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Canadian Projects Book Number One
gives you twenty-five projects from issues
of ETI sold in Canada.

INEIERBE

E1rl]
For Only $3.00!

This book is a must for all Canadian electronics enthusiasts. We show you how to
make your own digital voltmeter, and an injector-tracer for your test-bench.

Then you can set about building our induction balance metal locator — this is the Cadillac of metal locators, abig
improvement on the usual BFO types. And when you are out searching for treasure you can relax in the assurance
that our burglar alarm project is watching over your home (to make sure no-one steals your valuable Canadian
Projects Book).

While you are building our electronic version of the Mastermind game you can keep your kids/parents/roommates
occupied with your homebuilt reaction tester and double dice games. If the excitement gets too much you can relax
with our biofeedback GSR (Galvanic Skin Response) meter (and if you want to do more experiments with
biofeedback you can build our heart-rate monitor).

Another project for the experimenter is our sound-activated photographic flash trigger. With this device you can
photograph a bullet leaving the barrel of a gun, or a bailoon bursting, etc.

In addition to the projects mentioned above we have designs for fifteen audio projects. Eight of these can be
connected together to make the mixer and power-amp sections of adiscotheque sound system. Forthe musician we
have plans for a fuzz box and for a phaser; for the beginner in electronic music we have our clever twenty-five note
electronic organ which uses a touch-sensitive keyboard etched into half of the single PCB (and we include variable-
depth tremolo, volume control, and two voices).

For the hi-fi enthusiast we have do-it-yourself instructions on how to build a simpie LED indicator to tell you when
you are overloading your amplifier. If you aren’t getting the bass response you would like from your speakers you
can build up a little gadget to put that right. If you are more adventurous with your sound system you will be
interested in our audio limiter. This project can be used to protect your group's amplifiers from distorting when high-
level signals are produced, it can be used to compress the dynamic range of a signal for recording or addressing
public meetings, or it can be used as a voltage-controlled volume control for remote or automatic adjustment.

There’s got to be something in this book for all ETI readers. All
the projects have been reworked since they were first published
to update them with any information we might have received
about availability of components, improvements, etc.

All for the amazingly low price of
three dollars.

To order Canadian Projects Book Number One send
$3.00 per copy (no extra to cover postage) to Canadian
Projects Book, ETI Magazine, Unit Six, 25 Overlea Blvd,

Toronto, Ontario, M4H 1B1.
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NEWS DIGEST™

Scope/DMM

The TEKTRONIX 305 is claimed to be
the first service instrument to offer 5
MHz performance, dual-trace displays,
built-in rechargeable-battery power
and a full function digital multimeterin
a package weighing only 10 pounds
and measuring only 4.4 x 9.3 x 14.2
inches.

The basic specsareasfollows: Scope
Vertical: Bandwidth 5 MHz; Sensitivity 5
mV; Modes: CH1, CH2, Chop, Alt, Add,
Invert CH.

Scope Horizontal: Sweep Speed
ius/Div to 50ms/Div; Magnifier X10

(fastest sweep speed 0.1us/Div);
Trigger Source: CH1, CH2, Ext.

The autoranging DMM has the
following ranges 2,20,200,1000 DC
volts; 2,20,200,700 AC volts; 2k, 20k,
200k,2000k ohms. Accuracy is +/-0.1%,
+/-2 counts (DC); +/-0.5%, +/-10counts
(AC), +/-0.6%, +/-3 counts (ohms).
Input Protectionis 1000V (DCrange)or
100 V (AC or ohms). Input Z for volts is
10 Megohms.

Tektronix Canada Ltd.,, P.O. Box
6500, Barrie, Ontario, L4M 4V3.

LCD Pocket TV

Matsushita have developed a pocket
TV with better resolution than any
previous LCD type. 57,600 elements
are arranged in a 240x240 matrix
which measures 2.4 inches (presumably
diagonally). But even though CMOS
circuits are used the TV consumes
1.5 W.

Electrochromic Display

A display claimed to be more clear and
visible than conventional LLCDs has been
developed by Sharp in Japan. The
Electrochromic display (ECD if you
want to impress your friends) will be
mass-produced and marketed early this
year. The main ingredient in this new
device is sodium chloride solution
(unfortunately | can’t think up suitable
seawater jokes right now).

D-A Book

The Application Guide To CMOS
Multiplying D/A Converters (40 pages,
soft cover) provides over 25 applica-
tions wusing multiplying digital-to-
analog converters. These include
measurement circuits, function
generation, signal-conditioning,
digitally prcgrammable control
circuits, programmable active filters
and oscillator circuits, and audio and
synchro applications.

Specific applications include
automatic gain adjustment, audio
panners, digitally programmable
triangle/square wave function gen-
erator, power-series generator 4-20mA
converter and digital phase shifter.

Available free from Analog Devices,
Route 1 Industrial Park, PO Box 280,
Norwood, Mass. 02062, USA.

Leader Catalogue

The Leader 1978/79 test instruments
catalogue is now available from Omni-
tronix Ltd, 2056 South Service Road,
TransCanada Hwy, Dorval, Quebec,
HOP 2N4. There are eight pages giving
the specs on nine scopes, followed by
a page with a new curve-tracer and
an electronic switch (to make your
single-trace scope into a double-trace
type). The next four pages show
TV testgear, the following four show
signal generators, and the five after
those are dedicated to audio servicing.
Three more pages of TV servicing
equipment, then a couple of digital
counters and a DMM. Then we have
a couple of analogue AC millivotmeters
and a FET multimeter and a transistor
checker. Still in the analogue depart-
ment are the LT-70B and LV-71 multi-
meter and FET-input multimeter.
Then there’s an impedance bridge and
a page of ham gear (monitor scope,
antenna coupler, SWR wattmeter, RF
power meter, antenna impedance meter,
and a transistorised dip meter). Add a
page of accessories and you have a
nice easy-to-read 36-page catalogue.

Triac Photo Trigger for
115V

Motorola has introduced a new
optically-triggered Triac driver,
designated the MRD3010/MRD3011.
The device directly switches ACinthe 3
V to 115 V RMS, 50 to 60 Hz range,
eliminating any need for DC power
supplies.

The MRD3010/11 has a blocking
voltage of 250 V peak in either direction
which greatly simplifies the design ofa
light-activated AC switch. Applications
suggested include a contactless end
switch, a light-level switch or a light
controller.

The device is triggered into the on
state with an irradiation level of 0.5
mW/cm? for the MRD3011, and of 1
mW/cm? for the MRD3010. In the on
state the units will pass 100 mA peakin
either direction with lessthana3Vdrop
across the device. Once on, it will
remain there until the current drops
below the holding current of 100 uA
typically, when it reverts to the off state.

Packaged in the popular, 3-leaded
TO-18, US prices, in 100-up quantities,
for the MRD3010 and the MRD3011 are
$1.50 and $1.60, respectively. Available
from factory and distributor stock.
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Boron-Diamond Stylus

A new stylus for phonographs uses
boron welded to diamond. Its weight
is considerably less than that of a
solid diamond stylus and the price
is reported as 75% less.

Microwave Transistor
Motorola hasintroduced anew series of
microwave transistors. Intended for
low-to-medium power amplification,
the new transistor series features high
gain (up to 15dB (max) at 0.5 GHz) and
alow noise figure (2dB (typ) at 0.5 GHz
and 10 mA).

There are five device types, hundred
up US prices are:

BFRC96,unencapsulatedchip, forall
applications, $1.40.

BFR96 (Macro-T), for high-volume
production, $1.75.

MRF961 (Macro-X), similartoMacro-
T, but with 2.5 dB higher gain @ 500
MHz, $1.75.

MRF962 (metal/ceramic), for hostile
environments where high reliability is
required, $7.50.

MRF965 (TO-46), allows use in high
gain Class C amplifiers up to 400 mW
output power, $2.00.

More information on the BFR96
series may be obtained by writing to
Motorola Semiconductors, PO Box
20912, Phoenix, AZ 85036, USA.

Remote Switch

All had a wild and crazy time at a
recent ETl party — thanks to this
little gadget from Electronics Internat-
ional. We only had it controlling the
lights, but even so it seemed like fun at
the time. Weli, its going to sound
disappointing after that build up but
all this thing does is switch on or off
(toggle fashion) when it hears a high
pitched whistle. To make it easy on the
anatomy a plastic whistle (squeeze not

blow) is provided. The note is at the
upper limit of the hearing range of
the typical ETI| staff member. It is
possible to trigger the switch by dropp-
ing a metal corkscrew on the kitchen
floor, or by clapping loudly, or by
hissing as loud as you can.

From Electronics International, 296
Richmond Street West, Toronto, Ont.
M5V IX2. Price $12.95.

ETCO Catalogue

We recently mentioned Etco’s first USA
catalogue. Now Marvin Birnbom has
another, three times the size. The
middle 16 of the 48 pages are called
‘Etco Trading’ — this is a catalogue for
dealers and other volume buyers who
qualify for wholesale prices. The rest
is the usual surplus gear — good stuff
that someone wanted to get rid of at
a low price, because they couldn’t
use it anymore or because they needed
the money. So for a few bucks you can
pick up some quality expensive gear.

Like a Sansui CD-4 quad demod-
ulator; from the front panel with its
phono inputs and outputs and controls
to the back panel this is real hifi quality.
It has its own 110 V supply (giving
25 V DC regulated) and Etco has
1500 of them. Some parts may be

missing but they’re only $9.95 each
if you buy three, $12.95 for one (note
these are US prices). Other goodies
are $1.99 tourguide receivers (120 &
180 kHz) from Expo ‘67, Minolta
Super-8 movie cameras with remote-
control modification (auto exposure,
singleframe/18fps/32fps, motorised
zoom lens, through-the-lens viewing)
because they're ex security service
($69.95 no warranty), $6.99 cassette
recorders (no playback) designed for
movie sound recording, and Xerox
billing kits (add-on unit for a photo-
copy machine, includes 3 Nixie displays
and associated circuits) for $9.95.

Any readers wanting a copy of
this catalogue can get one free from
Etco Electronics, North County Shopp-
ing Centre, Plattsburg, NY 12901, USA.

Canadian Solar Energy

Public Works Canada are pleased with
the response to its Program of
Assistance to Solar Equipment
Manufacturers. One hundred and fifty-
two applications have been received
under the first phase of the program
under this phaseupto $10,000has been
awarded to each of 24 selected
submissions so that these firms can
prepare detailed proposals for the
development phase of the program.

Since the overall objective of the
program is to assist the development of
the Canadian solar industry . an
important criterion in the evaluation of
the submissions will be the “Canadian
content” section, with high points
going to companies utilizing Canadian
resources, both personnel and
material, and doing their development
and production in Canada.

The firms selected at this phaseofthe
program will have until the end of this
December to submittheir development
proposals. A maximum of 10 of these
will be selected and awarded
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developmental contracts at the
beginning of March 1979. These
contracts couldbe worthupto $300,000
each and wil assistthe successful firms
in the development of their products
and production facilities.

By mid-1980 Public Works Canada
will publish a list of approved solar
products and will continue to support
the solar industry under its “PUSH”
Program (Purchase and Use of Solar
Heating) which will see up to $125
million made available for the
preferential purchase of Canadian-
made solar space and water heating
equipment for Government of Canada
buildings.

The Public Works Canada solar
development program is part of an
overall, five-year $380 million federal
government program announced in
July, aimed at the development of
renewable energy in Canada.

Below we list the recipients of the
$230,000:

BRITISH COLUMBIA
Ecco Heating Products Ltd
Marine Plastics (1968) Ltd.

Burnaby
North Vancouver

Solarsystems industries Ltd. Surrey
MANITOBA
Inter-City Manufacturing Ltd.” Winnipeg
E.H. Price Limited Winnipeg
ONTARIO
Amherst Renewable Energies Ltd Perth
Conserval Engineering Ltd.* Downsview
Envirogetics Ltd. Scarborough
GSW Research Centre Mississauga
Hovey & Associates Ltd. Ottawa
Murfin Heating & Cooling Ltd. Downsview
NORTEC Air Conditioning Ind. Ltd. Ottawa
Solar Panels Ltd.* Burlington
Solartech Limited* Toronto
Solatherm Energy Systems Ltd.” Mississauga
Solco Energy Systems Ltd. Toronto
Temspec - Temperature Speciaities
Manufacturers Ltd. Downsview
Watershed Energy Systems Ltd. Toronto
QUEBEC
Atlas Asbestos Consortium Montréal
Filochrome Inc. Joliette
Solerco Ltd. Ayer's Cliff
Thermo Solar Inc. Montréal
NOVASCOTIA
Parrsboro Metal Fabricators Ltd.” Parrsboro

PRINCE EDWARD ISLAND
Island Solar Energy Consortium* Charlottetown
* denotes consortium
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Horizontal Deflection
Transistor

Motorola has announced a new
horizontal deflection transistor, the
MJ12010, designed for transformer-
operated CRT chassis. The new TO-3
device has a breakdown voltage
(VCEX) of 950 volts, and a maximum
collector current rating of 10 amps with
a 0.6 usec fall time — for high energy
scanning.

The combination of very high
voltage, high current and very fast
switching time places this transistor at
the leading edge of technology for
transformer-operated chassis.

The MJ12010 is priced at US $3.10,
100-up. For more information contact
Motorola Semiconductors, PO Box
20912, Phoenix, AZ 85036, USA.

