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Available forthe firsttime! The new Maplin
magazine binder that holds twelve issues of
Electronics, the Maplin magazine. f you have not
gotthe world of Electronics covered, now’s your chance!
This great, quality binder comes in hard wearing, ' el il
laminated art board, that not only looks good on your \ HOLOGRAMS ||
bookshelf or workshop desk, but s also a great way to — X B i
build up an Electronics reference library of your own!

Now you can keep all of your copies of Electronics,
the Maplin magazine, together and on hand for when
you need that extra piece of information. To order your
binder simply fillin the order form provided in this issue of
Electronics. Only £5.25 (plus £1 handling charge).
Orderno: XH99H.

THE NEW MAPLIN MAGALZINE BINDER
A GREAT WAY TO GET THE WORLD OF ELECTRONICS COVERED!



EDITORIAL

BHello! And welcome to this edition of
‘Etectronics - The Maplin Magazine'! in
the projects line-up there is a High
Quality Power Suppty which, when
combined with the MOSFET Amplifier,
published in the last issue provides the
basis for a professional power
amplification system. There have been
many requests for beginners’ projects, so
we've designed an AM Radio project
specifically for you. ‘Data File' presents
the SSM2044 VCF IC, ideal for use in
synthesiser and audio effects
applications. Test equipment is often
needed on the work bench but is
expensive to buy; the ‘Tetraprobe’ offers
aviable alternative by combining four
frequently used ‘pieces of kit’ into one
compact unit. ‘Attenuators’ provides
some useful ideas for measurements on
the work bench. The “TVFX Unit' presents
the novel idea of using a colour TV or
video monitor as the basis for a colourful
pulsating screen display. Apart from our
regular features, there are three new
series: ‘Practical Robotics' looks at how
to build and control simple robots,
‘Programming in BASIC' and also
‘Hearing, Deafness and Eiectronic
Technology’ deals with the inner
workings of the human ear. With such a
lotinside you'd better read on and enjoy!
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TETRAPROBE

0 Aningenious and easy to
build 4-in-1 test unit.

TVFX

B Aninnovative unit that
brings a new dimension to
sound-to-light shows.

32 HIGH QUALITY
POWER SUPPLY

0 Asuperbly designed, very
high quality, power supply

specifically intended for use
with the MOSFET amplifier.

Tt

0 An ingenious design for a
pocket sized TRF radio
receiver that covers the MW
broadcast band.

04 satus

B Aversatile Voltage
Controlled Filter IC which is
ideal for use in synthesisers
and audio effects processors.

FEATURES

16 oworics

8 A new series about the
practical aspects of building
simple robots.

B Part sixin this informative
beginners' series takes a
look at using digital logic to

7 SQUARE ONE

perform arithmetic functions. |

HEARING,
DEAFNESS AND
ELECTRONIC
TECHNOLOGY

B Deals with how our ears
work, what can go wrong and
how modern technology can
help deaf people.

FUNDAMENTALS

FDavid Clark takes a look at
the world of resistors,
capacitors and inductors.

EPOS

0 Alan Simpson dips his
hand into the high-
technology cash-till
revolution that is sweeping
through the high street.

/

/
J

4 OHNOT SUCHA
LOVELY WAR!

B Our roving reporter dons
his tin helmet and digs into
the trenches of the newly
refurbished Imperial War
Museum.

ATTENUATORS

0 Graham Dixey looks at the
attenuator in its various
guises and presents a
practical design for the work
bench.

4

5 g PROGRAMMING
INBASIC

B A new series about
programming in every
computer hobbyists’
favourite language, BASIC.

AUDIO
FREQUENCY
INDUCTION
LOOPS

B Part four deals with the
practical aspects of installing
aloop system.
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CORRIGENDA

9 0ctober toNovember 1390VOL 9No.40
Compuguard Venicle Alarm Part One
Thetrackayout of some early issue Compuguard main unit PCBs
Ccontaned anerror. Please refer to page 54 for getails of the
correction.
B December 199010 January 1991 VOL. 10No.41
CompuguardVehicle Alarm Part Two
Figure9on page 11 has been updatedand the oid version was
naovertently printedwithincorrect pin numbering The
numbering isas follows, wherethe firsi number is the old
ncofrect number andthe second numbet Is the new corrected
fumber 1=8;2=7.3mb;4m5;5=4,6=37=2:8=1.9=16
10=1511=14,12=13:13=12,14=11,15=10. 16=9
Table 10npage §3contains a printing esror. (Please note that
Tavle 11n the Compuguard . caflet (XK35Q) iscorrect). The
twefth tine, lastcolumn, should react TB2-6 and NOT T82-8 as
printed

Copynight. All matena is subject to worid whde Copyright
protection 1ion or imit inwholeor partis
expressly fortidoen Allreasonable careis taken to ensure
accuracyin preparafionof the magazine. but MapfinElectronics
pic legally tor its contents Where
811015 0CCu! Cofrechions wilt be published as soon as possible
flerwards, P loreproduce board layouts
commecially or marketing of kifs must be sought tromthe
publisher
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When it’s Not Smart
to be Square

So it's goodbye to BSB and Hi to Sky.
Indeed for BSB and its viewers, it is
certainly ‘a funny old world. Exactly
two days after launching their multi-
million pound advertising campaign
came the announcement of the Sky
take-over - sorry, merger. Along with
the demise of BSB comes the probable
demise of the D-MAC (Multiplexed
Analogue Component) broadcasting
standard. Instead the PAL (Phase
Alternation Line) system as used by
Sky, and is likely to dominate the
sky-waves. Sky say that their Astra
satellites will continue to transmit PAL,
although technically it would be poss-
ible to transmit the MAC system.

