole

For more information contact: Nicholas Home, DigiDyne Inc., 2294 32nd Ave., Lachine,

Circle No. 71 on Reader Service Card
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size artwork is given above.

Oops, the second. In Fig. 1 of the Car Alarm project
from the same issue, Q7 is not numbered and its emitter
is shown unconnected. This should connect to ground.
Also, the transistors in the parts list are numbered incor-
rectly. They should read Q2—6 2N5825 and Q7 is the
TIP31.
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Rapid Response Thermistors

Fenwal’s Uni—Chip Series Standard NTC thermistors are offered with
either insulated or uninsulated, and coated or uncoated leads in a wide
range of customer resistance values. These components may be trimmed
to a tight resistance or temperature tolerance

Design Engineers are offered a wide variety of applications usage in
areas such as: communications; medical; computers; fire detection; in-
strumentation test equipment; automotive; aerospace and electronic
design devices.

Free technical literature is available on request and provides a com-
prehensive Electrical Characteristics Table, as well as Resistance —
Temperature Conversion Tables. Fourteen standard resistance values are
available from 100 ohms to 200,000 ohms.

For more information on Fenwal’s Rapid Response NTC thermistors
contact: Sales and Applications Engineering Department, Fenwal
Electronics/APD, 450 Fortune Blvd., Milford, MA 01757 U.S.A. Ph: 617
478 —5255. FAX (617) 473 —6035

Circie No. 61 on Reader Service Card
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For Your Information

.
World’s Smallest DAT Player
Shortly after the recent Winter Consumer Blectronics Show in Las Vegas,
both U.S. and Canadian divisions of Casio announced that their DA -1
Digital Audio Tape recorder will be on the market (hopefully) by the
summer of this year.

The DA —1 is portable and compact, measuring only 4.7 x 1.7 x 57
and weighing a mere 1.6 Ibs. According to Casio the units small size was
made possible by the employment of four—layered, custom LSI circuitry
with all controls handled by a single CPU chip.

The DA —1 sports low power consumption: only 3.5W and the rechar-
geable battery pack is good for four hours on a charge.

Up to 28 characters of information, such as letters and numbers, can be
programmed together with recorded material. For example, a user can
program a song title, search for the particular song by keying in the first
five letters, and the unit will then find the song and play it.

The unit also features Program Number Play, Skip Play, Intro Play
(plays nine seconds of each song) and a Repeat Play function. Timer
recording/playback and auto power off are also included.

The current suggested retail price of the DA —1 is §1099US. At press
time no Canadian price was available but expect it to be somehat higher.

If you'd like more information on the Casio DA —1 Digital Audio Tape
recorder contact: George Staleos, National Sales Manager —
Audio/Video, Casio Canada, 2100 Ellesmere Rd., Suite 240, Scarborough,
Ontario M1H 3B7.
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Portable 3
TDR Test Set ™

The Model 535 digital TDR/Radar Cable Test Set from Biddle Instru-
ments is a lightweight and battery—powered, long— range test set for
locating faults and impedance mismatches on control, power, and
telecommunications cables.

The instrument has a maximum range of 50,000 feet with direct distant
measurements made easily by moving a cursor to the trace discontinuity
displayed on the CRT. A digital measurement appears simultaneously on
a separate LCD display with no multipliers or calculations necessary.

The unit also contains a built—in memory which can store a scope
trace, even with the power turned off. The memory feature helps identify
difficult cable faults by permitting the storage of a “good” pair or phase
in memory which can be redisplayed on the CRT and compared simul-
taneously with the trace being tested. The “dual trace” mode also in-
cludes two output ports permitting two cable pairs or coaxial cables to be
tested and compared in the direct mode. Transposed cable pairs can also
be detected and verified from one end of the cable. Accuracy is 1% of any
of the ten selectable ranges.

For more information contact Biddle Instruments in Blue Bell, PA
19422. Ph: (215) 646 —9200.
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New Apple LaserWriters

an easy method of upgrading the printers as users’ needs grow.

Apple Canada has introduced their new line of LaserWriter 11 printers, replacing the previous LaserWriter and LaserWriter Plus.
.Three new configurations are available including the LaserWriter II NTX, II NT, and I SC which offer features ranging from improved print quality and
high —speed throughput to networking and expansion capabilitics. The modular design, based on the second —gencration Canon printing engine, provides

_ The NTX version is the industry’s first Motorola 16 MHz 68020 — based laser printer offering 300 dot per inch, PostScript capability. The standard NTX
includes IMB of ROM, 2MB of RAM (expandable to 12MB), 35 standard typefaces, built —in AppleTalk support for sharing the printer on networks, and

\ LAV

three expansion interfaces for ROM, RAM and additional SCSI hard —drives.

The NTX provides a RS—232 serial port for connection to a host computer, and is capable of emulating the Diablo 630 and HP LaserJet Plus, insuring
compatibility with two of the most popular MS —DOS and OS/2 print drivers,

Prices for the new line are as follows: LaserWriter II NTX is $10,795, NT — $7549, and the SC version — $4595.
47:‘or51380re information contact an authorized Apple Computer dealer or Apple Canada, 7495 Birchmount Rd., Markham, Ontario, L3R 5G2. Ph: (416)

Circle No. 63 on Reader Service Card
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For Your Information

New Digital Storage Scope

Gould Test and Measurement has announced the availability of its new
1604 digital storage oscilloscope that is ideal for applications such as
transducer —based mechanical, physiological testing and low - frequency
electronic measurements.

The 1604 is a 4 — channel instrument incorporating two 20 MHz, 8 —bit
analog — to —digital converters for signal acquisition, plus an exception-
ally large memory capacity — 10k words per channel for signal storage.
An optional waveform processing keypad and plug—in non—volatile
memory modules combine to provide powerful signal processing
capabilities and the ability to store reference traces for comparison and
analysis.

The unit also offers full analog operation including delay trigger func-
tions; a built —in digital color plotter provides hard —copy output.

The price starts at $8350. For more information contact: David Green,
ACA Marketing, 5835 Coopers Ave., Mississauga, Ontario IAZ 1Y2. Ph:
(416) 890 —2010.
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Breakout Box
The M —Test Model 225 is a high —quality RS—232C serial breakout
box which also includes a parallel interface testing capability.

The unit has 52 LEDs which give 4 —state signal indication, 26 in —line
switches and 52 sockets for breaking and redirecting of all 25 lines plus
one unassigned line. A battery simulates high or low signals.

It also displays parallel interface information and indicates standard
TTL signals. This makes trouble —shooting desktop computer and paral-
lel printer configurations possible.

The 225 includes: cable test; jumper cables and an attached 8” ribbon
cable with dual gender connector; ABS plastic case; and gold—plated
connectors. Options include: pulse trap/current loop for storing short
duration pulses and testing short haul modems.

The cost of the unit is $229US. The option is $65US. For more infor-
mation contact: Chris Ray, M —Test Equipment, P.O. Box 146008, San
Francisco, CA 941114 —6008. Ph: (415) 8612382 or FAX (415) 864 -

1076. Circle No. 59 on Reader Service Card

Miniature Soldering Iron
The Antex G/3U lightweight miniature soldering iron heats up to 725°F
operating temperature in just 45 seconds and recovers instantly after
soldering each joint. Directly grounded to protect sensitive electronic
components, tips are available in over 40 different styles for all types of
assembly work.

Comfortable to work with in production operations, the unit only
weighs 3/4 of an ounce and has a 6 1/2” thin plastic handle that stays cool
because the tip slides —on directly over the heating element for optimum
thermal efficiency. Tips come in sizes from a0.012” tapered needle point,
up to 3/16” diameter.

This Antex G/3U is priced at $17.95US and includes a standard tip.
Replacement tips are priced from $1.20US each. For more information
and a free catalog contact: Charles Loutrel, Sales Manager, M.M. New-
man Corp., 24 Tioga Way / P.O. Box 615, Marblehead, MA 01945. Ph:
(617) 631 —7100.
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8051 Proto Board
A low—cost, flexible 8051 prototyping board, ssmsisbic as a kit, provides
RS ~ 232 interface, power connector, crystal. LED« lasches, buffers, and
wire —wrap area. The board can also be used with 2= optional network
interface chip (CY233).

The Proto—>51 actually contains two 8051 sucksss with power, crystal
and standard pins wired as required, while 8i wses—defined pins are
available at wire —wrap posts. Several 8851 poris are buffered and can
drive LEDs (16 on the board), but these porss are available for any
desired prototyping use.

If one of the sockets is used for the C 233 metwak interface chip, it is
possible to connect many Proto—51 bossds o s IBM —PC or other
host via RS —232C, allowing a unique, distsibated geototyping system to
be implemented.

The 4” x 6” single height Eurocard formas bowsd with holes for VME
connectors is available for $170US in kit Soem The kit with the addition-
al CY233 chip will cost you $245US.

Available from Cybernetic Micro Systesms. #0. Box 3000, San
Gregorio, CA 94074 USA. Ph: (415) 726 — 3000 Telex 910350 — 5842.

Circle No. 54 on Reader Serwiee Casd
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—For Your Information

High—Temp Cement
Anyone out there in the need of high temperature, heat —resistant ce-
ment should ook to Sauereisen Cements’ inorganic Low Expansion Ce-
ment No. 29.

This adhesive is ideal in applications where bonded components must
withstand extremely high temperatures. An example is in the compact arc
lamps used in stage lighting, Venture Lighting Intl. of Ohio is one such
company using No. 29 to adhere the quartz filament cylinder to the nick-
el —plated brass bases of the lamp. These lamps produce 12,000 watts of
light with 575°F (302°C) temperatures; however, the maximum service
temperature of the adhesive is considerably higher at 1550°F (843°C).

In addition to embedding heating elements, the cement is used to insu-
late thermocouples, coat resistors and coils. No. 29 also displays excelient
resistance to electricity, chemicals and thermal shock.

The cement is supplied in a two—part, powder—liquid form and is
mixed together as it is used. It can applied by brushing, dipping, pouring,
molding or mechanical dispensing, and it adheres to glass, ceramics, por-
celain and metals.

Por more information on Sauereisen’s No. 29 cement, contact:
Sauereisen Cements Company, 160 Gamma Drive, RIDC Industrial Park,
Pittsburgh, PA 15238. Ph: (412) 963 —0303.
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Exact Formatting
If you've ever had to get complex math equations in amongst the text of
your document, but had to Letraset them in, despair no more.

Exact 3.0, an advanced RAM resident math typesetting program that
cooperates with all PC based word processors has been released by Tech-

CD Storage Unit
Discwasher has announced the availability of this handcrafted, solid
American Walnut, CD storage unit. The cabinet holds up to 36 discs (18
per side) and has a swivel base that allows the user to store more discs in
less space.

Available from Discwasher dealers. For more information contact:
Donna Austi, HWH Enterprises Inc., Ph: (212) 355 —5049.
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nical Support Software Inc. According to TSS, Exact is the only PC math
typesetting which cambines WYSIWYG on —screen interactive editing
with the ability to continue using your existing word processor.

The software supports all printers which can use IBM Graphics or
Epson emulation modes including QMS, AST, and IBM laser printers.

The program can be accessed at any time from your word processor
through a pop — up, split —screen Edit Session. The user types Exact com-
mands on the bottom screen and sees the math expression instantly ap-
pear on the top screen, When the expression looks correct, the user exits
the program, and places the cursor in amongst the text at the desired loca-
tion. When a print is executed, Bxact translates the codes into the expres-
sion at the selected location in the document.

The package includes twenty fonts with over one thousand symbols and
characters. Any character can be rescaled up to 81 times its size. A font
editor is also included which allows users to create their own characters
and use them as easily as the standard fonts. Drivers are available for all
common dot matrix and laser printers. The program requires 64K t0'128K
of RAM depending on the number of fonts loaded at one time. For the
IBM PC, XT, AT and compatibles, with any graphics card (including the
Hercules).

A free interactive demo disk is available by calling (617) 734 —4130. For
more information contact: Glenn Wright, TSSI, 72 Kent St., Brookline,
MA 02146.
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A complete selection of R-DAT tape casscttes and pancake reels is now
available from DIC Digital Supply Corp. DIC Digital is introducing the
digital audio tape in a range of sizes and formats to fit a variety of an-
ticipated recording and duplicating industry requirements.

Included are professional format pancake reels as well as cassettes in
46, 60, 90, and 120-minute formats.

For more information contact: Joseph Martinez, DIC Digital Supply
Corp., 2 Universtiy Plaza, Hackensack, NJ 07601. Ph: (201) 487-1026.
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A/D Converter

A new 14-bit, 1 MHz A/D converter from Acrotechnology is targeted
primarily at OEMs and manufacturers of equipment used for speech and
acoustics, automotive, seismic, medical, and vibration applications.

The AT6414 is built on a single 5.5 x 6 inch board and includes Sample
and Hold and sufficient board space for a multiplexer and a second
Sample and Hold if required.

For further information on the AT6414 or other products manufac-
tured by Acrotechnology contact: Bill Sapankevych, VP, Acrotechnology,
66 Cherry Hill Dr., P.O. Box 487, Beverly, MA 01915. Ph: (617) 927-6400.

Circle No. 72 on Reader Service Card

E & TT March 1988

17



For Your Information

"Norton Back With a

Rotary Engine

The famous Norton motorcycle returns with a Wankel
rotary engine - how they overcame some of the

engine’s limitations.

By Peter Hartley

After almost 18 years of careful
development, the rotary-engined
Norton motorcycle is all set for sale
to the public by the end of this year.
Its successful launch will mark a
watershed in motorcycle design and
possibly a significant upturn in the
fortunes of the resurgent, but at
present small, British motorcycle in-
dustry.

The end of 1987 should sece a
civilianaversion of Norton Motors’
588 cm™ rotary-engined machine in
full-scale production at its plant at
Shenstone in the English midlands.
Furthermore, the company intends
to field a full works' team on spe-
cially developed, high performance
versions of this model in road racing
events, starting in 1988.

Philippe Le Roux, the company’s
managing director, said: “we plan to
race next season, probably in the
World Endurance Championship,
and certainly in the British Grand
Prix. We will enter whatever class
the racing authorities permit.”

Overcoming Wear
Problem

The work that was to lead eventual-
ly to the development of the twin
rotor engine used in the new Nor-
ton machine, was initiated by the
former BSA company as far back in
1969 and the present engineering
director -of Norton Motors, David
Garside, was involved in that
project.

The Wankel type engines
produced by NSU, Mazda and Cur-
tiss Wright have oil-cooled rotors.
Of necessity, therefore, each had an
oil sump, pressure pump and filter,
and the rotor had to have oil seals.
All these components are similar to
those used in a conventional four-
stroke reciprocating engine.

The oil sealing system for the or-
biting rotor has always presented
both wear and sealing problems at
high speeds. This is the reason why
the crankshaft speeds of these en-
gines have always been limited to
only 20% higher than those of the
cquivalent reciprocating power
units.

A different and more cffective
approach was adopted in the design
of the Fichtel & Sachs 13.5kW
(crankshaft) industrial  engine,
which BSA bought at the commen-
cement of its development
programme in 1969. Its arrange-
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ment entailed the use of induction
air for cooling the rotor. The out-
come was a simpler engine that cost
less to produce and did not suffer
the limitation of oil scraper rings
becoming progressively less effec-
tive as speeds rose.

Twin Rotors

Lubrication in the Fichtel & Sachs
engine was on the total loss prin-
ciple, using a petroil mixture as with
traditional two-stroke motors. This
mixture was drawn through the pas-
sages within the rotor, lubricating
all the wear surfaces and rolling ele-
ments of the bearings before being
burned in the combustion chamber.
An outstanding advantage of this
arrangement was remarkably low
friction loss and therefore high
mechanical efficiency, despite the
relatively low brake mean effective
pressure (BMEP) produced.

Since the power produced by the F
& S engine was inadequate for com-
peting in the motorcycle market,
BSA carried out a succession of
modifications designed to bring it
up to 30kW (crankshaft).

Initial tests with forced air-cool-
ing and charge-cooling of the rotor,
showed that the front wheel slowed
the passage of cooling air to an un-
acceptable extent. To correct this,
the engine was doubled up to a twin
rotor configuration so that a rotor
chamber stuck out on either side of
the wheel into an uninterrupted
flow of cooling air.

This led to the adoption of the
air-cooled unit’s characteristic cir-
cumferential cooling fins which sup-
port the chambers and provide heat
paths away from the sparking plug
areas, as weli as providing an attrac-
tive styling feature.

Economical On Fuel
Other changes introduced by the
BSA research and development
team, with the object of improving
the power output, included an ar-
rangement whereby the rotor was
cooled by induction air only, the
fuel being introduced just before
the air entered the tuned inlet pipes
to the combustion chambers. A
pressure wave damping chamber, or
plenum chamber, was also intro-
duced to improve engine breathing.
By adopting the twin rotor, air-
cooled layout BSA was able to

_ achieve a power output of 60kW

(crankshaft) as carly as 1971. One
version of the BSA engine which
weighed considerably less than
45.4kg was soon developing up to
74.5kW (crankshaft). Its specific
fuel consumption was about
0.3kg/kWh at maximum torque.
This high degree of fuel economy
was achieved with the novel arran-
gement of twin side-by-side spark-
ing plugs and an intercooler in the
induction system.

Manganese Bronze Holdings, the
former owner of Norton Motors
prior to the latter’s acquisition by
the Norton Villiers Triumph
(NWT) Group, has invested some
(pound sign)3 million in developing
the rotary over the last five years.
This has culminated in the evolu-
tion of the power unit used in the
Norton Interpol 2 police machine
and that used by the Royal
Automobile Club highway patrol-
men throughout Britain. The en-
gine follows the lines adopted in the
final BSA design.

Improved Power Output
In the new civilian model’s engine,
air enters the power unit through a
filter and passes into a chamber be-
tween the two rotors. It is then
drawn through the rotors and over
the crankshaft, to emerge via ducts
on each side of the top of the
crankcase.

The hot air then enters a plenum
chamber built into the box- section

spine frame of the machine where
its temperature is said to fall by
some 30°C. However, when it leaves
the plenum chamber and enters the
constant-velocity SU carburetors,
the air is still at a much higher
temperature than the optimum.
This leads to a disappointing BMEP
of about 760kPa. The butterfly val-
ves that control mixture flow are
sited as close as possible to the inlet
ports to provide optimal throttle
response.

The water-cooled version of the
engine to be adopted on the civilian
model uses exactly the same layout
but gives a BMEP of between 900
and 970kPa which compares with
the latest Japanese multi-cylinder
motor cycle engines. The Norton
factory claims a power output for
the water-cooled version of 60kW
(crankshaft) at 7000 rev/min and a
torque output of 68.5Nm at the
same crankshaft speed.

Little Maintenance
Needed

The twin-rotor engine, of course,
has no valve gear or other highly
stressed parts. Moreover it has only
three major rotating components, a
crankshaft and two three-lobe
rotoss each orbiting around inside a
two-chamber housing. As a result,
its reliability is exceptionally high
and very little maintenance is
needed.

The perennial rotary problems of

of air cooling.

A part-sectional view of the Norton rotary motorcycle en-
gine. The problem of seal wear was overcome by the use
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Wide Band Sweep Generator

The Kalun Model 6082 Wide Band Sweep Generator is designed with RF
and digital electronics to provide accurate and effective sweep frequency
measurements. The sweep signal covers the 600MHz frequency range in
one sweep with 0.5dB flatness. The marker frequency is displayed as an
intensified spot on the frequency response trace, while also being indi-

Spectral purity is -30dBc including all harmonics and non- harmonics;
sweep width is continuously variable from 200kHz to full bandwidth.
Output is 75 ohms, S0dBmV; an output attenuator is continuously vari-
able from 0-10dB and also has steps of 10 and 20dB.

Contact Kalun Communications, 11A Glen Watford Drive, Unit 17,
Scarborough, Ontario M1S 2B8, (416) 293-1346.

Circle No. 19 on Reader Service Card
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rotor-tip seal wear and heavy fuel
consumption were solved relatively
early on in the Norton power unit’s
development. The trochoidal sur-
face of the casings against which the
rotor tip seals bear, are plated with
Elnisil, a nickel containing 4% by
volume of silicon carbide particles,
to form a very hard and durable
bearing material. The combination
of the plates surface and the seals
has been shown to last for over 160
000km of road operation in a
motorcycle engine.

As is well known, the flanks of the
rotors of the Wankel type engine at
all times run just clear of the walls
of the chamber with only the seals
in the rotor tips and end-faces bear-
ing upon them. Furthermore, the
rotor and crankshaft rotate on
roller or needle-roller bearings of
substantial dimensions, enabling
them to last the whole life of the en-
gine without attention. The tip seals
are honed from a specialized steel
that is heat treated.

Smooth At Low Speed
Bven the spark plugs specially
developed for the engine by Cham-
pion, are the long-life surface dis-
charge type with a platinum central
electrode, and the higher power
capacitor discharge (CD) electronic
triggering and distributor ignition
system again have no moving parts.
Norton claims fuel consumption
figures of 15 to 18km/litre, based on
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data from police vehicles. The rotor
temperature is in fact much the
same as on the original F & S
motor. The cooling system is also
self-regulating in that the air flow
increases with engine speed and
hence heat production. Over-cool-
ing of the rotors, however, can lead
to heavy fuel consumption and high
hydrocarbon emissions from the ex-
haust. Indeed, it took until 1979 for
Norton engineers to get the un-
burmed hydrocarbon levels in the
exhaust below the statutory emis-
sion requircments of the United
States, one of its potential export
markets.

A major problem in developing
the rotary for motorcycles was the
idling system. On its first customer
machines, Norton Motors used a
dead-chamber system. In this the
sparks to one combustion chamber
were cut so that it pumped cold air
via a bypass directly into the
plenum chamber. This also put
enough drag on the crank to ensure
that the working chamber was filled
efficiently. Unfortunately, the early
users — the police and armed for-
ces — used their machines for a lot
of slow speed escort work. The id-
ling system, cutting in and out,
made for an unacceptably jerky low-
speed ride. This led to the carbura-
tion and ignition systems being
refined to cope with both cambers
firing at idlc speeds.

No Vibration

The transverse 180-degree
crankshaft of the new rotary-en-
gined Norton is machined from a
single casting supplied by Laystall
of Wolverhampton, in the English
midlands. Just about every other
engine component is machined
from cither stock metal or castings
in Norton’s own factory.

The primary drive is taken from

the offside of the crankshaft via a
duplex chain to the clutch drum,
which also engages the starter
motor. The other end of the
crankshaft carries the alternator.
This all adds up to an enging that
displaces a nominal 588cm~ but
produces over 60kW (crankshaft).
It is also extremely compact and is
said to be free from vibration. The
design of the engine has been dis-
cussed at length here because of its
unusual configuration and the
somewhat chequered history of pre-
vious attempts at applying Wankel
type power units to motorcycles.
However, a motorcycle is not just
an engine and some mention should
be made of the gearbox and cycle
parts of the new Norton.
The transmission uses a five-speed
gearbox and the final drive is by
chain. The box section spine frame
has an integral oil tank and features
swinging-fork rear suspension
fitted with twin gas/oil damped
Marzocchi suspension units having
a five- position preload capability.
The front and rear wheels are both
cast in light alloy.

Racing Model.

The front wheel is mounted in a
pair of 38mm diameter tubing,
Marzocchi damped telescopic forks,
while the braking is taken care of by
twin 280mm diameter discs at the
front and a single 280mm disc at the
rear. The civilian version of the
Norton rotary motorcycle s
scheduled to go on sale direct from
the factory on 20 December, at a
price that should be competitive
with BMW'’s K100 four-cylinder
machine and with a 225km/h top
gear performance. According to Mr
Le Roux the NVT Group, which
owns Norton Motors, is looking t
produce up to 5000 of the 588cm
rotary engines a year, of which 2000
or so will go into the Interpol 2
machine and the new water-cooled
civilian model. The remaining en-
gines will be sold to the aerospace
and defence industries for applica-
tions where their high power-to-
weight coefficient is required, such
as in portable generating sets and
for powering remotely piloted
aircraft.

Already in the United States the
Teledyne company, which makes
Continental aircraft engines, is
licensed to manufacture Norton
rotary power units, and the Mer-
cury marine company is assessing

the rotaries as replacements for
two-stroke outboard motors. In
Britain, Thorn EMI is buying en-
gines for it Cymbeline radar
programme.

Meanwhile, on the motorcycle
front, the Norton rotary racer is still
in its infancy, but the company
claims to have already achieved a
power output of 97kW (crankshaft)
with another 15kW confidently ex-
pected after further tuning. Such
tuning, incidentally, is similar in ap-
proach to that adopted with two-
stroke engines. The rotary has been
found to respond to alterations in
the length of its induction systems,
port timings and exhaust dimen-
sions.

Peter Hartley is the deputy editor
of Engineering, a publication from
London, England.

Bromine and the Ozone
Layer

The seasonal depletion of the
carth’s protective ozone layer
above Antarctica has both in-
trigued and concerned scientists
for several years.
Chlorofluorocarbons have
generally received the blame,
buut some researchers belive
catalytic bromine reactions may
also play a role. To study the
theory, researchers at the Geor-
gia Institute of Technology are
using laser photolysis to create
the suspect chemicals in an at-
mosphere simulating the frigid
cold of the Antarctic winter.

A possible explanation is a
catalytic  reaction  involving
bromine monoxide and chlorine
monoxide. The two highly reac-
tive chemicals are commonly
found the atmosphere as a result
of photochemical degradation of
halocarbons used in refrigeration,
foam insulation and fire extin-
guishing. Through a series of
reactions, the bromine and
chlorine monoxides could
catalytically break the ozone into
diatomic oxygen. Because they act
as catalysts, the chemicals are not
broken down, but remain to con-
tinue their destructive work.

Under normal conditions, at-
mospheric nitrogen dioxide reacts
with the chemicals to tie up the
more damaging forms. However,
another set of reactions causes
nitrogen dioxide levels to drop
during the cold winter months.

The Georgia Tech group will
create the bromine monoxide and
chlorine monoxide with laser
photolysis and follow the reac-
tions with spectroscopic techni-
ques.
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Science and
Conservation at the
National Gallery

By Lindsey Callander

Founded in 1834, Britain’s National
Gallery in London today houses one
of the world's greatest collections of
European paintings. These number
more than 2000 and, unusual for a
major national collection, almost all
are on public display at any onc
time. There are two exceptions to
this: works on loan to temporary ex-
hibitions or to regional collections,
and those undergoing cleaning and
restoration.

The National Gallery conserva-
tion department was established in
1946 to preserve and safeguard the
sensitive, often frail and complex
structures that form the collection.
Broadly speaking, the conservator’s
work falls into two categories.