Digital/Analogue  Watch

If you're like me you have an analogue
watch and a digital one — the digital
one was a present (‘he’s interested in
electronics so lets get him one of
those nice digital watches’) but the
analogue watch is the one | wear
because it looks classier. Now vyou
can solve the problem — people who
like analogue watches will see you
wear one, and people who want you
to wear a digital watch have it their
way too. The Citizen Quartz Digi-Ana
uses a common quartz source to
show time both analogue-style and
digitally. My problem now is I'm not
sure | want a watch with a name
like Quartz Digi-Ana!l

NEWS DIGEST

Scope Probe

A new, modular 100 MHz probe system
for oscilloscopes and frequency
counters has been announced by
VIZ Test Instruments Group of
Philadelphia. Consisting of screw-
together elements, and compatible
with all commonly-used scopes, the
new universal probe system permits the
user toadd optional modules (suchasa
demodulator probe tip for US $9.00)
instead of having to buy a complete
additional probe system.

Priced in the States at $39.00, the new
universal probe system, Model WG-
478, includes a coax cable with direct
probe and BNC connector, “low-cap”
X10 adaptor with integral probe tip,
compensator with male and female
BNC connectors, spring-loaded hook-
on probe element, ground clip
assembly, and isolation boots which
slip over the probe tip to eliminate the
possibility of shorting. Frequency
responseis DCto 100MHz (-3dB) using
an optional BNC probe (US $6.00), or
DC to 70 MHz using either the hook-on

or the basic pointed probe tip with the
ground clip assembly.

To change from direct input to X10,
the user screws the X10 moduledirectly
onto the probe tip, and connects the
compensating module at the scope
input end of the cable.

Completeinformationonthenew VIZ
Model WG-478 scope probeis available
from Robert J. Liska, VIZ Test
instruments Group of VIZ Manufactur-
ing Company, 335 E. Price St.,
Philadelphia, PA 19144, USA. Phone
(215) 844-2626.

Component Bending and
Cutting Tool

The Lenline Model TP-9is asimple-to-
use hand tool for precise bending and
cutting of medium to large size
components. Adjustable pointers are
easily moved by a thumb wheel
ensuring fast accurate setting of
required distance between holes. Both
cutting and bending operations are
carried out simultaneously by lightly
squeezing the handles. The length of
cut is adjustable, and each side is

independent of the other. The tool also
has a centralising finger for off-setting
or centralising the component. A built-
in compensator caters for varying
diameters of wire.

For further information contact Len
Finkler Limited, 25 Toro Road,
Downsview, Ontario, M3J 2A6.

Micro Pro Software
MicroPro Internationat Corporation, a
newly-formed computer software
company have announced their first
offerings for microcomputer users: a
high-performance [|BM-type SORT/
MERGE/EXTRACT, ‘SUPER-SORT’,
and a Video Text Editor, ‘WORD-
MASTER'.

WORD-MASTER provides extensive
facilities for text editing based upon
“dumb” CRT terminals. Inthevideoedit
mode, WORD-MASTER features
control key commands which allow
bidirectional word tab, line tab and
screen tab, left/right word delete and
line delete, character/line insert/delete
including midline lineinsert. Additional
control key commands provide
quadirectional cursor movement and
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file paging by line or by screen ineither
direction. High-speed operation is
ensured by keystroke buffering and
memory buffering of the floppy disk file
being edited. In the command mode
WORD-MASTER can perform group
character-string searches and/or
substitutions, merge several floppy
diskfiles into the edited file, output
edited text sections to additional files
ondiskette,and movetextsectionsviaa
queue buffer to new or replicated
sections. Looping and conditional
matching round out the command set
available to the user. WORD-MASTER
supports any conventional minimum-
type CRT or video board with cursor
addressing and clear-screen se-
quence. WORD-MASTER facilities

are particularly suited to high-speed
typing and editing applications
especially where some pre-canned text
is to be used such as in proposals and
legal documents.

Both SUPER-SORT and WORD-
MASTER are designed to be
compatible with CP/M and its derivi-
tives, including CDOS, IMDOS, ADOS,
etc. US retail prices are $250 for
SUPER-SORT and $150 for WORD-
MASTER. Fully supported Dealer and
OEM arrangements are available.

MicroPro International Corporation
is located at 5810 Commerce Bivd.,
Rohnert Park, CA. 95903, USA,
Telephone: (707) 544-2865.
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NEWS DIGEST

COSMAC Prommer

A new hardware and software package
(CDP18S480) for programming
industry-standard PROMSs, designedto
work with RCA COSMAC Develop-
ment System CDP18S005, is now
available from RCA Solid State Divi-
sion.

The PROM Programmer Package
includesaplug-inmoduleforthe CDSI||
and software containing a versatile
operating program. The system will
rapidly program Intel 2704, 2708, 2716,
2758, or any equivalent PROMs. The
2704 can be programmed in less than
one and one-half minutes.

A further feature of the system is that
it facilitates programming of many
PROMs from the same source
consecutively. In addition, the
CDP18S480 can read Intel 1702-type
PROMs, thereby providing a means of

Sol Typing

An electronic typing system has been
announced by Processor Technotogy
Corp. It consists of a Sol System IlI-A,
the new WordWizard software package
and the new SolPrinter.

The new system combineselectronic
typing and general purpose data
processing (such as general ledger,
accounts payable and receivable,
payroll and other office functions).

Software for the package was
developed by Basic Computer Group
Ltd., of Vancouver, who have installed
the package at a number of BC legal,
accounting, engineering, insurance
and publishing firms.

Hardware for the system consists of
the Solcomputer mainframe with built-
in keyboard, a 750,000 Helios il disk
memory, a video monitor and a high

copying.

Three versions of the PROM
Programmer are offered. The disk-
based version is designated
CDP18S480, the paper-tape version is
designated CDP18S480V1, and the
magnetic-tape cassette version s
designated CDP18S480V2.

In singte quantities the RCA PROM
Programmer CDP18S480 is priced at
$695.00 (US only).

Furtherinformation and copiesofthe
PROM Programmer CDP18S480
Product Description (PD22) or the
COSMAC Development System |l
CDP18S005 Product Description
(PD16) may be obtained from RCA
Solid State Division, Box 3200,
Somerville, New Jersey 08876, USA, or
by calling Microprocessor Products
Marketing (201) 685-6380.

-

speed bidirectional daisy-wheel
printer.

The WordWizard Software lets the
operator edit one document on the
screen while the printer puts out
another at high speed.

Text can be typed in at high speed
since carriage returns are added by
software. Automatic justification
creates an evenright margin, or thetext
can be left ‘ragged right'. Since all
formatting is done on the screen, lines
of text will be printed exactly as they
appear.

For more information, see your local
Processor Technology dealer. Dial toll-
free (800) 227-1241 for his location. Or
write Processor Technology Corpora-
tion, 7100 Johnson Drive, Pleasanton,
CA 94566, USA.
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THE ANNUAL FAIR has its roots in the
mists of antiquity. Originally it was set

at the beginning of spring, and
generally had strong sexual overtones,
the burgeoning of new life, and all that.
Early in the first Christian milienium
the Church co-opted the Roman
spring Bacchanalia, often celebrated
in many countries as Mardi Gras, just
prior to Lent.

Fall fairs have similar origins, the
occasion generally being the
celebration of the fall harvest. The
Romans also staged a fall Baccanalia,
and in addition celebrated the winter
solstice with a Saturnalia, named,
respectively after Bacchus, the god of
wine, and Saturn, ruler of winter, and,
in astrology, the sign which the sun
enters at the time of the winter solstice.

Generally, such celebrations offer
an excuse for drunken orgies among
people who need an excuse for a
drunken orgy, but they alsocanservea
useful social function by providing an
opportunity for like-minded
individuais to get together and display
the fruits of their labours over the
previous year, to pat each other on the
back, exchange knowledge, shoot
some blarney, and otherwise put each
other on. One modern variation is the
convention, which aiso provides an
excuse for a vacation trip denied
ordinary mortals, “ordinary mortals”
being defined as those not engagedin
the profession or industry holding the
convention, whether it be the Shriners,
or a group of undertakers.

Another variation is the World Fair,
now renamed “Expo”, courtesy of one,
Jean Drapeau, who pulled that one off
in 1967, and also managed to make ita
celebration of Canada’'s Centennial.
But, in addition, all over the world we
have smaller versions of these shows,
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from the small agricultural fair, to the
Canadian National Exhibition, to such
an extent that conventions and trade
shows now represent a major industry,
with large cities vying for convention
dollars by blandishing tourist facilities
and attractions, and even building
convention centres to cater to and
attract business.

AUDIO SHOWS

The modern version of Baccanalia
touched audio fairly early inits history.
My first experience with the
phenomenon occurred in the middle
fifties with the Audio Shows which
appeared annually at Toronto's Prince
George Hotel. That venerable edifice
has long gone, to be replaced by a
super high rise monument to
Mammon, a bank tower, | believe.
Some of the sound levels to which that
poor old building was subjected must
have precipitated the demolition work,
because even in those days the most
common criticism levelled at audio
shows was that the sound levels from
competing exhibitors were so high that
they cancelled each other out in a sea
of cacophony.

Those shows may have lacked the
slickness of today’s but they had a
quality of excitement and discovery
difficult to describe. On hand were
company representatives eager to
describe the technology behind their
new innovative marvels, representa-
tives who actually knew how the
equipment worked, and could carry on
an informed and intelligent discussion
on the subject, and even had time for
those who expressed doubt and
disagreement. Especially memorable
were the first public display of
Tannoy's corner horn; the first binaural
receiver made by National, with the

first FM interstation muting, plus a
vacuum tube output stage which was
the forerunner of present day OTL
solid state circuits; The Ferranti
Ribbon Pickup, complete with
elliptical stylus (this was pre-stereo,
remember). My Ferranti was never
delivered, | recall, because production
was very limited, and they were so
delicate that most of them were
inoperative by the time they crossed
the Atlantic, so production was
discontinued. Shure demonstrated its
first moving magnet pickup at this
time, with its own integrated arm, one
of the best ever made, and which
formed the basis for its Stereo Dynetic
line shortly after.

MODERN MARKETING

Over the years the audio show has
experienced many ups and downs, but
now seems likely to be established as
part of modern marketing, for better or
worse.

Prior to this year the last audio show
| attended was about three years ago,
on one of the early days reserved for
dealers and the press. The decibel level
was on the civilized side, but my whole
impression at the time was one of
boredom and frustration, which | had
an opportunity to express in an
interview with a trade publication at the
time. So many developments, and yet
so0 much “me-too” product; so many
“breakthroughs” and so little that was
truly new; so many button-down minds
with wide lapels and knitted ties, but so
little dissemination of information.

A lot of people seem to have gotten
the same message, because the
promoters found it advisable to get
out of the business due to lack of
exhibitor response. Finally, in 1978, a
new promoter picked up the idea
again, first with an audio trade show,
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and then a consumer audio show.
Response was so good, I'm told, that
exhibitors have already signed up for
next year. So along comes professor
Cassandra here with a big wet blanket.
Why?

My first impression upon entering
the Constellation Hotel where the
consumer show was held was “Boom
Boom Boom”, and Loud Loud Loud:
The theme of the show, then, was
“Loud is Beautiful, as long as it's
boomy and distorted”. Moreover,
much of this tenor seemed to be
reflected in the patrons of the show.
Perhaps the worst aspect of the show
resulted from the policy of inviting
retail dealers to take part. As a result,
there was a tendency to go for the
visitor's money than his mind. |
remember particularly one fellow, new
to the Toronto stereo scene who has
been promoting a U.S. line of speakers
alleged to have been the hit of the
Chicago show. Well, the most
noticeable characteristic of these
wonders was the loud boom produced
in a continuous demonstration
controlled by a fellow who seemed to
have trouble figuring out how to
operate his amplifier and cassette
player. Conversation was impossible
so he would promise to meetin the hall,
but never showed up because either he
forgot, or got sidetracked by someone
who wanted to dicker price on one of
the specials featured in the showroom,
or inspecting the shopping bag of
someone whom he was convinced had
stolen a pickup (he didn't find
anything). This was an example of the
person who doesn't keep appoint-
ments because, he admits, he only
keeps one appointment out of every
five made.

THE YAHOOS MOVE IN

This is a pretty extreme case, of
course, but it illustrates the kind of
person who is more and more
achieving a high profile in the retail
audio business. It illustrates a strong
move away from professionalism to
hucksterism which has become more
and more evident over the past few
years. About the only thing missing is
the loud checkered sports jacket and
the hand painted tie.

But the worst aspect of the show,
carried over from the past efforts, was
the abysmal ignorance of matters
audio, and, indeed, even ignorance of
the manufacturer’'s own product. This
was even true of the genuinely good
equipment properly demonstrated. For
example, the dealer demonstrating the
OHM Model F is a well known audio
journalist, and -frequently appears on
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open line radio talking about audio, yet
critical questioning about the product
resulted in a brushoff. Why? Well, one
reason may have been the presence of
potential customers and the guy was
anxious to make a buck. Frankly, |
think that this speaker could have
sounded much better. Back in the old
Prince George days the subject would
have been discussed; today, anyone
who asks questions is dismissed as a
troubiemaker.

Some high points, though. The 3a
company of France, the font of Metric
measurement, used a separate room
from their regular display for
demonstrating their Tri-phonic
system. As a result it was possible to
set the system up properly, and an
impressive system it proved to be, too.
They even played some music. The
staff on hand was more knowledgeable
than most, although 1 still haven't
received the technical literature
promised me.

Likewise, H Roy Gray had a well
thought out set-up of the Infinity
Quantum Reference Source
loudspeakers, through which | was
able to hear some Wagner on request.