Meanwhite, the news is of no great
concern to Maplin customers, who may
have Invested in the Maplin top of the
range multi-satellite, receiving system.
Although capable of picking up some
100 channels, the system was de-
signed to receive PAL transmissions

only. In fact Sky lost little time in
launching their new series, ‘The Gol-
den Age of Movies'. Sky Television's
24-hour a day subscription film chan-
nel, "Sky Movies’, has lined up some
vintage films which include The Seven
Year Itch’, and 'Ninotchka'. To cele-
brate the series, Sky has issued a
brochure written by film critic Elkan
Allan. Maplin have secured a dozen
copies and the first 12 postcards which
correctly identify the respective leading
stars will enter the editor's draw
Entries by the 5th April please to Sky
Movie Contest, Electronics The
Maplin Magazine, PO Box 3, Rayleigh,
Essex SS6 8LR (or fax 0702 553935)

A Dishy Future

Now it seems that the BBC are joining
the satellite action. BBC TV Europe,
the satellite relay of the best of BBC
television to viewers in Europe, is to be
re-launched from September 1991
The new service will ofter a number of
features not provided at present,
including stereo sound and an exten-
sion of Teletext. The aim is to make
BBC TV Europe the leading English

2

language TV service in Europe, target-
ing everybody who speaks English
The service is already seen in well over
half a million households in 22 coun-
tries throughout Europe via cablenets,
SMATV and Direct-to-Home. BBC TV
Europe, which is transmitted from East
Spot Beam on Intelsat VI, is an 18
hours a day service made up of a
simultaneous relay of BBC1 with BBC2
programmes substituted for purchased
programmes, feature films and certain
sporting events.

BBC goes Selective

BBC Select is the name for the range
of specialist television services to be
launched later this year. A range of up
to fifteen ‘niche’ subscription services
for special interest groups will be
offered initially. The programmes will
be transmitted on both BBC1 and
BBC2 transmitters during the night-
hours shutdown. Programmes on BBC
Select will be transmitted in scrambled
or encrypted form which will be
decoded and recorded onto the sub-
scriber’'s video cassette recorder using
a specially developed decoder

The BBC will be concentrating on
four broad categories: professional and
training, community services, leisure
and interest services such as motoring
and music, and education services
such as languages. Though whether
viewers will be willing to pay the
subscription and the cost of a special
decoder remains to be seen

They said it.

No Comment

An interesting couplet noticed in The
Wall Street Gazette
‘Our office is all
happily exalt;

There are still as many mistakes,
But now they're no one's fault.

computerised. |

Action-line DTI

Apart from releasing details of their
proposals on the U.K. communications
duopoly, the Department of Trade and
Industry have been having a busy time
For Information Technology users. the
DTI have launched ‘Usability Now', a
programme aimed at encouraging IT
users to be more precise and demand-
ing in their specifications for hardware
and software with a view to improved
efficiency and ease of use. The
objective is to bridge the communica-
tions gap between the industry and
the user. particularly for improving
human-computer interaction. For de-
tails, contact the DTI: 071-222 3312
The DTl have also put out a
document which suggests that the U.K
has the broadest product base in
Europe in electronic components. In
particular. the UK. has the largest
semiconductor market in Europe and
the second largest market for other
electronic components. Growth areas
include consumer electronics, automo-
tive and mobile telecommunications.

YEDA

The Young Electronic  Designer
Awards Scheme. which is now spon-
sored by Mercury Communications. is
open to students at secondary schools.
polytechnics and universities in the
U.K. There are three age categories
junior (under 15), intermediate (1517
years) and senior (18- 25 years). The
basic challenge of the scheme in this
age of technology is for students to
produce an electronic device of their
own which is original. effective and has
a useful application in everyday life
There are cash prices of £2,500 for the
schools or colleges plus personal
prizes. Additionally. the winning pro-
jects will be on show at the Science
Museum. Details: 0403-211048

Skills Shortages

Employers. meanwhile, should make a
note of the Science Museum event
Apparently nearly half of U.K. electro-
nics companies are experiencing skills
shortages and the situation is not
getting any better. Factors include the
falling number of school leavers and
the lack of skilled training at school
The combined power of the ‘comms
Industry’ has got together to launch a
new Certificate of Telecommunications
Management. which aims to alleviate
skills shortages in the industry. Those
involved include the Telecom Users
Association, the National Computer
Society and the British Computer
Society. Although whether, having
managed to recruit the necessary
skills, companies will still insist on a

Honeywell has introduced a robust,
sealed, 101-key, PC compatible, Hall-
effect keyboard designed for industrial
applications and environments. Sug-
gested areas of operation Include
warehouses, shipping and main-

tenance centres where dust, grime,

moisture and liquid contamination
threaten keyboard operation

The Honeywell Hall-effect solid-state
series of keyboards have a proven long
life of over 100 million operations. Now
then, pass me that hot coffee
Details: 0344-424555.

|

training exam is very much open to
doubt. Especially as the comms world
is such a fast moving and innovative
subject