The first involves the painted sur-
face of pictures: examination, clean-
ing, restoration and the treatment
of blistering or flaking paint,
processes that can transform the ap-
pearance of a painting. The second
involves the conservation of the
support layers on which the work is
painted, such as wood or canvas.

Paintings on canvas often have to
be relined, using the hot table, low
pressure  table or hand-lining
methods, But almost half the collec-
tion, mostly works predating 1650,
consists of works on wood panel. It
also falls to the National Gallery’s
restorers to compile and maintain a
full conservation record for every
picture in their care, and for each
newly acquired painting. In addi-
tion, regular checks are made on
every picture in the collection.

The conditions of the conserva-
tion studios are tailored to the work
undertaken. The walls are painted
in dark, matt colours to avoid un-
necessary reflections; the axis of the
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studios runs east-west so that by
shutting out light from the south-
facing slope of each roof it is pos-
sible to obtain pure northern light,
and steady, cool illumination unaf-
fected by the fluctuations of sun-
shine. The studios are air-condi-
tioned to maintain a constant
temperature and relative humidity,
and these are monitored and check-
ed at least twice daily.

Microscopy
Fundamentals

The work of the conservation &nd
scientific departments is often inex-
tricably linked. The latter was in-
stituted in 1934 with a staff of one.
Today it comprises a tcam of six
whose work centres on research on
the effects of the environment, or-
ganic analysis (on pigments, ground
materials and so on). Fundamental
to the work of most museum re-
search laboratories is microscopy,
both optical and chemical. By
means of microscopical examina-
tion and chemical tests, most pig-
ments can be identified in minute
samples and the species of wood
used in panel paintings or the textile
fibres of canvas can be identified.
The greatest value of microscopy
lies in the analysis of the layer struc-
ture of paintings. The usual proce-
dure is to embed a flake of paint no
more than 0.5mm in diameter in a
block of transparent plastic, which
is then ground down until the edge
of the paint flake is exposed. It can
now be examined under the micro-
scope, showing the sequence of
layers: from the ground (layer of
preparation), to the drawing, paint
layers, glazes and final varnish. This
is illuminating both to scientists and
to art historians in revealing facts
about the artist’s techniques and
materials. Of course, samples are
only taken when a picture is under-
going cleaning or chemical analysis

L., = g .
might help soive probiems and
treatment.

Crucial to the paintings’ well-
being is the scientific department’s
research on environmental condi-
tions. The effects of factors that can
cause deterioration, such as light,

‘air and its impurities, humidity,

heat, can often be ascertained in
laboratory conditions and the
results related to real conditions of
exhibition.

Never Varnished

Color measurements on paintings
to assess the extent of color change
are made regularly by means of
colorimetry or spectrophotometry.
At present, a group of paintings,
chosen for their susceptibility, is
being measured at five-year inter-
vals, and at the same time, data on
the environment is being recorded
for illuminance, humidity, lighting,
proportion of ultraviolet in the
light, and pollutants. The ultimate
aim is to link environmental factors
to colour changes, with a view to
preventive measures being adopted
in the future.

“A Cornfield with Cypresses” by
Vincent Van Gogh is one of the
very few paintings that have never
been varnished, either by the artist
or by subsequent generations. Over
the decades a heavy layer of dirt ac-
cumulated on the surface and the
painting was beginning to lose its
golden aura. In 1985 it was removed
from the galleries 1o be cleaned by
conservator Tony Reeve.

Describing the work from a tech-
nical point of view, he explains: “Al-
most all late 19th century paintings
have been varnished at a later date.
Happily, this one is a rare exception.
The use of varnish was contrary to
the Impressionists’ concept of
colour, so to varnish it would be to-
tally wrong. On the whole, the pic-
ture was cleaned using distilled
water, although to remove earlier

dirt a small amount of potassium
oleate was used. The surface dirt
was removed using brushes rather
than the more usual cotton-wool
swabs, because of the high impasto
(the thickness and texture of the
paint).

“In certain areas the paint struc-
ture showed cracking and surface
deformation, but it was possible to
counteract these using the low pres-
sure table. Under pressure, the
aqeuous glue preparations in the
picture were moistened, relaxed and
then reformed to a flat configura-
tion. Flaking paint was attached
using sturgeon glue while the paint-
ing was still on the table. Finally, the
edges of the painting, which had
been pulled around the stretcher
years ago, were reclaimed by putting
the canvas on a larger stretcher.”

Challenging Task

The restoration of Cima de
Conegliano’s immense altarpicce,
*The Incredulity of St Thomas”, was
one of the most challenging tasks to
be undertaken by the gallery’s con-
servators, Alfter extensive treat-
ment, it was returned to public view
in 1986, a triumph of early 16th cen-
tury painting and 20th century res-
toration.

The painting was acquired by the
National Gallery in 1870 with a long
history of flaking paint and at-
tempted restoration. By 1947 the
paint was flaking to such an extent
that the altarpiecce had to be
withdrawn from display.

-So in 1969, the then chief restorer
decided that the paint and gesso
layer should be transferred to a new
support, an extreme and irre-
versible treatment used as a last
resort.

Transfer and restoration were to
take many years. First, the paint sur-
face was faced with layers of tissue,
cheesecloth and wax. The piece was
then placed face down and removal
of the wooden panel commenced,
layer by layer, with the final layer
removed with a scalpel.

After removal, the gesso layer
was reinforced with an acrylic
primer and then attached to fine
linen. This in turn was attached toa
new support of aluminum
honeycomb and glass fibre. Finally,
retouching was done, based on an
analysis of Cima’s pigments.

“Our knowledge of Cima's tech-
niques,” said conservator Jill
Dunkerton, “proved invaluable
when making the colour retouch-
ings because it enabled us to imitate
the layer structure of the original
more accurately. Cima used an ex-
ceptionally wide range of pigments
of a very high quality. He was well

to do so, since Venice was
the centre of the Buropean pigment
trade.”

The altarpiece is once again on
public display.

Continued on page 25
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Logic
Pulser

A simple, inexpensive companion for your logic probe

This instrument is designed for use
in conjunction with a logic probe
but it can also be used in its own right
as a means of changing the logical state
of a digital circuit without the need to
make any soldered connections. The
pulser is fully compatible with both
CMOS and TTL devices.

Circuit Description
The complete circuit diagram of the
Logic Pulser is shown in Fig. 1. A 555
timer, IC1, is connected as a monos-
table pulse generator.

The output of IC1 (at pin 3) will go
high for a period determined by the
time constant, R2 x C2, whenever the

By Mike Tooley

pulse button, S2, is depressed. With
the values specified, the pulse duration
is approximately Sms.

The polarity of the output pulse is
switched by means of S1. Transistor
TR1 acts as an inverter while TR2 and
TR3 operate as saturated switches
(providing positive and negative out-
put drive respectively). The output
current is limited by resistors R7 and
R8. With the component values shown
and assuming a standard TTL 5V
supply, the peak current sourced or
sunk into a short circuit will be limited
to several hundred milliamps.

When no output pulse is being
produced, TR1 conducts but both TR2
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Fig. 1 Complete circuit diagram for.the Logic Pulser.
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and TR3 are in a non-conducting
(switched off) state. The output at the
probe tip thus floats in a high- im-
pedance state.

Diode, D1, is incorporated in order
to provide protection against inadver-
tent reversal of the supply leads.

Construction

All components for the logic probe are
mounted on a 0.1 in matrix board com-
prising 9 strips of 37 holes.

The component layout of the Logic
Pulser is shown in Fig. 2. The following
sequence of component assembly is
recommended; button switch, IC sock-
et, terminal pins, links, transistors,
resistors, diode, and capacitors.

The probe tip boss and supply lead
should be connected last. In the latter
case, care should be taken to ensure
the correct polarity (red scrocodile
clip/striped lead to positive).

Constructors should note that a total
of 18 track breaks are required and
these should be made using a spot face
cutter. If such a tool is unavailable, a
sharp drill bit of appropriate size may
be substituted. Three links should also
be made under the board, shown
dotted on the topside view in Fig. 2.

Before inserting the IC into its holder
and mounting the circuit board in its
final position, carefully check the com-
ponents, links, and track breaks. Fur-
thermore, it is worth checking that all
of the polarized components (includ-
ing transistors, diode and electrolytic
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Logic Pulser

capacitors) have been correctly
oriented. Also, carefully examine the
underside of the stripboard for dry
joints, solder splashes, and bridges be-
tween adjacent tracks.

Probe Case

When the board has been thoroughly
checked, the integrated circuit should
be inserted into its holder. The circuit
board should then be temporarily
placed in the base of a suitable probe
case (approx. 140mm x 30mm x
20mmy). Depending on the case used, it
may be necessary to fasten the board
with screws; some cases may allow fric-
tion fitting within the two halves.

The upper half of the probe case
should then be marked for drilling and
cutting the apertures that will be
necessary in order to permit access to
switches S1 and S2. Switch S1 will re-
quire a rectangular hole measuring ap-
proximately 8mm x 3mm, while S2 will
require a square aperture measuring
12mm x 12mm. In both cases it will be
necessary to drill several small round
holes and then apply a small square or
rectangular section file.

Output Pulse Duration:

Pulse Polarity:

Power Supply Requirements:

Specifications

Peak Output Current (short circuit): 200mA (approx.)

Quiescent Resistance at Probe Tip: Greater than 200k

When complete, the two case halves
should be screwed together (using the
countersunk screws supplied with the
case) and the probe tip should then be
fitted.

Testing

The probe should be tested using a
current limited 5V supply of the type
normally employed with TTL and
CMOS circuits together with a logic
probe. Connect the pulser and logic
probe supply leads together and to the
power supply (taking care to observe
correct polarity). Then link the two
probe tips together using a short length
of insulated wire fitted with two
crocodile clips.

Switch S1 should first be set to
produce a positive pulse. Do not, at
this stage, operate the pulse button, S2,
but check that the output of the pulser
is in a tri-state condition (none of the
logic probe’s LEDs should be il-
luminated). If this is not the case, dis-
connect the pulser, dismantle and
check the pulser’s circuit board again.

Having verified that the pulser
operates in the quiescent state, a pulse

5.2ms

Switched positive or negative

4.5V to 15V at less than 15mA
quiescent

|
L

should be generated by depressing S2.
At the same time the state of the logic
probe’s LEDs should be examined.
Hopefully, these should confirm that a
positive pulse is produced. If no pulse
is produced or if the logic pulser
generates a continuous low or high
state output, the pulser should be dis-
mantled and the circuit layout should
be carefully checked again. Finally, the
foregoing procedure should be
repeated with S1 switched to produce
a negative going output pulse.

Parts List
Resistors
All Resistors are 0.25W 5%
R123 10k
R4.5,6 10k
R78 10R
Capacitors
C1 4n7
c2 470n tant. 35V
C3 10m tant. 16V
Semiconductors
IC1 555 Timer
D1 1N4001
TR1,.2 2N3703 pnp
TRY coiox 2N3705 npn
Miscellaneous
STiaiiii S astmein Low profile PCB mounting

keyboard sw.

82 kit Ultra-min. DPDT vertical slide sw.
8-pin low-profile IC socket; probe case
(140mm x 30mm x 20mm); single-sided
1mm terminal pins (3); stripboard, 0.1 inch
matrix, see text,

Fig. 2 a)mponer—zt Iayoutf |
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MOORSHEAD PUBLI.CATIONS ANNIVERSARY SVYEEPSTAKES
Subscribe Now and Win!

over $10,000 in the latest computer technology from Toshiba
and save up to 58% on your subscription!

YOUR CHANCE TO WIN THE LATEST

IN COMPUTER TECHNOLOGY
FROM TOSHIBA.
ALL YOU HAVE
TO DO IS ENTER!

Celebrate MOORSHEAD
PUBLICATIONS Anniver-
sary as Canada's No.1 pub-
lisher of computer and elec-
tronics magazines by entering
our ANNIVERSARY
SWEEPSTAKES! You could
become the lucky winner of
the Toshiba products shown
here worth over $10,000...
no purchase necessary...

ALL YOU HAVETODO IS
ENTER!

THESE PRODUCTS
FROM TOSHIBA
COULD BE YOURS! |

If you're the lucky winner

of our ANNIVERSARY
SWEEPSTAKES, we'll arrange
for you to receive at your
home or office the products
shown; a total value of
over $10,000! Simply by
subscribing to these

ik

CEnaas’s Wagarme for Mightech Ditcovers o

Technpiogy Today -

9.

THE INCREDIBLE T3100...

All the power of the top of the line desktop in a
package only 3" high when closed and only 14
pounds. Small enough to take anywhere!
Featuring a Gas Plasma screen, the T3100 provides
outstanding resolution. At 640 by 400 pixels, it's
ideally suited for graphics. A memory
capability of 640 KB, expandable to
2.6MB with the addition of a
single memory card. And it's fast.
With an 80286-2 micropro-
cessor it’s more powerful

HOW THE SWEEPSTAKES WORK

There are two ways of entering: take out a new subscription, or
renew one, to any of the participating magazines,
before May 10th, 1988 and your
name will be entered for the

draw if you use an official entry

form OR if you write (boldly and
clearly) the word *'SWEEPSTAKES"
on other cards or forms.

If you wish to enter without
subscribing you may use the Official
Entry Form on this page; photocopies
are NOT acceptable. Only one entry
per envelope is acceptable. On May
15th 1988, a random draw will be
made from qualifying entrants. The
first entrant drawn to answer a time
limited skill testing question correctly
will be declared the winner.

THE NEW PAGELASER 12

Laser printer quality with a whole
lot more. Qutstanding full-page print
quality and graphics, with its
resolution of 300 dots/inch. And at
12 pages/minute it's incredibly fast.
Long product life at 600,000. It
holds up to 750 sheets, more
paper than anyone else.
Up to 2MB of me-
mory and a 16-digit
English-Language

publications you.have than a full-sized IBM panel display.
the chance to win PC-AT Desktop®. A high duty
Fhe very latest Full IBM compat- cycle of 10,000
in computer ibility; a 10MB pages/month.
tephnology b internal hard It comes stand-
wnh the disk; a 720KB ard with many
qu:.iht.y‘ and floppy disk; and features including
reliability an 81 key full- Serial and Parallel

you've come to expect from Toshiba. You'll be able to conduct professional

sized keyboard.

business transactions and computerize your business or home as never before!

MAKE THE MOST OUT OF YOUR
TOSHIBA SYSTEM WITH THE
MAGAZINES OF THE MOORSHEAD
GROUP... COMPUTING NOW!
ELECTRONICS &

TECHNOLOGY TODAY,
COMPUTERS IN EDUCATION.

Enter your subscription(s) and receive in-depth

evaluations of computers, peripherals, and software

plus the latest happenings in electronics & technology.
Expand the use of your microcomputer with probing articles
on programming break-throughs and important news

that will increase your “computer consciousness’"!

OFFICIAL ENTRY FORM
MOORSHEAD PUBLICATIONS .
ANNIVERSARY SWEEPSTAKES

00 Yes, enter my name in the ANNIVERSARY SWEEPSTAKES for $10,000 in TOSHIBA products, start my
subscription to (1 Computing Now!, OJ Electronics & Technology Today, ] Computers in Education
for the term checked below as a saving of up to 58% on the newsstand rates.

] One Year for $19.97 0 Two Years for $36.97
O NO, Idon't wish to subscribe now, but tell me if I've won
MOORSHEAD PUBLICATIONS ANNIVERSARY SWEEPSTAKES

You will find applications and innovations you can Name Company

use directly on any computer a.nd keep ab.reast of Adliress

the newest developments in microcomputing!

Closing dates for entries May 10th, 1988. City Province Postal Code _
Check one:

TOSHIBA

WE MEAN BUSINESS
INFORMATION SYSTEMS DIVISION
“1BM PC-AT is a registered trademark of
Intemtional Business Machines Corporation.

[ Payment cnclosed  Charge my: OJ American Express [ Visa I MasterCard.

Card No. Expity Date

Special subscription rates are tor ANNIVERSARY SWEEPSTAKES only. (Savmgs are up to 21% off regular subscription rates}
Moorshead Publications, 1300 Don Mills Road, North Yotk (Toronto], Ontario M3B 3M8 Tel: (416) 445.5600 Fax: 416-445-8149

-
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Continued from page 20 For Your Information

PC Barcode Reader

Sceptre works with hundreds of off-the-shelf software programs, such as
Lotus 1-2-3, dBase, and most word processing packages, so there is no
need for programmers 1o write specialized application programs.

Sceptre’s software reads and interprets bar-coded information and dis-
plays it on the PC's screeen exctly as though it had been entered on a
keyboard.

The complete system includes: wand, cable, controller card, software
and documentation. This system has no costly add-ons and carries a full
one-year warranty.

For more information contact: Ron Neumann, Tallgrass Technologies
Canada, 1775 Meyerside Drive, Mississauga, Ontario LST 1E2. Ph: (416)
673-3244 Fax: (416) 673-3926

Circle No. 74 on Reader Service Card

RALPH L EI SMITH

Smart House

THE COMING REVOLUTION IN HOUSING

Te oo =

P

Smart House
A new book, authored by Ralph Lee Smith, offers some insight into what
the home of the near future will be like.

Smith explains how the new technology works, takes us on a tour of a
smart house and compares it with current technology.

The 127 page book is available in hardcover or paperback from: GP
Publishing Inc., 10650 Hickory Ridge Rd., Columbia, Maryland 21044.
Contact: Karen Gardner, Marketing Manager. Price: $18.95US
hardcover, or $§11.95US paperback.

Circle No. 50 on Reader Service Card

Display & Measure

DUNCAN 20MHz DUNCAN 32
Oscilloscope 6022 Digital Multimeter 3000A
* Integral Component Test * Measure 0-700VAC/1000VDC,

* Dual Trace Operation 0-10A AC/DC, 0-20M ohms

¢ Sensitivity 5mv * Accuracy %2 % (typical)

¢ Includes two Dual ¢ Includes case, leads, battery

(1:1, 10:1) Probes )
PRICE: $660.00 PRICE: $98.50
-

T RN G
3

—

Special Combo Price
6022/3000A $675.00
Get a quality DMM for $15.00 more!

Test

d Digital Function Generator GFG8016D
* Frequency 0.2Hz - 2MHz

* Sine, Square, Triangle, TTL pulse, CMOS output
* 6-Digit LED Display

* Frequency Counter Function 0.2Hz to 10MHz
PRICE: $600.00 Other Models Available

= EREEREE ENE] ‘

Power

Regulated DC Power Supply GPQ3020

« Quad Operation (0-30VDC) x 2; 5v at 3A(Fixed),
and 5v at 1A (Fixed)

* Qutput: Serial-60VDC at 3A; Parallel-30VDC at 6A

¢ Regulation Line: 0.01/% = 3mV

PRICE: $810.00 Other Models Available

- Distributor Enquiries Invited
Goodwill Instruments represented exclusively in Canada by:
DUNCAN INSTRUMENTS CANADA LTD.

121 Milvan Drive, Weston (Toronto), Ontario MSL 178
Tel: (416) 742-4448 Telex: 065-27271 Fax: (416) 749-5053

PRICES ARE—FED. Sales Tax Included, FOB Weston Warehouse
PRODUCTS ARE—CSA Approved: Warranty; 12 Months.
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Continued onpage 45

Circle No. 6 on Reader Service Card




Hyper-Fuzz

More distorted effects for your muscial instrument

Distortion or fuzz units are used to
make the sound of a musical in-
strument more ‘interesting’ by adding
harmonics to it. This is usually
achieved by using a non-linear
amplifier of some kind to clip or
round-off the peaks and troughs of the
audio signal. The resultant distortion
consists of a wide range of harmonics
at multiples of the input frequency.

The input/output characteristic of
the Hyper-fuzz is shown in Fig. 1. Each
half-cycle of the audio signal is ‘folded
over’ three times before being clipped.
This gives rise to a narrow band of har-
monics, the frequency of which is de-
pendent on the amplitude of the input
signal. When used with a guitar a filter-
sweep effect is produced as each note
dics away.

In addition, the circuit can produce
conventional clipping distortion and an
intermediate effcct, selected by a three
position toggle switch, SW1. These

OuUTPUT
|
|

SW1 POSITION 1

SW1POSITION 2

~NPUT

SwW1 POSITION 3

Fig. 1 The inputfoutput characteris-
tic of the circuit with the effect
switch in each of its three positions.

2

By Charles Dancer

extra characteristics are also shown in
Fig. 1.

The circuit board is mounted in a
small diecast box fitted with a foot
switch (SW2) which is used to switch
between the effect and a ‘straight
through’ signal. A metal box was
chosen in preference to a ready-made
foot switch case because of it’s lower
cost and better screening properties.
The other controls on the unit are
DEPTH (RV1) which varies the
severity of the distortion, and LEVEL
(RV2) which is used to match the dis-
torted and straight-through signals in
volume.

Power for the effect comes from a 9V
battery, or from an external 9V supply,
the current consumption being only
about 2mA. The internal battery is
connected when a jack is plugged into
the input socket, so there is no need for
an on/off switch.

Construction

If the recommended case is used, it
should be drilled as accurately as pos-
sible as shown in Fig. 2. The position-
ing of the holes is fairly critical. The
PCB should be assembled (Fig. 4)
starting with the smaller components

ensuring that all leads are cropped
close to the board.

When the two pots are mounted,
their spindle centres should be about
15mm above the top of the PCB.

If the jack sockets have break con-
tacts fitted, the tags for these should
either be cut off or bent under the
socket. The sockets should then be at-
tached to the board by 15mm lengths
of flexible wire. The toggle switch and
RV2 case can then be connected to the
board along with the battery clip and
six 45Smm pieces of wire, for the foot
switch.

The PCB spacer is a piece of 4mm
thick perspex or wood 22 x 26mm, with
a 1/2” central hole. To make assembly
easier the spacer can be lightly glued to
the track side of the PCB. Before the
unit is assembled an insulating grom-
met should be fitted to the hole for the
power connector.

The PCB assembly can then be in-
serted into the case. To do this, the
output jack and the two pots should
first be located in their respective holes
(the pots may need to be bept back a
little).

Once the pots are pushed through,
the board should fit neatly inside the
case and the other socket and toggle

Ly &

iy
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ALL OIMENSIONS IN mm
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Fig. 2 Drilling the case for the Hyper-Fuzz.
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E & TT March 1988



Hyper-Fuzz

R19 R20 R25
330k 2 1
M2 R33 <
22
<
Acs
T 2u2
-
R4 < < a
R R18 34
i
R32
R10 A1 R12 y RAV2
®S AVl 3% 30k MWV v - sK2 &7 LOG
i NOTE. LEVEL
DEPTH IC1= LM358 OLIRUT]

w2 g; = BC558

3 = BC549
P —_————— —— ' D1= 0A91
w7 TROUGH ——» EFFECTJ D2-11 = IN4148

Fig. 3 The circuit diagram of th Hyper-Fuzz.

switch can then be fitted. The foot  that it holds them together, and it’s If you intend to drill the base plate to
switch should be fitted through the  leads soldered as shown on the com-  take screw- mounting feet, make sure
holes in the board, spacer and case so  ponent overlay. that the screws will not interfere with
———  the jack sockets. With care, they can be

positioned so that the feet slightly over-

lap the retaining screws, thus prevent-

ing them getting lost. The battery can

be cushioned using strips of foam
LNk 70 weatherstripping stuck inside the case

and on the side of the switch, and held
in place by a piece of foam rubber
o glued to the base plate.

RV2

-]

L Operation

- The unit should be set up in the same
way as a standard distortion unit, Ad-
just RV1 and SW1 until the desired ef-
fect is heard, then adjust RV2 so that
there is little change in volume when
the foot switch is pressed. Because of
the severity of the distortion the full
Hyper-fuzz effect (Setting 3) works
best with simple ‘pure’ signals. Playing
chords  produces  harsh  ring-
modulator-like effects which are inter-
esting but not exactly musical. Al-
though the unit was designed for use
with electric guitar and bass, it can also
be used to alter the sound of keyboard

' instruments, drum synthesizers and
Fig. 4 The components overlay. even vocals.

R22

R15
R17
R34
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More reasons to make
Electronics &

Jechnology Today

Part of your
Marketing Strategy.
Readers of
Electronics & Technology Today
value their magazine highly, in that
75% report that they retain
their copies indefinately.

A further 15% retain them for
12-24 months and 8% retain
6-12 months. That's 98%.
For advertising information
Call (416) 445-5600 or
Fax: 416-445-8149

Classifieds
Where Buyers Find Sellers

DESIGNERS, ENGINEERS, hob-
byists: Looking for that hard-to-
find circuit? Try search on biblio-
graphic data base. Thousands of
practical circuits from dozens of
journals. Many scientific applica-
tions. Ask for manual. CIRCUIT
SEARCH. P.O. Box 268, Breslau,
Ontario NOB 1MQ.

LYNX460 Floppy Drive Alignment
Tester and excerciser, (as new
condition) complete with
manuals. Also have 8" and 5%"
floppy alignment disks. Cost
$1600.00 Selling for $750.00 or
best offer. Call 839-7668.

ELECTRONIC EQUIPMENT Vec-
torscope Tektronixs 1420 - $1450.,
Vectorscope Videotek VSM-5A -
$950., Colour Monitor Hitachi; 1k x
700 non-interlaced/1280 x 1024 in-
terlaced $1900., model 3619. VCR
Sony C1-HF 1000 - $1950. Days
(416) 631-7874, Night (416)
497-6493.

ORIGINAL TRI-MODE parts
$89.95, SB3 Parts $69.95, Notch
Filters $39.95, Catalogs $1.
GENIE, Box 522, Montreal
H3S 2V3.

CABLE TV DESCRAMBLING TECHNI-
QUES. 56 pages. $13.95. Channel 3 notch
filter $39.95. Amazing see-in-the dark
infra-red night viewer kit $295. SCA
backround music kit $49.95. Catalogs $1
OCTE(J), Box 173. Montreal, H3X 3T4
514-739-9328

COMPUTER and Electronic components
at reasonable prices. Send $2.00 for 1988
catalogues and be on mailing tist for one
year of ‘Bargain Flyers.” M.O. ENTER.
PRISES, Box 2066, Bramalea. Ontarno.
L6T. 383

For Advertising Information Call

(416) 445-5600

Hyper-Fuzz

How It Works  Parts List .
The input signal is fed to a pre- Resi

amplificr comprising  Q3, Which | R1:33smsmun 2
provides the gain, a constant current

source (Q1), and an cmitter-follower
(Q2) to buffer the output. With SW2 in
the “Through’ position, the gain of the
prc-amp is set at about one by negative
fecdback through R10 and R6 and its
output goes to the output socket (SK2)
via C6. With SW2 switched to ‘Effect’,
RV1 is used to vary the amount of
feedback and hence the gain of the
pre-amp.