But first prize for forthrightness must
go to Cerwin-Vega. They demon-
strated quite convincingly that their
speakers are indeed capable of high
sound levels cleanly. No further claims
are made. Their people acknowiedge
that their product is not state of the art,
involves no great break-throughs, do
not deliver the ultimate in sonic
realism, butinfact can be listened to for
long periods of time at high levels
without listener fatigue.

But for most of the others, a pox on
the lot of you. Next time please staff the
exhibits with knowledgeable people
who know what they are doing, and
throw out the retailers.

You see, the real reason for the poor
response to previous shows is the lack
of professionalism.

6E10€8

! REALIZE, OF COURSE, THAT WE MUST DO A LITTLE MORE WORK ON
THE MINIATURIZATION ASPECT BEFORE WE MARKET OUR WRISTWATCH/

TELEVISION.
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Audio Today Letters

If you want to express your views or report on news write to Audio
Today, ETI Magazine, Unit Six, 25 Overlea Blvd, Toronto. Ont. M4H 1B1.

T-LINES

| have read with much interest your
comments in recent issues of ET!
regarding transmission line speakers
and note that you would consider
giving advice to would-be speaker
builders.

| have built speakers (RSC WR 10’s)
in the past from manutacturers'
specifications and have been pleased
with the results.

| have little knowledge regarding
enclosure design, but wish to
construct two speakers of better
quality than the WR10’s without
passing my budget.

From your remarks it seems that
transmission line design is really the
best, and as | am an able cabinet
maker, also seems to be the type |
would construct.

What is the principle of transmission
line design? | understand Acoustic
Suspension and Bass Reflex, but not
transmission line.

A.F.C. Niagara-on-the-Lake, Ont.

| do not necessarily regard the
transmission line as the best, but it is
my own favourite method of loading.
The trade-offs of cost, size, efficiency,
frequency response, transient
characteristics are too varied to allow
for one “best”. | still have several air
suspension types, bass reflexes, and
rear loaded horns in use in different
rooms.

The transmission line is so named
because of its electrical analogue:
when such a line is terminated with its
characteristic impedance, all energy
putinto the line is delivered to the load,
and no signal is reflected up the line.
An acoustic line derives from the tuned
pipe, which is said to be properly
matched to its driver when the length
of the line at the driver’s resonance is
one-quarter wave-length. Such a pipe
is a resonant column, and at one-
quarter wave-length the emerging
wave is reflected up the pipe and
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returned to the driver diaphram out of
phase. If the pipe is filled with
acoustically resistive material sound is
slowed down, effectively increasing
the line length and absorbing sound
reflected above the tuned frequency.
Although theoretically the line can be
effectively infinite, in practice we settle
for something less than this. The
cross-sectional area of the line must at
least equal the area of the diaphragm.
The driver chosen should be one
appropriate for a very large infinite
baffle. Thus, most air suspension types
are unsuitable because either the
moving mass Is excessive, or the
magnet inadequate. Generally
speaking, we should look for
moderately low mass, moderately high
compliance, and large magnet.
Incidentally, transmission lines are
affected by sub-sonic excitation, so
should be wused with electronics
incorporating sub-sonic filtering.

MORE T-LINES

| am writing with regard to the
possibility of constructing my own full
size transmission line enclosure using
either Philips AD 12100/W8 or RSC
Classic 12” woofers. This kind of
enclosure was mentioned in both July
and August issues of ETI.

Audio Today

What | am interested in are the
possible design considerations for
making my own or a “tried and true”
design already in use somewhere,
using one of the above two drivers.

In the “letters” section of the August
issue was a letter along the same lines
as mine. | am familiar with most of the
publications mentioned in the answer.
In addition | understand how
transmission lines work, but have none
of the formulae needed for design such
as with bass-reflex. Can you help me?

R.M., Pinawa, Man.

Much of the reply to the previous
letter applies to yours. To my
knowledge, no one has done work in
transmission lines comparable to that
of A.N. Thiele with respect to vented
enclosures. However, a few points
which might help you: If the line is
papered throughout its length, there
will be fewer problems with standing
waves within the structure. A 12”driver
has an effective radiating area of 78 sq.
In. My own speaker uses a taper rate of
1.414. Thus, the line at its largestis 110
sq. in. The loading chamber
immediately behind the driver is about
250 sq. in. The depth behind it is about
18 inches which is appropriate for the
AD 12100 used as an air suspension.

speaker ever.

midrange

nearest Jensen Dealer —

len finkler Itd

25 Toro Road, Downsview, Ontario M3J 2A6
Telephone {416) 630-9103 Telex 065-24010

( Jensen Triaxial® 3-way Speakers
Quite simply. the most advanced car stereo

For the best sound ever in your car The first car
stereo speaker with a woofer. a tweeterand a

Identical in principle to the best home stereo
speakers. Jensen s midrange picks up a whole
range of tones lost to any other car speaker

Write today for Free catalogues and the name of your
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This tapers rapidly into the line, and is
loosly filled with fibreglass. Fibreglass
is loosly hung through the length of the
line and its effective length is increased
by a factor of 1.414. One-quarter wave
length at 20 Hz is 13.6 feet which, when
multiplied by the reciprocal of 1.414
(0.707) yields a physical length of 9.6
feet.

| should say at this point that | am
presently involved with a company in
preparing a moderately sized version
of this speaker for commercial
manufacture in the new year. One of
the unique features of my speaker is
the method of terminating the line
which, for the moment, has toremain a
proprietary secret, as well as details of
the driver which I've designed for it.
However, there is no real departure
from the principles outlined. Panels
should be braced, and | like to damp
them using automotive undercoating.
The stuff stinks for about a week, but
results in a non-reasonant panel.

HALL EFFECT HEADS

| am really not very well informed
about electronics, and | have to take a
lot on faith rather than understanding.
However, | read most of the non-
technical publications just to find out
what is happening next. | am tired of
reading all the hype that is printed in
the guise of “critical reviews” of audio
systems and products. After reading
your column, itis refreshing to find that
there are still iconoclasts among us.
Please keep up the sharp-eyed
observations. They are more welcome
than you will ever realize.

A little over a year ago, | read in one
of the pop sci type magacines that one
of the Japanese companies was
planning to produce a single gap
recording head that was based on the
Hall effect. By replacing one gap with
semi-conductor material it apparently
improved the recording level to where
they said cassette recordings would be
at the level of better quality reel-to-
reel.

One feature | do remember, a single
winding around both sides of the head
replacing separate windings about
each pole. It will apparently produce a
signal even when the tape is standing
still. |s there any chance that this is
where Tandberg's tape head driver
circuit is going? Or is that just the
standard schematic for a tape head
and | have just stuffed my typewriter
down my throat?

A.F., Victoria B.C.

When | started this column last year !
felt that we needed to have a few
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sacred cows challenged, and hoped
that readers would agree. And as long
as | get letters from people like you, |
will know how welcome such
observations are. Many thanks.

The Hall Effect head you described
has been dangled in front of our noses
for years, like flat screen television. An
even earlier version incorporated a
vacuum-tube in which the magnetic
flux directly controlled cathode-plate
current, but nothing ever came of it
Probably the difficulty lies in the fact
that the real limitation in cassette tape
lies not in the record or playback head,
but in the tape itself, principally the
self-demagnetization of opposite
poles placed close together at low
speed on the tape oxide. The main
reason | cannot get too enthusiastic
about the Tandberg circuit is that |

don’t see it as a big deal getting high
output levels from a transistor, at least
the levels required to drive a recording
head. Indeed, my criticism was not of
the circuit itself, but of the ballyhoo. In
any case, playback heads present
more problems than record heads, and
combination or dual purpose heads
are the toughest because of the
conflicting requirements. In essence,
the problem is not in recording the
signal on the tape, but in keeping it
there after it leaves the recording gap.

As for the schematic, yes, shall |
send you some Tums?

To those readers to whom | still owe
a reply, please be patient and hang in
there;, a combination of mail strikes
and moving has made life complicated.
But, never fear, you have not been
forgotten.

—

NIPPER

Good news for fellow fans of Nipper
the wonder dog: RCA has finally seen
the error of its ways and will now bring
back this fine old trade mark. They've

even erected a large statue of Nipper
atop their head office. Seems they got
tired of all the letters threatening to set
the SPCA on them. Congratulations
and thank you, RCA, for caring.
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Robots: Some Facts

Dr. Peter Sydenham, ET| Special Correspondent presents the factual side
of Robots and analyses the many separate factors neeeded in all Robots.

ROBOT DEVELOPMENT from the Middle Ages onward
is simuitaneous with the rise of man’s ability to devise
and build complex mechanical machines, which grew
once men realised that considerably more advancement
was possible by employing experiment with theory. (The
result of such men as Roger Bacon of the 13th century.)

The bulk of mechanical ingenuity and skill was
expressed in clock-making of great sophistication. The
very famous 1354 Strasbourg clock depicted the St.
Peter denial of Jesus, a main feature being a cock that
moved, stretched and crowed.

These skills were occasionally employed to make
devices other than clocks. Jacques de Vaucanson,
around 1750, constructed a well-documented duck
automation toy. It stretched, took grain from the hand,
swallowed and seemingly digested its food, leaving
deposits behind. It consisted of hundreds of moving
parts.

Robot development also has its beginnings in the
form' of calculating machines, such as the Pascal and
Leibnitz instruments of the 17th century, and the later
Babbage engines of the 19th century which included
stored program and digital number processing.

We tend to think of the Babbage calculating engines
as complete in what is exhibited today in the London
Science Museum. In reality, however, they required an
energy source of several kilowatts to drive them. A small
steam-engine was to have been used by Babbage.

The first electrical digital computer, by Zuse in the
late 1930s, used relays to perform logic. The first valve
installation was in the middle 40s and it was much too
large in size and too small in capacity to provide
brain-power for a mebile robot device. Today things are
much more favourable. We return to the feasible robots
of near modern times at the end.

WHAT FORMS A ROBOT?

In the first half of the 17th century Descartes suggested
that the physiological animal can be thought of as no
more than a vastly complex machine. Intolerance of
ideas, especially those that had religious implications,
was extreme in those times and no doubt Descartes only
spoke and wrote a littie of his concept. Pascal, for
example, was dangerously close to being the subject of a
witch hunt after people saw his simple (to us!) add-and-
subtract calculator — after all, it could do the tasks
attributed then to a god.

The idea that animals are merely machines is known
as the reductionist or mechanistic philosophy. As we
cannot prove, by any means whatsoever, that there is
more to man than man can ultimately devise, we cannot,
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at present, resolve the issue. Nevertheless, there is much
about animal systems that is reducible to plain en-
gineering. It is these known facts that suggest that many
jobs that were considered as man-suitable in the past
could well be done by machines instead. The justifica-
tion is, to use a well-known quotation, ‘'to make human
use of human beings’’. If an automaton can do the same
tediously repetitive task as is done now by a bored and
dehumanised human operator, then there is a case to
make use of it. This is the story of man’s industrialisa-
tion, especially since the 18th century.

The human animal is a fine example of a general-
purpose, mobile, self-repairing, self-reproducing
machine, one that can adapt to new tasks and new
environments as need arises. It is not perfect for all jobs,
but does provide a fine basis for modelling robots of
work, even though the materials and strategies used are
different in practice.

Animals can be thoyght of as hardware systems,
consisting of several kinds of sub-systems put together
to form the whole system. The complete system is
capable of many modes of behaviour. A diagrammatic
representation is given in Fig. 2. Let us look at the
building blocks first.

Fig. 1. Clocks, like this one made in 1512 in Munster, Germany,
incorporated great mechanical craft. They provided need for mech-
anical skills used in robot devices.
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Structural framework — This is the mechanical part
holding everything together. Bones, skin, tissues in the
animal can be equated to metal, wood or plastic frames
of machines. The framework is developed to satisfy, as a
compromise, requirements of lightness, rigidity, appro-
priate articulation, protection for vital parts, and correct
location of one part with respect to another. Note that
robot machines do not use the same materials that are
found in animal systems. To date it has been more
profitable to use quite different substances because man
knows too little about the production of regenerative,
self-repairing materials used by nature.
Actuators — On to the frames are added converters that
change the available energy form into mechanical work.
On animals these are the muscles; on robots they are
usually electric, hydraulic or pneumatic motors. Again,
although muscle-like devices have been made, robot
actuators use different principles of conversion and
different energy sources from animals. Actuators cause
limbs to move, hands to hold, and the whole to translate
where needed.
Sensors — Automata that, for instance, play music, are
preprogrammed. Regardless of external influences,
once set going, they will attempt to keep playing despite
changes to their environment. Robots can be much more
sophisticated for they possess sensors, or receptors, that
observe what is happening around and to the robot.
Sensors provide signals that, after data processing, tell
the actuators how and when to work in a way that
modifies an otherwise hardwired kind of performance.
1t seems that many animal senses work on the basis of
having a multitude of on-off digital sensors built into
each sensing device, the combined, parallel, signal
output being a measure of a sensor signal strength.
Robot sensors rarely work this way for we are unable to
handle so many parallel channels as nature uses. Robots
usually incorporate analogue output sensors — the
so-called linear signal in integrated circuit jargon. To
detect the seat of a fire, an automatic robot fire ex-
tinguisher will use a proportional signal infra-red detec-
tor homing the robot towards the position of maximum
signal output. In some cases man-made robots do use
digital output sensors but not so commonly as analogue
ones. An example might be a digital shaft encoder
sensor mounted to measure an arm’s angular position.
We cannot measure every variable that arises in the
material world. Even so, literally thousands upon thou-
sands of sensors have been devised so the robot de-
signer of modern times can go a long way with what
exists already, especially if one sticks to industrially
marketed units in order to keep costs low.
Data Processing Centre — Signals from sensors are
routed to DP centres. The brain is the central unit of
humans. Not all animals have only one brain. Some early
prehistoric animals are believed to have had two brain
centres. Signal pre-processing goes on in animals before
a stimulus reaches the brain. This can also be the case in
robots. Robots can have local brain-power pius a central
unit. We cannot make much of a comparison between
DP of robots and animals, for we still have only a
meagre idea of how the physiological brain operates.
Insight that we do have is enough to say that robot
brains will be quite different in physical structure from
animal brains. We tend to opt for non-redundant data
processing methods using a limited number of binary
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Robots: Some Facts

TERMS

Robot — In Gothic it is akin to a word meaning
“inheritance’’, in German to “'work’’. An old Slavic
word that is equivalent is “‘rabota’ and in Czech and
Polish “‘robota’” means servitude or forced labour.
Professor George’s book (see list) says it is "’a machine
devised to function in place of a living agent”’.