New Film Chip

Panasonic have introduced the world's
first film chip capacitors able to
withstand high temperature flow and
re-flow soldering. The new UF-series is
the product of a breakthrough in the
technological development of passive
components resulting in two model
ranges; the ECH-U for critical applica-
tions requiring the maximum perform-
ance. and the ECW-U for more
standard applications. Details: 0344
853550

Strip Circuit

According to the influential daily news
report ‘Computergram’, a Rome night-
club is featuring a $150,000 American-
built ‘female’ robot called ‘Futura’,
which does a strip-tease amid dimmed
Iights and clouds of vapour. But just
who gets turned on (or off) is not made
clear

Happy Birthday
Telecom Tower

One of London's best-known land-
marks, The Telecom Tower recently
celebrated its 25th birthday. Opened in
1965 by the then Prime Minister Harold
Wilson, the 620 foot tower has become
the focal point of the nation’s telecom-
munications system. It acts as a
switching point for radio. television and
telephone signals world-wide. The
tower can carry 110 television chan-
nels and 90.000 telephone and data
links, sending signals by microwave
radio which reduces the need for more
expensive underground cables. For the
statistical record, the tower cost £9
million to build and weighs 13,000
tonnes. To rise to 620ft, the tower's
high-speed lifts travel at six metres per
second

Challenging Disability
British Telecom is increasingly in-
volved in social matters. Now the
corporation has introduced a new
video 'Everyday. which shows how
four people have successfully dealt
with their own challenges in com-
munications. The four are. a teacher of
lip-reading, a deaf teacher, a blind
switchboard operator, and an artist
who has multipie sclerosis. Copies of
the ‘Everyday video are available on
free loan to clubs, societies and
community groups. Details: 071-356
5369
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‘999’ — No Change

Suggestions that BT is to phase out the
emergency  number ‘999 are
erroneous. BT has no plans in fact to
move to suggested 911 or 112 num-
bers. “The 999 number is too firmly
embedded in the nation’s conscious-
ness to make any change practicable
or desirable”, says BT

Mercury Calls

Following the 15% cut in the price of
economy rate calls for residential
customers calling North America, Mer-
cury Communications has been pulling
in new customers. By the end of the
year, the total number of home users of
Mercury's services was over 70,000
However, with BT still enjoying over
95% of all comms traffic, the govern-
ment are keen o see Mercury extend
their competitive service further. As a
result, we can expect more tariff cuts
before long

Father of Computing
Goes on Show

From July this year for six months, the
Science Museum will be putting on
show Charles Babbage's full-size Dif-
ference Engine No. 2, constructed from
original designs dating from 1847. The
engine (which was never completed)
consists of 4,000 parts, weighs 3
tonnes. and measures 10ft long, 6ft
high and 1:5ft deep. It is widely
believed, says the Curator of Comput-
ing. that Babbage failed because of the
limitations of nineteenth-century
machine tool technology. "By building
a Babbage engine to original designs
we have set out to prove that these
machines could have worked in Bab-
bage’'s day

Taking Note

It has been a very busy period in the
micro market-place. Compaq Compu-
ter introduced what it describes as the
highest-performance notebook per-
sonal computer. the LTE 386s 20. a
PC small enough to carry in a briefcase
yet as powerful as many deskiop
computers. The new system incorpo-
rates a 20MHz 386SX processor,
cache memory, VGA graphics display.
and high performance disk drive in a
7-pound package. Priced at around
£4,000, the unit runs on a NiCad
battery pack for a period of up to four
hours. while a standard AC adapter
plugs directly into the system to
provide power when a mains supply is
available. Details: 081-332 3354
Somewhat smaller in both price and
size is Amstrad's Z80-based notebook
computer being prepared for release in
the Spring. Also about to reach the
UK. is the new NEC notebook
machine which is the size of a diary.
However, the advent of the notebook
computers is not deterring the industry
from developing new laptop machines
Sharp  Electronics have recently
announced the new PC-4700 portable
computer, combining lightweight and
compact design with a high quality

February 1991  Maplin Magazine
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Taking the Census

Charles Babbage's machine would
have been hard put to cope with the
requirements of the 1991 census and
surveys. Certainly the results would not
have appeared within a year of the
event. A contract worth some £1-2
million has been awarded to ICL to

|
]

supply a Series 39 Level 65 mainframe
computer to operate in the Population
Census and Surveys office in South-
ampton. The Series 39, which will
operate in conjunction with an existing
Amdahl mainframe computer, will be
used to process the main census data,
with information being exchanged daily
between the two systems.

LCD screen display, for less than
£1,000. Meanwhile Toshiba have
launched the first colour laptop. The
T5200C/200 is a 20MHz 386-based
machine with a passive matrix, liquid
crystal display screen. Weighing
around 16lbs, the unit has a recom-
mended retail price of £6,695.

Who's Calling?