The distortion-generating part of the
circuit uses an LM358 dual op-amp,
which was chosen because of its low
current consumption and wide output
voltage range. R33/34 and C7 providc a
stablc 3.5V mid-rail for the op-amps.
The signal from the pre- amp is further
amplified by ICla. The op-amp is
prevented from clipping by D2 and D3,
which limit its output to about 6V peak
to peak. With SW1 in position 3, the
output of ICla will drive the four pairs
of diodes, D4-11, to produce four wave
forms clipped at 0.5, 1, 1.5 and 2V.
These are then fed to alternate inputs
of a difference amplifier (IC1b). So, as
each diode begins to conduct, the gain
of the circuit reverses polarity.

With SW1 in position 1, only the
lower pair of diodes is driven, so the
circuit produces ‘ordinary’ fuzz. For
the intermediate effect, R19 is used to
attenuatc the signal reaching the upper
diodes. R23 is necessary to match the
three effects in volume.

R2,22,12..

R18,31,34

R20,21,22,24 - 27k
R23WE! "1 1 Sy e, 100k
R25,28.30 L IMS
R29..... .2M7
T e e i N o Y 4k7

RV1... .. 100k lin PCB mounting

RV2.. ... 4k7 log PCB mounting
Capacitors

C1,79% 3071 0 W 100u 16V rad. elect.
G214 Gy it I ) 4u7 63V rad. elect.
815w . emmoeiiins oot s SO 100n polyester
C8.. 0 R St o e 2u2 63V rad. elect.
Semiconductors

ICT .. . myod . s, 1.M358
Q1. ... 2N6015 or BC558
Q23 ... 2N5818 or BC549
D1.. ...1N4001 or equiv
D2l S v vovens e 1N4148
Miscellaneous

SWIL 5. e o e SPDT centre-off tog.

............ DPDT foot sw.
... 1/4” stereo socket
................. 1/4” mono socket

PCB; case; battery clip; knobs; feet; PCB
spacer; 3/4in grommet; foam rubber,
washers.

The printed circuit board artwork for the Hypr Fuzz.

i

E & TT March 1988



—

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

Learn PC Servicing By
Building Your Own
Desk-Top Computer!

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

SEND FOR “FREE
COLOUR CATALOGUE"

S =

- >
3
-

- .

Hand-On Training With

Your (IBM Compatible)
PC-XT Puts You At The
Leading Edge Of
Technology!

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

e 16 Bit 8088 microprocessor for

IBM compatibility
e 640 K RAM for high speed

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

floppy disk drives
@ Colour graphics/printer adapter

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

Machine Corp

1BM 1o o Reg ot
MS is o Registered trademart ! Micronoh Corp

[

NTS Offers Many
Additional Courses in
Electronic and Other

Fields:
O Robotics

(] Video Technology
(] TV & Radio Servicing

(] Industrial Technology &
Microprocessor

(] Basic Electronics

TRAINING THE WORLO FOR THE 21ST CENTURY

National Technical Schools
Canadian Oftice

517 Bohemia Crescent
Dakville, Ontario L6J 2K7
(416) 842-8383

School Head Office: 456 W. Martin Luther King Jr. Blvd., Los Angeles, CA 80037



The
Digital

Designer

Learn the basics of digital

electronics with the
EduKit DD-200.

By Edward Zapletal

Single-chip microprocessor technol-
ogy certainly has eased the burden
for many a designer of electronic
gadgetry. But the important thing to
remember here is that, although
microprocessors make it easy, under-
standing the principles of how they
work is still a necessity. This is the idea
behind the DD-200 .Digital Designer
from EduKit.

The Purpose

The DD-200 is designed to give the in-
dividual a solid introduction into digi-
tal electronics through hands-on ex-
perience. It won’t make anyone into a
wiz-bang computer technician right
away, but it does provide enough back-
ground to pave the way to -more com-
plex study.

The Hardware

The DD-200 is actually a fully built and
tested version of the EduKit DD-100
with a few extras added. Included with
the 200 are the 9V plugpack and
solderless breadboard.

The motherboard is designed so that
it plugs directly onto a 65-column
solderless breadboard leaving easy ac-
cess to the 28 connection points for
such things as switches, LEDs, clock,
logic probe, and regulated 5V power.

A number of display devices are sup-
plied including two seven-segment
LEDs, a row of ten single LEDs, and
0

two single LEDs to indicate the clock
operation,

Courseware

The 62-page workbook provided with
the DD-200 package provides the in-
dividual with a number of experiments
and problems in varying degrees of
complexity.

The first two chapters deal with set-
ting up the unit, getting to know some
of its basic functions, and a review of
simple electronic circuits and prin-
ciples. The transistor is also discussed
here as it’s the basis for all logic-based
electronics.

Chapter three introduces the various
logic gates which are the basis for digi-
tal electronics, and simple circuits
using individual components, as well as
ICs, are provided for hands-on involve-
‘ment,

Remaining chapters are comprised
of the following: Boolean algebra;
Demorgan’s Theorem; numbering sys-
tems such as BCD, Octal, and
hexadecimal; combination circuits; and
sequential circuits including flip-flops,
shift registers, and counters.

Six  comprehensive  appendices
provide additional information for
resistor identification, reference texts,
pinouts of the ICs used, trouble shoot-
ing for circuit construction, details of
the logic probe, and plans for a switch
de-bouncer circuit.

The basis behind all EduKit products
is to teach, whether it’s to hobbyists, or
students in the classroom, and each
chapter contains a modest number of
questions for the purpose of testing
comprehension. A teacher’s workbook
is available, as part of the package, for
checking answers.

Bottom Line

According to EduKit, the DD-200 has
gained Canada- wide acceptance from
the educational community, with the
unit being used extensively in schools
as a basic introduction to digital
electronics.

On completing DD-200 workbook,
the student will by no means be an ex-
pert on digital electronics, but will have
a good footing on which to build a
more solid understanding of how digi-
tal electronics contributes to the more
complex world of microprocessors.

The complete DD-200 is -priced at
$189.95 which includes the teacher’s
workbook; there is also special pricing
available for schools. For those who
wish to purchase the DD-100 kit, it’s
available for $59.95 without the above-
mentioned extras.

Available from EduKit, P.O. Box 38,
Station N, Toronto, Ontario M8V 354.
Phone: (416) 897-1217. Also available
from Active dealers across Canada.
Phone: 1-800-361-5884 (Canada, ex-
cluding Quebec and Ottawa Valley); 1-
800-361-9046 (Que. & O.V.) [ ]
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_Introducing
Microprocessors

A new series on understanding microprocessors and

how they work.

The general learning objectives for
part one of Introducing Micro-
processors are that readers should be
able to:

(a) understand the terminology used to
describe microcomputer and micro-
processor based systems

(b) identify the major logic families
and scale of integration employed
within integrated circuits

(c) draw a diagram showing the ar-
chitecture of a representative micro-
computer system and state the function
of the principal internal elements

(d)  understand  binary  and
hexadecimal number systems and con-
vert from/to decimal

The specific objectives for this part are
as follows:

1.1 Terminology

1.1.1 State the meaning of any of the
terms listed in the glossary 1.1.2 Distin-
guish between the terms; computer,
microprocessor, microcomputer, and
single-chip microcomputer.

1.2 Integrated Circuit
Terminology and Logic
Families

1.2.1 Define the terms SSI, MSI, LSI
and VLSI as applied to integrated cir-
cuits.

122 State the characteristics of
CMOS and TTL semiconductor tech-
nologies.

123 State the basic properties of
CMOS and TTL logic families.

1.3 System Architecture

1.3.1 Draw a block diagram showing
the internal architecture of a repre-
sentative microcomputer system.

E & TT March 1988

By Mike Tooley

1.3.2 State the function of each of the
principal internal elements of a repre-
sentative microcomputer system.

1.3.3 Explain the bus system used to
link the internal elements of a
microcomputer system.

1.3.4 Distinguish between the following
types of bus; address, data and control.

Related Theory

Explain the binary and hexadecimal
number systems.

Convert binary, hexadecimal and
decimal numbers over the range 0 to
65535 (decimal).

Explain how negative numbers are
represented in microprocessor sys-
tems.

Perform addition and subtraction of

binary and hexadecimal numbers over
the range 0 to 255 (decimal).
Note: Rather than publish a complete
glossary of terms, we shall be produc-
ing a mini-glossary for each part; intro-
ducing new terms as we progress
through the series.

Integrated Circuits

The vast majority of today’s electronic
systems rely on the use of integrated
circuits in  which hundreds of
thousands of components are fabri-
cated on a single chip of silicon. A rela-
tive measure of the number of in-
dividual semiconductor devices within
the chip is given by referring to its
“scale of integration”, as shown below:

Scale of Logic gate
integration Abbreviation equivalent
Small SSI 11010
Medium MSI 100 100
Large LSI 100 to 1000
Very large VLSI 1000 to 10000
Super large SLSI 10000 to 100000

The “logic gate equivalent” referred
to in the table provides us with a rough
measure of the complexity of in-
tegrated circuit and simply gives the
equivalent number of standard logic
gates. A logic gate is a basic circuit ele-
ment capable of performing a logical
function (such as AND, OR, NAND or
NOR). A basic logic gate (e.g. a stand-
ard TTL two-input AND) would typi-
cally employ the equivalent of six tran-
sistors, three diodes and six resistors.
At this stage, readers need not worry
too much about the function of a logic
gate as we shall be returning to this
later on. Readers need only be aware
that such devices form the basis of cir-
cuits which can perform logical
decisions.

Integrated circuits are encapsulated
in a variety of packages but the most
popular type (and that with which most
readers will already be familiar) is the
plastic dual in-line (DIL) type. These
are available with a differing number of
pins depending upon the complexity of
the integrated circuit in question and,
in particular, the need to provide ex-
ternal connections to the device.

Conventional logic gates, for ex-
ample, are often supplied in 14- pin or

16-pin  DIL  packages  while
microprocessors (and their more com-
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Fig. 1 Some common DIL package
outlines (top view).
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plex support devices) often require 40-
pins or more. Fig. 1 shows some com-
mon DIL package outlines together
with pin numbering. It should be noted
that these are TOP views of the
devices, i.e. they show how the device
appears when viewed from the com-
ponent side of the PCB, NOT from the
underside.

In each case, the pins of the IC are
numbered sequentially (starting at the
indentation) moving in an anti-clock-
wise direction. Thus, in the case of a
14-pin DIL package viewed from the
top, pins one and 14 appear respective-
ly on the left and-right-hand side of the
indentation.

Problem 1.1

Fig. 2 shows the outline of an 8-pin
DIL device viewed from above. Iden-
tify the pin numbers for this device.

Fig. 2. An 8-pin DIL package.

Logic Families

The integrated circuit devices on which
modern digital circuitry depends
belong to one of the other of several
“logic families”. Readers should note
this term refers to the type of semicon-
ductor technology employed in the
fabrication of the integrated circuit.

The semiconductor technology
employed in the fabrication of an in-
tegrated circuit is instrumental in
determining its characteristics. This
encompasses such important criteria
as supply voltage, power dissipation,
switching speed, and immunity to
noise.

The most popular logic families, at
least as far as the more basic general
purpose devices are concerned, are
Complementary Metal Oxide Semi-
conductor (CMOS) and Transistor
Logic (TTL), TTL also has a number
of sub-families including the popular
Low Power Schottky (LS-TTL)
variants.

For the curious we have shown the
internal circuitry of representative
CMOS and TTL two-input AND gates
in Fig. 3. Despite the obvious dis-
similarity of these two arrangements, it
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Fig. 3. Representative circuitry of
two-input AND gates.

must be stressed that they have IDEN-
TICAL logical functions.

TTL logic

The most common range of conven-
tional TTL logic devices is known as
the “74” series. These devices are, not
surprisingly, distinguished by the prefix
number 74 in their coding. Thus
devices coded with the numbers 7400,
7408, 7432, and 74121 are all members
of this family which is often referred to
as “Standard TTL”. Other versions (or
“subfamilies”) of standard TTL exist
and these are distinguished by ap-
propriate letters placed after the “74”
coding. Where “Low Power Schottky”
technology is used in the manufacture
of a TTL logic gate, for example,
device coding include the letters “LS”.
Thus a 74LS00 device is a Low Power
Schottky version of a standard 7400
device.

CMOS Logic

The most popular CMOS family is the
“4000” series and devices have an ini-
tial prefix of 4. Thus 4001, 4174, 4501
and 4574 are all CMOS devices.

CMOS devices are sometimes also
given a suffix letter; A to denote the
“original” (now obsolete) unbuffered
series, and B to denote the improved
(buffered) series. A UB suffix denotes
an unbuffered B-series device.

Problem 1.2

To which logic families do each of the
following devices belong?

(a) 7407

(b) 74LS74

(c) 4052

Power supplies

Most TTL and CMOS logic systems
are designed to operate from a single
supply voltage rail of nominally +5V.
With TTL devices, it is important for
this voltage to be very closely regu-
lated. Typical TTL IC specifications
call for regulation of better than 5%
(i.e. the supply voltage should not fall
outside the range 4.75V to 5.25V).

CMOS logic devices are fortunately
very much more tolerant of their supp-
ly voltage than their TTL counterparts.
Most CMOS devices will operate from
a supply rail of anything between +3V
and + 15V. This, coupled with a mini-
mal requirement for supply current (a
CMOS gate typically requires a supply
current of only a few microamps in the
quiescent state) makes them eminently
suited to portable battery powered
equipment,

TTL devices require considerably
more supply current than their CMOS
equivalents. A typical TTL logic gate
requires a supply current of around
8mA; approximately 1000 times that of
its CMOS counterparts when operat-
ing at a typical switching speed of
10kHz.

CMOS versus TTL

Having spent some time in discussing
the merits of CMOS and TTL devices
it is now worth summarizing three of
the important differences between
these logic families in tabular form:

Problem 1.3

Which logic family would be most
suited for use in a piece of equipment
which has to operate over long periods
from dry batteries?

Microprocessors

Having dealt with the basic building

blocks of digital circuits we have at last
E & TT March 1988
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CMOS TTL

Speed of operation

Relatively slow Fast
(power consumption
increases as switching
speed increases)

(power consumption
substantially
constant)

Power consumption

Negligible
(but see above)

Appreciable

Supply voltage

Operates over a wide
voltage range
(typically 3V to 15V}

Must be closely
regulated at, or
near 5V

arrived at the point at which we can in-
troduce the microprocessor.

Microprocessors are VLSI and SLSI
integrated circuit devices which are
capable of accepting, decoding and ex-
ecuting instructions presented to them
in binary coded form. Microprocessors
thus form the heart of all microcom-
puter systems in which they act as the
central processing unit (CPU).
Despite  this, the majority of
microprocessors are not capable of
providing the complete range of
facilities expected of a computer (i.e.
input, processing, memory and out-
put). Microprocessors require a cer-
tain amount of external hardware and
other support devices, not the least im-
portant of which are those which
provide a memory for the sequences of
software instructions (i.e. programs)
and transient information (i.e. data)
used during processing.

Some specialized microprocessors
incorporate their own internal memory
for data and program storage as well as
input/output ports for the connection
of external devices such as keyboards
and displays. These devices are aptly
known as “single-chip
microcomputers” and they are ideal
for use in low-cost stand- alone control
systems.

Microprocessors are often divided
into categories depending upon the
size of the binary number on which
they fundamentally perform opera-
tions. Most modern microprocessors
perform operations on groups of either
eight or 16 binary digits (bits). Whilst
16-bit microprocessors tend to be
more powerful than their 8-bit
counterparts this is unimportant in
many simple applications.

The first generation of 8-bit
microprocessors appeared a little over
14 years ago in the shape of an Intel
device, the 8008. At the time, this was
E & TT March 1988

something of a minor miracle - a device
which could replace countless other
chips and which could address a stag-
gering 16K of memory! By modern
standards, the 8008 is extremely crude
but it was not long before Intel intro-
duced another device, the 8080. This
time NMOS technology was employed
instead of the PMOS technology which
was used in the 8008. The 8080 had 16
address lines (thus being able to ad-
dress 64K of memory) and 78 software
instructions for the programmer to use.
The 8080 was an instant success and
led the way to enhanced devices such
as the 8085 and the Z80.

Other manufacturers were also
developing microprocessor chips hard
on the heels of Intel. These included
Motorola (with the 6800) and MOS
Technology (with the 6502). In sub-
sequent years industry has not been
content to stand still and much effort
has been devoted into huge advances
into 16 and 32-bit technology. Despite
this, all of these simple 8-bit
microprocessors (and their various en-
hancements and derivatives) are still in
common use today.

Costs have fallen very significantly
and it is eminently possible to put
together a microprocessor —system
(comprising CPU and a handful of
support chips) at a very moderate cost.
Therefore, if one had the task of
designing, for example, a simple con-
trol system, one would almost certainly
use a microprocessor (or single-chip
microcomputer) to form the basis of
the controller.

Such a system would not only be
capable of fulfilling all of the functions
of its conventional counterpart but it
would also provide a far more sophisti-
cated means of processing our data
coupled with the ability to store it and
examine it at a later date or even trans-
mit it to a remote supervisory com-

puter installation. The vast saving in
hardware development can usefully be
devoted to the software aspects of a
project and future modifications can
simply involve the substitution of
“firmware” (ROM based software).

Bits, Bytes and Buses

An 8-bit microprocessor fetches and
outputs data in groups of 8- bits
(known as “bytes”). This data is moved
around on eight separate lines
(labelled DO to D7) which collectively
form a “data bus”. For the curious, the
word “bus” is a contraction of the
Greek work “omnibus” which simply
means “to all”, thus aptly describing
the concept of a system of wiring which
links together all of the components of
a microprocessor system using a com-
mon set of shared lines.

Microprocessors  determine  the
source of data (when it is being
“read”) and the destination of data
(when it is being “written””) by output-
ting the location of the data in the form
of a unique “address”. This process in-
volves placing a binary pattern on an
“address bus”. In the case of 8-bit
microprocessors, the address bus in-
variably comprises 16 separate lines,
labelled AQ to A15.

The address at which the data s to be
placed or from which it is to be fetched
can either constitute part of the
“memory” of the system (i.e. RAM or
ROM) or can be considered to be
“input/output” (I/0). The allocation of
the 64K memory address range of an 8-
bit microprocessor can usefully be
described using a “memory map”. We
shall discuss this in greater detail later
in the series.

A further bus is used for a variety of
general housekeeping functions such
as determining the direction of data
movement (i.e. whether a “read” or
“write” operation is being performed),
and placing the machine in an orderly
state of power-up. This bus is known as
the “control bus” and often has be-
tween five and 13 lines depending
upon the microprocessor.

System Architecture
We have already identified the prin-
cipal elements within a microprocessor
system as CPU (i.e. the microproces-
sor), RAM, ROM, and 1/O. Before
showing how they are interconnected
within a typical microprocessor system,
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it is worth briefly restating the function
of each:

Central processing unit (CPU)
The central processing unit in a
microcomputer is a single VLSI
device, the microprocessor. The device
accepts instructions and data for
processing, It also provides control and
synchronizing information for the rest
of the system. We shall look more
closely at the function of the
microprocessor in Part Two.

Random Access Memory

All microprocessors require access to
read/write memory and, while single-
chip microcomputers contain their
own low-capacity area of read/write
memory, read/write memory is in-
variably provided by a number of semi-
conductor random access memories
(RAM).

Read-only Memory (ROM)

Microprocessors generally also require
more permanent storage for their con-
trol programs and, where appropriate
operating systems and high-level lan-
guage interpreters. This facility is in-
variably provided by means of semi-
conductor  read-only = memories
(ROM).

Input/Output Devices (I1/0)

To fulfil any useful function, the
microprocessor needs to have links
with the outside world. These are
usually supplied by means of one, or
more, VLSI devices which may be con-
figured under software control and are
thus said to be “programmable”. I/O
devices fall into two general categories;
“parallel” (a byte is transferred at a
time) or “serial” (one byte is trans-
ferred after another along a single
line).

The basic configuration of a
microprocessor system is shown in Fig,
4, the principal elements; microproces-
sor, ROM, RAM, and I/O have been
shown. Note that the three bus sys-
tems; address, data, and control are
used to link the elements and thus an
essential requirement of a support
device is that it should have “tri- state”
outputs. It can thus be disconnected
from the bus when it is not required.

Support devices (such as ROM,
RAM, etc.) are fitted with select or
enable inputs. These lines are usually
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Fig. 5. Microprocessor system (see problem 1.4).

driven by address decoding logic (not
shown in Fig, 4). The inputs of the ad-
dress decoding logic are derived from
one, or more, of the address bus lines.
The address decoder effectively
divides the available memory into
blocks which each correspond to a par-
ticular support device. Therefore,
where the processor is reading and
writing to RAM, for example, the ad-
dress decoding logic will ensure that

Table 1 Powers of two
n 2"
0 1
1 2
2 4
3 8
4 16
5 32
6 64
7 128
8 256
9 512
10 1024
1 2048
12 4096
13 8192
14 16384
15 32768

only the RAM is selected and the in-
ternal buffers in the ROM and. I/O
chips are kept in the tri-state output
condition.

Problem 1.4

The diagram shown in Fig. 5 repre-
sents a microprocessor system. Com-
pare this diagram with that shown in
Fig. 4 and hence label the diagram
fully.

Number Systems

Unfortunately, the decimal or decimal
number system with which we are all
very familiar, is not at all appropriate
to microcomputers. The reason is
simply that electronic logic circuits are
used on devices which have only two
states (variously known as “on/off”
“high/low”, and “true/false”). The
number system most appropriate is
therefore binary in which only two
digits (0 and 1) are used. Powers of two
are shown in Table 1.

The process of converting binary to
decimal and decimal to binary is quite
straightforward. The binary number
101, for example, can be converted to
decimal as follows:

E & TT March 1988
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2° =

p4

—» +0

—p + 1

&

Now, taking a somewhat more dif-
ficult example, let’s convert the binary
number 11001010 to decimal. We shall
again write the number using column
headings but this time we shall simply
ignore the zeros in our addition:

27=128 2-=64 25-3
1 1 0
L » 128
L e
[ %4—8
0 1
2=16 2°=8 2224

[. » +2
2la 2o 202
There are two basic methods for con-
verting decimal to binary. One involves
taking the decimal number and sub-
tracting from it successively smaller
numbers which are themselves powers
of two. Where a power of two can be
subtracted (to leave zero or a
remainder), a 1 is placed in the ap-
propriate column of the binary num-
ber. This all sounds very much more
difficult than it really is, so here is a
simple example to illustrate the
process.

Suppose that we wish to convert the
decimal number 21 to binary. The
highest power of two which can be
taken away from 21 is 2* (=16). Thig
leaves a remainder of 21 - 16 = 5. 2
(=8) cannot be subtracted from the
remainder but 2° can to leave a
remainder of 5-4 = 1.2° (=1) can now
be subtracted from the second
remainder to leave zero. Another way
of putting this is that;

21=16+4+1=2"+224+2°

We can write this as a binary number
by placing 1s and 0s in columns, as fol-
lows:
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20 B3 22 2 2
1 0 1 0 1

The second method involves succes-
sively diving the decimal number by
two and noting down the remainder
each stage. The binary number is then
formed by reading the remainders as
shown in the example below (note that
the least significant remainder be-
comes the most significant bit of the bi-
nary number!).

Suppose we wish to convert the
decimal number 50 to binary.

2|50
25

2(25

12 remainder 1

remainder 0

2112

6 remainder 0

21 6

3

s
1

N
0

remainder 0

remainder 1

remainder 1
1 Y w W

110010

Therefore 50 decimal is equal to
110010 binary.

Which of the two methods you
employ is entirely a matter of
preference. If you can easily spot the
powers of two present in a decimal
number it is probably best to use the
first method. If, on-the other hand, you
are uncertain as to which powers of
two make up a number it is'best to use
the longer method. Remember that, in
both cases, you can always convert
back to decimal in order to check your
results!

Problem 1.5

Convert the following binary numbers
to decimal:

(a) 1011

(b) 100110

(c) 11100111

Problem 1.6

Convert the following decimal num-
bers to binary:

(a) 33

(b) 100

(c)213

Hexadecimal

The binary number system is somewhat
tedious for human use since numbers
of any appreciable size are rather dif-
ficult to handle. For this reason we set-
tle on the hexadecimal (base 16) num-
ber system. This has the advantage that
it is relatively simple to convert from
hexadecimal to binary and the
hexadecimal numbers which can ap-
pear on an 8-bit data bus can be repre-
sented using just two digits (rather
than the eight binary digits which
would otherwise be necessary).

Since the hexadecimal numbering
system employs more than 10 digits we
have to make use of the first six letters
of the alphabet to represent those
equivalent to the decimal numbers 10
to 15. Hexadecimal digits thus range
from 0 to F as shown below left.

Numbers in excess of fifteen will, of
course, require more than one
hexadecimal digit. Suppose, for ex-
ample, we wish to convert the
hexadecimal number 2A to decimal.
Using a similar technique to that which
we employed when converting from bi-
nary to decimal we would arrive at:

16'=16  16°=1
2 L.m
I‘—— +32

42

Now, suppose that we wish to convert
2A to binary rather than decimal. This
is an easy process (if is NOT necessary
to convert to decimal as an inter-
mediate step!) as shown below:

Hexadecimal 2 A

—~— —— et
Binary 0010 1010
Therefore hexadecimal 2A s

equivalent to binary 00101010. Note
that the leading zeros are optional
(00101010 is exactly the same number
as 101010). When dealing with num-
bers present on an 8-bit bus it is,
however, a good idea to get into the
habit of showing leading zeros in bi-
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Fig. 6 Answer to problem 1.4

Decimal Binary Hexadecimal
0 0000 0
1 0001 1
2 0010 2
3 0011 3
4 0100 4
5 0101 5
6 0110 6
7 0111 7
8 1000 8
9 1001 9
10 1010 A
1" 1011 B
12 1100 C
13 1101 D
14 1110 E
15 1M1 F

nary numbers so that all 8-bits are
clearly shown.

To convert from decimal (in the
range 0 to 255) it is simply necessary to
divide the decimal number by 16 to ob-
tain the most significant digit and then
take the remainder as the least sig-
nificant digit. In both cases it will be
necessary to convert a digit answer
greater than nine to its corresponding
hexadecimal digit (i.e. A to F). Sup-
pose, for example, we had the task of
converting decimal 75 to hexadecimal:

16 | 76
4 Remainder 11

4B

Therefore, decimal 75 is equivalent
to 4B hexadecimal.

Taking another example, suppose we
had to convert 250 decimal to
hexadecimal:

161250

15 Remainder 10

=F :A——'
FA

So, 250 decimal is equivalent to FA
hexadecimal,

Converting  from  binary to
hexadecimal over the range 0 to 255 is
extremely simple. All we need to do is
to separate the binary number into two
groups of four bits (known as
“nibbles”) and then convert each of
these groups to its corresponding
hexadecimal character.