Robotics — Gaining rapid acceptance, this term de-
scribes the discipline that designs and creates robot
device structures and sub-assemblies. The following
word is reserved for its system organisation.

Cybernetics — Study of multiple feedback loop, self-
governing systems, usually of great complexity, as are
found in living organisms and advanced man-made
control systems.

Automation — Any device that has apparently spont-
aneous action. (Plural is Automata.)

Humanoid — Robot form of man.

Android — Automaton of man-like form.

Homunculus — Inferior robot form of man.

Prosthesis — Man-made, human body replacement
parts.

Ecoskeleton — Robot frame that fits around human to

give power to limbs.

Golem — Man-made creature not having man-like form.

Mobile — Robot device having mobility.

Manipulator — Handling device.

Telechiric — Derived from Greek for “'distant hand’".

locations. The brain appears to make use of massive
redundancy and enormous bit storage capaciy (10%° is
an estimate).

Communication Links — Sensors feed signals to
actuators via DP centres. The links we know and use in
automatic machines are electric wires, optical fibres, air
and oil tubes. Nature, however, uses the nerve links in
which pulse signals are regenerated in mysterious ways
by electrochemical methods. We can make use of
Nature's concepts but not her hardware methods.
Energy Supply — Animals derive energy converting
foodstuffs into energy by chemical means in muscular
tissue. Robots cannot do it this way, but make use of the
sources known to man at this time. Electricity can be
generated by converting fuel to electric current. In
mobiles a usual source of energy is electricity from
storage cells. Restricted mobility and fixed robots can
obtain power by an umbilical supply cable. Hydraulic
and pneumatic systems derive energy from their com-
pressor unit — the lines act as energy transmission links
to the converter unit.

Robots that perform work will be somewhat inef-
ficient for all energy systems will have losses. The
human system consumes around 100W at a rest condi-
tion (of which most is lost as heat) and can provide about
three times this power as work for limited periods. This
would, by implication, suggest that a robot doing the full
tasks of a man needs a 400W supply capability.

The man machine looks quite puny: 400W is not
exactly powerful. Robots are not so limited: For a start, a
man begins to tire after a few hours at 200W output — a
machine equivalent can go on tirelessly. Robot manipu-
lators can provide whatever power level is desired. They
are made to lift huge loads. An example is a framework
that a man fits into, giving him arms that follow his own
with greatly increased load capability.
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1 Fig. 2. Robot systems are made up from sensors, actuators, and
| data processing power operating together to satisfy a number of
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Motivational Mode — In-built must be some means
that ensures that the robot constantly goes about the
business for which it was created. This mode is tempo-
rarily given lower priority when circumstances dictate.
As a simple example, a mobile designed to cut the grass

of a lawn may need to divert its attention from grass’

cutting toward a battery recharge. After charge it must
return to its duty.

Survival Mode — The programming basics must
incorporate means to put the robot into behaviour
modes that reduce and, hopefully, eliminate damage to
the robot. The lawn cutter above must recognise that the
concrete edging or stray stone must not be brought intc
contact with its blades. The survival mode must also
extend to preventing the robot doing damage to its
environment.

Energy Maintenance Mode — As well as the obvious
need for the robot to ensure that it has power enough
available for instantaneous load, it should also be able to
prepare an energy budget of near future need. If itis a
battery-fed mobile, it may well find itself out of energy
enough to get back to the recharge point.

Exploratory Mode — Robots can have greater than one
purpose. Such purposes may not exist all of the time and
all in one place. When no purposeful sensor signals are
received, actuators should be set by a sub-programme to
cause the robot to go and look for a task. In animals this
is seen as inquisitiveness. Without it humans are refer-
red to as lazy and unmotivated, as would appear a robot.
Maintenance and Self-repair — The good robot is one
that does not deteriorate in performance. This is not a
reality, however, for although wear rates of mechanical
implements can be reduced by better design and more
expenditure, it usually can only be done at greatly
increased cost. It is to be expected that robots, at least
for many years yet, will require maintenance like

greasing, bearing replacement and sliding surface repair.

The first thing the robot will need to do in this mode is
to diagnose its own troubles, deciding what repair action
is to be taken. Then it must organise some way to replace
parts. This mode is probably more idealistic than real for
most robots at present, but the software programmer
and robot designer should, at least, give some con-
sideration to this need.
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Fig. 3. Underwater a robot manipualtor provides an operator with
an effective ecoskin and increased ability to do work.

ROBOTS AND PEOPLE

In 1942 Isaac Asimov put into words three laws of
robotics that have become famous in this field. They
refer to the relationship between robots and people that
designers should bear in mind for obvious reasons. The
laws are:

(1) A robot may not injure a human being or, through
inaction, allow a human being to come to harm.

(2) A robot must obey the orders given it by human
beings except where such orders would conflict
with the First Law.

(3) A robot must protect its own existence as long as
such protection does not conflict with the First
and Second Laws.

Asimov never intended the laws to be the one and
only guide to robot designers — farfrom it, they were the
result of science-fiction writing. They are not foolproof
and do not extend to all situations, but do remind us of
some basic ideals to consider in programming a robot’s
behaviour pattern.

PROGRAMMING THE ROBOT

A fully determined robot performance, that is, one that
will obey instructions that are all preset before it begins
to work, is little better than a special-purpose machine. It
cannot do other than what is expected by its program-
mer. This basic level of performance is required of many
robots, but is not the complete capability. It might be
preset by a punched-tape or magnetic tape in the same
way as many domestic knitting machines work. Most
manipulator robots get these instructions via an initial
man-operated run using special controls that allow the
operator to run the manipulator through the required
manipulative routine. Once done it becomes a stored
programme routine.

Far better, if possible, is to servo the output required
according to inputs of error. For example, to put a pin in
a hole is better done by viewing the error between the
pin and hole reducing the error to zero rather than
presetting an arm to put a pin where the hole is expected
to be.

The latter open-loop method assumes that all relative
positions of limbs of the robot are held within the final
tolerances needed to put the pin into the hole — which
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Fig. 4. The Amejse Teletrak driverless tractor train guides itself
to follow a guide-wire set into the floor. One day it may be econo-
mic to provide the robot with navigational ability that compares
with that of humans.

are extremely tight limits in many cases. The former
method makes use of feedback and it is a feature of servo
systems that actuation components inside the foop can
be reasonably inferior in quality. This is a mostimportant
system concept — think of the problem of finding a place
on a map by dead reckoning from a set of distances and
bearings, as opposed to improving one’s situation as you
go by recognition of error still existing.

RECENT ROBOTS

Many authors on robotics include mention of a wide
variety of inter-disciplinary automatic devices. This
broadens the subject enormously and is a quite reason-
able thing to do for robots can take any form. For reasons
of space, we restrict ourselves here to mobiles and
manipulators.

It is said that the term ""robot’’ gained public accept-
ance as the result of a 1923 play by Karel Capek. It was
at that time in history that ideas about automation began
to flourish in earnest because of the favourable techno-
logical atmosphere. Electronic amplification was just
available, mass production of consumer goods was
established, sophisticated industrial control was emer-
gent at a seat-of-the-pants level (theoretical considera-
tions came later in the late 1940s).

Electrical computation began in the late 1930s,
resulting in the first working vacuum tube system in the
1940s. Computer research no doubt stimulated interest
in artificial intelligence, Al for short. Things were really
happening by the 1950s. Studies of adaptive control,
self-organising systems, Al and a new discipline called
cybernetics were developing rapidly — research workers
became very optimistic that machines would soon be
able to design better machines. But they found over the
successive years that it was not so easy!

Cybernetics was the term popularised by Norbert
Wiener in 1957 for the discipline covering self-
governing systems of all kind, seeing them basically as
all the same thing, regardless of application. The term is
derived from the Greek language and means the art of
steersmanship. It is of interest to include the fact that
Ampere had previously used the term to describe the
science of government.

Theory of automata became an established pursuit a
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Robots: Some Facts
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Fig 5. ROMAN, a recent Hartwell mobile, is made for use in haza-
rdous industrial situations. It is electrically powered using cable
control.

little later. Pattern recognition was another related area
that became fashionable to work on. By the early 1970s
the realisation that these ideas would not blossom so
quickly, if ever, to give regenerative machines and
robots replacing men in all their facuities, was accepted.
Such goals are now seen to be much further away.

Today the past efforts of many people in the above
fields have been tidied up, extended, ignored and much
has been weeded out as irrelevant or false, leaving
today’s robot designers with a very useful and full
theoretical and practical background to work from.

Mechanical design aspects of robots have advanced
through work in prosthesis, in nuclear materials hand-
ling, in a relatively few academic engineering depart-
ments and within a small number of industrial groups.

Data processing for robotics concentrated on seeing
what could be learnt from biological systems — maybe
this was not so fruitful considering that designers have to
work with different materials than nature uses. Then
came the mini computer, almost small enough to build
into a reasonable size robot device. Costs at first were
prohibitive. Computing power and speed were very
limited for operating robots at the motional speeds and
precisions needed. Today we now have the quite cheap
microprocessor, where the larger part of its sale price is
for the market promotion, mechanical packaging and
application notes.

BEFORE TIME

Advanced ideas usually meet opposition in a society.
Bruno was burnt at the stake in the 1500s for sugges-
ting astronomical theory was wrong. Pascal nearly went
the same way for making his adding machine. Even Ohm
had his simple law of the 1830s opposed by men of
learning. The road car was held up in development for
over 60 years by the need to walk in front of a vehicle
with a red flag. Fear, preservation of the status quo,
misplaced motives, politics and the natural and more
heaithy need for cautious acceptance usually emerge
before a new concept finds acceptance.

So it has been with robots. Science fiction writers
paint both gloomy and happy scenarios with robots. We
tend to remember only the former. Robots are merely

»
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RODOTS: dOMeE FACIS

Fig. 6. Four projects of the Warwick University Robot Laborato-
ry. That on the left uses an inboard microprocessor. At the rear
is @ hand like short arm manipulator. The tracked vehicle was ori-

machines of greater capability and versatility than man
has made to date. As with all of man’s technology, he
has to learn to use them appropriately. We should not
fear the robot but look deeply into its value to us.

Returning to earth from the levels of philosophy, it is
quite certain that the robots we build over the next
«decade will not challenge our existence. We know too
little at this time to build them with such powers. There
are, however, numerous requirements where robot
devices can replace men performing tasks too hazardous
for men to do. Machines are the extension of man on
earth and no force is likely to stop man’s use of tools
which has been part of his culture from the very begin-
ning.

UNIVERSITY RESEARCH

Robots of the future will make use of techniques dis-
covered and developed in research groups working on
artificial intelligence, robotics, computing science,
electronics, plus many more areas.

The main laboratory of the Robot group ‘at Warwick
University is shown in Fig 6. In the same room is the
computer terminal to which the four projects shown are
hooked-up to give them significant data processing ability.
Around the walls are placed acoustic transducers used in
positioning work.

A group at Edinburgh University work on putting
artificial intelligence into robot devices. They have built a
servo-controlled, computer-based, handling system.

A prime purpose of University research is to seek
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ginally sold as an army bomb disposal unit, it acts as a ready made
vehicle to conduct research upon. {Keystone Press Agency).

better ways to achieve goals. Theirs is not really a task of
building devices that are totally engineered. For this
reason one seldom sees a finished robot but more units
in stages of change.

Never before has the field of robotics been so ready
for development. Simple robots with quite sophisticated
brainpower are in the price range of the non-
professional. Amateurs can now enter the field knowing
that the capability of their effort made now will be
improved as efficient and powerful strategies are trans-
ferred to the general public domain at low cost via
mass-produced integrated circuitry and software pack-
ages. A good comparison is seen by remembering that
visual display units that write words were wonders of the
time ten years ago. Now the equipment is reasonably
standardized, far more advanced and within the price
range and building capabilities of many teenagers.

ORGANISATIONS

British Robot Association
Secretary, Dr. M. Larcombe, Robot Laboratory,
Department of Computer Science, University of War-
wick, Coventry, U.K. (A professional body with
leading manufacturing companies as members.)

Robot Institute of America
20501 Ford Road, Dearborn, Michigan 48128,
U.S.A. (This professional U.S. body has recently
inaugurated a medal — the RIA Joseph G. En-
gleberger Award — for individual outstanding con-
tributions to the science and practice of robotics.)
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Robots: Brain Power

Dr. Mike Larcombe investigates the logic that makes a Robot think it thinks!