Apparently most people pick up their
phone by the third ring, but allow
videophones to ring eleven times on
average before they are answered.
According to a recent study. the first
reaction of many people to the
videophone ringing is to rearrange the
papers on the desk and check their
hairstyles

Meanwhile videophone pioneer
PictureTel is suggesting that picture
phones are at long last becoming
viable. By combining digital video
compression algorithms and computer
processor technologies, products that
can deliver multimedia and video-
conferencing are now feasible. But it is
one thing telling your boss that you are
not feeling too good and that you are
staying home in bed, and his seeing
you dressed ready for that golf match

Hot PhoneCards

According to a letter in “Electronics
Weekly". you should be careful where
you store your phonecard. Apparently
body heat can cause the cards to loose
their value. So keep the cards in a well
insulated pocket, and definitely do not
expose them to a hot radiator or
excessively high temperatures! Mean-
while. the 100 millionth phonecard for
BT has been produced. Currently over
30 million a year are being produced
for the near 22,000 cardphones in the
UK. So popular are the various
phonecard designs, that BT has set up
its own "Collector's Club'. Presumably
they will not be producing a Hot
NewslLetter

It would seem Mercury have also
been having problems with their card
operated payphones. which made it
possible for those in the know to use
them for free! Now engineers have
replaced the EPROMs containing the
software in all of Mercury's 3,200
payphones. Somebody fetch me a 12
year old child

Itis a well know fact (or myth) that
anyone over the age of 12 has trouble
programming their video cassette re-
corders. Now leading Japanese pro-

ducer Matsushita has developed the
world's first recorder with both speech
synthesis and speech recognition. This
responds to spoken instructions and
answers in a synthesised human voice.
How is it done? Well the company
makes use of ‘Continuous Linear
Alpha’ technology, which makes it
possible to recognise spoken com-
mands from a speaker whose speech
pattern has not been pre-registered
Groucho Marx would no doubt have
approved

Getting Mobile

By the end of the decade, there could
be up to 15 million mobile communica-
tions users in Europe, says Michael
Naughton of IT consultancy Applied
Network Research. “Of the 320 miltion
people in Western Europe, there could

be at least 32 million travelling busi-
ness users’. Though ANR Is hesitant
when it comes to forecasting the
success of telepoint: “Unless the
authorities licence CT2 operators to
provide two-way services, allowing
users to receive as well as send calls,
well within present technological capa-
bilities. Telepoint will continue to be
shunned by users.

Advantage Cellnet

British Telecom controlled Celinet has
agreed a £100,000 sponsorship of the
Lawn Tennis Association. Tennis was
chosen for its clean wholesome image
Lets hope that both the quality of
British tennis and cellular radio im-
proves as a result.

In fact Celinet and sport are becom-
ing even more interlinked with the
news that the cellular radio operator is
making use of a floodlight tower at
Cheltenham Town Football Club's
ground. At least fans will be able to
phone home with the news that extra
time is being played and to put lunch
back into the oven.

The new ‘Cellsite’ is one of many
which Cellnet are bringing Into service
as part of a £4 milion programme
Those busy numbers on the M25 could
soon become a relic of the past.

Picture Caption
Challenge

Yet again a caption challenge courtesy
of British Telecom. The corporation, it
seems, has its beady eyes on us.
Why?

* Somewhere there must still be an
out of order ‘phone box

* Now just where have those back-up
engineers got to?

* BT keeps an eye on potential
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competition following the publication
of the Government's Duopoly re-
view

* BT watching out for the subscriber
protest march when they get their
first Directory Enquiries charge bills.

Well not quite. In fact the picture shows
Karen Bell of the BT Motor Transport
Group in Birmingham, holding the
valve seat insert that is the key element
of the conversion of BT's vehicle fleet
to unleaded petrol.
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4+ Compact Design

Introduction

Probably four of the most widely used
service instruments are the continuity tester,
signal injector, logic probe and square
wave generator. They rarely leave the
workbench so frequently are they re-
quired, and consequently they take up a lot
of space.

On the other hand the Tetraprobe
contains all four instruments in one and it, in
return for a few limitations, offers compact
versatility.

Power Supply

Figure 1 shows the circuit diagram.
The power comes from a 9V PP3 battery
and RG1 is a 5V regulator. C1 and C2
perform the usual tasks of decoupling and
transient suppression.

» Combines Four Widely Use
Test Instruments

+ Low Power Consumption

FEATURES:

+ Diseri

+THz Square W
& 1kHz SawtoothWave Output

Continvity Tester

To test continuity of a conductor the
design utilises both visual and audible
indicators, comprising a green LED for
forward biased germanium and silicon
junctions, and a tone for metal conductors.
IC1c acts as a comparator. The switch-over
voltage is 50mV and is determined by the
potential divider formed by R2 and R3. The
conductor under test is connected to SK1. If
its resistance is greater than 5() then the

.voltage at pin 10 will be higher than pin 9

and the output at pin 8 will be high. When
current is flowing, LD1 will light. There will
be a voltage of 0-1V or 0-6V across any
forward biased semiconductor junctions.
As these values are higher than the
reference, the comparator will not switch
over,

andUse
minating Continutty Tester
ave Output

4 * EasytoBuild

Specification

9V PP3 battery

Standby Current: 13mA approx.

Signal Injector: 1Vpp into 1k @ TkHz +5%
Square Wave Generator: THz @ 5Vpp 5%

Square Wave Source: 0:-6mA @ 3-4V

Square Wave Sink: 60mA @ 0-2V

Power Supply:

Any conductor of less than 5(), such as
a length of PCB track or @ good soldered
joint, will switch the comparator output low
ond TR1, previously held saturated by the
clamping action of D1, will be subject to
the oscillations from the signal injector via
C5, and a tone will be heard from the
piezo transducer BZ1. The oscillations are
prevented from disappearing into the
output of the op-amp by D1 being reverse
biased.