As an example suppose we need to
convert the binary number 10001001 to
hexadecimal:

1000 1001

—— . —

8 9

The binary number 10001001 is
equivalent to hexadecimal 89.

Taking one further example, suppose
we have to find the hexadecimal
equivalent of the binary number
101100 (note that this number consists
of six rather than eight bits):

101100 = 00101100 (inserting two
leading zeros to form an eight bit bi-
nary number)

0010 1100

2 ©

Therefore, the
equivalent of 101200 is 2C.

Problem 1.7

Convert the following ‘decimal num-
bers to hexadecimal:

(a) 27

(b) 511

(c) 4100

(Hint: Refer to Table 3 for powers of
16)

Problem 1.8

Convert the following hexadecimal
numbers to decimal:

(a) BE

(b) 10B

(c) C000

Problem 1.9

Convert the following binary numbers
to hexadecimal:

(a) 1011

(b) 10101111

(c) 1010101111001101

Problem 1.10

Convert the following hexadecimal
numbers to binary:

(a) 3F

(b) 23A

(c) 812C

Addition
Binary and hexadecimal addition fol-
lows the same general rules as
employed with decimal numbers. The
rule for addition of two numbers
(which MUST be expressed in the
same base) is that digits in the cor-
responding position in each number
are added, starting from the right most
(least significant) and a carry into the
next most significant position occurs if
the sum of two digits equals or exceeds
the value of the base used.

As an example, suppose we have to
add the binary numbers 10010010 -and
01010000.

hexadecimal

10010010
+ 01010000
Carry 0 01 0000O0O0

11100010

(Note that a carry is generated when
the two 1s are added and the carry is
added into the next more significant
column.)
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To make the process clear it is worth
taking another example in which we
shall add the binary numbers 10001101

.and 01001111:
10011101
+ 01101111
Carry 111111110
100001100

Addition of hexadecimal .numbers
follows the same pattern. Suppose we
have to find the sum- of the
hexasiecimal numbers 14 and 23.

1
+ 2
Carry O

3

Niowas

Therefore, the sum of hexadecimal
numbers 14 and 23 is (not surprising-
lyt) equal to 37.

Now let’s try something a little more
difficult by finding the sum of 1F and
2C:

1 F
+ 2 C
Carry 1 0

4 B

(Note that adding F to C gives 1B)
Therefore, adding 2C to 1F gives 4B
hexadecimal.

Problem 1.11

Add:

(a) the binary number 01001111 to the
binary number 10000101

(b) the hexadecimal number 5C to the
hexadecimal number 71,

Subtraction-
Subtraction of binary and hexadecimal

numbers also follows the same general

rules as employed with decimal num-
bers. The rule of subtraction of two
numbers (which again MUST be ex-
pressed in the same base) is that digits
of the number to be subtracted (the
subtrahend) are subtracted from digits
in the corresponding position of the
minuend. If the difference obtained is
less than zero (i.e. negative) a value
equals to the base. employed is BOR-
ROWED FROM the next most sig-
nificant position. The value of the bor-
row (i.e. 1) must be ADDED TO the
next most significant position of the
subtrahend. Again all this sounds
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much more complicated than it really
is so we shall again use several ex-
amples to illustrate the techniques.

Consider the problems of subtracting
the binary number 0100 from the bi-
nary number 1101:

minuend)

(
{subtrahend)

(In this simple example we have not
needed to borrow)

Now consider the slightly more dif-
ficult problem of subtracting the binary
number.0110 from 1101,

{minuend)
{subtrahend)

1101
0/1/1 0
Borrow 171 0 0
0

111

(Note that, if you are unsure of an
answer, it is always permissible to con-
vert the numbers to decimal in order to
check the validity of a result. In the
foregoing example we have the
equivalent decimal calculation; 13—6
=7)

Subtraction of hexadecimal numbers
again follows the same pattern. Sup-
pose we have to find the difference of
the hexadecimal numbers 2F and 1A:

2 F
-1 A
Borrow 0 0

1 5

(Note that subtracting A from F leaves
5)

So, the result of subtracting 1A
hexadecimal from 2F hexadecimal is 15
hexadecimal.

Now let’s try something a little more
difficult by subtracting hexadecimal 14
from hexadecimal 23:

Therefore, the result of subtracting
the hexadecimal number 14 from the
hexadecimal number 23'is OF.

Problem 1.12

‘Subtract;

(a) the binary number 01001101 from
the binary number 110000101

(b) the hexadecimal number 3C from
the hexadecimal number FQ

Negative Numbers

Thus far we have confined ourselves to
positive numbers and many of you will
be wondering how we go about repre-
senting negative -numbers within a
computer. One rather obvious method
is that of using the first (most sig-
nificant) bit of a number solely to indi-
cate its sign (i.e. whether it is positive
or negative). The convention used is
that a 0 in the most significant bit

-(MSB) position-indicates that the num-

ber is positive. An MSB of 1, on the
other hand, indicates that the number
is negative. The magnitude of the num-
ber is then given by the remaining bits.
We refer to such a number as being
“signed”.

As an example the signed eight-bit
binary number 01111111 represents
the decimal number 127 (it is positive
as the MSB is 0) whereas the signed bi-
nary number 11111111 represents the
decimal number — 127 (the MSB is 1
and therefore the number is negative).

Problem 1.13

Convert the following signed binary
numbers to decimal:

(a) 01000000

(b) 11000000

(c) 10001001

Problem 1.14

Convert the following decimal num-
bers to signed 8-bit binary:

(a) +5

(b)-99

(c) +99

One’s and Two’s Complement

The one’s complement of a binary
number is found by simply changing all
of the Os present to 1s and changing all
of the 1s present to Os. This process is
called “inversion”. The one’s comple-
ment of the binary number 1010 is thus
0101. Note that the result of adding a
number to its one’s complement will
produce a-succession of 1s, as shown in
the following example:
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Binary number 10101100
One'scomplement 01010011
Sum 11111111

The two’s complement of a binary
number is found by simply adding 1 to
its one’s complement. Therefore, the
two’s complement of 1010 is 0110 (i.e.
0101+ 0001).

The result of adding a binary number
to its two’s.complement is not a succes-
sion of 1s but a succession of Os with a
leading 1 in the next more significant
bit. position. This is demonstrated by
the following example:

Binary number 10001011
One’s complement 01110100
Two's complement 01110101
/

added 1.

Original number 10001011
Two'scomplement + 01110101
Sum- 1 00000000

Problem 1.15
Find the one’s and two’s complements
of each of the following:
(a) 1001 o
(b) 10110011
(c) 10001110

Readers can be excused for wonder-
ing what all this is leading up to. It ac-
tually yields a very neat method for
performing subtraction. We simply
form the two’s complement of the
number to be subtracted (the sub-
trahend) and ADD it to the first num-
ber (the minuend).. Any leading 1
generated is ignored. To show how this
works consider the following example
which- subtracts the binary number
00110110 from the binary number
10010101:

Subtrahend 00110110
One’'scomplement 1 1001001
Two'scomnlement 1 1001010
Minuend 10010101
Two's complement + 11001010
of subtrahend 1 01011111,

Ignoring the leading 1 gives a result of
01011111.

. It is usually much. easier to use two’s
complements to perform subtraction
than to use conventional subtraction
(using borrow). Readers can easily
check the validity of the statement by
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performing the foregoing example
using conventional techniques!

Problem 1.16

Use the two’s complement to subtract
the binary number 00011001 from' the
binary number 11010100.

Representing Number Bases

So far we have been quite explicit in
stating (rather long-windedly) the
number base which we have been
working in. Methods commonly used
to indicate the base include:

(a) using a suffix to indicate the base
e.g 101000;2is a number having base 2
(i.e. binary)

12710 is a number having base 10 (i.e.
decimal)

7616 is a number having base 16 (i.e.
Hexadecimal)

(b) adding a trailing H to indicate that
a number is hexadecimal

e.;g. 9FH, C9H and FFH are all
hexadecimal

(c) adding a leading $ to indicate that a
number is hexadecimal

e.g. $2A is the same as 2AH which is .

the same as 2A

Problem 1.17

Determine the decimal equivalent of
each of the following:

(a) 10

(b) 10°

(c) $10'°

Glossary for Part One

Address

A number which indicates the position
of a word in memory. Addresses typi-

cally comprise 16 bits and therefore
can range from 0 to 65535

Address bus

A set of lines (usually 16) used to
transmit addresses, usually from the
microprocessor to a memory or I/O
device.

Address decoding

The process of selecting a specific ad-
dress or range of addresses to enable
unique support devices.

Binary

A system of numbers using base 2. Bi-
nary numbers thus use only two
characters; 0 and 1.

Bit .
A contraction of binary digit. A single
digit in a binary number,

Bus

A path of signals having some common
function. Most microprocessor systems
have three buses; an address bus, data
bus and control bus,

Byte -

A group of eight bits.

Central Processing Unit

The part of a computer that decodes
instructions and controls the other
hardware.elements of the system. The
CPU comprises a control unit, arith-
metic/logic unit and internal storage.
Chip

The term commonly used to describe
an integrated circuit.

Complement

The process of changing a 1 to a 0 and
vice versa.

Control Bus

The set of control signal lines in a com-
puter system. The control bus provides

1@ 8]
2 0
3 s [0

ANSWERS TO PROBLEMS a s [

1.1 See Fig. 6.

1.2 {(a) standard TTL {b) low-power Schottky - (¢} CMOS Fig. 6.

1.3 CMOS (reasons are wide supply voltage range and very low current requirements)

1.4 SeeFig.7.

1.5 (a) 11 (b} 38 {c} 231

1.6 - (a) 100001 (b) 1100100 (c) 11010101

1.7 (a) 1B (b} 1FF (c) 1004

1.8 (a) 190 (b} 267 (c) 49152

1.9 (a)B (b) AF (c) ABCD

1.10(a) 111111 {b) 1000111010 {c) 1000000100101100

1.11 (a) 11010100. (b} CD

1.12:(a) 1111000 (b) B4

1.13(a) +64 (b} — 64 {c} -9

1.14 (a) 10000101 {b) 11100011 (c) 01100011

1.15(a) 0110 and 0111 (b) 01001100 and 01001101 (c} 01110001 and 01110010

1.16.10111011

1.17(a) 2 (b} 10 {c) 16
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the synchronization and control infor-
mation to operate the system.

CMOS

Complementary metal oxide semicon-
ductor. A family of integrated circuit
devices based on unipolar field effect
devices.

Data

General term used to describe num-
bers, letters and symbols present
within a computer during processing.
Data Bus

The set of electrical conductors which
carrigs data between the different ele-
ments of a computer system.

Digital

A system which only allows discrete
states. Most digital logic uses only two
states (on/off, low/high or 0/1).
Firmware

A program (software) stored in read-
only memory,

Hardware

The physical components of a com-
puter system.

Hexadecimal

A number system with base 16. The
first six letters of the alphabet (A to F)
are used to represent the hexadecimal
equivalents of the decimal numbers 10
to 16.

Input/output

Lines of devices used to transfer infor-
mation outside the computer system.
Input port

A circuit that connects signals from ex-
ternal devices as inputs to a microcom-
puter system,

Integrated circuit
An electronic circuit fabricated on a
single wafer (chip) and packaged as a
single component.

Memory

The part of a computer system into
which information can be placed and
held for future use. Storage and
memory are interchangeable terms.
Digital memories accept and hold bi-
nary numbers only. Common types of
memory are magnetic disc, magnetic
tape, and semiconductor (which in-
cludes RAM and ROM)

Microcomputer

A small computer based upon a
microprocessor CPU. Backing storage
is usually provided by magnetic disc or
tape; input is provided by means of a
keyboard and output by a VDU.
Microprocessor

A central processing unit fabricated on
one or two chips. The processor con-
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tains an arithmetic logic unit (ALU),
control block and registers.

One’s complement

The inverse of a binary number which
is formed by changing all Os to 1s and
vice versa.

Output port

A circuit that allows a microprocessor
system to output signals to other
devices.

Peripheral

Any device that is connected to a com-
puter whose activity is under the con-
trol of the central processing unit.
Program

A procedure of solving a problem
coded into a form suitable for use by a
computer and frequently described as
software.

RAM (random access memory)
Usually used to mean semiconductor
read/write memory. Strictly speaking,
ROM devices are also random access!
Random access

An access method in which each word
can be retrieved in the same amount of
time (i.e. the storage locations can be
accessed in any desired order).

Read

The process of transferring informa-
tion from memory or I/O into a register
in the central processor.

Register

A single word of memory. The CPU
contains a number of registers for tem-
porary storage of data,

ROM (read-only memory)

A permanently programmed memory.
Mask-programmed ~ ROMs are
programmed by the chip manufac-
turer. PROMS (programmable ROM
devices) can be programmed by the
user. EPROMs (erasable PROM
devices) can be erased under
ultraviolet light before reprogram-
ming,

TTL (transistor transistor logic)
Transistor transistor logic. A family of
integrated circuit devices based on
conventional bipolar transistors.

Two’s complement numbers

A number system used to represent
both positive and negative numbers.
The positive numbers in two’s comple-
ment representation are identical to
the positive numbers in standard bi-
nary, however the two’s complement
representation of a negative number is
the complement of the absolute binary
value plus 1. Note that the most sig-
nificant bit (usually the eight) indicates
the sign; 0 = positive, 1 = negative).

Visual display unit (VDU)

A VDU is an output device (usually
based on a cathode ray tube) on which
text and/or graphics can be displayed.
A VDU is normally used in conjunc-
tion with an integral keyboard when it
is sometimes referred to as a console.
Word

A set of characters that occupies one
storage location in memory and is
treated by the computer as a unit.
Program instructions and program
data both have the same word length
(equal to 8-bits or 1-byte in the case of
8-bit microprocessors)

Write

The process of transferring informa-
tion from a register within the central
processor to memory or I/O.

Sources For Microprocessor
Training Materials.

Active, Division of
Electronics

Carries the full Edukit line including the
“Digital Designer” in teacher’s version or a
home-study version, and the Motorola
MC68000 kit.

Locations across Canada or phone 1-800-
361-5884 or1-800-361-9046 (Quebee and Ot-
tawa Valley)

Radio Shack

Stocks a variety of laboratory-type kits deal-
ing with electronics and microprocessors.
Radio Shack stores across Canada

ElectroSonic Inc.

They list a number of RCA and Motorola
microprocessor evaluation kits in varying
forms and prices.

1100 Gordon Baker Road, Willowdale, On-
tario M2H 3B3 (416) 494-1555.

Tapto Corp.

Stocks a variety of microprocessor-oriented
kits from Velleman of Belgium.

P.O. Box 44247, Denver, CO 80202-4247.
(303) 296-5544

Labyolt

Distributes the Labvolt series of comprehen-
sive microprocessor/logic training systems
starting at $885.

Ontario - Harold Burrows, 200 Consumers
Rd., Suite 200, Willowdale, Ontario M2J
4R4'Tel: (416) 491-8611

Quebec & Other - 4555 Metropolitain E.,
Suite 102, Montreal, Quebec HIR 174 (514)
376-2120

Heath Company

Carries a wide range of microprocessor
trainers. Available from Heath/Zenith Com-
puters and Electronic Centres across
Canada. Mail order from 1020 Islington
Ave,, Toronto, Ontario M8Z 5Z3.

Mastertech Laboratories

Microlab 1 Digital Trainer system. Contact
Mastertech at: 302 Royal Trust Building, 612
View Street, Victoria, B.C. V8W 1IT5 (604)
388-6631. .

39

Future




1987
Index

Finally, the long awaited index of articles and projects
from the pages of our 1987 issues.

Features Month Page Motor Drives Pt. 3 Jun 42
Index to 1986 Jan 10 8088 Prog.: Animation Jun 22
The Differential Amplifier Jan 14 PC Simulations Jul 15
Computer Aided Drafting Jan 30 60 Years of Connectors Jul 21
The DI Connection Jan 39 Test Equipment Special Jul 26
Computer Circuit Analysis Jan 26 Anatomy of a Robot Jul 50
8088 Programming: Macros Jan 55 Safer Helicopters Jul 19
How It Began Feb 7 Of Mice and Microchips Jul 38
Murphy’s Law Feb 20 Renewable Energy Revived Jul 47
Ten Year Index (77 -86) Feb 24 Aircraft Vision Systems Jul 58
Spectrum Analyzers Feb 101 Electronic Kits Aug 40
Capacitor Update Feb 34 Electronic Thermometers Aug 12
8088 Prog.: Interrupts Feb 92 PC Boards by Template Aug 19
Building With Veroboard Mar 14 Testing the Instruments of Tomorrow  Aug 48
Reliability Specs Mar 31 For The Learning Flyer Aug 31
Computer Troubleshooting Mar 34 Programmable Controllers Aug 37
Ferrite Cores Mar 24 Hyundai Super 16 Review Aug 9 :
8088 Prog.: Encryption Mar 38 Micro Flight Simulators Sep 7
Precision Audio Design Apr 23 Centres of Excellence Sep 14 {
Networking Apr 31 The True Feeling of Flight Sep 16
Radio Antennas Apr 34 Fifty Electric Motors Sep 11
Scanning Tunneling Microscope Apr 36 Digital Audio Tape Sep 20
Infrared Astronomy Apr 47 High Voltage Switching Sep * 10
Motor Drives Apr 20 Al and the 80386 Sep 32
8088 Prog.: EXE & COM Files Apr 44 Erasable Optic Disks Sep 49
8088 Companions May 16 PCsin the UK. Sep 58
Satellite Feed Chart May 58 Mitsubishi Camcorder Review Sep 54
VHF Scanners May 60 Microlasers Oct 10
Fibre Optics May 18 The Mysteries of MIDI Oct 16
Linking Computers W/Light May 54 The Car of 1997 Oct 20
The Listening Computer May 71 Supercomp. & Weather Prediction Oct 44
Electric Motor Drives Pt. 2 May 20 The Electronic Mariner Oct 33
8088 Prog.: File Handling May 12 Logic Efficiency and CHMOS Oct 30
The VME Computer Jun 29 How It Works: Lamp Dimmer Oct 50
Audio Sampling Jun 49 Satellites and Land Surveys Oct 58
Desktop Publishing Jun 16 Luxman DAT Player Review Oct 42
Electric Boats Jun 27 Parallel Systems - Al Nov 10
Ultrasonic Testing Jun 38 The Physics of Music - Pt 1 Nov 36
Tracing Causes of Acid Rain Jun 40 Circuit Theory - Thevenin’s Theorem Nov 50
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TSR,

1987 Index

Chem. Sens. Transducers Nov 26 Automatic Car Alarm Mar 16
Avoiding Feedback Nov 30 Random Number Generator Mar 20
A Battery Primer Nov 57 Vari-Q Parametric EQ Apr 10
Tango Software Review Nov 33 Hands Off Intercom Apr 16
Travelling Wave Scope Design Dec 16 Versatile Pulse Generator May 9
Using A Multimeter Dec 26 Car Voltage Monitor May 26
The Physics of Music Pt. 2 Dec 50 C64 Power Hack May 62
Magnetic Resonance Imaging Dec 20 C64 Kernal Upgrade May 65
Edukit Auto Primer Review Dec 30 Computer Buffer Jun 10
Hioki 3234 Hi Tester Review Dec 37 Current Tracer Jun 18
PC Weather Station Review Dec 41 IC Tester Jun 33
Projects Month Page Automotive Timer Jul 9
Micro Tracer Jan 17 Washer Level Warning Jul 41
Micro Mini Tuner Jan 47 Refrigerator Alarm Jul 55
Optically Isolated Switch Feb 13 LED Guitar Tuner Aug 21
Pulse Generator Feb 84 RS232 Breakout Box Aug 33
MIDI Thru Box Feb 95 Tel./Tape Interface Sep 30
Sweep Oscillator* Feb 41 Digital Counter/Frequency Meter Sep 39
Shutter Timer* Feb 48 Soldering Station Oct 14
Level Meter* Feb 52 Model Speed Control Oct 28
Loudspeaker Protector* Feb 57 The Monomix Oct 37
Frequency Counter* Feb 59 Automobile Multifunction Meter Nov 18
Expanded Scale Voltmeter* Feb 64 Audio Analyzer Nov 41
NDFL Amplifier* Feb 66 A/D Multimeter Dec 10
DI Box* Feb 7 Noise Gate Dec 33
The Digger* Feb 75 Basement Flood Alarm Dec 47
Video Amplifier* Feb 78
Dual Thermomter Mar 10 * Denotes projects reprinted for anniversary supplement.
Bulk Tape Eraser Mar 12 For Back Issue information consult the order form.
THE NEW 65/9028 VT

ANSI VIDEO TERMINAL BOARD! SAMS

* FROM LINGER ENTERPRISES FOR THE

A second generation, low cost, high performance, mini

sized, single board for making your own RS232 Video

Terminal. This highly versatile board can be used as a

stand alone video terminal, or without a keyboard, as a
video console. VT100, VT52 Compatible.

FEATURES: MICRO SIZE!
* Uses the new CRT9128 Video Con-
troller driven by a 6502A CPU

It what you want to
know is everything you need

* ?J\+Scrcrn 'Nn:n;’Volaxlkstl:om?uratlon to know to use CMOS (Com-

* erminal Modes: , s A A . -
ADM-5, WYSE 50, TVI-920, KT-7, - plimentary-Metal-Oxide- SN Coebtoank
HAZ-1500, ADDS 60, QUME-101, and | Semiconductor integrated
Datapoint 8200 e H A A St by Pt B S
Supports IBM PC/XT, and Parallel J| circuits) this update of the

ASCI Keyboards
Supports standard 15.75 kHz (Horiz.) |

Composite or Split Video (50/60 Hz) |

25 X 80 Format with Non-Scrolling B o
User Row <
Jump or Smooth Scroli

RS-232 at 16 Baud Rates from 50 to
19,200 $799

* o+t *

On Board Printer Port
Wide and Thin Line Graphics FULL KIT
Normal and Reverse Screen Attributes w/100 Page Manual
Cumulative Character Attributes: De-Inten, App $40 FOR A&T

Reverse, Underline and Blank

LR 2 20 NS 3 4

first edition is for you.
Written in an easy style with
little math or heavy theory
the text is presented in a
“cookbook"” fashion.

Just a few features include:
* the latest CMOS
series devices and
sub-families and all

* 10 Programmable Function Keys and OPTIONAL EPROM FOR information needed CMOS Cookbook
Answerback message Pc,’(’gggx‘h%:sgrsl“ to use them. 2nd Edition

* 5 X 8 Character Matrix or 7 X 9 for

1BM Monlioe ot D * an entire chapter on Don Lancaster, Howard M. Berlin
* Mini Size: 6.5 X 5 Inches PC/XT FORMAT LED/LCD display interfacing
* & Somarer: SVDC @ .7A, £ 12VDC SRl ® TTL and CMOS interfacing functional

Digital Research Computers
P.O. BOX 381450 « DUNCANVILLE, TX 75138 « (214) 225-2309

Call or write for a free catalog on Z-80 or 6809 Single Board
Computers, $S-50 Boards, and other S-100 products.

TERMS: Add $3.00 postage. We pay balance. Orders under $15 add 75¢ handiing. No
C.0.0. We accept Visa and MasterCard. Texas Res. add 6-1/4% Tax. Foreign orders
(except Canada) add 20% P & H. Orders over $50 add 85¢ for insurance.
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equivalent conversion chart.
672-22459-3, $29.95, 600 pages.
Available at bookstores everywhere or order from:

My

ais Copp Clark Pitman Ltd.
2775 Matheson Blvd. East
Mississauga, Ontario
L4W 4P7
(416) 238-6074
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The
tari

An alkpurpose,
versatile 32-bit computer

By E. Penn

Wc’vc come a long way with com-
puters in the last few years. Not
that long ago, we thought that little
plastic box with 8K, BASIC and a game
in it was intimidating because it could
do so much. Now we expect the power
and speed of a midi-computer on our
desks, and for cheap, too. And the
amazing thing is, we can have it.

While the Intel 80386 chip is now
out trying to capture the IBM and
wompaiibles ctiowd, the Moworola
68000 32-bit CPU has been around for
years, having made its name with the
Apple Macintosh.

The Atari 1040ST 32-bit machine
with an 8MHz 68000 first appeared as
the 520, having 512K of RAM; the
1040 has one megabyte of RAM and
nearly 200K of ROM. Since a 1040ST
system comes in at less than $1500
these days for a computer that will do
all the usual computing tasks at a high
speed with super graphics, you could
hardly ask for a better deal.

A Tour

The 1040 is self-contained: everything,
including the keyboard and power
supply and one 3.5" disk drive, is in one
gray wedge. The power supply, in-
iiertedhy, Wil teadie uthy ‘G ‘nie -
@

1040ST

k4

nals; if you add a second external
drive, it comes with its own external
power box.

On the lower front right, under the
numeric keypad area, are two D-type
connectors for the mouse and a joys-
tick, or two joysticks. On the right side
is the micro-floppy slot for a 3.5
double-sided, double density, 720K
disk. Turning the corner to the back
panel, we find three D-connectors.
The figst is labelled “Modem”, leading
you to believe that there’s a modem in-
side. There isn’t. It means that this is
where you would connect your modem
if you had one; in other words, it’s an
RS232 serial port.

The next D-type is a standard paral-
lel printer port, and next to that the
connector for adding Atari’s hard disk.
The second, optional, floppy drive uses
a DIN-type connector, as does the
color monitor, in our case an Atari
SC1224 12" RGB set. A power switch
and Reset button complete the back
panel.

On the left side are two DIN-type
connectors for the MIDI
In and Out ports, simplifying the
hookup of electronic musical
instruments to the computer. Next to
‘tnese 15 a KO varoridge pory Wil

128K of capacity.

The keyboard is pretty standard
with the usual QWERTY layout and
ten function keys, though it does have
cursor keys separate from the numeric
pad. Mind you, it doesn’t need them
that much since all its software takes
advantage of the mouse. It also has
Undo and Help keys which some
software can access.

That’s pretty much everything you'll
need for doing most computing, iabs
for a long time to come. The 1040 has
all the basics.

Booting .
When you switch the computer on
without a disk in drive A (and bless
’em, the drives are called A and B) the
ROM will boot the computer in the
low resolution mode (320 by 200 for
color) or high-res (640 by 400 for
monochrome monitors) and you'll see
two floppy disk icons. You can use the
mouse to pull down the View and Op-
tions menus and set the display to
either icons or text as you prefer, and
also boost the color resolution to
medium (640 by 200). There are four
colors in low-res, 16 in medium, out of
a palette of 512.