ROBOTS DO NOT HAVE BRAINS. 'Wet logic' techno-
logy — brains to you — is many orders more complex
than the world's most complex machine (which is
probably the International Telephone system, not any
supercomputer). Robots are however extremely bright
— for machines. They are much smarter than computers
— which suffer from the so-called GIGO syndrome
(Garbage In, Garbage Out). Unlike the dumb computer
they answer back — ask a smart robot to walk through
the wall and you will get the robot equivalent of a flea in
the ear. Give them a reasonable task and they will carry it
out — give an impossible task and they will either a)
refuse to do it, b) try to do it for a while and then give up,
c) have a seizure (badly designed robots only — as we do
not yet really know what makes a good design. this
means most of them).

THROUGH A ROBOT'S EYES. . .

It is easy to be patronising while watching a robot at
work — especially as their vision is either poor or
non-existent. A few minutes attempting to perform the
same task using the same robot body under remote
control and using the robot’s own sensors soon con-
vinces the human that the robot itself is best qualified to
control its body. Without direct visual feedback remote
control becomes exceedingly difficult — when dealing
with feedback from non-human sensors such as sonar or
doppler radar, virtually impossible. In its own sensory
environment the robot is a master of control. Where robots
use sonar their behaviour in the dark is much superior to
that of their designers.

No undisclosed miracle of technology lies hidden
within the robot’'s carapace — no ‘positronic brain’ is
required. Most of the more advanced robots contain —
or are controlled by — co: puter, and frequently by
multiple computers. With :ne advent of reasonably
powerful micro-computers with 16 bits or more to chew
the computer power can now be contained within the
robot body. The smaller 8-bit micro-processors tend to
wheeze and groan under the processing load required
for even a small robot. The really high 1Q robots still
tend to cling to the apron strings of a big computer but it
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is only a matter of five years or so before they can cut
loose.

Now if you had been paying attention you would have
noticed that in the first paragraph | was somewhat
disparaging about computers. Yet computers control
robots — how come the robot is smarter? Well the robot
is a lot more than just computer — it has sensors and
actuators and perhaps a boxful of specialist processing
functions such as motor acceleration-deceleration con-
trol or positional servo systems. A small robot will have
more input-output channels than many of the larger
time-sharing computers. The robot’s necessary data
handling load may well exceed 10 Megabits/second —
much too fast for a micro-processor by itself. Fortunately
much of this ioad is trivial — such as limit switch logic —
and is easily handled by special’logic, but nevertheless it
must be handled. The road to automatic control is
littered with sad and pathetic figures who thought all
they had to do was connect the wires into a computer
and it would do it all, 10 Megabits/second requires a
great deal of computer and a great deal of money!

FLEXIBILITY

A robot program is unlike an ordinary computer
program such as a payroll program. A payroll program is
a set of sequential steps moving data, making decisions
and ultimately stopping. A robot program is attempting
to weigh up a continuously changing ‘situation’ and
assess what to do in that situation — much as an analog
computer is continuously monitoring both its inputs and
its internal state. It is no good having a robot which does
not realise it is about to — or has — run into a wall
because the program has not got to the wall bumping bit
yet. (I am supposed to be a bit absent-minded myself,
but this is carrying ‘thinking about something else’ to
extremes.)

Further distinctions between the payroll programs
and the robot programs may be made. The payroll
computer does not require any knowledge of the nature
of space and time — indeed it has no 'knowledge’ of
what it is doing. In fact it is a classic GIGO program —
input ‘BLOGGS, F:PAY RATE — 97.5" and poor old
Fred, gets a negative pay packet and is unlikely to be
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Robots: Brain Power
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Fig 1. Sketch of a possib)e research project under consideration
at Warwick University, Robot Laboratory. All the various sensors

mollified by the apparent tax rebate and returned
U. I. C. contribution. The program does not know about
the positive nature of pay — much less the negative attitude
of Fred.

Central to many robot programs is a set of stored
information which is < enerally called the world model.
The complexity of this nodel is chosen to give the robot
some knowledge of the real world without giving useless
information. It is no use informing a robot that trees and
grass are green if it uses infra-red vision — whereas the
information that grass is on the ground and trees stick
out of it is useful.

The robot program need no longer take sensor or
command data at face value. It compares incoming data
with world model data for ‘reasonableness’. If a wall
appears to be moving (program checks sonar range to
expected wall with world model distance between
computed position and wall position and finds con-
tinuous variation) the program can quickly check with
other fixtures to see whether itis sliding about itself oran
unknown flat intruder is present or the wall is actually
moving (the latter two cases may not be distinguish-
able). If an external command to move forward occurs
the program can first check with the world model to
ensure that no obstruction is to be expected and then
check during the movement that an unexpected
obstruction does not exist.

The unexpected obstruction leads us into a really
intriguing area of robot technology. Having found a
paipably real ‘thing’ and perhaps having discovered a
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few useful facts about it (does it move if pushed? does it
move by itself? is it round? how wide is it? can it be
circumnavigated? does it emit ultrasound? does it emit
light? etc., etc.) these facts may then be entered into the
world model by the robot itself. This may seem a small
step, but for robot-kind it is a giant wheel-turn. The
robot’s behaviour is governed by comparing the incom-
ing data with the stored world model data, byt the robot
itself is modifying this data — therefore the robot is
modifying its future behaviour. This is at the very least a
form of learning — that is to say, it is to some extent
unpredictable.

FREEWILL

The robot is not deterministically programmed. There is
an old saying about computers to the effect that the
program is only as good as the programmer. In the case
of robots this is no longer true in its original sense since
two programmers are at work. In addition to the human
programmer the totality of the robot’s environment acts
as a ‘programmer’. Since the mechanics of the world are
imprecise this second programmer never repeats is
program exactly.

This indeterministic nature becomes clear when
during a robot operation something surprising occurs
and 1 am asked what is it doing. | usually have to say | do
not know since the only way to find out for sure is to get
the robot to explain in some way or to stop it and inspect
its memory. Either way can take some time. There is a
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Robots: Brain Power

well known robot simulation program (illustrated)
which deals with manipulations of stacks of geometric
solids such as cubes and pyramids — the interest being
that while you can stack cubes upon cubes and pyramids
on cubes you cannot stack anything on a pyramid. This
program has the advantage for the layman of com-
municating via a computer terminal in a reasonable
facsimile of English. Having completed some long
sequence of moves to stack a small blue cube on a big
red cube (involving clearing everything on top of both
cubes out of the way) the computer pauses and the
programmer asks it: “"Why did you move the green
pyramid off the blue cube?’: the computer answers ‘To
reach the blue cube.” The programmer probes further:
‘Why did you move the yellow cube off the red cube?":
the computer answers ‘So that the blue cube may be
placed on the red cube.” The programmer in great
inquisitorial enthusiasm asks ‘Why did you place the
blue cube on the red cube?’. With the reserve only
computers can muster, it replies ‘Because you told me
to.” This ‘back-tracking’ is relatively easy in a simulation
program and the computer used was very large. How-
ever, in a small mobile robot program space is at a
premium and exotic ‘chatty’ communication impossible.
The same space premium forbids the storage of a//
events — it is necessary to build in methods of selec-
tively removing surplus data — a forgetory if you like.
This is akin to the short term memory system we appear
to use: important stuff is kept and the junk is forgotten.
This selective ‘purging may remove the data required
for back-tracking and it may be impossible to determine
why the robot behaved as it did in a particular situation.
The robot may be given a bag of problem-solving
tricks for using in conjunction with its memory one of
wiese may, for example allow it to solve the problems of
getting about a maze-like environment as quickly as
possible by ‘'mentally’ finding the route before actually
covering 1t (Fig. 2). There may be other specific
strategems for manipulation and so on. At the moment
of writing however, the robot is not really capable of
learning new tricks for itself. This may require an
extension of the world model concept to cover more of
the dynamic and sequential aspects of task learning.

HERE, BOY. .,

Robots are not yet capable of the full range of
intelligence we expect even from an animal. They cannot
learn new tricks, yet they can solve goal-seeking pro-
blems which would baffle a dog and can communicate
in English with some degree of understanding. Clearly
they do not fit into our usual categories for intelligence.
The term ‘machine intelligence’ should be considered
for the moment as standing apart from our normal
spectrum of intelligence. When we know where to put it
in that spectrum we will have learned much more about
intelligence itself. Experiments with robots and in the
field of Artificial. Intelligence will help to elucidate this
age-old puzzle of thinking. | suspect that just as in
movement the robot is more likely to use wheels than
legs it will use somethnng dissimilar in structure to the
brain for its ‘thinking.” What is important is that as we
understand the dynamic principles which govern both
wheel and leg we also find the principles that govern
both machine and biological intelligence.
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Fig. 2. An example of what can happen when you tell a robot to
travel from Start to Goal.
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Fig. 3. The way a robot moves blocks around can lead to blunt
replies from the computer..
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Robots: Building Guide

Dr. Michael Larcombe and ET| Special Correspondent Dr. Peter Sydenham

give a background into building your own robot.

PROBABLY THE MOST IMPORTANT thing to realise is
that successful robots do not grow as can an electronic
circuit development. Mechanical structures and com-
ponents are vastly more time- and money-consuming to
alter as changes are seen to be needed. Because of this
the deficiencies of mechanical elements incorporated
into a robot tend to be retained. Add a few of these
shortcomings together and the device will not perform
as expected.

Thus planning is vitally important from the word go.
Many decisions must be made before money or time is
committed to specific hardware. The ability to imagine
and synthesise the finished product before it is built is
the skill that humans have over the robot — so use it
well.

GETTING UNDER WAY

The imaginative process of design is greatly aided by
the use of diagrams, sketches, plans and written results.
A tidy report file must be kept going from the start of the
project.

After deciding what functions the robot is to fulfil, the
next step is to develop a master system diagram of the
whole, detailing the various sub-systems and their
interaction with other sub-systems. Figure 1 is an
example. Wherever practicable, try to develop the
overall system as one built from basic system units that
can be developed and tested as separate units in
isolation.

Keep the master schematic block diagram updated
each time major changes are incorporated. For each
block, or group of blocks, there should be further
diagrams showing more detail of the construction and
circuitry. Even the simplest robots can soon become too
complex to record as a whole. An orderly hierarchy of
records is needed.

When the stage of realisation of adequately basic
schematic diagrams is reached, the design can then
progress to the creation of the blocks, designing each
sub-unit to suit the specifications decided earlier. At this
junctuie (and later) several earlier decisions may turn out
to be inadequate so, once the final change is agreed
upon, go back and modify the master system and other
blocks as is necessary.

It is always preferable to design the sub-units so that
they can be tested easily. It helps build confidence in the
design as they can be pre-tested before final assembly of
the whole. It also makes good sense to be able to isolate
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a unit easily when a fault occurs that must be traced.
Pre-testing gives useful test results for later comparison.
Assembly should also be designed to allow all major
subcomponents to be removed easily for maintenance
and repair. There is nothing so frustrating as a fault
occuring right down inside the structure where layer
upon layer of mechanics and electronics must be
removed to get to it. Make use of hinged panels, plug-in
circuit boards, easily bolt-on drive and sensor assemblies
with removable circuit connections. For one-off proto-
types there is good sense in building in far more
flexibility of assembly and disassembly than could be
tolerated in a mass-produced, well-tested design. Where
possible, build the working unit as a second one,
retaining all developmental work for possible later
comparison.

Always attempt to design sub-units so that they do
not interact with other sub-units. For example, a
manipulator arm must be sufficiently stiff in bending and
torsion to retain its shape when loaded. If it bends, the
position of the hand could differ from that indicated by
position sensors which, in turn, will try to correct out an
error that was not there by the ideal design standards. If
the power supply droops when a load comes on to an
actuator, this may alter the supply voltage to circuitry,
altering the performance of other components. Where
interaction results it may alter the fully-assembled units’
performance in ways that are not easily discovered at the
testing stage of the sub-units.

As sub-units are created their circuit drawings must
be laid out neatly with all component values marked.
Good mechanical sketches should be made. It is all too
easy to forget that a few months later, after working on
other aspects of the robot, one does not remember the
detail tackled previously.

CHOICE OF COMPONENTS

As the sub-systems harden in design so will the
specifications of the elements needed. They will
generally be of optical, mechanical or electronic nature.
At some stage each specific component must be
located, if procurable, or made, if not. Circumstances
will largely decide the choice. Optimally one chooses the
best available unit, but in reality such factors as cost,
availability, life and replaceability will force the designer
to make compromises. The cheapest may suffice.
Usually, but not always, the more expensive mechanical
component is the best to use. Mass-produced com-
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ponents from construction kits and popular toys, such as
aero models and model trains, are good value. Bicycles,
domestic appliances and motor car parts are another
source of quality low-cost assemblies. Specialised elec-
tromechanical construction kits, such as Meccano,
Fisher-Technic, FAC and Presto, are easy to employ, but
they can be expensive to get started with. They also can
lack the rigidity of structure often needed.

One thing to avoid is the use of complex components
(such as motors) that you possess already but which
cannot be replaced or repaired easily.

Choice of alternatives is less important with elec-
tronics as most solid-state devices now have many
roughly equivalent alternatives, but, even so, steer well
clear of using devices that are not currently marketed at
low cost on an extensive basis with double or more
sourcing.

STRUCTURAL FRAMES

The robot’s functions are made possible through actua-
tors and sensors causing the whole and the limbs to
move as desired in a dynamic sense. The structures
holding the limbs and the limbs themselves must be
adequately stiff — that is, they must not deflect or twist
more than is allowable under load. There is no such
thing as a totally stiff structure, for no material known to
man is inelastic. A basic aim of structural design for a
robot is to provide an inelastic structure having mini-
mum mass. This rule especially applies at the extremities
of rotating arm-like structures where rotational inertia
increases more rapidly than linear elastic deflection as
the distance from the centre of rotation increases.