R4 protects the input from damaging
overloads, as may be due to accidental
connection to live circuits.

Signal Injector

IC1b is used as a switched reference
comparator. R9,10,11 determine the two
reference voltages alternately applied to
pin 5. When the output at pin 7 is high, C3
charges through R12 until its voltage is
higher than that at pin 5 (2-3V). The output
goes low and takes pin 5 down to 1-3V via
R11. C3 then discharges through D4, until
the voltage on C3 is lower than 1-3V. The
output goes high again. This cycle repeats,
and because D4 discharges C3 quickly, a
sawtooth waveform is presented at TR2
base.

The sawtooth is buffered by TR2 in
emitter follower mode, and the signal
bifurcated, one part being sent via C5 to

Maplin Magazine February 1991
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Figure 2. PCB legend and track.

gated bleeper stage of the continuity tester
described above, and the other part
delivered via C4 to the output socket SK2.

At low frequencies, the time taken to
discharge C3 through D4 (approx. 20us),
can be omitted from the formula which is

R
|
|
FJasv FJsav [ ]
Phono plug N\ Phono plug
(!
e —
N/
Screened lead
XR88v
JK23A FE19V

Line phono skt. Sub—min probe
— XR69A Red flex
A

XR68Y Black flex [ i
|

FK34M
Croc clip
N —_—
Figure 3. Suitable test leads.
BZ1
i
Black 0OV ) L
L =) ot ]Red 9V =
PP3

Figure 4. Wiring diagran?.
6

f=1-6/RC. If D4 is removed from the
circuit, the formula then becomes f=0-8/
RC and the sawteeth become ‘sharkteeth’.
The values chosen produce a +V, going
ramp of TkHz @ 1V.

Logic Probe |

Again a comparatorisused, ICla.The |
switching point is set by R16, R17 just
below midway between 0-2V and 2-4V,
corresponding to the typical output levels |
of a 74 series device working from a 5V |
supply. Any device connected via SK3 and :
operating around this point will also switch
the circuit.

R14 protects the input and R15 makes
sure that the output indicates logic ‘0’ while
there is no input to SK3. Therefore, LD2
also doubles as an on/off power indicator
for S1! For signal inputs above 24Hz both
red and green LED's will appear to be on
continuously due to persistence of vision.
Otherwise, the red LED will show logic ‘1’
and the green will show logic ‘0'.

Square Wave
Generator

Logic gates are in general use for the
production of square waves, but op-amps
provide an alternative, which is in many
ways preferable. The generator is used as
a switched reference comparator. The
action of the circuit is the same as the signal
injector, except for the output.

R23 and C6 are the timing elements.
The voltage at C6 moves between the two
reference voltages, sequentially applied to
pin 12. When these two voltages are
0-377 and 0622 of the maximum
charging voltage, 3-5V, then f=1/RC gives
the frequency as THz and the mark/space
ratio will be unity.

Transistor switch TR3 is compatible
with most current logic devices and is able
to deliver OV to 5V into high resistance
inputs such as CMOS, and can also drive
up to fifteen 74 type inputs in parallel if
required.

Construction

The Tetraprobe is not a complex
instrument and there should be no
difficulties in its construction. The PCB
components are mounted according to
Figure 2 and the parts list. There is only 1
link (LK), on the board and this carries the
5V line from RG1 over impenetrable
territory.

Incorrect diode polarity is a major
cause of circuit failure, so when fitting the
diodes do make sure that the broad band
or cathode marker at one end of the diode
body lies adjacent the white block printed
on the legend. Using an ohmmeter to verify
the polarity can be misleading, since while
the range is switched to ‘Ohms’ on some
meters, the red lead actually becomes
negative and the black, positive!

Electrolytic capacitors are usually
marked with at least one minus sign to
denote the negative terminal. The positive
terminal is usually unmarked, but generally
has a longer lead and goes into the hole
marked ‘+’ on the legend.

If IC1 is viewed from above, with the
indentation or notch at one end of the
plastic package uppermost (at top), then
the top left pin is pin number one. The
legend on the PCB clearly reflects that of

the IC. The IC socket is also provided with a

o 1142
= B g = *  Dimensions in mm
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‘ 147 |
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Figure 5. Front panel drilling details.
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Photo 1. Assembled Tetraprobe.

similar notch and so should be inserted into
the PCB wiith this corresponding to the
white block on the legend. Do not insert
IC1 into its socket yet!

Figure 3 shows suitable test leads for
the Tetraprobe.

Battery and transducer wiring s
shown in Figure 4. Single-ended 1mm
veropins can be used to connect them to
the board if preferred.

Photo 1 should help with the final
assembly. Figure 5 shows front panel
drilling details. Alternatively a pre-

|

punched and printed plastic front panel is
available. Please note that neither the case
nor front panel are included in the kit.

Testing

Before inserting IC1, connect a PP3
battery to the battery clip and switch on,
and with a voltmeter setto 10V DC, test for
+5V at IC1 socket pin 4 on the PCB, This
will prove that RG1 is operating satisfac-
torily. You can now switch off and insert
IC1 into its socket taking the wusual
precautions against damage to the pins,

and do make sure that its notch is at the
same end as the notch in the socket and the
white block on the legend.