Qnee vl st the preferences the
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display system represents the disk directory as a series of

file folder icons. These can be easily run or copied with the mouse.

way you like, you can put in your disk
that has the desktop accessories in it
and save the format for future use. The
desktop accessories are files that set
up the icon display if you boot using a
disk with the accessories files on it,
things like the Control Panel for set-
ting many more of the system
parameters (palette, keyboard and
mouse response, etc).

Software

The operating system in use is the
GEM Desktop, or Graphics Environ-
ment Manager. It produces a desktop-
and-icon display somewhat similar to
the operating system of the Mac or to
Windows. I'm not all that keen on
icons, but I love pulldown menus and
mouses.

One of the biggest selling points of
the GEM/MAC/Windows style of
software is that you can open multiple
windows at the same time, size them
the way you like and position them
anywhere. You can have several disk
directories side by side for com-
parison, or two completely different
functions waiting up in a corner of the
screen until you're ready. Atari BASIC
uses three windows so you can see
what’s going on: a command line area,
an area which LISTs the program, and
the Output area, which shows the
result of the command you just
entered. You can also size and move
these windows; you might prefer a
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larger output window, for instance.
Underneath the GEM pictures is
TOS, which stands for The Operating
System (good name, non?). This ac-
tually takes care of executing the
programs and  controlling  the
peripherals. It lives in ROM. It’s said
to be a porting of MS-DOS into the

68000 environment, and that it’s disk
format is identical. We didn’t get to
prove this out.

The software included with the
10408T, aside from the GEM system
and accessories, includes BASIC,
Logo, and the Neochrome paint
program; the performance of the latter
has to be seen in Atari color to be ap-
preciated. You’ll probably also get
some other software, depending on the
current marketing: a word processor, a
game, a utilities disk, etc.

By this time, there is a wealth of
third-party software, including games,
word processors, spreadsheets and
others. You know, what with the high
speed and excellent graphics, I
wouldn’t be surprised if people buy
this computer for sensible, practical
reasons and then spend all their time
playing games on it.

Speaking of games, if you’d like to
see the Atari wrung out, the SubLogic
Flight Simulator will put it through its
paces. I know that the Fright
Stimulator gets talked about a lot in
these pages, but it really is quite a test:
for smooth, airplane-like performance,
it needs lightning calculations for the
display changes, great graphics for the
16-color scenery, and windowing to
overcome the lack of peripheral vision.
The Atari could display four windows:

Options

Desk File

e

Uiew

AN

AZ 831 bytes

26 itens

ANALYZER
ANIMATIC
ART

CONTENTS

| CTRL_PRT
| DESKTOP

DISKMENU
DISKMENU
ENCRYPTY
ENCRYPT
EPSON
INSTALL
INTRAMDK

| INTRAMDK
| LISTER

T0S
BaS
NEO
ocY
ACC
INF
PRG
RSC
C

T0S
PRY
AcCcC
ACC
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U;ed En
8
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2824
32128
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15466
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16-61-86
18-81-86
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18-81-86
85-29-85
85-29-85
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16-81-86
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05-29-85
65-29-895
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85-29-85
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|
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Fig. 2. A feature that will appeal to those who have learned on MS-DOS systems is
the Atari’s ability to change instantly from the icon format to the standard filename

format.
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Fig. 3. Rapid manipulation of multiple windows is one of the advantages of a
high-speed, 32-bit CPU. In this screen shot, the SubLogic Flight Simulator is
displaying four screens: the overhead Map view (left), the main view, the spotter
plane view (right) and the instrument panel. A good test of the operating system,

since windows must be rapidly updated for a convincing effect.

the windshield view, the spotter plane
view, the map view and the instru-
ments. Mind you, all this slowed down
the display refresh noticeably, but then
you wouldn’t really fly with three views
on at once.

Langwidges

There are no surprises here, other
than the aforementioned multiple win-
dows. Atari BASIC contains all the
features that programmers have come
to know and love and never use (well,
it’s true... do you know anyone who
writes music using SOUND?).

The graphics are comprehensive,
what with 4 colors in high- res and 16
in low-res; with 512 to choose from,
the screen pictures can be truly im-
pressive, though not up to the 4096-
color palette of the Amiga, the other
contender in the 68000 class. The
sound function sends its output to the
monitor connector; audio amplifica-
tion and speakerization has to be sup-
plied by the monitor, which is what, in
fact, the SC1224 did. The speaker is
miniscule, but then computer sound
isn’t much anyway.

The commands and syntax of Atari
BASIC seem to be identical (or at
least very close) to the standard
Microsoft version that -scems to be

“

everywhere. The programs should be
transportable to other computers via
paper or porting with a minimum of
editing,

Logo is the language that will be
familiar to a generation of school-
children — and no one else. I guess
educators have their reasons for
choosing computers -and languages
that have nothing to do with the out-
side world. Logo does have a certain

charm to it, because you can define
commands using other primitive com-
mands.in much the same way as Forth,
a language that appeals to animators
and instrument-watchers.

Hardware

The 1040ST is very well styled and as-
sembled, but not everything will appeal
to everybody. The keyboard has a very
strange ultra- delicate feel to it, not
good for type-intensive applications
like, ah, typing. The mouse is not
designed for the human hand, though
then again, I’ve never come across a
mouse that was easy to hold, with your
fingers naturally falling onto smoothly
operating buttons.

The internal power supply is a
blessing, but if you add peripherals,
you're soon back into the typical
Atari/Amiga cable tangle. The cables
are very thick and stiff, despite com-
plaints from computer writers.

A 20M hard drive is about $1000,
rather steep for a machine that cost
$1500, since you’d be nudging into the
price range of an AT compatible.

Still, the package price for the
basics is good, the graphics second
only to the Amiga and the speed more
than acceptable for most applications.

Fig. 4. The back panel of the Atari. Connections are easily made to the parallel port,
hard disk (and expansion) port, audio/video connector and the serial port, which is
actually labeled “modem”. The power supply is internal, eliminating the necessity for
a power supply box on the desk and floor. The on-off switch is in its proper place on

n

the computer itself.
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Continued from page 25 IFOr Your Information

Neurocomputer Coprocessor

No, it’s not a board that plugs into the bottom of your
brain stem. It will, however, plug into your IBM Y ¥
PC/AT or 386 compatible making it into a powerful :
neurocomputer capable of rcal-time processing, so

n/, F :" b
claims the manufacturer, Hecht-Nicisen Neurocom- ;’///”’ rh
puters, of California. - p s

-

’ ’ L
The ANZA ncurocomputer is capable of im- o yy ]'/ ) i .
plementing neural networks containing up to 30,000 ey ss / /// : y

processing elements with up to 480,000 interconnccts.

71
1

J r o) e ) » - : :
It can update the interconnects at 25,000 interconnects & f 4 i/}’/’/ -'y , ; o
per second (floating-point) during lcarning, and e S S / f
ia. 4
e Al

45,000 interconnects per sccond in feed-forward
mode.

An idea of the power of the ANZA can be gamnered )
by,considering that a neural network built by Terrence ity
Sejnowski at John Hopkins, which was able to learn to
translate ASCII text into English speech in about 16
hours, was implemented with only 309 processing ele-
ments.

The software supplied with the ANZA includes the User Interface Library, which allows for the seamless integration of neural network capabilities with
C programs, and five Neural Net packages which implement six of the most popular ncural network architectures so far discovered.

Neural networks are a new kind of computing architecture based on research into how the human brain encodes and processcs information. Even simple
neural networks exhibit complex behaviours such as learning, pattern recognition, and associative memory that are difficult or impossible to achieve with
conventional computers. Neurocomputer applications include continuous, real-time specch recognition, image recognition, processing of imperfect or inex-
act knowledge, automatic extraction of knowledge from large databases (“instant” expert systems), and more.

This neurocomputing stuff obviously isn’t for everyone with prices starting at $6900US (coprocessor board w/2MB of memory), and going to $24,900 for
complete systems.

For further technical and sales information contact: Jacqueline Townsend, HNC, 5501 Oberlin Drive, San Dicgo, CA 92121. Tel: (619) 546-8877.
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SOFTWARE — Order Form BOOKSHELF — Order Form

Code Title Price
.................. 8] .. YT Y (c.g. BP12) Short-form is 0.K.)
................... o R —————
""""""""""""" s e Crrrarararr ety et Errer et er e ettt
Sub Total Sp L R g reeeeeeieeeaeeiERL el $
Tax (Ontario Residents) [ —— $
Postage . . S
Total Enclosed L) W T 00 aaaca o0 N S

SPECIAL PUBLICATIONS BINDERS

ITEM QTY AMOUNT ITEM QTY AMOUNT
Book of Computer Music $4.95 e S Moorshead Publications, $9.75 each.
Project Book No. 3 $3.95 . . LS Onuario residents add 7% P.S.T. S S

BACK ISSUES

$4.00 each. Ontario residents add 7% P.S.T. Some issues may be out of stock,
please call the reader service department at (416) 445-5600 or enclose a
self-addressed, stamped envelope for a complete list of available issues.

Orders from the Bookshelf are tax exempt. Please add $1.00 for postage. Ontario
residents add 7% P.S.T. for Specials and Software.

E& TT March 1988 45




For Your Information

NEC Spectrum AC

Now we take you from the theory to some actual
hardware involved in making your home “smart”.

NEC Home Electronics’ new line of Spectrum
AC products opcrates over NEC's Home Bus, a
data communications scheme that transmits data
over existing AC power lines in the home.

Using power lines for data communication is
less expensive and more convenient than any
method requiring dedicated wiring or cabling.
But wait! Isn’t regular AC wiring plagued by
nasty noise etc. Read on.

According to NEC, they've overcome the
problem of transmitting data over noisy AC lines
by integrating the “spread spectrum” technology,

Home bus

Home Bus Applications

receiver for
broadcast

el

outlet for
information
- ST

a technique for transmitting data simultaneously
over a wide band of channels or frequencies on
the AC power line. NEC research has shown that

" 1 Information
Intrusion L line

even the worst interference is usually con-
centrated at just one frequency. By using many

Sens ‘\ 3/ E] InterCom

Smoke g = EE

different frequency ranges, most noise is avoided,
and relatively low power signals can be used,

detector  Personal Computer

while still achieving 9600 bit per second through- 2%

\
8|
Camera

as part of the transmission, and that allows each
frequency to be run at a relatively low transmis-
sion speed, further increasing reliability.

Home Bus applications include: audio/video
system. control, computer/computer or com- Electronic
puter/printer communications, and security con-  Key
trol.

For more information contact: Marion Black-

put. & “
Error correction and redundancy are included i

_
7
g

Facs:m:le
Gas

.

Computer Printer

L, g fime Bus

detector

Full Home Entertammenr System

Ruffin, NEC Home Electronics (USA) Inc., 1255
Michael Dr., Wood Dale, IL 60191. Ph: (312) 860-
9500 ext. 4244
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BE SURE OF YOUR ISSUE
EACH MONTH.
SUBSCRIBE TODAY.

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

See what you’ve been missing!

Regular value: $19.95
Time Limited Offer

Moorshead
Publications

1300 Don Mills Rd., North York, Toronto, Ont. M3B 3M8
SUBSCRIPTIONS: [0 NEW SUBSCRIPTION 0 RENEWAL
Electronics Today

[ One year (12 issues) $22.95 [ Two years (24 issues) $37.95
Computing Now!
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Computers in Education
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For Your Information

The Scientists Tell |
Me...
By David Dempster

Air Pollution Control
Breakthrough

An electronic controller, developed
to reduce particulate air pollution at
NASA's Langley Research Center
Refuse-Fired Steam Generating
Facility, Hampton, Va,, is called “a
major technology breakthrough” by
two major, international suppliers
of pollution control equipment.

David F. Johnston, an electronics
technician in Langley's Micro-
electronics Development Section,
invented the automatic voltage con-
troller for the facility’s electrostatic
precipitator.  The  precipitators

»

T, YT

=
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remove particle matter from the
combustion gases prior to their
release into the atmosphere.

The controller proved to be the
answer to efficient precipitator
opcration at the Hampton facility
and is adaptable to any clectrostatic
precipitator.  Advanced  features
have been added to the controller,
offcring a reliable, high tcchnology
method of upgrading existing
precipitators, whether they burn
coal or refuse.

Applications of this pollution
control equipment has been ex-
panded from rcfuse-fired in-
cinerators to include power
plants/utilities, steel mills, pulp and
paper mills, cement plants and
automobile industry incinerators.

Use of Johnston’s equipment at
chronic air pollution trouble spots
has produced millions of dollars in
savings in equipment and operation
costs, including thousands of man-
hours for installation and main-
tenance time. The controller, during
testing, was projected to produce a
IUSAW,UR (83 percent) annual
savings in operating costs and to
reduce equipment cost payback
time to eight months at a coal-burn-
ing power plant in Saskatchewan.

A cement plant in Michigan was
confronted with air pollution stand-
ard violations, Johnston’s not only
produced a $(US)2.9 miilion cost
savings and a 90-percent reduction
in installation time, but also

Photo courtesy of NASA

reduced pollution level to 75 per-
cent below Environmental Protec-
tion Agency standards.

At a stccl mill in Kentucky, in
violation of pollution standards, in-
stallation of Johnston’s controfler
assurcd compliancc of EPA particu-
late air pollution rcgulations in only
onc day and, in addition, produced a
50-percent  savings in cquipment
cost.

Effective air pollution control re-
quircd development of advanced
electronic control for the Hampton
facility’s electrostatic precipitators,
which remove particulate matter
from the combustion gas before it is
expclied through a smokestack. 'The
gas is passed through a precipitator
chamber and exposed to an
electrostatic field. Particles in the
gas become electrically charged and
attracted to collecting surfaces
under the influence of the electric
field, thus clcaning the smoke.

To maximize particle capture, a
precipitator must operate at the
highest practical voltage. Limiting
operational  factors  are  the
phenomena known as ‘“sparking”
and “arcing,” essentially electrical
breakdown of the gas that, uncon-
trolled, would damage the
precipitator.

After the Hampton facility was
built, researchers encountered a
problem, according to Johnston.
When standard fuels are burned,
the smoke is of constant composi-
tion and the highest practical volt-
age is fairly constant. Once the volt-
age is set, only small changes in
precipitator voltage are needed, as
long as the same type of fuel is used.

When trash is used as a fuel,
however, the composition of the
smoke changes continuously, re-
quiring corresponding changes in
precipitator voltage over a very wide
range. Johnson explained that if a
constant voltage were applied in a
refuse- burning facility, the voltage
would have to be set very low to
prevent sparking, resulting in lower
operating efficiency.

To insure minimal atmospheric
pollution, Johnston developed a
microproccssor-based control that
automatically senses changes in
smoke composition and adjusts the
precipitator voltage and current
permit maximum particle collection.

Johnston’s invention is now
marketed internationally by Califor-
nia company and Johnston picked
up a NASA Space Act Award of
$5,000.00, a somewhat miscrly
amount considering the millions his
invention has saved and will con-
tinue to save the utilities and in-
dustry.

Flat Colour Imaging on the
Way

Don’t look for it tomorrow. Don’t
look for it the day after tomorrow.
But, the first steps are being taken

at the University of California, Ir-
vine (UCI) to develop a new kind of
imaging technology that will drasti-
cally change our colour tclevisions
in the future.

Scientists at UCI in collaboration
with Ford Aerospacc and Com-
munications Corp.,, arc using
electron transfer rcactions to
produce colour images on thin
chemical films.

According to Dr. John C. Hem-
minger, principal investigator and
professor chemistry, a thin laycr of
chemical dye is depositcd on the
surface of a semiconductor.

Ordinarily, electrons on the sur-
face lack sufficicnt encrgy to pass
through the scmiconductor.
However, when they are excited by
ultraviolet light, the clectrons are
kicked into a higher encrgy statc
and migrate away, leaving electron
“holes” on the semiconductor sur-
face.

When a molecule of the dye,
Prussian white, loses an electron
into one of the electron holes, it un-
dergocs a Cnemical reaction and
turns into Prussian blue. If light is
directed on specific parts of the sur-
face, the dye turns blue only at the
locations where clectron holcs arc
formed and remains cicar else-
where.

In this way, an image can be
produced by masking portions of
the semiconductor before light is
shined on it. Images also may be
drawn directly on the surfacc with a
laser — a methad which. could
provide artists with a totally new
medium with which to work.

Once an image is formed, it
remains stable until “crased” by ap-
plying an electric charge to the
semiconductor, which  returns
electrons to the surface and rever-
ses the chemical reaction: Prussian
blue reverts to Prussian white.

But it doesn’t end there. Says
Hcemminger, the existence of
numerous chemical dyes gives the
system potential to produce images
in a wide range of colours. In prin-
ciple, a multicolor system could be
achieved by coating a semiconduc-
tor with differcnt dyes, each ac-
tivated by different wavelengths of
light.

Like presently available flat
screen black and white televisions, a
“photoelectrochromic  TV" could
be small and easily portable. The
low voltage needed to change im-
ages could be easily supplicd by
small batteries.

The basic chemistry developed so
far at UCI also shows promisc for
applying  coatings on  micro-
electronic devices. For instance, a
laser could activate chemical fiims,
turning them into intricately pat-
terned protective coatings and
eliminating the need for complex
masking and etching procedures.
Similar  chemistry has been
developed by the UCI and Ford col-

Continued on page 66 47



When Accuracy Counts... You Can Count OnUs... Smce 1977

YHE BRUNELLE

Comman ier

T

Model 4070
$212.00 FSTI

3% DIGIT PUSH BUTTON DMM |
The Job-proven digital multimeter.
Housed in shocked resistant ABS l
plastic, safety design was a prime
consideration. UL 1244 type test
leads; electronic protection to 500
VAC/dc, resistance. Normal and low
power OHM ranges; 10A ac/dc
range: transistor test function.
Ranges:
0-1000vV DC 0-10ADC
0-750V AC 0-20M0
0-10 AAC Diode Test

MODEL 4060B
$99.50 FSTI

4 DIGIT PUSH BUTTON DMM
High accuracy readings in the
laboratory or in the field at a price
you can afford. .05% basic
accuracy, transistor test function,
UL 1244 type test leads, overload
protection on all ranges, audio and
visual continuity tests.

Ranges:

0-1000Vdc resistance

0-750 VAC 0-20mg

0-10Adc

0-10A Ac

|

3% DIGIT AUTO RANGING DMM
This sensitive yet rugged DMM is
loaded with features you’d expect to
pay much more for. The 4080 offers
autoranging; low battery consump- |
tion; fuse protection; UL 1244 type
test leads; audible cont. buzzer.
Ranges:

0-1000 VDC, 0-750 VAC, 0-10A AC,
0-10A dc, 0-2000K @ resistance.
Audible and visual

continuity. t

Model 2200
$112.00 FSTI

Model 4@)
$112.00 FSTI

3%z DIGIT PUSH BUTTON
CAPACITANCE METER

Unique, easy to use digital
capacitance meter, making
measurements a breeze. 3. digital
display, tough ABS case, input pro-
tection, 200 Hr typical battery life

Ranges

0-200 PF 2-2uF
0-2NF 0-20uF
0-20NF 0-200uF
0-200NF 0-2000uF

DIGITAL WATTMETER I

The Model 5000 Digital Wattmeter ||
gives a direct reading of true power
on 3% digit LCD display. It also
measures AC or DC volts and AC or
DC current.

* Read true power

* High accuracy

e Light weight

Model 5000
$256.50 FSTI

Model 2988

20 MHz DUAL TRACE
OSCILLOSCOPE

* Wide bandwidth and high
sensitivity

* Built-in component tester

e High sensitivity X-Y mode

* Complete with X1/X10 probes

» 2 axis (intensity modulation)

For the best prices on
Oscilliscopes call us
Collect

Model 3020
$324.00 FSTI

—— — — —]

FUNCTION GENERATOR

* 7 ranges 0.2Hz - 2MHz

* Square, triangle, sinewave, and
TTL pulse output

e |nversion feature

¢ VCF input

* Duty cycle control

® Variable/fixed attenuators

¢ Rugged cabinet with tilt
adjustable handie

35 MHz DUAL TRACE
OSCILLOSCOPE

e Optimal sensitivity

» Delayed triggering sweep &
® X-Y or X-Y-Z operation

* Wide frequency bandwith

* Complete with X1/X10 probes

Call for pricing it may be the best
call you've ever made!

® Quality ;‘+ ibgicie ;Seig"vi%ceJ = BRIUNEJLLEP

BRUNELLE g } N {
my HENEEEN

¢ Brunelle Instruments Ihc.| \

736th Range South

}-+ St- Efie.-D'arfotd, Quebec, JOB 250+
Tel: 1819569-1408 _ Telex: 05-836266

|

1 { i
! T . + ¥ ’ a $ Y i T i o 1

L

Avallable from Dlstrlttutdrs Coast 1o C Coast
¢ontact us|forithe | nearest to ydu

CALL COLLECT 1. 81956b14b8

| L
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Four GOOD Reasons to Try
SuperDisk Software.

For
Your

Mind...

Hi-0 CONTROL KEYS

SELECT PEG - ¢4 ¢+ +
JHP - Shift ¢ (4 ¢ ¢ 4]
RESET 80ARD - 'R

40 GRIE - Escape (tsc)

Version 1.§

1z |

Pegs Remaining
e Left. .. Nice Iry
et o]

apeee e gt
JTike & Deep Em
erfect

“in Center. .. P

by Bill Bovee

Cursor fovenent

Insert / Delete / Other |

[Left) ~ Cursor left
[Space), [Rx?htl - Cursor Paght
Up] - Ist line of PRIH" { -

[Dwn] -
([Control) Hane) - B
[[Control} End] - Enc of PRIH

5] - ln?qle INSERT node
1] - Delete char af cursor

I3

t
ontrol) Padp) - Mm Orive e
(Tab] - Contcold Padn] - Copy Fron Buffer

Pre
(Control Left] - Prev Drive/Dir {Esc] - Restore or1ginal PATH
[Conmt? Rignt] - Next Dm:e/'Du‘ [Enter) - Updl?! »Wm qut

»n» PRSTE BUFFER w « &

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

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

dBase IIl and Clipper utilities. If you’ve been programming
with dBase II1, these utilities will help you write and debug
your code faster than you thought possible.

SuperDisk 4

Utllities and Applications. Includes TREND; a forecasting
tool; PCSTYLE, a simple writing/style analyzer;
EXPENDIT, a personal finance program;%(E.’lIND R, a
good clock/reminder utdity and much, much more!

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

Col. 12

For
Your
Leisure...

¥ (ol S

¥ fiin. = 7.416% 401
¥ Max. z 8. 06306400

¥z Column_t
XA Min 2 LPINEAR
X tx, = 9, 445544
Use these kevs ...
4 HOME END PGO

L,
= R'.'w t 2 to 2008 b1y 4
R for Regress (oeff.

to quit,
F1 for helo.

P2
e

Colunn_! Colum .S Column_4 Column 7 Colun 8 Colum 9 Col. 10 Col

$19.95 each

Plus $1 for shipping and handling.

Moorshead Publications

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

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

Visa, Mastercard, and American
Express orders are welcome.
Ontario residents, please add 7%
P.S.T.

Ask for Our FREE
Software Catalogue!

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

United States. All programs are believed

to be in the Public Domain. Software
has been tried on a variety of
computers, including XT’s and AT’s
with and without hard disks. It is

believed 10 be safe and compatible with

all IBM PC/XT/AT and compatible
computers. We can not guarantee that
each program will work on every PC.
SuperDisks can be exchanged for a full
refund if you are not satisfied.

SuperDisk 6|

Even More Games! Includes a nice version of YAHTZEE;
MAROONED, a great space adventure game; MAYAKDM2
a Mayan Kingdom adventure. You also get 3-D Tic-Tac-Toe,
ICBM, a Crossword Puzzle maker, ROBOT and BLACK-
JACK. CGA required for some games.

SuperDisk 7

And Even More games! You get NFL Football; SOPWTTH2
flicht simulator, GOMOKU, an ancient strategy gamee;
TICK, space invaders with a twist; an EGA solar system
simulator; HIQ for the intellect and KILLER. CGA required.

Su perDisk 8

tiitie:, games and just plain fun! You get
ig a utifity that calculates flying times and distances be-
tween various world cities; HI.BU LF, a resident on-line
help system that lets you create your own help screens;
UNIX, a nice PinBal( ame; TAQ, spiritual wisdom; EP, a
nice PATH editor; VI%E, a small WordStar- like text editor
and HAVE, a system environment checker.

Fo wers onl
W 1y

An interesting collection of Lows

You get: TEMPLATES of DOOM,
a Lotus adventure game that lets vou use Lotus commands to
solve several mysteries; HANGMAN, a nice version of an old
game; a host of utilities, templates and macros to make time
spent with Lotus 1-2-3 even more productive. (some
Worksheets require Lotus 1-2-3 version 2.0 or higher)




The Slowpoke Reactor

Downsized nuclear technology for large scale
heating systems. Is it safe? Will it sell?

There’s a certain inevitability per-
haps, in these days of calorie-free
this, and low-sodium that, that some-
one would develop and try to market
the first “lite” nuclear reactor. That’s
what Atomic Energy of Canada is at-
tempting to do with its Slowpoke Ener-
gy System. And the federal crown cor-
poration is hoping the experiment pays
off worldwide.

The Slowpoke is a small nuclear
reactor, designed to heat large build-
ings or clusters of buildings, such as a
university campus. AECL prefers to
call it a uranium-fired, hot water
boiler, and it would probably prefer
the public to think of it in those terms
as well. The marketing of a small
nuclear reactor, whatever it’s called in
50
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the vernacular of the research com-
munity, is likely to be a difficult task.

AECL’s operations branch manager,
at its Whiteshell Nuclear Research Es-
tablishment in Manitoba, admits as
much. Although the company is active-
ly negotiating with a Canadian cus-
tomer for the sale of the first Slow-
poke, Larry Meyer says the company
realizes it is also pitching the concept
to all Canadians, in hopes they will ac-
cept it too.

“We have recognized that the
greatest hurdle to the success of this
product will be gaining public accep-
tance of it,” says Meyer. “We have a
demonstrator unit right now that we
can show people. However, it’s operat-
ing in a research atmosphere, and it’s

By Jim Eidt

absolutely mandatory to the success of
the product that we get a unit out into
the real world and have it accepted by
the public.”

The Slowpoke Energy System
evolved from the Slowpoke II research
reactors that are found across Canada,
generally in universities and other re-
search institutions. The concept is
markedly diffcrent than the nuclear
power stations that generate electricity
in Ontario, Qucbec and New
Brunswick. The sole function of the
Slowpoke is to produce 80 degree Cel-
sius water for circulation through a
heating system.

“The device is ideal for areas requir-
ing approximately ten megawatts of
heating power, and that’s suitable for
something like an average-sized office
tower, a shopping mall, a university
complex or a large hospital,” Meyer
says. “I think we are getting a good
reception from an interest point of
view in Canada.”