Elasticity of a structure can introduce many unwanted
interactive couplings — weak gear train mounts may
allow the gears to unmesh as the frame twists with
increasing load. Smaller misalignments will usually
introduce increased frictional losses.

The principle of triangulation enables rigid light
structures to be built. It says that each segment of a
panel or beam required to be stiff in the plane of its
flatness is made from triangles of connected limbs. Open
squares and rectangles must be made into triangles by
the addition of a central cross member. Linear rigidity is
relatively easy to achieve; torsional rigidity is much
harder to obtain for that mode of flexure requires
stiffness at 45° to the linear axis.

STIFF AND FLOPPY MEMBERS

Solid thin sheets obey the triangle rule and are always
theoretically stiffer than a sheet which is lightened with
holes or made from elemental bars. However, the solid,
thin 2D members are rarely better than the same weight
of the material re-arranged as a 3D member which will
possess torsional rigidity as well.

Structures can be made incredibly stiff and light if the
maker is prepared to put enough work and cunning into
their design.

Triangulated structures work on the principle that
members are either in direct axial torsion or compres-
sion. If in tension they can be as thin as their strength
requirements allow, but if in compression a long thin
member will buckle and fail well before it collapses
through lack of compressive strength. Compression
members are, therefore, kept as short as possible and
have stiffness to increase their buckling strength. Tubes
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Fig 1. Systems diagrams, like this of a manipulator for a high-

temperature gas-cooled reactor in the U.S., must be kept up to date
as development proceeds. Keep subsystems as separate entities as
much as possible.

and angles are commonly used. (Think of early aircrafi
structures using struts and wires.)

STRUCTURAL CHOICE

The choice of materials is not always easy, for light
strong materials, such as aluminum alloys, are not easy
to join by the amateur — rivets or bolts must be used, as
welding and soldering are not possible without special
equipment. Avoid pure aluminum for structures — it is
too soft. Aluminum does not need a protective coating
but looks better if it has one.

Steel is more easily joined by welding and hand-
soldering or brazing, but, although having the greatest
stiffness of common metals, it is one of the heaviest. It
corrodes easily — plating or painting is a must for all
steel parts of a well-made robot. It is a mistake to think
steel parts can always be painted after the robot is
finished — there are usually too many wires and com-
ponents attached to do a good job afterwards. So paint
or plate as you proceed before assembly.

Plastics are a relatively new element of structural
design. Very respectable jobs can be made using
modern adhesives and plastic formulations. The catch is
that they are comparatively flexible and heat-sensitive.
As they get hotter, they may sag, will certainly get more
elastic and, worse still, may deteriorate completely in the
fong term. Great care must be exercised about the choice
of plastics used.

Wooden materials have their place, but always opt for
waterproof qualities that are well seasoned or treated to
retain shape.

Modern glues, such as instant-epoxy kinds and
filer-based epoxy resins, are often an ideal choice for
fastening members. But, again, care is needed in their
use. If in doubt, conduct tests on test specimens before
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embarking on the real job. The simplicity of glues often
leads one to make quick joints that are impossible to
open when the unit requires disassembly. The easy path
is not always the best in the long run.

An important point often overlooked is that the robot
frameworks may be subjected to excessive loads and
forces during the testing and development stage.
Transportation of the whole, or merely picking it up or
having limbs moved by external forces such as prying
children’s hands, can often break assemblies that are
well within their design limits of need. If this is the case,
try to incorporate safety features, such as clutch drives,
that will slip for excessive load.

MOTORING

Most DC motors used are cylindrical in nature and use
permanent magnets to supply the field needed. They will
have a relatively small number of commutator segments
and are best run at quite high speeds. For slow speed
shafts a gearbox is needed to reduce the motor speed
and increase the drive torque available. High ratio
gearboxes, however, introduce backlash and friction
problems that reduce the effectiveness of tight servos.
Avoid high-ratio gear trains and any other kind of drive
with slop in it. Worm drives can also present problems as
they cannot be driven by the output shaft. The better
systems use anti-backlash gear wheels, but these are
expensive. High gear-up ratios amplify the rotational
load inertia seen by the motor, so keep high-speed loads
light if good response is needed. Fastest energy ex-
change occurs when the ioad inertia seen by the motor
equals its own value — similar to the energy transfer law
for electrics.

The printed armature, radial shape, motor is well
suited to robot work as it has many commutator seg-
ments, great overdrive capability for use in transients
and excellent low-speed performance. Gears are often
unnecessary with servos built of these. Inexpensive
versions are available (car fans, for example), but they
usually lack a second output shaft or an inbuilt tacho.
Versions with inbuilt tachos are really satisfying to use
but are priced for professional robot designs.

Simple DC motors from toys are rarely adequate for
long. They are not designed to last. The extra cost of
better motors will be found worthwhile.

REMOTE CONTROL

Control from a position away from the robot can be
had most easily by using a wire link in the case of fixed
manipulator machines and limited movement mobiles.
Wires are certainly the cheapest and most reliable link,
but in the case of mobiles and some special applications,
non-contact telemetry is needed to and from the robot.

Radio control would be the obvious choice as many
marketed systems are available at reasonable prices.
Model aeroplane control, and more recently model car
and boat controls, are easily adapted to form command
links. As most robots work at power levels greater than
the actuators used in model planes, it will be necessary
to add power amplifier stages (relays for simple on-off
control, linear amps for proportional controllers) at some
convenient output point of the telemetry system.

Acoustic senders working at around 30 KHz can be
used for systems needing detection from any direction of
robot orientation. Optical beams are restricted as links to
situations where the beam remains aligned with the
robot receptor.
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SEE ME, FEEL ME. . .

The basic senses of human beings are touch, sight,
hearing, smell, taste. These provide many ideas for robot
sensors. Other senses exist, such as ultrasound, radio
waves, infra-red and ultra-violet radiation, that are not
given to humans.

When finalising a sensor stage ensure that its output
signal level, impedance and frequency response suit the
stage, or stages, it must drive. Most sensor outputs need
amplification, and it usually makes best cost sense to use
an integrated linear circuit to obtain the gain. IC stages
generally have low output impedance and set voltage
swing limits. Typical values will be = 10V with a zero bus
for linear devices (higher are available but are more
expensive), zero bus with +5V for TTL logic and a wide
range of choice for CMOS logic. There are few standards
so it is not possible to categorically define signal levels.
Choice of fevels is, however, worth serious study before
the design goes too far, as the fewer the bus voltages
used the better. They must also match the chosen supply
source. Try to avoid the need to create numerous bus
voltages from basic supply rails — zener and series
regulator units waste power.

The cost of low resolution analogue to digital and
digital to analogue converters (low resolution will usually
be adequate in robots) is now such that the output form
of the basic sensor can easily be converted to the other
signal form if it is more appropriate.

Space permits only a brief account of a few typical
sensors used in robot devices.

TOUCH ME. . .

Simple touch sensing is easily done with a light arm
or feeler that operates either a microswitch for on-off
control or a linear or rotary potentiometer for pro-
portionat control. Whereas virtually instant-
aneous signal changes can be created in electronic
circuits, the same is not true of mechanical systems. A
touch-bar moved as warning that the robot must stop
immediately should be able to deflect sufficiently as the
unit comes to rest. Either make the bar flexible or give ita
spring joint where it can bend elastically. The amount of
deflection needed depends upon braking effort, speed of
robot and its mass. As a guide, a 20kg unit moving at
walking pace and being braked by a reversed connection
100W motor may require as much as 50-100 c¢cm of
overtrave!l, depending upon the frictional force existing
between its wheels and the surface it is on (decided by
coefficient of friction, weight on the wheel and braking
force on the wheel axle).

Tactile sensing, such as is needed to control the
clamping force of a closing hand, requires proportional
measurement of closure force.

A rubber or plastic tube filled with air makes a good
protective buffer. Addition of a pressure-sensitive switch
into an outlet enables the buffer to cut power supplies or
reverse the velocity drive. Obviously, imagination and
innovation can produce many more touch sensors.

SEE ME

Human sight is sensitive to only a very narrow band of
the available electromagnetic radiation spectrum. Robot
‘sight’ can extend much further to make use of infra-
red and radio frequencies as well as those in the visible
region. Certain infra-red sensors can detect the thermal
radiation of room temperature bodies and resolve them
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Table 2: Calculations for a hypothetical drive system

against backgrounds at a different temperature. If at the
same temperature as the background, however, the
object can go undetected. This effect, called ‘washout,’
exemplifies just one of the many kinds of sight problems
that robots need to tackle. Most worthwhile seeing
conditions resolve to those of pattern recognition once
the ‘visual’ picture is transduced by appropriate
sensors into electrical signals. In robots the higher order
seeing problems to be tackled require extensive data
processing facility. The microprocessor now promises to
provide the kind of power needed at realistic prices for
amateur robot projects.

The easiest to invent and build is the photodetector
that responds to an increased intensity source using the
DC level change as the sensed signal. This kind of sensor
is suitable to move the robot toward or away from bright
lights or to increase or decrease its activity as the
ambient light level changes. It is of little value in
applications where the robot has to seek out a certain
‘marked’ place or beacon or follow a moving light
marker.

In these cases, the source light can be coded by
amplitude modulating it to at least 10% depth at some
convenient frequency which is not a multiple of line
frequency (or it may well fall in love with all fluorescent
and incandescent line fed lights).

Similar principles work for infra-red and microwave
and also for acoustic methods. Seeing is usually taken to
mean line-of-sight working only. Strategies may have to
be programmed to ensure the robot obtains a line of
sight long enough for it to learn of the direction to move
to. (A sample and hold store of position is a must for such
applications.) Modulated systems, although generally
unresponsive to moderate ambient background il-
lumination, will usually be affected by severe ambient
levels, for these may saturate the circuitry. In such cases
the output produced should be a fail-safe kind. (Many a
robot has been camera-shy when powerful flood lights
are turned on for the public debut on tetevision or film.)
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At 1 Power input = V.| = W

At 2 Power from motor = W. motor efficiency = W. Torque at
output shaft Tm from data sheets

At 3 Coupling may lose up to 5% of energy transfer, but not
torque unless slip occurs

At4 Torque at gearbox output To = Tm X n

Shaft speed = Input shaft speed

n
Power available = Power at input X Gearbox efficiency
At 5 Torque at wheel shaft = gearbox output torque
ra

r
Wheel speed = gearbox‘output shaft speed.

8]

ra
Power to move robot = power out of gearbox X efficiency
of belt or cahin drive

At 6 Force at wheel perimeter
shaft torque  —F

—_—

3

Power available is as at 5 unless bearings lossy

Speed of robot translation = wheel speed X2TTr X
slippage allowance

Force of transiation = F, X coeff of friction X load vertically
on wheel

HEAR ME. . .

Sound waves behave in much the same way as
electromagnetic waves, but with one big exception —
they travel much slower. For this reason acoustic senses
and senders are a popular choice for robot sense of
position and for detecting presence. Their use is mostly
based on the radar principle of sending a pulse (or
continuous wave) and monitoring the time (or phase)
delay of its return. Acoustic radars give good positional
sensitivity at room and workshop size ranges. Use of
ultrasonic (above the 20 kHz limit of human hearing)
frequencies help avoid signal-to-noise ratio problems in
acoustically noisy environments. Beware, however, of
ultrasonic sources produced by machinery.

An array of inexpensive piezo-electric crystal receivers
mounted in a pattern across the breadth and width of the
robot frame can, after some signal processing, detect the
location of a single source. Two units mounted on a
tracking robot antenna can be used as a binaural
position sensor. A single send-cum-receive unit
mounted on the robot is capable of locating obstacles for
a survival mode of robot operation.

SMELL ME, TASTE ME. ..

Of the human senses these two have barely been
developed in hardware form. Both are related to the
presence of chemicals and therefore the methods of
chemical analytical instrumentation are relevant. How-
ever, few analysers exist that are cheap enough for the
hobbyist pocket. Certain measurements, such as CO,,
CO and O, detection, can be achieved cheaply by
sensing a simple effect of these gases on the tempera-
ture of a heated resistance (CO,, CO) or via the voltage
generated by a special cell (O,). Smoke is more easily
sensed as an attenuator of light than by the presence of
its chemicals. An analyser capable of detecting smells
such as rotten fruit, individual people, or the finest
perfumes requires the use of a mass spectrum analyser
or other sophisticated methods costing huge amounts of
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money and weighing many kilograms. In short, smell
and taste are not very profitable senses to use as yet. An
exception is robots already made commercially that seek
out the centre of fires for extinguishing purposes.

ACTING OUT A ROLE

Sensors produce the input signals tell the robot
what is happening. To get the robot to act on such
commands these signals are processed and used to drive
power output devices, called actuators. These convert,
in the main, the power source energy into mechanical
work. Actuators for robots usually require electrical
signal (analogue or digital) inputs providing linear or
rotary motion via wheels, gears, belts, tracks and what
have you to do work.

Robots require motions that give speeds and posi-
tions. Basic motions needed, depending upon use, are
continuous linear motion (wheels driven by motors,
cables would up by motors, rack and pinion), short-
stroke linear motion (solenoids, restricted length rack
and pinion), unlimited rotary motion (direct motor
output, geared up or down motor motion), and limited
angle rotation (rotary solenoids called torquers, pinion
and wheel or rack). Chains, belts, pulley and flat flexible
strips are elements used to provide various kinds of
motion, including converting rotary motion to linear and
vice-versa. The commonest and cheapest actuators are
solenoids and motors. Where controlled variable torque
is needed, DC systems are usually used.