Plug the test lead into SK1 and short
out the other end. LD1 should light and a
tone should emanate from BZ1. If the tone
is absent, then D1 may be the wrong way
round or there may be a dry joint, perhaps
in the test lead. Check that diodes or
resistances greater than 5() only light the
LD1.

The tone heard in the above test also
proves that the signal injector is working.
The wave shape can then be viewed on an
oscilloscope via SK2.

The logic probe and square wave
generator can be tested together, by
connecting SK3 to SK4. LD2 and LD3
should alternately flash once every
second.

Using the
Tetraprobe

All four sockets can be used indepen-
dently and simultaneously, so two or more
test leads may be needed. For example,
the square wave generator and the logic
probe can be used to check states in ‘slow
motion’.

R12 and R23 need not be fixed, if
variable frequencies are required.
Although intennded mainly for A F. use, the
signal injector contains R.F. harmonics,
which will be demodulated when directly
connected to the aerial input of a radio,
operating on the LM/MW bands, resulting
in a TkHz tone from the loudspeaker.

If using the signal injector into loads of
less than Tk(}, then placing a resistor in
series with the load, so as to bring the total
up to 1k€) or more, will maintain the shape
of the waveform.

TETRAPROBE PARTS LIST

MISCELLANEOUS
S1 R/A Toggle SPDT Up/Down 1 (FA70M)
] y o : SK1-4 Phono Socket 4 (HF99H)
e e ) B PR L Mini Piezo Sounder ] (FM59P)
Y 10K DIL Socket 14 Pin 1 (BL18U)
R2,10,17,21 10k 4 (10K P53 s | R
si 1423 -}88? 3 ((:2] 88:8 Quickstick Pads 1 Pkt (HB22Y)
Ly PC Board 1 (GE40T)
sg fg(k)k } (AE\A]AE%SE; Instruction Leaflet 1 (XK25C)
R7 47k 1 (M47K) Constructors’ Guide 1 (XH79L)
o e : IA16K)  OPTIONAL (not in ki)
21143 I £ (M16K) Verobox 211 1 (LL08)
R1 3’25 1k 2 (M1K) Tetraprobe Panel 1 (JRB5G)
R15 ™ 1 (MIM) Pins 2145 1 Pkt (FL24B)
R24 1k8 1 (M1K8) Biack Croc. Clip 1 (FK34M)
R26 2k2 1 (M2K2) Phono Plug Red 2 (FJ88V)
Line Phono Socket Red 1 (JK23A)
Min Extra Flex Black 1 (XR68Y)
CAPACITORS y
Ql 1uF 100V PC Electrolytic 1 (FFO18) e 13 E':::x"ed } ((’)‘(zg‘gcg
. YOO A 2~ el Alkoline PP3 ! (FK67X)
Ca6 10uF 50V PC Electrolytic 2 (FFO4E)
C5 10nF Polylayer 1 WW29G)
The above items, excluding Optional, are available as o kit:
SEMICONDUCTORS Order As LP35Q (Tetraprobe Kit) Price £9.95
RG1 uA78LOSAWC 1 (QL26D)
IC1 LM324 1 (UF26D) The following are also available separately
TR1-3 BC108C 3 (QB32K) but are not shown in our 1991 catalogue:
D1-4 '|N4_1 48 ! (QLBOB) Tetraprobe PCB Order As GE4OT Price £3.25
LD1,2 Mini LED Green 2 (QY87U) Tetraprobe Panel Order As JR85G Price £4.45
LD3 Mini LED Red 1 (QY86T)
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Photo 1. Montage of screen displays produced by TVFX unit.

FEATURES:

* Internal Clock or Audio Triggering
* Video and TV Outputs * 12V DC Power Supply Input

* Displays Full Colour

Specifications of Prototype
Power supply input voltage:
Currentat 12V:

Power consumption:

11Vto 13V DC Inputimpedance:
Filter response:

Trigger sensitivity:

Carrier Output: Pattern Control

Frequency 591:5MHz

Video (Composite)

Audio trigger:
1V peak to peak
Outputimpedance: Patterns and Screens
Coloursin patterns:
Full screen colours:

Input attenuator: —30dB {low sensitivity)

140k() (high), 1:2MQ {low)
15Hzto 90Hz —6dB

Max sensitivity 100mV {high)
Max sensitivity 1-5V {low)

Max 12 screens persecond
Min 1 screen every 3 seconds
Max 9 screens per second

64 patterns
8 colours
8 colours

Maplin Magazine February 1991



Introduction

For many years the comprehensive
sound to light system has emerged as
‘essential’ equipment in the field of audio.
The idea of sound to light is an old concept,
but producing sound to light using TVs or
monitors is fairly new. The project itself
provides the means for generating a
screen display from an audio signal under
control of input signals to change the
patterns. The project is centred around a
TEA2000 colour encoder and SAA1043
universal sync generator. The TEA2000
provides the colour encoding for the video
output, whilst the SAA1043 provides
synchronisation for use with UK. tele-
visions and monitors. The configuration of
these devices, with a complex logic array,
produces the output to generate the
patterns.

Circuit Description

In addition to the circuit diagram
shown in Figure 1, a block diagram is
detailed in Figure 2. This should assist you
when following the circuit description or
fault finding in the unit. SK1 is the power
socket and requires a regulated supply
between + 11V and + 13V with the centre
pin positive. Should the polarity be

Input
ATT
High/Low

S1, Fs1, D1

Input
Protection

Figure 2. Block diagram.