Competing Energy Source

The Slowpoke can compete on an
economic basis with other standard
sources of encrgy, according to AECL.
It can heat buildings for an average of
two cents per kilowatt hour, although it
has a rather hefty start-up cost of $5-$7
million. On the other hand, the Slow-
poke will give a minimum of 25 years of
service with relatively little main-
tenance, and even the cost of the re-
placement fuel is included in the capi-
tal cost.

“Slowpoke would produce your heat
at something in the order of 1-1/2 to 2-
1/2 cents per kilowatt hour. Oil heating
in Canada generally costs in the area of
three cents a kilowatt hour,” says the
man in charge of marketing the Slow-
poke, Metro Dmytriw. He adds,
“Electricity is in the range of three to
four cents a kilowatt hour, and natural
gas ranges between one and two cents.
We cannot compete with gas in all
situations.”

How It Works

The Slowpoke process is really quite
simple. The uranium sits in a tank of
water 13.5 metres deep, which is built
into the ground. Even with standards
governing the use of radioactive
materials, the building to house the
Slowpoke need not be specially
designed or built, although AECL ad-
mits the reactor is more suited to a new
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The Slowpoke Reactor

facility than a retrofit. The uranium
fuel sits near the bottom of the tank,
and through controlled fission, heats
the water. The hot water rises naturally
through a central column to a heat ex-
changer, which transfers the heat from
the tank’s water to water in pipes.
Then, that is circulated through the
building. And that’s all it does, says
Meyer, who cringes at comparisons
with the much larger, electricty-
producing nuclear power plant, called
the CANDU.

Atomic Energy of Canada intends to
emphasize the differences between the
two energy systems to the Canadian
public, and to the anti-nuclear lobby.

Selling the Idea

“We certainly have run across the anti-
nuclear groups already. However, we
are finding their arguments really do
not apply to our product,” says Meyer.
“They are really based on a miscon-
ception of what our product is all
about. And the product, just by due
process, will not be put into any com-
munity where the public does not ac-
ceptit.”

Although the anti-nuclear lobby is
powerful and persuasive, AECL is not
without allies. There are more than
half a dozen Slowpoke II reactors
being used for research in Canada, in-
cluding one at the University of Alber-
ta. Researchers like reactor tech-
nologist Pete Ford say they have been
models of efficiency and safety.

“We’ve never had a problem at all,”
says Ford. “You have the usual
problems with trying to do things that
haven’t been done before, but that’s
what research is. We've never had any
problem with the reactor itself.”

The Slowpoke II is used by graduate
students and academic staff for re-
search involving isotope production
and neutron activation analysis. It too,
is a small reactor, barely the size of a
garbage can, although the water and
concrete shielding used make the total
package considerably larger. Commis-
sioned in 1977, the Slowpoke II at the
University of Alberta has been operat-
ing problem-free.

“It’s been a very successful venture,”
according to Ford. However, it won’t
be Pete Ford and people in his field
that AECL is going to have to convince
about the Slowpoke heating system,
The marketers at AECL, led by Metro
Dmytriw, are careful not to call the
E& TT March 1988

Slowpoke anything that suggests its
power source. Generally, it is called
“the product” or “the device” and the
uranium is referred to as the “heat
source”, After decades in the business,
AECL is aware of the public’s an-
tipathy towards things nuclear.

Even the scientific community is
mixed, although Dmytriw dismisses the
opposition.

“There are still people who resist
fluoridation, and there’s still a Flat
Earth Society. On any scientific ques-
tion, there’s going to be disagreement,
and that’s the nature of science.”

Quite simply though, AECL needs
the Slowpoke to succeed. Canada
hasn’t sold an electricity-generating
CANDU reactor since the late 1970’,
and thanks to nuclear debacles like
Three Mile Island and Chernobyl,
much of the planet has soured on
nuclear energy. As a result, AECL’s
prospects for selling any more of its
billion dollar CANDU reactors are
dim at best. “It’s not a good market out
there for any kind of large energy sys-
tem,” argues Dmytriw. “If you look at
the fate of coal-fired generating sys-
tems, hydro dams, things like that,
those have all suffered a comparable
setback in construction starts.

“The size of the market that Slow-
poke can meet and the size of the in-
come is, of course, not as large as the
CANDU electricity generating sys-
tems. Those are huge, billion dollar
systems. The initiative to start develop-
ment of the Slowpoke comes from a
general AECL philosophy that users of
technology developed by AECL
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should pay for that technology. So
we’re following incentive now to go to
our labs, and find things that are com-
mercially viable. Slowpoke is part of
that whole process.” Given the moves
by the federal government, though, to
sell off unprofitable (and even some
profitable) crown corporations, AECL
may be gambling with its own future.

It is betting on a product that, if ac-
cepted by the public, could have
dozens of applications across the
country. The world market is also ripe
according to AECL, which had repre-
sentatives from South Korea and
Czechoslovakia on hand for the official
commissioning of the Slowpoke
demonstration unit in mid-October.

Although other nations are develop-
ing their own versions of small, heating
reactors, Canada has a significant lead
according to AECL, which also
believes its product to be superior.

Meyer says the world market is very
attractive, but he believes that poten-
tial can’t be tapped until a Slowpoke is
sold in Canada.

“We suspect that overseas customers
will definitely want to see the product
in action in our own country beforc
they would consider it.” Dmytriw isn’t
so sure.

“Business is business,” he says. “And
if a country can see that if it can
guarantee its energy supply for a long
time, and can make some major gains
in its energy programs, it doesn’t mind
demonstrating the technology first.”

AECL believes it might have an
operating Slowpoke in place by 1990, if
negotiations now underway bear fruit,
The deal could be wrapped up early
this year. Among the bumps in the
road ahead, is the anti-nuclear lobby. It
is distrustful of anything that uses
uranium, especially while the problem
of nuclear waste disposal remains un-
solved. But even anti-nuclear activist
Dr. Colin Park of Edmonton can sce
applications for the Slowpoke, par-
ticularly in northern Canade, where
heating fuel must be trucked in at
€normous expense,

Safety Concerns

That’s not to say Park is a fan of the
Slowpoke. He’s still concerned about
changing the uranium fuel source,
which must be done very few years, and
he says the potential for human error
still exists, regardless of the simplicity
of the system. What’s more, Park, while
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Commissioning of the Slowpoke demonstration reactor at Pinawa, Manitoba.
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admitting Canada’s nuclear industry is
better than most, still worries about ex-
porting problems around the world.
Unreliable local construction, he says,
coupled with a lack of control over how
the system is run once it is sold, make
foreign sales risky. Park also alleges
the nuclear industry is full of examples
of deceit.

The public too, is leery about claims
of safety from the nuclear industry.
Studies are still being conducted, and
statistics compiled, from the Three
Mile Island accident nearly a decade
ago, and there are indications that the
resulting health problems have been
worse than anticipated. The work on
Chernobyl’s worldwide impact is only
getting underway.

Add to those major nuclear acci-
dents, the 3000 or so small incidents
reported at nuclear facilities in North
America each year, and the public has
a right to its concerns. Certainly, such
information saps public confidence,
despite the industry’s best efforts to
bolster it. Dmytriw thinks a salc would
help considerably in that regard.

“We're talking with quite a number
of people. We've already done a num-
ber of studies, where the answer was
no. For example, Hay River in the
Northwest Territories asked us to
come up and look at whether we could
heat the town using Slowpoke. It
turned out we couldn’t for a variety of
engineering reasons. The major dif-
ficulty that we found there, was that the
town was fairly well dispersed, and so
the cost of putting in the distribution
hot water lines was fairly high. It wasn’t
the source of heat itself, it was getting
the heat to the buildings.”

AECL plans to continue pointing out
the differcnces in technology between
its Slowpoke and the giant reactors
that are the main sources of public
fear. AECL takes the pounding of a
hostile anti-nuclear lobby, a suspicious
public and a divided scientific com-
munity, and tries to make a successful
business out of a product that ranks
somewhere between government and
the tobacco industry in popularity. The
little Slowpoke may help in that regard,
although most early sales may end up
in either remote Canadian com-
munities, or other countries.

Jim Eidt is a freelance writer from Ed-
monton, Alberta. n
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PROJECTS

BP74: ELECTRONIC MUSIC
PROJECTS $10.00
R.A. Penfoid

Although one of the more recent
branches of amateur electronics,
electronic music has now become ex-
tremely popular and there are many
projects which fall into this category.
The purpose of this book Is to provide
the constructor with a number of
practical clrcults for the less com-
plex Items of electronic music equip-
ment, Including such things as a
Fuxx Box, Waa-Waa Pedal, Sustain
Unit, Reverberation and Phaser-
Units, Tremelo Generator etc.

BP24: TRANSISTOR SELECTOR
GUIDE $15.00
Listings of British, European and
eastern transistor characteristics
make it easy to find replacements by
part number or by specificatlons.
Devices are aiso grouped by voltage,
current, power, etc., Includes
surface-mount conversions.

BP50: IC LM3800 PROJECTS  $4.25
The purpose of this book is to In-
troduce the LM3900 to the Technl-
clan, Experlmenter and Hobbylst, It
provides the groundwork for both
simple and more advanced uses and
is conslderably more than Just a col-
lection of simple circuits or projects.

BP75: ELECTRONIC TEST EQUIP-
MENT CONSTRUCTION $5.25
This book covers in detalls the con-
structlon and use of a wide range of
test equlpment for both the elec-
tronics hobbyist and radio amateur.
The projects are falrly simple to buitd
and the components are inexpensive
and easily obtalnable.

BP92: ELECTRONICS SIMPLIFIED -
CRYSTAL SET CONSTRUCTIONSS.25
This is a book written especially for
those who wish to particlpate In the
intricacies of electronics.

NN

BP101: HOW TO IDENTIFY

UNMARKED IC's $1.95
An unusua! and fascinating chart
that is highly recommended to all
those interested In electronics and
which wlill hopefully pay for itseif
many times over, by enabling the
reader to use IC's that might other-
wise have been scrapped.

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

BP180: ELECTRONIC CIRCUITS FOR
THE COMPUTER CONTROL OF

MODEL RAILWAYS $9.00
Shows how home computers can
easlly be applled to the control of
model raliroads and other quite
sophisticated controi. A variety of
projects are discussed as well as clr-
cuits for traln position sensing,
signal and electric polnts control etc,

BP185: ELECTRONIC SYNTHESISER
CONSTRUCTION $9.00
WIith this book a retative beginner
should be able to bulld, with the
minimum of difficuity and at a
reasonably low cost, a worthwhlie
monophonic synthesiser and also
learn a great deal about electronic
music synthesls In the process.

book offer

Exclusively available in
Canada from
Moorshead Publications

BP233: ELECTRONIC HOBBYIST
HANDBOOK $15.00
A single source of easily located in-
formation: colour codes, pinouts,
basic clrcuits, symbols, etc.

BP115: THE PRECOMPUTER BOOK

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

CIRCUITS

BP42: 50 SIMPLE L.E.D. CIRCUITS

$5.85
Contalns 50 interesting and useful
circults and applications, covering
many dlfferent branches of elec-
tronics, using one of the most Inex-
pensive and freely avallable com-
ponents.

BP85: INTERNATIONAL TRANS!
STOR EQUIVALENTS GUIDE  $9.00
This book is designed to help the
user find possible substitutes for a
popular user-oriented selection of
modern transistors and Includes
devices produced by over 100
manufacturers,

BP140: DIGITAL iC EQUIVALENTS
AND PIN CONNECTIONS $15.00
Shows equlvalents and pin connec-
tions of a popular user orientated
selection of Digltal Integrated Cir-
cuits. Includes European, American
and Japanese devices.

RADIO AND
COMMUNICATIONS

COMPUTERS

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

BP78: PRACTICAL COMPUTER
EXPERIMENTS $5.25
The aim of this book Is to enable the
reader to simply and Inexpensively
construct and examine the operation
of a number of baslic computer circuit
aelements and It Is hoped gain a fulter
understanding of how the mysterious
computer “chip” works.

BP88: AN INTRODUCTION TO BASIC
Programming Techniques $5.85
This book Is based on the authors
own experlence In learning BASIC
and also In helping others, mostly
beginners to programming, to
understand the language.

BP7: RADIO AND ELECTRONICS
COLOUR CODE AND DATA CHART

$3.00
Opens out to Wall Chart approxi-
Mately 584 x 457 mm. Includes many
Radio & Electronics Colour Codes in
use in UK, USA, Europe and Japan.
Covers Resistors, Capacitors,
Transformers, Field Coils, Fuses,
Battery Leads etc.

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

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

BP138: SIMPLE INDOOR AND
WINDOW AERIALS $7.00
People living In apartments who
would like to Improve shortwave
listening can benefit from these in-
structions on optimising the Indoor
aerlal.

BP197: AN INTRODUCTION TO THE
AMSTRADPCs $20.00
Recently introduced to Canada, the
Amstrad PC Is an MS-DOS computer
for general and business use. This
book explains atl you need to know to
start computing.

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

BP225: A PRACTICAL INTRODUC-
TION TO DIGITAL ICs $7.00
This book deals malnly with TTL type
chips such as the 7400 serles. Simple
projects and a complete practical
construction of a Logic Test Circuit
Set are Included as well as detal’ . for
a more complicated Digital Cou nter
Timer project.

BP47: MOBILE DISCOTHEQUE

HANDBOOK $7.80
Divided into six parts, this book
covers such areas of moblle "disco”
as: Basic Electricity, Audio, Anclllary
Equipment, Cables and Plugs, Loud-
speakers, and Lighting. All the infor-
mation has been considerably sub-
divided for quick and easy reference.

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

BP141: LINEAR IC EQUIVALENTS
AND PIN CONNECTIONS

ADRIAN MICHAELS $23.80
Find equlvalents and cross-
references for both popular and
unusual integrated circults. Shows
detalls of functions, manufacturer,
country of orlgin, pinouts, etc.,. in-
cludes Natlonal, Motorola, Fairchild,
Harrls, Motorola, Intersil, Philips
ADC, AMD, SGS, Teledyne, and many
other European, American, and
Japanese brands.

BP156: AN INTRODUCTION TO QL
MACHINE CODE $10.00
The powerful Sinclalr QL microcom-
puter has some outstanding capabi-
litles in terms of its internal stryc-
ture. With a 32-bit archltecture, the
QL has a large address range, ad-
vanced Instructions which include
multiplication and dlivision. These
features glve the budding machine
code programmer a good start at ad-
vanced programming methods. This
book assumes no previous know-
ledge of elther the 68008 or machine
code programming.

BP59: SECOND BOOK OF CMOS IC
PROJECTS $7.80
This book carries on from its
predecessor and provides a further
selection of useful circuits, mainly of
a simple nature. the book will be well
within the capabilities of the begin-
ner and more advanced constructor.
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BP32: HOW TO BUILD YOUR OWN
METAL & TREASURE LOCATORS

$7.80
Several fasclnating applicatlons with
complete electronic and practical
detalls on the simple, and inexpen-
sive constructlon of Heterodyne
Metal Locators.

ELECTRONIC THEORY

BP108: $7.00
Cross-references European American
and Japanese diode part numbers,
Besldes rectifier dlodes, it includes
Zeners, LEDS, Diacs, Trlacs, SCRs,
OCls, photodlodes and display
dicdes.

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

ELEMENTS OF ELECTRONICS - AN
ON-GOING SERIES

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

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

Each book Is a complete treatise of
a particular branch of the subject and
therefore, can be used on its own
with one provlso, that the later books
do not duplicate materiai from thelr
predecessors, thus a working know-
ledge of the subjects covered by the
earlier books |Is assumed.

BOOK 1. This book contains ali the
fundamental theory necessary to
lead to a full understanding of the
simple electronic clrcult and Its main
components.

BOOK 2. This book continues with
alternating current theory without
which there can be no comprehen-
slon of speech, muslc, radio, televi-
slon or even the electricity utilities.

BOOOK 3. Foflows on semlconduc-
tor technotogy, leading up to tran-
sistors and Integrated circults,

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

BOOKS A book covering the whole
communication scene.

PROJECTS

BP180: ELECTONIC CRICUITS FOR
THE COMPUTER CONTROL OF
MODEL RAILWAYS $9.00
The projects In this book conslsts of
various types of controller, Including
a high quality pulse type, as well as
circults for traln posltion sensing,
slgnal and electronic points control
and many more,

BP194:: MODERN OPTO DEVICE
PROJECTS d
This book provides a number of prac-
tical designs for beginners and ex-
perienced project bullders. These
projects utllize a range of modern
opto-electric devices, including such
things as fibre optics, ultra bright
LEDs and passive IR detectors,

BP37: 50 PROJECTS USING RELAYS,
SCR's & TRIACS $7.80
F.G. RAYER, T.Eng(CEf),Assoc. IERE
Relays, silicon controlled rectlfiers
(SCR's) and bi-directional trlodes

(TRIACs) have a wide range of ap-
plications in electronics today. This
book glves tried and practical work-
ing circuits which should present the
minimum of difficulty for the en-
thusiast to construct. In most of the
circuits there is a wide latitude in
component vaiues and types, allow-
Ing easy modification of circuits or
ready adaptatlon of them to In.
dlvidual needs.

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

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

BP80: AUDIO PROJECTS $7.80
F.Q. RAYER

Covers in detail the construction of a
wlde range of audio projects. The text
has been dlvided Into preamplifiers
and mixers, power ampliflers, tone
controls and matching and miscel
laneous prospects.

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

BP82: ELECTRONIC PROJECTS
USING SOLARCELLS $7.80
A collection of simple clrcults which
have appllcations 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 doubter and tripler
circults, as well as a number of pro-
jects.

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

Includes a collection of the most
popular types of clrcuits and projects
which, we feel sure, wili provide a
number of designs to Interest most
electronlcs constructors. The pro-
jects selected cover a very wide
range and are divided Into four baslc
types. Radio Projects, Audio Pro-
jects, Household Projects and Test
Equipment,

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

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

BP95: MODEL RAILWAY PROJECTS

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

BP93: ELECTRONIC TIMER
PROJECTS $7.80
Windscreen wiper delay, darkroom
timer and metronome projects are in-
cluded. Some of the more complex
circuits are made up from simpler
sub<ircults which are dealt with In-
dividually.

BP84: DIGITAL IC PROJECTS $7.80
F.G. RAYER, T.ENG (CEI), Assoc.lERE
This book contains both simple and
more adanced projects and it Is
hoped that these will be found of help
to the reader devetoping a knowledge
of the workings of digital clrcuits. to
help the newcomer to the hobby the
author has Included a number of
board fayouts and wiring dlagrams.
Also the more ambltious projects can
be bulld and tested sectlon by sec-
tion and this should help avoid or cor-
rect faults that could othérwise be
troublesome. An ideal book for both
beglnner and more advanced en-
thusiast allke.

BP89: MINI - MATRIX BOARD
PROJECTS $7.80
R.A. PENFOLD

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

BP103: MULTICIRCUIT BOARD
PROJECTS $7.80
R.A. PENFOLD

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

BP107: 30 SOLDERLESS BREAD-
BOARD PROJECTS . BOOK1  $9.00
R.A. PENFOLD

A "Solderless Breadboard” Is simply
a speclal board on which electronic
circuits can be built and tested. The
components used are just plugged in
and unplugged as desired. The 30
projects featued In this book have
been specially delsgned to be bullt
on a ‘'Verobloc’ breadboard.
Wherever possible the components
used are common to severa! projects,
hence with only a modest number of
reasonably Inexpenslve components
It Is possible to bulld, in turn, every
project shown.

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

Features a wlde range of construc-
tional projects which make use of op-
amps Including low-noise, low dlstor-
tion, ultra-high Input impedance, high
slew-rate and high output current
types.

CIRCUITS

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

BP122 AUDIO AMPLIFIER
CONSTRUCTION $6.75
A wide clrcuits is glven, from low
nolse microphone and tape head
preamps to a 100W MOSFET type.
There Is also the circult for 12v
bridge amp glving 18W. Clrcult board
or stripboard layout are Included.
Most of the clrcults are well within
the capabllities for even those with
limited experience.

BP98: POPULAR ELECTRONIC
CIRCUITS, BOOK 2 $9
R.A. PENFOLD

70 plus clrcuits based on modern
components almed at those with
some experience.

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

BP39: 50 (FET) FIELD EFFECT
TRANSISTOR PROJECTS $7.00
F.G. RAYER, T.Eng{CEl),Assoc,IERE
Fleld effect transistors (FETs), find
application in a wide variety of cir-
cuits. The projects described here in-
clude radlo frequency amplifiers and
converters, test equipment and
recelver aids, tuners, recelvers, mix-
ers and tone controls, as well as
varlous miscellaneous devices which
are useful in the home.

This book contains something of
particular interest for every class of
enthusiast - short wave llstener, radio
amateur, experlmenter or audlo
devotee.

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

BP6S: SINGLE IC PROJECTS  $6.00
R.A. PENFOLD

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

BP118: PRACTICAL ELECTRONIC
BUILDING BLOCKS - BOOK 2 $7.80
R.A. PENFOLD

This sequel to BP117 is written to
help the reader create and experi
ment with his own circults by com-
bining standard type clrcult building
blocks. Clircults concerned with
generating signals were covered In
Book 1, this one deals with process-
Ing signals. Amplifiers and fiiters ac-
count for most of the book but com-
parators, Schmitt triggers and other
circults are covered.

BP83: VMOS PROJECTS $7.80
R.A. PENFOLD N

Although modern blpolar power tran-
sistors glve exceilent results in a
wlde range of applications, they are
not without thelr drawbacks or limlita-
tions. This book wlll primarlly be con-
cerned with VMOS power FETs
although power MOSFETs wlil be
dealt with in the chapter on audio clr-
cuits. A number of varied and in-
teresting projects are covered under
the maln headings of: Audio Clrcuits,
sound Generator Circuits, DC Control
Circults and Signal Control Circults,
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In today’s society, with the number of
unlawful entries into premises being
on the increase, the security conscious
home-owner is becoming more con-
cerned about the protection of proper-
ty and possessions. The statistics for a
major Canadian city, reports that for
every commercial premise broken into,
a corresponding two residences are
entered. The consequence of such inci-
dents have led to the growth of a large
number of security firms, supplying
both products and services.

For the non-security specialist, a be-
wildering array of electronic security
systems and support hardware can be
had. In order to guide the concerned
home-owner through the maze of avail-
able options, a very basic overview is
presented on what essentially con-
stitutes the fundamentals of any
security system. Since the cost of many
installed systems would leave little
change from $1000, the prudent pur-
chaser could benefit by knowing exact-
ly what they were getting for their in-
vestment, '

Definition

To begin; what is a security system?
Very simply, a security system per-
forms two separate and distinct func-
tions, as shown in Fig. 1.

Depending upon the level of sophis-
tication needed and the amount of
funds available, the basic system can be
configured to an infinite number of
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Security Systems:
A Basic Overview

Protecting your home and family
from thieves and other disasters.

By Andrew Singmin

combinations. Current technology al-
lows functions 1 and 2, i.e. “Detection”
& “Communication”, to be made pos-
sible to very high levels of complexity.

A more detailed examination of func-
tions 1 and 2 shows that a further sub-
division can be made as seen in Fig. 2.

In summary, a security system should
perform the following:

1) Detect
- Entry into premises
and/or
- Movement within premises

2) Communicate

- Via internal/external siren
and/or

- Silent alarm to local police

Methods for Detection
Entry detection

Electromechanical hardware forms the
prime source of sensor devices, which
are typically of two types: contact
switches and vibration sensors.

These are generally mounted
onto/within window and door frames,
usually at the normal entry points.
These switches can either be hidden or
exposed, but perform the same unique
function - when the door or window is
unlawfully opened an electrical circuit
is completed, via the action of the
switch.

Vibration detectors this type of sen-
sor is usually mounted onto non-open-

ing windows, detecting the act of
breaking the window glass.

Both types of switches are very
simple (electrically) to use; however,
significant work on the door and win-
dow frames for locating the switches
and associated wiring must be per-
formed. The cost of installation would
generally far exceed the cost of the
switches themselves.

Movement detection

Electronic sensors are the main source
of devices and again are split into two
distinct types.

a) Infra-Red, Ultrasonic or
Microwave systems, send out a beam
of energy into a room and detect the
reflected beam off an unlawful in-
trusion into the protected airspace.
The basic principle is always detection
of a reflected beam.

b) Thermal sensors, detect the
presence of heat emission from a per-
son entering the protected zone.

Both systems contain complex
electronic circuitry, but nevertheless
are simply plugged directly into the
standard 125v power socket. A major
undesirable characteristic of these sys-
tems however, is the susceptibility to
false triggering, especially via the
presence of pets around the house.
Hence, it is generally stipulated by the
manufacturers of such systems that
operation should not be carried out in
such an environment.
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- B the siren is to halt the intruder’s ac-
SECURITY tivities.
I STEY ‘l Silent alarm
Y This service is generally offered by
1 | security firms specializing in monitor-
Entry | [Wotion | = oo ing services. When a silent alarm is set
Detect Detect i ’;rm Aorm  [T7¥L off, a check is made upon the state of

Fig. 1 Block diagram showing the two distinct functions of a security system.
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Audible siren

The very familiar siren features most
often found in security systems serve as
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Fig. 2 A further breakdown of the two functions shown in Fig. 1.
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a means of alerting the home-owner or
neighbors to the fact that entry into the
premises has occurred. Mounting of
the siren can be either inside or outside
the house. An additional purpose for

the house. If no verification is received
that the house is secure, then a call is
made to the local police.

Conclusion

Security systems can be a significant
monetary investment depending upon
the level of sophistication required. It
would be wise therefore, when com-
paring the merits of various systems of-
fered, to separate the ‘DETECTION’
from the ‘COMMUNICATION’ func-
tions in order that valid comparisons
can be made.

Andrew Singmin is a freelance writer
from Kanata, Ontario. n
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Easy Sine Generator

A low cost, versatile auido signal generating with up to six

volts of ouput.

This simple low cost audio generator
is gxtremely useful to have around.
The output is a sine wave of up to six
volts peak to peak and the frequency
can be varied from 33Hz up to 33kHz.
Two output sockets give variable out-
puts of 0-60mV, and 0-6 volts. A third
socket gives a constant six volts output
which can drive loads as low as eight
ohms directly at up to 0.5 watts. This
high power output level is ideal for
checking loudspeakers and associated
wiring. The compact construction
makes the unit perfect for the tool box
or pocket.