Wheels are predominantly used to move mobiles.
Walking is a spectacular method, but is far more difficult
to design. Wheeled systems must be able to steer easily
— car-like methods require intricate movements to
esczape a blind corner. Rapid response drives will require
as much of the robot’s weight on driven wheels as is
pos:ible. All wheels supporting weight but not being
driven reduce the tractive effort available. The coef-
ficient of friction of drive surfaces must be chosen to suit
each application, or else excessive wheel spin will occur.

OPEN AND CLOSED LOOP

At this point it is worth devoting some time to the
concept of closed-loop actuator systems, for all worth-
while robots use these. The reason is as follows
Consider a small motor coupled to drive a robot via
wheels through a step-down gearbox. To get the robot
moving requires more initial power than when it is
running under steady load because friction of the static
drive is greater than when running. Thus, as soon as it
begins to move, the input must be reduced or else it
tears away. Also, when the robot comes to a rise, the
input voltage setting must be increased to give more
power. This kind of controller is called an open-loop
case. The real aim is usually to have the robot run at any
given time at a steady known speed, over the range from
zero to full speed, for all conditions of load.

This 1s done in a closed-loop system by sensing the
actual speed of the motor (in electrical terms, by
generating a voltage with a separate generator called a
tacho coupled to the motor shaft) and comparing this
value with that which represents the desired speed. The
difference, called the error signal, is used to increase (or
decrease) the motor current so as to bring the speed up
(or down) to the correct value, where the generator
output equals the reference level. Motor speed will,
within available power limits, be held closely at that set
by the input reference voltage level, despite changes in
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Fig 2. HORACE, a Warwick University Robot Laboratory mobile,
is simple to make and uses commercial parts. Robots like this are
well within the scope of amateurs. Note the ease of access to parts.

load. If the motor current can be reversed by the
circuitry, a command for zero speed (zero reference
voltage) given at, say, full speed, will attempt to reverse
the motor giving quite impressive braking. As the speed
approaches zero due to the braking, the error falls to zero
and the motor comes to rest.

Good servos can provide tight control with rapid
response to new commands. Their slight disadvantages
are a need for a more sophisticated (but well worthwhile)
system that costs a little more if the right motor is
chosen, the chance of instability if it is too highly tuned
and the possibility of having too responsive an action
that may shear parts and slop liquids (but at least this is
easily slugged or smoothed by appropriate integration of
the error signal within the control loop). Overall, how-
ever, the performance of a closed-ioop servo is vastly
superior to the open-loop equivalent.

POSITION SERVO-SYSTEMS

Position controls also should be closed-loop in opera-
tion. Here the actuator that brings about a positional
change is fed an error signal generated from a position-
sensitive sensor. An arm elbow joint, for example, would
have a potentiometer rotating at its pivot axis. The
voitage produced by the potentiometer is compared with
the given reference signal providing the error to drive the
actuator accordingly. This servo will ensure that the arm
goes to the angle desired by the input reference voltage
value, regardliess of load (within limits of maximum load
capability). If the arm overshoots the correct position,
the error reverses bringing it back by reversing the
actuator. Servos can be adjusted to approach the final
value in a quick fashion with overshoots, or slowly,
without overshoot.

Position servos benefit by the use of a tacnogenerator
driven by actuator. The tacho signal is used to feed a rate
of error reduction signal into the closed loop, making it
move faster when wildly wrong in position and slower
when nearly at the correct place, thereby giving it a
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Robots: Building Guide

Fig 3. This working model of RIVET explores an ingenious method of transport. It can go over obstacles twice its own height.

chance to stop at the right place. This mechanism is
known as damping.

As the gain around the servo loop is increased, the
response gets tighter, smartening up. However, a point
is eventually reached when the loop will begin to
oscillate, first giving small dither around the correct
place and then as the gain is further increased, rising to
massive oscillations. Reducing the gain is the easiest
way to combat this but not the cleverest. Compensation
is the technical name used for the process of adding an
integration and/or derivative of the error signal to the
error so as to obtain higher gain with reasonable
stability. The tacho of a position-servo does just that.
Explanation of this is beyond this account, but is well
treated in many books on linear control systems. The
above explanation is somewhat simplistic but adequate
as a basis. In reality the velocity servo described will run
at slightly lower speeds than called up, as an error must
exist to generate the torque needed to hold the speed.

FINAL TESTING AND MAINTENANCE

The development of the robot should proceed in an
orderly manner, each sub-unit being pretested and
made as acceptable as thought necessary before final
assembly begins. As each unit is added to the final
whole, checks should be run to see that it still works as it
should. See that the other units still work properly, as
unexpected interaction is common in robot develop-
ment. It is much easier to test for this as you go from
stage to stage than to try and find which unit alters what
at the end. As defects are detected — bugs always occur
— rectify them before moving on. There is a natural
tendency to rush on to the apparent end, only to be
disappointed because it does not work properly. In other
words, be patient; it is worth it.

Once the whole robot is ‘all systems go’’, the next
stage is to conduct some field-trials. Put it through its
paces doing the tasks it was intended to, but in situations
where damage is minimized if the behaviour is not as
expected.
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Monitor the initial hours of work carefully looking for
overheating of electronic and mechanical components,
and listening for odd mechanical noises that indicate too
much slop or friction. These may lead to premature
failure if left unmodified. Limbs and other members that
appear weak are more easily strengthened before they
break than after! Smoothness of operational sound is a
good indicator of satisfactory mechanical design.

Unlike electronic circuits that, once made, are initially
maintenance-free except for faults, dynamic mechanicai
systems require regular attention. Lubricate bearings,
slides, cables and pivots regularly, but do not overdo the
oil or grease. Dry graphite may be better than oil in some
applications. Areas of wear will need adjustment with
use. Build this into the design to begin with, where
possible, as retrofit is always harder.

Too often ignored is the final documentation. When
the project is seen as complete, go back to the master
diagram and files on the whole system and sub-system
modules and update them to the latest stage. If you feel
the robot will be used regularly over several years, or if it
was built for the use of someone else, itis imperative that
the documentation is readable, neat and complete
enough to be a good guide to someone else at a time
after its details have been forgotten by its builder.

Creating a robot is fascinating and rewarding. How
well it operates is a matter of your design sense plus
ability to execute the design in a professional manner.
We hope the above, albeit brief, introduction will help,
and wish all robot constructors rewarding, successful
projects.

We at ETI would be excited to hear of, and eager to
publicise robot projects which our readers know of or are
involved with, be they personal interests, industrial or
university projects. Send pictures, details of features, and
tips on novel construction methods or component supply
to: ETI Robot Projects, Unit 6, 25 Overlea Blvd., Toronto,
Ont. M4H 1B1.
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In response to many requests from our readers we have
arranged for binders to be made so that you can keep ETI’s
first volumes together and protected from damage. The
binders are covered in attractive leather-look black plastic
and are designed to hold twelve issues. The ETI design is
printed in gold letters on the spine.

The binders cost $6.00 each, which includes postage and packaging. Do not send cash — you can pay by cheque. Mastercharge, or Chargex
Credit card orders must include your account number, the expiry date, and your signature. In all cases allow six weeks for delivery.
Send your order to ET! Binders, Unit 6, 25 Overlea Bivd., Toronto, Ontario M4H 1B1. Don’t forget to include your name and address.
Ontario residents add 7% PST.

You Too Can Look Like This 52 % 52 % smnimmsrovisu

NEW PICTURES!!

aaw

. o~

They're here! ETl’s new Canadian-made polyester-cotton T-shirts are now in our office awaiting
your order. These are really top quality — not cheap foreign shirts that fade and shrink when you
wash them. They’'re nice and long to stop draughts around your midriff. Colour scheme is blue with
white design.

. fr ¥f ¥r r r 17 ¥« r s r e r 7 3 & F B _F B _ B 2 ¢ 7 f 7 § B |
FilloutthiscouponandsendtoETI T-Shirts, UnitSix, 25 Overlea Blvd., Toronto, Ontario, M4H 1B1.

Please send me ETI T-Shirts sizes as indicated. | enclose $

Number of Shirts 1 2 3 4 5 Ontario Residents add
$5.50 $10.00 $15.00 $20.00 $25.00 Provincial Sales Tax

_ - '0:1 Name

‘ Address

8]

. ;r- & s W (‘ Town Prov Postal Code
i \! b DO NOT SEND CASH
&! o
LAHGE (40") MEDIUM (37" SMALL (34" D Cheque enclosed. A/C No.
Number Number Number O Bill Mastercharge. Signature
required required required O Bill Chargex. Expiry Date

----------------------------------d
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ETI Project

Digital Tachometer

Digital Tachometer

Compact unit offers both 10 rev resolution and short response time.

WE HAD OFTEN considered the design
of a digital tacho for automobile use,
but had rejected several schemes as we
were unable to get both good resolution
and response time — the two seemed to
provide a very good demonstration of
Heisenberg’s Uncertainty Principle.

Consequently, we were rather
pleased with this phase-locked loop
based design which got round the
problem.

This tacho features a fast response
time, coupled with 10 Hz resolution,
through the use of a phase locked loop
frequency multiplier. 1t can be set up,
by means of a single link, to work on 4,
6 or 8 cylinder motors.

DESIGN FEATURES

To measure the revolutions per minute
of a motor is simply a matter of count-
ing the number of ignition pulses over a
given time. With a four cylinder, four
stroke motor there is such a pulse twice
per revolution. Therefore if we count
these pulses for 30 seconds we will have
revs/min with a one cycle resolution.
Obviously this is much too long a sample
period for practical use in a car and
some compromise has to be made.
The usual solution is to use a 100 rev
resolution and a sample time of 0.3
seconds (on 4 cylinders). We considered
this inadequate which is why we have
not published a design until now.
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In this design an oscillator is used
which is phase locked to the ignition
pulses except at a higher frequency (x8
for 4 cylinder) allowing a short sample
time (0.375 sec) with a 10 rev resolution.
By using adifferent multiplication factor
compensation for different numbers of
cylinders can be made. Unfortunately
with the multiplication factors used
(x8, xB, x4) the sample time for 6
cylinders is not exactly the same as that
used for 4 and 8 cylinder motors. Alter-
ing the ratios to x12, x8 and x6 would
enable a 0.25 sample time to be used for
all ranges, but this is not possible with
the divider IC utilised in this design.

CONSTRUCTION
Assemble the pc board with the aid of

the overlay ensuring the components are
oriented correctly. The tantalum cap-
acitors normally have a + mark indicating
the positive load, or a dot on the side.
When soldering the CMOS ICs (4, 6, 7)
earth the tip of the soldering iron.

Note that there is one feedthrough or
link between the two sides of the board
near C10.

CALIBRATION

Initially place a link between the point
‘C’ and the terminal corresponding to
the number of cylinders. Now with the
power supply connected feed a 50 Hz
signal of between 12 and 30V into the
points input using the 0V as common.
Now adjust RV 1 until the display reads
1500RPM for 4 cylinders, 100Q for 6
or 750 for an eight cylinder car.
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ETI Project

Fig. 1. The component overlay for the board. The board is double sided
although only the lower surface is shown here. Note the link between
the two surfaces of the board near C10. Also check the orientation of

the transistors carefully.

Range
Resolution

Reading rate
4 or 8 cylinders
6 cylinders

Power supply
Suitable ignition systems

SPECIFICATIONS

100 to 9990 RPM
10RPM

2.66 per second
3 per second

7t0 15V @ 400mA
standard

CDI

transistor assisted

* it will not operate on
‘pointiess’ systems

— PARTS LIST

RESISTORS all %W 5% unless stated

R1,2 ....39k otherwise

R34 ... .22k

RS ..... 1k5

RElS s 100k

R7T sae 3 100R

R8s ay-a not used

RO 65 s 10k

RA0L 4 ¢ ot 390k

RIS a5 10k

B2 wisia 270k

RS s 10k

R4 %< not used

R15—-R21 . 27R
POTENTIOMETER

RV1 . .. .25k trim
CAPACITORS

Gl hiara e 10u 25V tantalum

C2,3 ... .56n polyester

Clsin x99 3 10u 25V tantalum

CBiw s 5 s 4u7 25V tantalum

CBiie ai 10n polyester

Cls:a s vro 140 25V tantalum

G8Y 7 vl 470p ceramic

W e 56 n polyester

G103 wiaits 10n polyester

Gl g e 10n ceramic
SEMICONDUCTORS

(6] [ 7805 reguliator

12 sh e 555 timer

ICrwe 7413 dual schmitt

184 =555 & 4046 PLL

1CE .. s 46 74123  dual mono

1C6L .y ko2 4018 divide by n

(&7 e o 74C925 4 digit counter

(o} T MPS6515

Q2-Q5. . . 2N2222A

RS 1N4004

Display . . . NSB5881 {National)

MISCELLANEOUS
PC board ETI 318
Case to suit

Northern Bear Electronics will have avaii-
able a kit of parts only for this project,
while the pcb may be obtained from B&R
Electronics.
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Fig. 2. The pc patterns shown full size. The second side can be printed, or

simply a guide for jumper wires.
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Log-Exponential
Converter

This converter can be set up for either logarithmic or exponential
operation and incorporates a neat heater circuit for temperature stability.