February 1991 Maplin Magazine

reversed then diode D1 across the supply
rails is forward biased and blows a fuse to
prevent further damage. Without this
protection the semiconductors in the circuit
could sustain permanent damage render-
ing them unusable. Capacitors C1 and C2
are used for decoupling the supply to
regulator RG1 and audio stages. The
regulator reduces the voltage to a +5V
level suitable for TTL ICs.

The signal input from a sound source is
brought in via two phono sockets, SK3 and
SK5, to switch S2. High or low input levels
can be catered for by using this switch and
will allow for large signals from some
amplifiers to be used as well as the small
signals from pre-amps. Logarithmic poten-
tiometer RV2 controls the signal level
before it enters the audio stages. These
consist of a summing amplifier IC2a and a
filter IC2b. The filter is pre-set to limit input
frequencies to the range of 15Hz to 90Hz.
Low pass signals are pulse shaped by a
series of NAND schmitt triggers IC3a to
IC3c. These pulses are used to increment a
binary counter IC7 in the complex logic
array. When a sound source is not
available, aninternal clock canbe selected
using S3; this internal clock {IC1) sends out
pulses to the counter at a uniform rate. The
number of the pulses per second can be

L.P. Filter
>

>
~—

Amplifier

IC4, XT1, L1, L2

PAL Colour
Encoder

|

|

A
controlled with the linear potentiometer
RV1. Only orme trigger source can be
selected at a time, and LEDs LD1 to LD4
indicate whether the internal clock or
external audio is the source, as well as
showing the pulses to the binary counter
IC7.

The purpose of the binary counteris to
provide the necessary inputs to the logic
array IC8 to IC12. The logic is configured
such that it produces the correct informa-
tion for 1C4, the TEA2000; this will enable
the pictures on a screen to be displayed as
a series of different sized and different
coloured boxes. For more information on
this IC, refer to the PAL colour encoder
project published in the Maplin Projects
Book 29 (XA29G). In addition a universal
sync generator is needed to produce the
necessary output to control changes of
pattern on the screen. IC5, the SAA1043,
fills this role and sends composite blanking
and sync signals to the colour encoder. This
is to ensure that the screen changes at the
start of a picture build up. Figure 2 shows
four outputs from the sync generator, each
with a fixed frequency. The combination of
frequencies produce the colour and size of
boxes on screen. The outputs from the
pattern generator contains the codes for
the TEA2000 which then processes them

LD1

Pulse Shaper

Trigger

IC6 - 12

Colour Inputs

Pattern & Colour
Gen.

Composite

Sync
IC8C

Composite
Blanking

19
14/15 400Hz (FH3)

Sync Gen.

50Hz (V1)

1.25MHz (FHBO)

w
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Colour Video Output
SK6
(monitor connected)

Black
Level

Porch

<«+— Interval ——

4

Front

{ Sync ;

Colour Video
Information

Line
Blanking

v

Line

Colour
Burst

1A%

Figure 3. Video signal.

into PAL colour video signals; essential for
UK. TVs and monitors, see Figure 3. The
output from the colour encoder is relayed
to both a video buffer and o UHF
modulator. The video buffer, TR1 and TR2,
provides a signal level suitable for the 750
output on SK6. The UHF modulator MD1
converts the video signal into @ modulated
RF carrier at a frequency of approximately
591-5 MHz (TV channel 36).

PCB Assembly

The PCB is a double sided plated
through glass fibre type, chosen for
maximum reliability and stability. However
removing @ misplaced component can be
difficult so please double check the type,
value and polarity before soldering! The

PCB has a printed legend that will assist
you when positioning each item, see Figure
4 and Figure 5.

The sequence in which the compo-
nents are placed is not critical. However
the following instruction will be of use in
making the task as straightforward as
possible. It is easier to start with the smaller
components such as resistors followed by

K Geols A Kipba
d(‘:______ ______-'11

Figure 5.Led PCBlegend.

the ceramic, polylayer and electrolytic
capacitors. The polarity for the electrolytic
capacitor is shown by a plus sign (+) on the
PCB legend. However, the majority of
electrolytic capacitors have the polarity
designated by a negative symbol (-}, in
which case the lead nearest this symbol
goes away from the positive sign on the
legend. When soldering in the crystals XT1
and XT2, be extremely careful not to
overheat them as this can cause damage.

All diodes have a band at one end to
identify the cathode (K) lead. The legend
shows the diode position with a symbol like
a resistor, but with the prefix ‘D’ followed
by the component’s number as identified in
the parts list. The symbol also has a bar
across one end, and this is where the

O

e 1 1 1 i 1
w o < ] wn bl T
b 4 X X b 4 b 4 X
2] 2} 2} [ ]

e

1cie
c3s
g1 %=
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Figure 4. Main PCB legend.
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Figure 6. Mounting the LEDs.
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Figure 8. The ‘Minicon’ connector,
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Photo 2. Plain view ofthe assen]b]ed PCB fitted into the suggested case;.

cathode is placed. Be sure to position them
according to the legend, where the
markings are shown. Installing the LEDs on
the small boards will be tricky. These LEDs
need to be mounted on the track side of the
board (see Figure 6). The short lead of the
LED is cathode (K); this is also denoted by a
fiat along one side of the package as
shown in Figure 7.