The Circuit

The circuit diagram of the oscillator is
shown in Figl. A single audio
amplifier IC, the LM386N-1, does
everything. The frequency of oscilla-
tion is set by the dual variable control
VR2a and VR2b, in conjunction with
whichever pair of capacitors is

By Mark Stuart

selected by S1b and Slc. Capacitors
Cl and C4 give the low frequency
range of 33Hz to 330Hz, C2 and C5
give 330Hz to 3.3kHz, C2 and CS5 give
330Hz to 3.3kHz, and C3 and C6 give
3.3kHz to 33kHz.

The components together form a
frequency selective network known as
a Wein Bridge. At the frequency of os-
cillation the circuit has its maximum
voltage loss of one third, but most im-
portant, it also has a phase shift of
zero. This means that the output signal
is fed back to the input in-phase, creat-
ing the oscillation. Above or below this
frequency the loss is less. Unlike the
sort of tuned circuits used in radio
receivers which can have very sharp
peaks, this circuit has only a gentle
hump in its frequency response. Its big
advantage is that it does not use induc-
tors (which would be very large for low
frequencies) and that the frequency

R1

1k |
k :LC7
Pt -
C1 3

GO 4 O V

M
VR = 386/‘
1% v

LP'® R3
22k
SEE

TEXT

Fig. 1. The complete circuit diagram of the signal generator. See the text for further
information on the stabilizing lamp and the potentiometers.
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can be varied by changing just two
resistor values. Feedback via this net-
work is passed from the output of IC1
(pin five) to its non-inverting input
(pin three) via R2 and R3. If the
amplifier gain is exactly three, the los-
ses of the feedback network are made
up and the whole circuit will oscillate
as required.

The problem in a practical circuit is
that a gain of exactly three is impos-
sible to achieve. If the gain is only
slightly less than three the circuit will
never oscillate, and if the gain is slight-
ly more than three the oscillations will
go on increasing the level until the
amplifier is driven into clipping and
the output is no longer a sine wave.

What is needed is a means of
measuring the output level and in-
creasing or decreasing the gain as the
output voltage falls or rises. Many
elaborate circuits have been designed
to do this, some of which are very
sophisticated and are used in top class
audio measuring instruments. One of
the most common methods is to use a
pair of diodes or Zener diodes in the
feedback network to introduce a con-
trolled form of clipping and to set the
gain to slightly over three. This method
introduces a small amount of distor-
tion but is adequate for some applica-
tions.

The Thermistor
An alternative is to use a thermistor
which is driven by some of the output
signal and as a result increases in
temperature and changes resistance.
This change in resistance is arranged
to affect the feedback signal so that if
the output rises and the thermistor
gets hotter the gain is automatically
reduced and vice-versa. In this way the
gain is constantly controlled and sets
itself to exactly three. Low distortion
and simple circuitry are the merits of
this method, the only drawback being
the cost and availability of the thermis-
tor. As this has to be heated by a very
57



AWS Programs that turn Word-
Star documents into ASCII
abound, but this one turns
ASCII back into WordStar. Let
those high bits roll.

BADCLUST This program finds
the bad clusters on cheap disks,
preventing them from killing
your data. If you must use low
rent oxide, use it carefully,

CHEAPFMT Like BADCLUST,
above, this program makes your
life less freaky if you use cheap
disks. It formats them very
carefully, looking for unusable
sectors.

CCC A C language program-
mer's dream, this is a "‘pretty
print’’ program, that actually
draws nesting loop and struc-
ture diagrams beside the source
code it lists. It makes spotting
even subtle bugs effortless.

CTP Somthing of a mutated fu-
sion between snake and space
invaders, this is a ruthlessly fast
arcade style game in first rate
high resolution graphics. Re-
quires a colour card or HGC,
below, and a Herc board.

HGC This is the first colour
card simulator for a Hercules
board that really seems to have
its act together for the majority
of colour card graphics software.
Run it and your Herc card will
display colour card high resolu-
tion graphics as if it was design-
ed for the task.

STEEL RAILBLUES

This month we've managed to compress more than
the usual amount of software onto one disk...
literally. By creating this disk with archive
compression, you'll get well over half a megabyte
of software when you unpack the files it includes.
The unpacking utility is on the disk, and is easy
and painless to use.

This month’s disk includes some games, some
serious stuff and a collection of unusual
utilities. Some of these programs came from way
down in the southern States... we found a new
source of public domain code down there.

As always, each of these programs has been carefully
checked out. You can trust Almost Free Software for
programs that work... and don’t contain any of the
trojans and worm killers that can wipe out an

4 unsuspecting hard drive.

All of this profound software, plus its attendant
documentation and support files, is available for a mere

plus seven percent Ontario sales tax.
from

1300 Don Mills Road, North York {Toronto),
Ontario M3B 3M8 or you can order by phone. Call

1(416)445-5600

Have your MasterCard, Visa or American Express card ready.
MAKE PAYMENT PAYABLE TO MOORSHEAD PUBLICATIONS

BIGPRINT This program prints
text files in very large
characters. It requires an Epson
compatible printer.

MBS This is one of the nicer
fractal programs we've en-
countered, as well as being one
of the faster ones. It runs on a
colour card, or on a Herc board
with HGC, above.

- MOUSE This is the source code

for the linkable MOUSE driver,
as seen in the July 1987 edition
of Computing Now!. It requires
MASM to assemble it and a C
compiler to use.

PCRR This is one of the most
interesting programs we've yet
encountered. It simulates a
railroad in high resolution
graphics. You can lay out your
railroad, equip it with multiple
trains and make the whole party
go. It’s good for hours of fun and
there’s no track to buy. Re-
quires a colour card or HGC,
above, and a Hercules board.

TASKER This is the most
elaborate multitasking system
yet devised for the PC. Install
up to nine variable sized parti-
tions, with a program running in
each, and pop between them in-
stantly.

WINDOW This is the source
code for the C language window
manager from the July 1987 edi-

‘tion of Computing Now! Writ-

ten in lattice C.

Fine Print: We check this software out very carcfully, However, we cannot be responsible for any loss or damage caused by it, nor are we able to assist you in modifying it for specific
purposes. All of this code was tested on PC compatible systems... if your computer is incompatible in some respect you may encounter difficulties with jt.
Disks do get damaged in the mail from time to time. If you are unable to read our disk when you get it, please return it to us for an immediate replacement.
All of the software on this disk has been generated by us or gathered from public domain sources, and is believed to be in the public domain.

Our latest software catalogue lists a variety of interesting, low cost programs. Circle reader service card number 100 for a fres copy.




DECEIVE This is a resident
rogram to be used if your boss
ikes tq creep up behind you when
you're supposed to be working. At
the touch of a key your PacMan
screen can be replaced by
WordStar, Lotus or any other
serious application until the
powers that be are satisfied and
playcanresume,

DPATH Allows the opening and
creating of files to be handled
with a path, just as the running of
programs is under DOS with the
PATH command. This is the gift of
the gods to programs that can't
find their overlays and configura-
tionfiles.

HXC A sophisticated hexidecimal
calculator, this program will keep
Zou from damaging your hands

y trying to glue on four extra
fingers,

IOMON This is a resident utility
whichmonitors the disk I/O of your
system and lets you see what the
drives are doing. It's greatfor spot-
ting the causes of system errors.

TREECOPY This is the best... and
fastest... tree copy utility we've en-
countered to date. It will copy and
entire subdirectory and all of its in-
cluded sub-subdirectories into
another tree,

TREEDEL This program will wipe
out a whole subdirectory and any
subdirecties in it with one com-
mand. Mass slaughter... what fun!

TREESIZE This program will tell
you how much space is occupied
by the aggregate contents of a
subdirectory.

KC-PAL An EGA pallete editor and
librarian. Comes with lots of sup-
port utilities and toys. Not surpris-
ingly, itrequires an EGA card.

This month we've tried to concoct a disk that will be useful
to everyone. It has serious stuff, a good game and all
manner of useful system utilities. it also has a way to help
you keep your job.

As with all of our recent disks, this one is archived to allow
us to get more software on it than would usually fit on a
single floppy disk. The un-archiver is included, and is
pretty painless to use. This collection will unpack onto
three moderately full floppy disks.

Like all of our almost free software collection, these
programs have been relentiessly scrutinized for trojans and
disk killers. Beware the software collections that don’t
check for nasty code... some of those little beasts have
become incredibly sneaky in recent months.

With the increasing popularity of EGA compatible display
adapters, this disk also includes a number of programs
custom written for the EGA card.

Thisdisk is available fora mere

$19.95

plusseven percent Ontario oxide tax

from
Moorshead Publications
1300 Don Mills Road
Toronto, Ontario
M3B 3M8

oryou canorderitby phone. Call
(416) 445-5600
during business hours. Please have your Visa,
MasterCard or American Express card handy.

VRAM This is an amazing bit of
work for people with programs
that want to see a Lotus-Intel
AboveBoard memory card... if
they lack one. It allows up to eight
megabytes of hard drive space to
pretent to be extended memory...
sort of a RAM drive in reverse.
Great for Lotus users with big
sheets to spread. (Please note that
this is a restricted version of this
program: the author requires a
$25.00 contribution fora complete

copy.)

LQPRINT If you've ever wanted to
print attractive documents
without having to pop for an ex-
pensive fancy printing package,
this thing was written for you. It
does all the special effects you
can imagine, runs under just
about anything and supports all
sorts of dot matrix printers. It in-
cludes a wide selection of very
well done fonts.

ZANS! Another replacement for
.SYS, this one increases your
console printing speed by almost
fifty percent without sacrificing
any of the commonly used
ANSI.SYSfunctions.

CYLON This makes your cursor go
strange... deliberately, It's useless
butit's very smali. Regires an EGA
card,

EGAROIDS The best asteroids
game ever written for the PC...
when those rocks come at you
start praying to the cosmic gods.
Requires an EGA card.

NEWFONT Replace the austere,
depressingly corporate IBM font
of your PC with damn near any-
thing you can think of, Several
fonts are included. The screen in-
terface is seamless, and the
results can be extremeéy pleas-
ing. Requires an EGA card.

Fine Print: All of the pr
that they work and don't do anything weir

We cannot be responsible for aeng
return the disk to use for an Immedi

rams on this disk have been collected from

loss or damages resulting from your use of this software,
ate free replacement.

d. Please note that these programs may behave unpredictably on computers which are not wholly PC col

IF YOU ENCOUNTER PROBLEMS WITH THIS SOFTWARE, PLEASE NOTE THAT OUR TECHNICAL SUPPORT LINE IS AVAILABLE

BETWEEN 9:00 AND 10:00 EASTERN STANDARD TIME MOST MORNINGS.

public domain bulletin boards, and are believed to be in the public domain. All of them have been tested to make sure

however caused. If you are unable to use these programs as a result of disk errors, please

mpatible.




Easy Sine Generator

small signal it has to be physically
small and contained inside an
evacuated glass envelope. In this cir-
cuit the thermistor method has not
been used but instead a small cheap
filament lamp is employed.

Lamp Characteristics

It is generally known that the resis-
tance of a filament lamp changes as it
heats and cools. What is probably less
well known is exactly how much. To
get some idea of the figures involved a
small bulb of 12 volts 60mA rating was
tested. The voltage across it was varied
and the current measured at different
voltages from 25 millivolts upwards.
The resulting curve is plotted in Fig. 2.
A normal resistor would produce a
straight line as shown by the dotted
line for a 200 ohm resistor. The shape
of the curve shows that initially the
current increases rapidly for only a
small increase in voltage but gradually
increases less and less as the voltage
gets higher.

At very low current and voltage
(1ImA, 25mV) the slope of the curve
shows the resistance to be around 25
ohms. At higher currents the effective
resistance rises, becoming 335 ohms at
12 volts. This has very interesting im-
plications from the point of view of
switch-on surges. In this case a 60mA
bulb will actually look like a 25 ohm
resistor at switch-on and will draw a
current of 500mA. If the power supply
can only provide 250mA, then a volt-
age dip will occur which could result in
numerous undesirable circuit effects.
If is assumed that all bulbs behave
similarly it indicates that a car head-
light bulb rated at 48 watts or four
amps will draw an initial surge current
at switch-on of around 35A. The head-
lamp switch must therefore be able to
handle regular 60A current surges.

Getting back to the original pur-
pose of all this, it is clear that the bulb
filament can be used in the same way
as a thermistor to control the gain of
the oscillator circuit. The bulb resis-
tance increases as the power in it in-
creases and this must be arranged so
that it causes a decrease of circuit gain.

Second Feedback Loop

The arrangement shown in Fig. 1
achieves the necessary control by in-
troducing a second feedback loop
around IC1. This loop is from the out-
put to the inverting input, and so it is
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Fig. 2. Lamp resistance variation with current.

negative feedback. The output signal is
coupled via C8 and R7 to the lamp
LP1. The voltage across the lamp is
tapped off via R1 and VR1 and fed to
pin two of IC1. Operation is as follows:
Initially when the circuit is switched
on, LP1 is cold and so has a very low
resistance. Any feedback via R7 is

therefore shunted away and has little
effect. Without negative feedback the
circuit has high gain and so oscillation
commences and builds up.

As LP1 is heated by the increasing
output signal, its resistance increases
and so the voltage across it also in-
creases. This causes more negative

lo

“o&&EEE

Oug

Fig. 3. The printed circuit layout and wiring details.
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Easy Sine Generator

feedback to be applied to the circuit
which reduces its gain. This stabilizes
the oscillations at a level which can
then be preset by means of VR1. The
result is a good stable sine wave output
of 6V peak to peak.

Although the final circuit is very
simple, the actual design of the nega-
tive feedback stabilization loop is quite
difficult. The thermal inertia of the
lamp puts a delay into the circuit
which can cause the stabilization to
overshoot. This means that the output
level ¢an have a tendency to bounce up
and down as the frequency is varied.
Careful design is necessary to reduce
this effect to a minimum.

Outputs

Three outputs are available from the
circuit. One is straight from the IC out-
put via C9, and is capable of driving a
speaker at up to 0.5 watts. The second
output is variable by means of VR3
from zero to six volts. R8 protects this
output from short circuits. The third
output is divided by 100 by R9 and R10
and so is suitable for use with sensitive
input circuits.

Power

The circuit can be powered either by 9
or 12 volts. A 9V alkaline battery will
give adequate power for intermittent
use. An 9V or 12V AC-to-DC mains
adaptor should be used if the unit is in
use for longer periods, for example
during bench testing. A section of S1
(S1a) is used as the on-off switch.

Pots

The main frequency control pot VR2
should be a 10k reverse-log taper. This
allows the frequency dial markings to
be spread out evenly around the dial; a
linear pot will make the markings jam
up together ‘at one end. If you can't
find a reverse-log pot, and they’re very
hard to find, you can (a) put up with
the condensed range of a linear pot, or
(b) use a standard dual log pot and
mark the dial backwards (in other
words, the frequency decreases with
clockwise rotation.

Output pot VR3 should be a log pot
to prevent its range being squeezed
into one end, but you can get away
with a 1k linear. It’s not all that critical.

Construction
The whole circuit is built on a small
printed circuit board which is shown in
Fig. 3, the copper track pattern is also
E & TT March 1988
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Fig. 4. Interwiring details.

shown, Assemble the board as shown
taking care to get C7, C8 and C9 the
right way around. A socket should be
used for IC1 . The board should be
fitted with flexible wire leads for the
connections to VR3 and S1. These
leads are best fitted directly to the
board by stripping approximately 6mm
of insulation and passing the bar ends
through from the component side and
soldering on the track side.

Refer to the wiring diagram of Fig. §
for all of the necessary off-board con-
nections. Switch S1 has all of its tags
numbered or lettered for ease of iden-
tification. If different switches are used
it may be necessary to make changes to
this. The lamp LP1 should be secured
to the board with a small blob of ad-
hesive. It is important that the correct
lamp is used for the stabilization cir-
cuit. Because of variations in lamp
construction, it’s wise to buy several
and select the one that gives the most
stable signal.

Setting Up

The circuit only requires adjustment of
VR1 to be up and ready to use. For-
tunately this adjustment is quite
simple. Ensure that a fresh battery is
fitted, select the lowest frequency
range and set the dial to give ap-
proximately SOHz. Connect a multi-
meter set to AC volts between OV and
"Output 1". Adjust VR1 to give a read-
ing of 2.1 volts, and that's it. The
calibration of VR2 can be done by bor-
rowing a frequency meter or oscillo-
scope, or in a slightly more primitive

way by comparison with musical in-
struments (A above middle C is
440Hz).

Parts List
Resistors
R1,5,65 00NN SR 1k
2L W e 47k
RS ... 1 SR 22k
R4 (o2l LN e 68k
RN Y25 ST X Sy 0 150
REL. = o =Y 8R2
ROME s - S 10k
RGNl S N 100
Potentiometers
VIR, T 1k trim pot
VR2 ..10k dual log (see text)
VR3 .....coenee. 1k log (see text)
Capacitors
L 470n
s ot s B oD 47n
Coa L 4n7
(SRS Pl S— 100u, 16V
CORNR S —— 220u, 16V
Semiconductors
IC1 LM386N-1 power op amp
Miscellaneous
LP1 12V, 60mA miniature wire-
ended lamp, S1 3-pole 4-way rotary
switch, SK1 to SK4 panel sockets or
binding posts to suit, 2 suitable
knobs, optional 8-pin IC socket, 9V
battery clip, metal case, wire,
solder, etc.
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The Physics
of Music,
Part 5: Resonance

How strings and tubes produce tones

By Bill Markwick

f we leave electronic musical instru-

ments aside for the moment, it’s safe
to say that all the music we listen to
comes from something resonating, or
emitting a tone at a specific frequency.
Over the centuries, instrument makers
seem to have tried every possible
method of utilizing objects that can be
made to emit desired tones. Some are
simple and some are elaborate com-
binations of various resonator types.

In general, musical tones are
cmitted by stretched strings, strips or
bars of various shapes (vibes, reeds,
bells), pipes (whistles, organs, horns),
diaphragms (drums) and a resonator
that consists of an enclosed volume,
the Helmholtz resonator (guitar
bodies, etc). In addition, many instru-
ments use combinations of the above.

Strings

The enormous string family includes
guitars, the violin subfamily, banjos
and a host of others. They may well
have derived from the hunting bow,
when somebody noticed that the twang
could be changed in pitch by varying
the tension. I'd also include the piano
in our list; there’s some dispute here,
since it’s actuated by hammers and
might be called a percussion instru-
ment, but there’s no doubt that its
tones come from stretched strings.

The textbook example usually con-
sists of a string tensioned between two
immovable posts. When plucked, it
first forms a bow shape, like a skipping
62

rope. This bow moves back and forth
at a fixed rate; if the sound produced is
picked up by a microphone and dis-
played, we see the familiar sine wave.
The string can also generate overtones
(called harmonics if they’re musically
related); the bow first splits in two,
forming two equal bows. This
produces a harmonic note (the second
harmonic — the fundamental is the
first harmonic in technical terminol-
ogy) at twice the fundamental frequen-
cy. Now it splits into three, generating
the third harmonic. The process con-
tinues, generating a whole series of
notes at integer multiples of the fun-
damental frequency. Of course, all this
happens in an instant, and all the har-
monics sum together to form one com-
plex tone.

The points at which the string is at
rest are called nodes and the maximum
excursions called antinodes. Guitarists
will be familiar with what happens
when a string is plucked at a node
point; the harmonics with- that node
are accentuated. If there’s a guitar
handy, strum the strings over the
twelfth fret and compare it to plucking
near the bridge. This is the midpoint of
the string, and the even harmonics will
be accentuated, producing a soft, mel-
low sound.

If yowd like to hear the second har-
monic by itself (almost), put your
finger lightly on any string over the
twelfth fret and pluck the string sharp-
ly near the bridge. You'll hear the

high-pitched, singing second harmonic
quite loudly, mostly because we've
damped out the fundamental with your
finger over the fret. Other harmonics
can be produced at other points; two
octaves by touching the string over the
fifth fret (one quarter of the string
length), an octave-plus-fifth (third har-
monic) over the seventh (which divides
the string in the ratio of 3:2) and so on.

If youwd like to hear the fundamen-
tal pretty much by itself, touch the
string firmly about half a finger’s width
from the bridge and pluck it sharply.
It’s a fairly loud but very dull sound be-
cause you've damped most of the har-
monics.

Wooden Amplifiers

The classic case of the string stretched
between two immovable points doesn’t
occur in musical instruments, If it did,

N A
A
N N N

The nodes and antinodes of a
vibrating string for four harmonics.
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The Physics of Music, Part 5: Resonance

you wouldn’t hear much, because the
string’s small surface area won’t set
enough air in motion. It’s necessary to
direct the energy of the string via its
termination (the bridge) into a panel
which will match this energy to the sur-
rounding air. Usually the panel is a
thin wooden soundboard, as in the
violin family, guitars, pianos, etc. To
further enhance the tone, certain har-
monics of the string/top combination
can be controlled by mounting the
panel on top of an enclosure. This
enclosuyre, such as the violin or guitar
body, has complex resonances itself,
favoring the high frequencies in the
stiffer areas and the low frequencies in
the large, flexible areas. In addition,
the air in the cavity has a resonance of
its own (the Helmholtz resonance).
The entire instrument forms an in-
credibly complicated sound generator.

Further, the resonating body feeds
energy back into the string, greatly af-
fecting the tone. This is why a solid-
body electric guitar sounds quite dif-
ferent from an acoustic guitar with
electric pickups; the solid body does
not return as much energy to the
strings.

The fundamental frequency at
which the string vibrates varies inver-
sely with its length, and also with the
square root of its mass and the tension.
The length is determined by the con-
struction of the instrument; the tension
and mass are more easily varied then
the length to keep the size manage-
able. For instance, if you scale up the
size of a violin exactly so that the pitch
is lowered to that of an upright acous-
tic bass, the body alone would be
about six feet high. To keep it playable,
thicker strings under less tension are
used.

The pitch of any given string is in-
versely proportional to its length; half
the length produces the octave, and so
on. It gets a little more complex with
instruments that have fingerboards:
when you press the string down, the
tension is increased and the pitch goes
up. The fret positions (or the violinist’s
fingering) must be adjusted to com-
pensate for this. If you can accurately
measure a guitar fingerboard, you’ll
find that the twelfth (octave) fret is not
exactly half of the string’s length. The
banjo has an easily movable bridge,
and banjo players will be familiar with
the technique for replacing a removed
bridge: its location is adjusted until the
E& TT March 1988

harmonic sounded over the twelfth fret
is equal in pitch to the fretted note at
the twelfth.

Windings

Musicians occasionally ask why the
thicker strings of an instrument are
wound with wire instead of being solid.
The answer is that although the pitch
depends only on tension, length and
mass, the quality of the sound depends
on many other factors, in particular the
stiffness of the material. Short sections
of a thick, solid string would be reluc-
tant to vibrate, and this would at-
tenuate the higher harmonics. Wind-
ings improve the flexibility and the
brightness. Of course, they collect skin
oils and dust, too, so the wound strings
tend to go dull more rapidly than the
solid upper strings. You can’t have
everything.

And can a string go out of tune with
itself? The answer is yes. The ideal
string’s harmonics follow an integer
rule: 1,2,3,4 times the fundamental and
so on. If the string is dirty or starts to
unwind, sections of it can vibrate at
frequencies unrelated to the fun-
damental. In bad cases you can actual-
ly hear a sour tone or two floating
above the fundamental, or the sound
may be of indeterminate pitch. Lazy
guitarists like myself who hate chang-
ing strings hear this effect all the time.

Bars

The vibrating bar is used in
vibraphones, harmonicas, reed wood-
winds and various percussion instru-
ments, such as chimes. The bar is
either clamped at one end (reeds) or
free at both ends (chimes, etc). The
bar’s resonance depends entirely on its
stiffness, unlike the string, which uses
tension as the restoring force. The fun-
damental frequency is inversely
proportional to the square of the
length, and also depends on thickness,
density and the type of material.

In the case of the bar clamped at
one end, the overtones are not simple
harmonics, but are related to the fun-
damental in ratios like 6.2:1 and 17.5:1.
These non-integer relationships ac-
count for the “edge” on the sound of
reed instruments.

The bar free at both ends, as in
vibes, xylophones, chimes, etc., has a
somewhat different overtone structure,
with ratios like 2.7:1, 5.4:1 and so on.
These are still non-integer, but a little

closer to musical harmonics, produc-
ing a mellow but rich bell- like sound.
Pipes of certain lengths are often
suspended under the bars to further
accent the sound.

Pipes

The pipe open at both ends is a simple
resonator: its resonant frequency is
¢/2L, where c is the speed of sound in
air and L is the length. The overtones
produced are integer harmonics:
1,2,3,4 times the fundamental and so
on.

The pipe closed at one end has a
frequency of ¢/4L and its harmonics
are odd integer multiples: 1,3,5, etc.

In both cases, the exact fundamen-
tal frequency depends on the shape of
the end of the pipe: a flared pipe will
have a slightly different effective length
than a straight pipe. Since the correc-
tion is a fraction of the radius and is
added to the physical length to get the
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The fundamental of a tube closed at
one end is at one-half the wavelength.
The first three harmonics show that
an antinode is always at the closed
end.

acoustic length, it’s often ignored for
long pipes with a small radius.

The resonance of the pipe gives us
the pipe organ, woodwind instruments,
brass instruments, and whistles; pipes
are also used for special effects in
other instruments (as in the
vibraphone).

The whistle family and the pipe
organ depend on the airflow over the
pipe’s aperture itself to make the
sound (win a trivia contest: the sound-
producing aperture of a pipe-style in-
strument is called a fipple); in brasses
and woodwinds, the sound is produced
by a reed (the lips function as a reed in
the horn family). The pipe organ has a
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pipe for each note; other instruments
depend on various methods of altering
the pitch and producing a scale.

In the woodwinds and whistles,
holes are covered or uncovered by
fingertips or mechanical valves, effec-
tively changing the length of the pipe.
In the case of the inexpensive tin
whistle (pennywhistle), over two oc-
taves is possible from the six holes. If
the holes are covered and the force of
blowing increased, the pipe will jump
to the octave note, twice the fun-
damental frequency. Now the player
can start over and play the scale in the
second octave. It’s also possible to
overblow even harder and jump to the
next higher harmonic, which is the fifth
above the octave (that is, on a C
whistle the harmonic would be G plus
an octave). On instruments like the re-
corder, a thumbhole is drilled into the
back of the cylinder. Opening this hole
encourages the instrument to jump to
its octave note, minimizing the need
for overblowing with its attendant
jump in volume.

The brasses are capable of playing a
scale without the use of holes, valves or
slides. In fact, it wasn’t until the 19th
century that improved metalworking
allowed the use of the now- familiar
valves, as used on the trumpet or
French horn. The scale is obtained
partly by the player’s skill in control-
ling lip tension and air pressure, and
partly by the fact that the horn, being a
pipe, will naturally play a harmonic
series. This series in the key of C goes:
C-C-G-C-E-G and on up; these notes
correspond to the integer harmonics,
1,2,3,4 times the fundamental and so
on. The notes become closer and
closer together and eventually an en-
tire scale is generated. It’s not exactly a
perfect scale, with many of the notes
straying from the pitch of the same
note played on a piano or fretted in-
strument; we’ll be investigating why in
a future issue.