IN THE CONVENTIONAL musical
scale, consecutive notes are not separated
by the same frequency, but by the same
ratio — the twelfth root of two. This is
quite acceptable for most musical
instrument manufacturers, except that
in electronic music equipmentitis easier
to make oscillators which have an
accurately linear frequency/control
voltage characteristic. The keyboards of
most music synthesizers give an output
voltage of 1V for each octave on the
keyboard. This can easily be generated
by a set of equal resistors between the
contacts on each key and a voltage
applied to each end (normally 5 V).
However this means the oscillator is
required to have an exponential
frequency/control voltage response.

This is where the trouble usually
starts. An exponential converter is
normally used which relies for its
operation on the relationship between
current and voltage in a silicon diode
or transistor. However unless
temperature stabilisation is used the
oscillator will not stay in tune for very
long. With this unit the transistor used
is heated to around 55°C and stabilised
at this temperature, eliminating the
problem of thermal drift.

In the instrumentation field a lot of
functions are displayed in dBs which are
a logarithmic measurement. As this unit
can be connected in either exp or log
modes it is useful for this purpose also.

CONSTRUCTION

As the unit will normally be used with
some other equipment, we have not
described any mechanical housing. The
only difference between the assembly of
this board and any other is the oven and
the connections to the transistor array
package. The oven is made out of two
pieces of foam plastic about 55 x 35

x 12mm. The outside of the oven should

34

Photo showing the complete unit with the top of the oven removed to show
1C5. Note that link 1 is made out of a couple of pins from an old tube socket.

be covered with aluminium foil to help
reduce heat loss. The aluminium itself
should be covered with a layer of
adhesive tape where the leads can touch.
A piece of thick paper should be used
between the ovenand the pcb to insulate
the tracks.

The centre of the oven should be
hollowed slightly to hold the IC {bend
the leads out straight as shown in the
photo); ahotsolderingiron is the easiest
method. Do not remove more than
necessary. Now solder a 40 mm length
of thin copper wire ( a single strand
of a multistrand cable is best) to each
pin, then with the base of the oven in
position, sit the IC in the oven and
connect the leads to the appropriate

holes. If a small amount of epoxy
cement is placed under the oven it will
stay in position. Now fit the top of the
oven and secure with a piece of adhesive
tape until it has been checked out. It
finally can be cemented with epoxy
adhesive.

The potentiometer values chosen are
a compromise between ease of adjust-
ment and the ability to compensate
different transistors. If the potentio-
meter does not have enough range then
the series resistor will have to be varied.
We have specified 2% resistors through-
out to obtain a better temperature
coefficient than is possible with
conventional 5% resistors. It will not
help to select out of normal 5% types.
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Log-Exponential Converter

SPECIFICATIONS r— HOW IT WORKS

This unit relies on the fact that the

Transfer funptlons ¥in collector current of a transistor is
exponential Vout=0.15625x 2 exponentially related to the base voltage.
log. Vout=Ln(Vin/0.15625) / Ln2 In the log mode the collector of the

transistor is linked back to the input of IC1.

Useful dynamic range 50dB or 8octaves In this way the collector current is pro-

portional to the input voltage and therefore
the voltage on its emitter is logarithmically

Oven temperature approx. 55°C related to the input voltage. This voltage
g is then amplified and level shifted by IC3

Warm up time about 2 minutes to give the desired output.
In the exponential mode the 10k
Power supply +10 to 15 volts resistor R9 is linked back to the input of

IC1 and the voltage on the emitter of the
transistor is proportional to the input
voltage; the collector current is
exponentially related to the input voltage.

VALUES OF UNMARKED COMPONENTS This current is converted to a voltage by
LOG EXPONENTIAL IC3.
R3 33K 290k All this works well provided the
RS pE 150K transistor is at a constant temperature.
R13 = 100k Compensation can be made by using other
R15 22k 470k junctions and thermistors, however even
R17 390k 33 the self-heating effect of the transistors
RV3E LINK 200k can affect linearity. The transistors we
RV3L 200K UINK have used are part of a transistor array IC
R OIREQYIRED! which has three individual NPN transistors
[ S I SHO and a differential pair. We heat the chip up
v by dissipating heat in the differential pair
R1 while measuring the base-emitter voltage
Bv1 % A s of one of the individual transistors. IC8

is used to compare this voltage to one set
by the divider R25, 26, 27 and RV7. The
base-emitter ovoltage is normally about
0.67 V at 20 C and drops about 2.2 mV
per degree above this temperature. IC8
ov PhRY then stabjlises the chip temperature to
about 35 C above the temperature at

-V

INPUT R3
RVIE Note different sets of pin which it was initially calibrated. As it
2008 numbers on 1C5/1 for warms up the current in the transistors will
each channel. fall and when hot the voltage drop across

R31 will be low enough that the LED will
I | extinguish. The transistor array is housed
1% in a polystyrene housing to conserve heat.
Fig. 1a. The circuit diagram of the converter section. Note that although only one channel
is shown here that there are two identical units on the pcb. The component numbers used
on the second channel are the missing even numbers, ie R12 is the same as R11
LINK T %'2‘3.,5

ov

vV
15V Qe

av O

I'lOu
=15V ~15v

Fig. 1b. The power supply section which supplies the stable
¥ 7volts needed for the bias and adjustment controls. Fig. 1c. The oven circuitry.
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Fig. 2. The component overlay for the converter.

CALIBRATION

The equipment needed comprises an
accurate digital voltmeter and a variable
power supply with a fine voltage control.
The +7 V rail can be used for this with
a multi-turn potentiometer.

Oven Control

1. Before switching on, remove link 2
and fit link 1.

2. Switch on and monitor the voltage
on the output of IC8 {pin 6).

3. Adjust RV7 until the voltage is about
—5 V. The potentiometer is sensitive in
this area but the actual voltage is not
critical.

4, Remove link 1 and fit link 2. The
LED shoutd now come on for about
two minutes before slowly going out.
This indicates that the oven is stable.
Calibration of Log Mode

1. Set O V on the input.

2. Monitor the voltage on the junction
of R7 and R9.

3. Adjust RV 1 to give a negative voltage
on this point. Now adjust RV1 slowly
until the voltage just switches positive.
4, Set 0.15625 V on the input.

5. Adjust RVb5 to give O V output.
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6. Set 5.00 V on the input.
7. Adjust RV3 to give 5.00 V output.
8. Set 1.25 V on the input and check
the output voltage. It should be 3.00 V.
If it is higher go back to step 4 except
adjust RV5 to give —0.010 V and use
RV1 to bring it back to zero. Continue
with step 6, 7 and 8. If the output volt-
age at 1.25 V input is less than 3.00 V
adjust RV5 to give +0.010 V instead of
-0.010 V.

Continue until all three points are
correct.

Calibration of Exponential Mode

1. Place a link between the junction of
R7 and R9, and O V.

2. Adjust RV5 to give 0.00 V output.
Remove the link.

3. With 0.00 V input, adjust RV1 to
give 0.15625 V output.

4. With 5.00 V input, adjust RV3E to
give +5.00 volts output.

5. Check output voltage with 3.00 V
input. It shouid be 1,25 V.

6, If high repeat steps 1 — 5 except
adjust RV5 to give about +10mV

e PART S LIS T s

RESISTORS alt 2%, 5W
R 255 e 470k
R3-R6. .. .. see table 1
R7—-R10. .. .10k
R11,12 ... .100k

R13-R18 . . .see text
R19-R21 . . .1k

R22,23 . ¢ . 10k
R245 w8 = ¢ wi - 100k
R25s 4viw0:4 ¢ 2k7
R265% wraia o 18k
B2 et 4% % 470R
R28, 29 JAK

RB0% ¢'a s ie & 47R
B3V et 82R

POTENTIOMETERS
RV1—-RV4. . . 200k multiturn trim

RNV 57605a v e 50k multiturn trim

RA7: e s v 1k multiturn trim
CAPACITORS

C1-C4. . .. .33pceramic

C5:6l e waat 10u 25V electro

G T et 1n 0 polyester

G845 & nmmans 10u 25V electro

(P 33p ceramic

Cl0cw s 2 e s 10u 25V electro

3 ) S 33p ceramic

Gl 3 ¢ ot 100n polyester
SEMICONDUCTORS

IC1-IC4 . .. .LM308

(e CA3046

1C6 e v v 4 e 723

1C7585 wis v 5% LM301A

@ Ny % o 2N3905

D=8 5k vwivce 1N914

LED

MISCELLANEOUS
PC board ETI 605
Polystyrene foam for oven
The pcb for this project is available from
B&R Electronics and Spectrum Electro-

nics.

output. If low, repeatsteps 1 — Sexcept
adjust RV5 to give about —10 mV
output.

7. Continue adjustment until all readings
are correct.

CALIBRATION TABLE
A B
-3.00V 19.6 mV
=200V 39mV
-1.00V 78 mV
0.00 v 156 mV
+1.00V 312mV
+2.00V 625 mV
+3.00V 1.25V
+4.00 V 2.50 V
+5.00 V 5.00 V
+6.00 V 10.00 vV
—

Fig. 3. This table shows the relationship
between the input and output. In the
exponential mode A is the input with 8
the output while in the log mode B is
the input and A the output.
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- ELECTRONICS
- INMODEL
RAILWAYS

' Follow up the article in 12~
month's ETI with me- ‘
use in model rai' ‘ -
“Electronic ~

| Railwa*

. was

o SOL » as a pocket-

-0ok. Now we have
.1 stock for our
dian readers. Local
~quivalents are given for
transistors used. Canadian price
$2.60 (inc p&p).
Send order with cheque or
Mastercharge/Chargex number
(with expiry date and signature)

1976

' MORE |

[

|

to ETI Books, Unit Six, 25 Overlea i

Bivd., Toronto, M4H 1B1.

!

SAVE!

Repairs to Calculators
All Makes and Models

*HANDHELDS

Non Rechargeable
Flat Rate # 10.00

*HANDHELDS
Non Scientific Rechargeable
Flat Rate # 15.00

*HANDHELDS
Scientific Flat Rate @ 25.00
Complete Overhaul
on all Handhelds

*DESKTOPS/PRINTERS
Labour @ 25,00 Flat Rate
Parts Extra

® Free Estimates Available

® Maximum | week Service

® Add 2.50 to Above Prices For
Handling & Mailing.

® 90 Day Warranty

Ocean Electronics Ltd.
3992 Chesswood Drive
Downsview, Ontario M3J 2W6
Phone: (416) 630-0873

*LIGHT CHASER KIT Available $19.95

* Dealer Inquiries Invited

Ont. Res. add 7% Sales Tax
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FM Wireless
Transmitter

Compact unit lets you broadcast voice or music to local FM radios.

WITH THE NUMBER of inquiries
we've had for FM Wireless Mikes
and the like this project should prove
very popular. It seems that no matter
how short the distance there is some-
thing romantic about transmitting
sound from place to place with no
wires. But more than simply amuse-
ment, an FM Broadcaster can be
quite a useful gadget, as a one way
intercom, baby monitor, or perhaps
you would like to listen to your
phonograph while out in the back-
yard sunbathing with your FM Radio.
(at this time of year? Hah!).

WHAT IT'S GOT

The FM Broadcaster presented here
has two inputs, one for microphone,
one for phono, each with its own
tevel control. A five foot antenna
wire attached completes the setup
and gives you over 100 foot range.
The frequency is adjustable to a
blank spot on the FM band. Printed circuit board pattern.

HOW TO BUILD

The best approach is to use a
printed circuit board, as the wiring
in the RF department is fairly critical,
ie: leads should be short and not able
to move very far. When mounting
all the components carefully check
that all devices where polarity is
important are stuck in the right
way around. Note that the poten-
tiometers may mount directly on the
board.
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Circuit diagram of FM broadcaster.
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The best place to start an explanation of
how this circuit works is in the middle,
with Q2. This transistor is the heart of
the oscillator, of frequency in the FM
band. R6 and R7 form a voltage divider
which makes the base voltage on Q2
about 1.4V. The emitter of Q2 will be
TV less at .7V, establishing the current
through Q2 (into collector, out of emitter)
as .TV/RS, or 3.2mA This also sets the
gain of the transistor, which however
will vary from device to device.

With no input to the base of Q2,
the transistor will oscillate because of
feedback through C8. What happens is
that a small increase inthe voltage at the
emitter of Q2, reduces the base-cmitter
voltage, rcducing the current into the
emitter, decreasing the voltage across
the load (C6 and L2), which increases
the voltage at the collector. Got that
so far? The increase in collector voltage
connected via C8 to the emitter causes
the emitter voltage to rise, and we’re
back to the start. In other words, we

have positive feedback and the transistor
will oscillate. The basic frequency of
oscillation is determined by C6 and L2,
who form a tuned circuit which acts as
a relatively low impedance at all frequen-
cies, except for where f=1/2m/LC.

The next step is to modulate this
basic RF signal, which is at say 100MHz.
This is done by varying the voltage at the
base of Q2 with the audio signal. What
this does is to vary the current, through
Q2 by a very small amount which also
changes the gain a little. This causes
Q2 to oscillate at a slightly different
frequency. In otherwords, the frequency
varies with the audio signal, hence fre-
quency modulation.

The circuits around Q3 and Q4 are
almost identical common emitter audio
preamplifiers, taking input signals and
increasing them to a suitable size to
modulate the oscillator. The phono
preamp has the addition of R11 which
acts to attenuate the input signal from

the phono.

At the output end of the unit, the
RF signal from the top on L2 is fed to
Q1 which simply amplifies the signal
and finally it arrives at the antenna.
L1 and C2 form a second tuned circuit
so that Q1 tends to amplify the signal
at the desired frequency only.

Three capacitors are shown connected
essentially across the battery. Each is
to ensure that the 9V supply at each
location is nice and solid, ie that none
of the various signals can influence the
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