The natural, or valveless, horn can
only play in one key. To get around
this in past centuries, players could in-
sert a crook (a length of extra tubing)
to change the fundamental, or insert a
hand in the bell of the horn to get a
sharp or flat. Still, the larger part of its
lower range is rather gap-toothed; we
can only marvel at the immense skill of
horn players in the past, or today’s
64

players who use original instruments.
Once smoothly-operating valves and
slides were available, the brasses be-
came chromatic instruments capable
of playing any note. The valves add
extra lengths of tubing; the extra length
can be used to lower the pitch of any
note. For instance, if you wanted an F
note from a C trumpet, you'd vary lip
tension to produce the harmonic G,
but with a valve down that drops the
pitch a whole tone. It sounds compli-
cated (and beginning trumpeters will
agree that it is).

It’s of interest to note that horn
players have complained that inodern
reproductions of early instruments are
hard to play and keep in tune com-
pared to museum-piece originals. The
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The response of a typical hom. The
resonant peaks correspond to the
notes C-C-G-C-E-G.

reason turned out to be technology:
the older horns were individually
hand-made, with the accompanying
small errors and variations .in
diameters and symmetry. This asym-
metry gave the older horns fairly wide
peaks at the harmonic frequencies,
rather like a low-Q bandpass filter,
making it easy for the player to “bend”
the pitch to suit. Modern machine-
made horns, by contrast, are symmetri-
cal throughout their construction,
resulting in a high-Q bandpass (a very
tight peak at the harmonic frequen-
cies). It’s more difficult to play
smoothly on the latter instruments.

The Helmholtz Resonator

Sounding a note by blowing over the
neck of a pop bottle is a demonstration
of a Helmholtz resonator. It’s defined
as an enclosed volume of air coupled
to the outside air by means of an aper-
ture. It produces the sound from
police whistles or ocarinas, and en-
riches the sound of other resonators,
as in guitars, violins, etc. The formula

for its resonance frequency is rather
involved, but essentially it depends on
internal volume and the radius of the
orifice.

The bodies of the violins, guitar, or
any instrument made of wood are com-
plex resonators indeed, with different
sections responding to different fre-
quencies. Guitarists who have tried in-
stalling a pickup in an acoustic guitar
will have discovered this; the
soundboard around the bridge favors
low frequencies, while the soundboard
closer to the neck radiates the higher
tones. When this plate resonance is
added to the air (Helmholtz)
resonance of the internal volume, a
fine guitar or violin becomes much
more complicated than first appears.
In fact, physicists have been studying
the violin in depth ever since its
development in the 16th and 17th cen-
turies, and some aspects of it still
remain a mystery, probably because
there are so many variables in con-
struction and playing techniques.

Stretched Diaphragms

The stretched diaphragm is used in
drums, cymbals, the tambourine and
the banjo. They are all circular, very
thin and supported either at the cir-
cumference or in the centre (or in the
case of the gong, free-standing). Since
they produce very complex overtones,
their sound is not always perceived as
having a definite pitch, though the
boom of the kettle drum can be tuned
to an easily recognizable note. The
fundamental frequency is found in
much the same way as the stretched
string; it varies with mass, tension and
the radius of the diaphragm. The many
overtones are not harmonically re-
lated, but sum to produce an instan-
taneous sound that closer to “control-
led noise”. The tension of the drum-
head or banjo head is adjusted until
the predominant harmonics suit the
player and the instruments. In guitar
construction, the maker will often ad-
just the thickness of the top until it
seems to agree nicely with an A note.

In the next issue, we’ll look at the
arithmetic of the musical scale. We’ll
compare the equal-tempered scale and
the natural scale, with some explana-
tions as to why horn players, violinists
and singers sometimes seem to be at
odds with the notes from pianos and
fretted instruments. [ ]
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For Advertising Information Call (416) 445-5600

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

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

Voice (speech) recognition SCH (Max. 20CH) Control SW Kit
® Cancontrol 5 relays on/off with your voice
® State-of-the-art special 60 pin LSI control
® With additional circuit can extend more 15CH
Complete KitwithSRelays . ........................ . .$149.00

Digital Capacitance Meter Kit
® 3digit large size LED display 6V/V battery operation.
® Wide range 10pF to 999uF, Accuracy 2%
H Complete Kit (without case)

Max 500MHz, 8-digit Frequency Counter Kit
® 10Hz to 500MHz, 6 combination measurements
® Up to 10MHz 30mV, 10MHz to SO0MHz 100mV, Accuracy 0.005%
Complete Kit (Withoulcase) .. .................iieueninnninnnn. .$145.00

................... .$ 3900

Frequency Counter Adapter for your muiti-meter
Change your multi.meter into handy frequency counter.
S5Hz to 200KHz, with optional pre-scaler. Max. 200 MHz
Accuracy 1%, sensitivity 100mV
Comes with X'tal Calibrater Unit
Complete Kit (without case) . $ 4500

200MHz Universal Pre-Scaler Kit

® 200MHz BOmV, 1/100, 1/1000 divider
Complete Kit {withoutcase) . ................. .............. .$ 29.00

12CH (Max 32CH) Remote-Control Switch Kit
® Special function 1-chip CPU control
® A-type. Infrared Tx, Rx. Max. distance 40 feet.
® B-type. Wireless FM, Tx. Rx. Max. distance 300 feet.
Complete Kit — A-type ................. $87.00 B-Type $145.00

Stepping motor driver kit comes with mini motor
® Good for drive small motor. Max. 12V 1.2A, 3000pps.
® Manual or computer control are selectable
SPeciaPPAICER., . e g g .$ 68.00
High Speed EP-ROm erasing Lamp Kit.

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

Tsetwithtimer . ... ... .. .. .. .. . . i $ 4198

$6.00 for shipping. Plus P.S.T. for B.C. residence. Plus C.0.D. fee, If requited. We do not
accept invoice orders.

K.E.M. Electronics Ltd.
Mail to Box 69126, Station (K),
Vancouver, B.C. V5K 4w4
Office 879E. Hastings, Vancouver
(604) 251-1514

PRO AUDIO and STAGE LIGHTING

* Faders all values and tapers.

* Rotary and trim pots. - * Knobs all sizes.

* NEUTRIK audio connectors. - * Chemicals.

* Resistors and capacitors all values.

* Led’s, diodes, transistors and IC’s.

* Tone generators 1 hz-100 khz.

* Pink noise generator. - * Summing, line and preamps.

* Level indicators. - * LCD panel meters

* Phantom power supply circuit boards.

* Regulated power supply circuit boards for all Radio Shack and
Hammond 161 and 229 series transformers. - * Power supply kits.

* Low distortion digitally or manual controlied auido attenuators.

* High headroom noiseless electronic switches with remote.

* 3 wire communlcation module compatible with others.

* RFI filter chokes 10-200amps. - * Triacs 1540A. SCR’s 3-150A.

* 1,4 and 8 ch. 120 vac dimmer cards.

* 4,6 and 10 ch. solid state relay boards 15 - 40A RMS.

* 10 scene 12 ch. programmable solld state relay controller with ch. bump and push
on push off swltches. - * 28 ch. chaser board with speed and level control.

* 24 ch. random generator.

* 4 ch. color organ with active filters.

* Rate controlled auto fade with presets and remote control.

* 4 wire analog multiplexer compatible with others.

* All circuits operate at standard levels.

Send $2.00 (refunded with inltiat orden for compelte catalog with pricing and detases
specs of circuits to:

PATOR COMPONENTS
P.0. Box 81037, S. Burnaby, B.C. V5H 4K1

Classifieds

ADVERTISING FORM

Rates: The basic one time insertion rate is $1.50 per word (Minimum 25 words) The rate ot
$3 50 per word allows your advertisement to run in all three publications (Com
puting Now!, Electronics Today, and Computers in Education) Headings. logos ane
reverse advertisements are availabte for an additional $30 00
Special discount rates are available for multiple nsertions They are as follows

25% for 12 consecutive insertions

15% for 6 consecutive insertions

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

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

Please contact: Moorshead Publications
1300 Don Mills Rd., Don Mills, Ontario M38-3M8

(416) 445-5600

Dreams can come true if you ''Get Active’".

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

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

= DO DREAMS COME TRUE?

SALES MANAGEMENT TRAINEES
AND SALES REPS

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

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

Forward your resume to:

Hank Boyer, General Manager
Active Electronics
237 Hymus Boulevard
Pointe Claire, PQ HI9R 5C7
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For Your Information Continued from page 47

laborators to produce protective
coatings of cadmium sulfide on
semiconductors used in infrared
Sensors.

The research is being carried out
within the newly formed Institute
for Surface and Interface Science
(ISIS) at UCI, which Hemminger
directs. The goal of the Institute is
to bring together investigators from
chemistry, physic and engineering to
study phenomena that occur at the
boundaries  between  different
materials.

This Poseidon Adventure

It was last June that a unique
project got underway in Norway's
Foss Fjord which could ultimately
create major savings and increased
efficiencies in the production of oil
and gas by offshore platforms
around the world.

A joint venture research and
development activity of the French
petroleum company TOTAL CFP,
France’s Petroleum Institute (IFP)
and the Norwegian oil giant Statoil,
the project is known as the
Poseidon System.

The purpose of the Poseidon Sys-
tem is to drastically change the way
current operations are carried out.
Oil platforms produce a mixture of

oil, gas, and water which must be ex-
tracted before being pumped to
shore.

This involves separating the
crude, gas and sea water. One
pipeline then carries the crude to
shore, another the gas after it has
been dried and compressed and the
water is pumped back into the sea.

These are major operations, re-
quiring a great deal of space and
enormous platforms that are either
floating or fixed to the sea bed.

Enter the Poseidon System, a to-
tally new and different approach to
the way things are done. The crude,
gas and water mixture s
transported “as is” through a single
pipeline and the processing (separa-
tion) is carried out on shore,
making for much safer and more
economical operations. And be-
cause water, gas and oil are
transported in diphasic conditions,
only one pipeline is required and
huge platforms would no longer be
needed.

The system consists of three
major elements — satellite wells,
equipped with underwater produc-
tion well heads are linked with a
central underwater station. This sta-
tion ensures the proper perfor-
mance of all of the components —

the connection of the feed pipes be-
tween the various well heads, the
transportation of the oil-gas-
seawater mixture in a pressurized
state, the power supply to the
pumps via a cable running from
shore, and the remote control and
monitoring of the entire system.
The third component is a diphasic
pipeline linking the underwater sta-
tion with the shore-based process-
ing facility.

Poseidon is completely robotized
and its design is modular which

means reduced maintenance be-
cause defective parts can be readily
replaced, eliminating the need for
underwater diving crews.

Each of the partners in there
search project has a specific respon-
sibility — IFP is in charge of
developing the diphasic pump, a key
element in the successful movement
of the oil, gas and water mixture;
Statoil is responsible for the
transportation of the diphasic oil ef-
fluent over long distances. And in
charge of the wells, well heads, col-
lecting systems, the underwater sta-
tion and the special motor for the
diphasic pump is Total CFP.

Several pilot projects are planned
following the completion of this ini-
tial project — first on platforms and
then later, under the sea. It is an-
ticipated that the techniques
developed during the R and D
phase will permit full industrial
production of the equipment and
subsequent widespread use
throughout the industry.

Anyone interested in obtaining
more information about Poseidon is
invited to contact M. Bruno Darde,
Technical Director, TOTAL CFP, §
rue Michel Ange, 75116 Paris,
France, Tel: (1) 47 43 80 00.

MULTI-FUNCTION COUNTERS

Available in two capacities

Uninterruptible

Computer Power System

SR

Power Caontrol

o

’.w .

HCF-100
Here's a compact, lightweight 10Hz to 100MHz counter
with four function performances. The unit features eight
digit LED display, iow power consumption circuit with
functions for frequency, period, totalize and self check.

Dimensions: 3" x 8” x 10-1/2” $259.

HCF-1000
Range 10Hz to 1GHz with 8-digit LED display, frequency,
period, totalize and self check functions. $ 49 5

Plus $10 for shipping and handling.
Ontario residents add 7% P.S.T. Order by phone or mail.

KB ELECTRONICS

355 Iroquois Shore Road, Oakville, Ont. L6H 1M3
(416) 8426888 Telex: 06-982396 (KBEL OKVL)

Circle No. 15 on Reader Service Card

Computer Standy Fowmee Buntem

/

Complete Power Protection for Serious Computers

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

« Superior Technical Specifications

« Available up to 1200 watt

« Load Transfer in less than 2 milliseconds

« Surge and Spike Protection up to 300 joules
« Battery Recharge within 4 hours

« Very Quiet Operation

« Audible and Visual Alarm Indicators

« Remote Alarm Contacts

« 12 Months Unconditional Warranty

« Manufacturing and Service in Canada

Power Control Inc.
12 - 175 Toryork Drive Toronto Canada MOL2Y7
Phone: 416 747-6644 FAX: 416 747-9070

Circle No. 16 on Reader Service Card
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For Your Information

Volt-Ammeter/insulation
Tester

The Model 6000 digital clamp-
on volt-ammeter and optional
insulation tester from Brunelle
Instruments is a versatile unit
featuring  seven  functions:
AC/DC Volts, AC Amps, Resis-
tance, Diode Check, Continuity
Check and Insulation Tester
with the optional Module 6001.

The instrument also has a
PEAK HOLD function for tran-
sient signal measurements and a
LO BAT indicator. The 3 1/2
digit LCD is easy to read even
undeg bright daylight.

Additional features of this in-
strument are the ability of
measuring DC voltage up to
1000 Volts, AC Current up to
1000 Amps from 50 to 500 Hz
and Resistance from 0 to 2
MOhms.

The optional insulation tester
is a plug-in module which fea-
tures two ranges, 0 to 20
MOhms and 0 to 200 MOhms,
and delivers an output voltage of
500 VDC
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PC Guardian

The PC Guardian security device for the Mac SE uses a key to activate
the Mac’s power supply, reserving data access to key holders. The device
also locks the CPU cabinet to prevent theft of peripheral boards.

The unit can be installed easily by end users in minutes by using the ex-
isting cabinet screws and Zyton, a permanent chemical bonding agent.
The device is compact, measuring S inches long, 1 3/4 inches deep, and 2
inches wide.

For more information contact:
Richard Robinson, Brunelle In-
struments Inc., 69, 6th Range S.,
St-Elie D'Orford, Quebec JOB
250. Tel: (819) 569-1408.

Circle No. 81 on Reader Service
Card

For more information about the PC Guardian, contact: Gayle Hagen

or Ann Laurenson at Micro Security Devices, 118 Alto Street, San
Rafael, California 94901.

Circle No. 82 on Reader Service Card
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What you Didn’t Know About Solder Guns:
Z-50 CORDLESS soLDER GUN

PRINCIPLE OF OPERATION

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

e Lightweight: 11 0z./315g.

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

e Cordless for safety and
convience and 4 hr. recharge

* Made in Canada

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

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

e Full 1 year warranty (tip excluded)

149,
gpare?Tgips“Fine Point” $14.95 1-800-363-9120

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

Zimac Laboratories
111 Bombardier St.,Chateauguay

Quebec J6J 422 (614) 691-5510
Fax: (514) 691-6467

Circle No 17 on Reader Service Card

from 10ohmsto2M2 ohms (65 values + jumper), plus a bonus

NEW: SURFACE MOUNT COMPONENT KITS

® PROTOTYPING
® EXPERIMENTING
® SMT TRAINING
® TEACHING

® REPAIRING

Design now with the state-of-the-art surface mount chip com-
ponents. Complete, low priced, conveniently packaged chip
resistor and capacitor kits.

Chip resistor kit CR-1 contains:
710 resistors composed of 10 resistors of every 20% values

of 10 additional resistors in 1K, 10K, 100K, 1M and Oohm
jumpers.

Chip capacitor kit CC-1 contains:

285 capacitors composed of 5 chip capacitors of every 20%
values from 10 pF to 220nF (53 values), plus a bonus of 5 ad-
ditional capacitors in 100pF, 1nF, 10nF and 100nF.

Each kit sells for $89.95 post-paid. Order by phone or mail.
VISA, money order or certified cheque. Ontario residents add
7% sales tax. Please allow 4 weeks for delivery. Linear and
digital surface mount kits available soon.

INLY SYSTEMS INTERNATIONAL LTD.
1090 Cummings Avenue, Gloucester, Ontario, K1J 7S2
Tel: (613) 744-8307

Circle No. 18 on Reader Service Card 67




For Your Information

Apple MIDI

Apple Canada recently announced the introduction of the Apple MIDI Interface offering
musicians, music educators and hobbyists a low-cost, hxgh-quahty Apple product.

MIDI, the Musical Instrument Digital Interface, is the music mdustry standard for communicat-
ing musical information clcctromcally With a MIDI-equipped instrument such as a synthcsxzcr
performance information is exchanged via the interface with the personal computer, which retains
the information for editing or playback. Using appropriate software, tasks such as sequencing,
composition and editing are performed faster and more easily.

The Apple MIDI Interface has been designed for the IIGS and Macintosh family of computers,
and is equipped with one MIDI IN plug and one MIDI OUT plug. It measures 3 inches long by.2
inches wide by 1 1/4 inches deep and connects to one of the computers two serial ports via Apple’s
standard circular eight connector. MIDI instruments are connected to the interface via two five-pin
standard MIDI cables. Price of the unit is $162.00 and it’s available from authorized dealers.

More information on the Apple MIDI Interface can be obtained from the Apple Canada’s
Media Relations Hotline: (416) 964-9064.

New STEbus Standard

The IEEE Standards Group has ofﬁcxally approved the STE microcomputer bus architecture
specification as IEEE 1000, making it.an internationally recognized standard.

The STEbus features a rugged 8-bit architecture, emphasizing processor, and manufacturer, in-
dependence as well as low cost. Most STEbus systems use a single Burocard form factor (100mm x
160mm), although IEEE 1000 also provides for the double Eurocard (233.35mm x 160mm) format.

According to IEEE co-author Tim Blsmore of Wespercorp, San Diego, “It’s possible to see the
STEbus as a kind of low- cost VMEbus that provides the reliability and flexibility of VME for users
who don’t need all of VMPE’s performance. STE is also well-suited for use as an I/O channel with
VMEbus or Futurebus.” IEEE 1000 defines the STEbus as an architecture that may be used to
. implcmcnt general purpose, hlgh-pcrformancc, 8-bit microcomputer systems. Such a system
may be used in a stand-alone configuration or, in larger multiple bus architectures, as a private (or
secondary) bus or a high-speed I/O channel”.

The authors of IEEE 1000 were careful to consider compatibility with the existing VMEbus
standard, cnablmg the STEbus to form an I/O channel using the VME’s undefined row A and CP2
connector pin-outs.

The STEbus features a IMbyte address field, 4Kbytes I/O space, and multi-master capability.
Data transfer, which can occur at up speeds of upto 5 Mbytes/sec, is asynchronous and non-multi-
plexed. Processor-independence is also a key feature, as the architecture accommodates all 8-bit
microprocessors as well as many 16 and 32-bit microprocessors.

For more information on the STEbus contact: STE Manufacturers and Users Group, P.O. Box
7529, Newark, DE 19714- 7529 USA.
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AMAZING

PLANS 8uiq v
» LC7—BURNING CUTTING 2
« RUBA—PORTABLE 2.
» TCC1—3 SEPARATE TESLA CORL
PLANS 70 1.5 MEV 2
 10G1—ON RAY GUN 10,
© GRA1—GRAVITY GENERATOR ... ... ... 10

§

© EML1--ELECTRO MAGNET COIL

KITS
» MFT1K—FM VOICE TRANSMITTER 3 Mi RANGE
» VWPMSK— TELEPHONE TRANSMITTER
» BYCIK—250,00 VOLT 10-147 SPARK TESLA GO .
 LHC2K— SIMULATED MULTICOLOR LASER .........
 BLSTK—100,000 WATY BLASTER DEFENSE DEVICE ...
» [TM1K—100,000 VOLT 20° AFFECTIVE

RANGE INTIMIDATOR

© PSPAK— TIME VARIANT SHOCK WAVE PISTOL
© PTGIK—SPECTACULAR PLASMA

TORNADO GENERATOR
© MVPIK SEE IN DARK WIT

ASSEMBLED
. PGTOH—MULTICOL

B8 BBBBS

A
g8
3

MODE PLASMA GLOBE T
» BTC10—50,000 VOLT—~WORLD'S SMALLEST

TESLA COL
* LGUA0— 1MW HeNe VISIBLE RED LASER GUN.
* TAT20 AUTO TELEPHONE RECORDING DEVICE
* GPV10—SEE IN TOTAL DARKNESS 1R VIEWER ... X
» LIST10—SNOOPER PHONE INFINITY TRANSMITTER ... 169,50
» IPG70—INVISIBLE PAIN FIELO GENERATOR— y
MULTE MODE 74.50

« CATALOG CONTAINING DESCRIPTIONS OF ABOVE PLUS
HUNDREDS MORE AVAILABLE FOR $1.000R INCLUDED FREE
WITH ALL ABOVE ORDERS.

PLEASE INCLUDE $3.00 PH ON ALL KITS AND PRODUCTS
&ANSAREPOSYAGEPAD SEND CHECK, MO, VISA, MC IN

INFORMATION UNLIMITED
P.0. BOX 716, DEPT. ET AMHERST, NH 63031
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Serial/Parallel Breakout Box
The M-Test Model 250 is a full-featured, high-
quality RS-232C serial breakout box that in-

Silicon Photodiode
The CD-1705 is a P on N silicon device featur-

cludes parallel interface test, a pulse trap for
storing short duration pulses, and a cable test.
The unit has 102 LEDs which give 4-state
signal indication, 26 in-line switches, and 52
sockets for breaking and re-directing ail 25
lines plus one unassigned line. A 9V battery
simulates high or low signals. The price of the
unit is $299US,
For more information on the M-Test Model
250 contact Chris Ray, President, M-Test
Equipment, P.O. Box 146008, San Francisco,
CA 94114-6008. Tel: (415) 861-2382 or FAX
(415) 864-1076.
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ing exceptionally high dynamic resistance of a
minimum 1000 megohms with a typical value
of 5000 megohms.

Other characteristics include: spectral peak
response at 850nm, maximum capacitance at 0
volts is 80pF, maximum reverse bias of 30V,
black ceramic housing with epoxy lens, an
overall diameter of 3mm and height of 4mm.,

Applications include bar code readers, IR
remotes, mark and sense readers. For more
information contact: Centronic Inc.,, E-O
Division, 1829-B DeHavilland Dr., Newbury
Park, California 91320-1702,
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» P | |
Just in Time.., isavrese
* Accessories to enhance

your test capability.

o GPIB Interface cards from
PC to any GPIB Instruments.

e Software to control GPIB
instruments and manipulate
the data.

* Technical support and service.

Guaranteed shipment of quality test
& measurement products designated
JETSTOCK, within 24 hours of receiving
your purchase order.

Inquire about our Corporate
Customer JETSTOCK program
for pre-approved purchasers.

Digital§ne[mometer§
SO £

For your 1988 Jetstock Catalogsend @ ¥§  ($
in reply card or call: gl

@E@]Allan Crawford Associates Ltd. g

Toronto 416-890-2010 Montreal 514-747-7878 Ottawa 613-596-9300
Calgary 403-295-0822 Vancouver 604-988-2195
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HITACHI DIGITAL STORAGE SCOPES.

SPECS TO SPARE!

Specs are important, that's why Hitachi DSQO's offer the
features and performance today’s engineers demand.
The VC-6165 features 100 MS/S per channel sampling,
100 MHz real-time and repetitive storage bandwiths.
Single shot storage bandwith is 25 MHz using a true
minimum 4 sample per cycle interpolation to provide the
highest reproduction accuracy.

Hitachi VC-6050
® 60 MHz real-time ® 60 MHz rep. storage
® 40 MS/s e cursors ® GPIB

Hitachi Denshi,Ltd. (Canada)
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Other features like 4K horizontal resolution per channel,
cursor measurement functions, standard GPIB and plotter
outputs, plus battery backup on save memories make
Hitachi specs hard to beat.

Check the specs of our other DSO’s as well as the quality,
reliability and price. We're sure you'll choose Hitachi.

Calt 1-800-268-3597 for a demonstration.

+ @HTACH Capea, NS OACRIONCCRR W 00+

Hitachi VC-6020
® 20 MHz real-time ® 1 MS/s digitizer
e compact size ® GPIB ® Piotter output

Eastern Office: Western Office:

65 Melford Drive, Scarborough, 159 Colonnade Road, Unit 3 8096 Route Trans Canadienne 3433-12th Street N.E.

Head Office: Ottawa Office:
Ontario M1B 2G6 Nepean, Ontario K2E 7J4
Tel.: (416) 299-5900 Tel.: (613) 727-3930

St. Laurent, Quebec H4S 1M5  Calgary, Alberta T2E 6S6
Tel.: (514) 332-6687 Tel.: (403) 291-4388



Busy office workers explain why they love
their new desktop laser printer from Toshiba.

The Toshiba Desktop PageLaser 12.
The latest advanced technology from Toshiba’s 110-year heritage of quality.

Contact your Authorized Toshiba Re-Seller, or call toll free, 1-800-387-5645
and get more information. Your office workers will really appreciate it.

TOSHIBA

WE MEAN BUSINESS

INFORMATION SYSTEMS DIVISION

Clrcle No. 12 on Reader Service Card




Good
Gold

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

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

Security of a 3-year warranty.

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

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

Extra protection built in.

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

Unsurpassed quality.

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

FROM THE WORLD LEADER

IN DIGITAL MULTIMETERS.
FLUKE 73, 75, 77 *

0.7%, 0.5%, and 0.3% basic dc accuracy  3-yeac warranly

Analog/digital display Audible continuity (75& 77)
Volts, ohms, 104, diode test Range hold (75 & 77)

Fused current Inputs Mutipurpose holster (77)
Autorange Touch Hold function (77)

2000+ hour battery iife

FLUKE

IN THE U.S. ANO NON-EUROPEAN COUNTRIES: Jonn Fluke Mfg. Co.. Inc.. PO Box C9090. M/S 250C, Everett, WA 98206, Sales: (206) 356-5400, Other: (206) 347-6100.
EUROPEAN HEAQQUARTERS: Fiuke (Holland) BV, PO Box 2269, 5600 CG Eindnoven, The Nethetiands, (040) 458045, TLX: 51846.
© Copyright 1987 John Fluke Mig. Co. Inc Al rights reserved. Ad No. F1072-70
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