Next, install transistors TR1 and TR2,
and voltage regulator RG1, making sure
that they are not putin the wrong positions,
as they are similar in package style! Where
the leads of the transistors are placed in the
PCB is critical; the legend shows flat
surfaces and tabs which conform to the
package design of the transistor or
regulator. When fitting the IC sockets
ensure that you match the notch with the
block on the legend, do not install the ICs
until the testing stagel When fitling the
‘Minicon’ connectors, ensure that the
locking tabs are all facing the correct way.
Output sockets SK2 to SKé are phono
sockets; these are easy to fitinto the board,
see Figure 4. Potentiometers RV1 and RV2
are mounted on the board; ensure they are
of the correct values before soldering.

Finally install switches S1 to S4. This
completes the assembly of the circuitboard
and you should now check your work very
carefully making sure that all solder joints
are sound. It is also very important that the
solder side of the PCB does not have any
trimmed component leads standing proud
by more than 2mm, as they may cause
short circuits. The completed PCB assembly
is shown in Photo 2. Further information on
soldering and assembly techniques can be
found in the Constructors’ Guide supplied
with the kit.

* *
Wiring

The kit contains two types of wire, a
twenty-way ribbon cable and a two-core
screened cable. No specific colour has
been allocafed for each of the wire
connections. The use of coloured wires is to
simplify matters, thus making it easier to
tfrace separate connections. Actual con-
nections between the PCB are made using
‘Minicon’ connectors and the method of
installing them is shown in Figure 8. The
three way ‘Minicons’ are signal intercon-
nections on the PCB itself; the twelve-way
‘Minicon’ is connected to the addifional
smaller LED board (see Figure 9). Many of
the components that would usually be
mounted on box panels have been
positioned on the PCB to simplify construc-
tion. The small LED board can be glued into
the front of the box with the LEDs poking
through the front panel.

Testing and
Alignment

The initial testing procedure can be
undertaken using the minimum amount of
equipment. You will need a multimeter and
a regulated +12V DC power supply
capable of providing at least 150mA. All
the following readings are taken from the
prototype using a digital multimeter, and
some of the readings you obtain may vary
slightly depending upon the type of meter
used!

Double check that none of the ICs
have been fitted into the sockets on the
board and all internal leads are con-
nected. The first test is to ensure that there
are no short circuits before connecting to a

13



DC supply. Set your multimeter to read
OHMS on the resistance range and
connect the two test probes to TP1 and
TP3. With the probes either way round, a
reading greater than 400Q should be
obtained. If a lower reading is registered
then check solder joints and component
leads; that they are not shorting between
tracks. Next monitor the supply current; set
your meter to DC mA and place in series
with the positive line of the power supply.
With S1 switched to the ‘ON’ position,
apply 12V DC and a current reading of
approximately 25mA should be obtained;
the trigger select LED LD3 or LD4 on the
small board should be illuminated. Discon-
nect the supply, remove meter.

Reconnect the power supply to the
unit (SK1), and set your multimeter to read
DC volts. All of the voltages are positive
with respect to ground, so connect your
negative test lead to the ground test point
TP3. When the unit is powered up all
voltages present on the PCB assembly
should approximately match the following
readings.

TP1 =+12V TP2 = 45V
ICIPIN4 =+ 5V IC2PIN3 = +6V
IC2PIN8=+12V  IC3PIN14 =+5V
ICAPINTY =+12V IC5PIN5 = +5Y
IC6PIN20=+5V IC7PIN14=+5V
ICBPINT4=+5V IC9PIN5=+5V
ICIOPIN16 =45V IC11PIN2=+5V

IC12PIN16 = + 5V

Turn off the supply and install the ICs
making certain that all pins go into their
sockets and the pin ‘one’ marker is at the
notched end. Reconnect the meter into the
+V supply again and set to DC mA. Power
up the unit and observe the current reading
which should be approximately 110mA.
Set switches S2 to S4 in the ‘out’ position.
Note the illumination of the LEDs LD1, LD2,
LD4 and (LD2 should flash) on the small
PCB. This completes the DC testing for the
TVFX board. Now disconnect the multi-
meter and power supply from the unit and
proceed with alignment.

Before commencing the video testing
and alignment check the following:

Clock Speed (RV1) = fully counter clockwise

(position 1)

Audio Trigger [RV2} = fully counter clockwise
(position 1}

Sensitivity (S2) = button out

(low sensitivity)

Trigger (S3) = button out (audio)
Video (54) = button out (pattern)
Power (S1) = button out (on)

Next connect the video output SKé to
a colour monitor, or the RF from modulator
MD1 to a colour television tuned to UHF
Channel 36, and the monitor/TV should
display a patterned screen. If no pattern is
displayed then try adjusting the channel
tuning control on the television. If no
colours are seen then try adjusting VC
until the colour locks in, this will be when
the crystal is oscillating at 8:867MHz, see
Figure 10. The crominance filter L1 will
seem to have litle effect on the overall

14

picture; however its setting will determine
the final picture quality of the digitally
generated graphics as the filter increases
the amplitude of the colour video informa-
fion.

The frequency output of the video
modulator MD1 is factory set to channel
36 (591:5MHz), which should be suitable
for most applications. If necessary it can be
retuned by adjusting the ferrite core of its
oscillator stage, as shown in Figure 10.

Varioble capacitor VC2 sets the
oscillator for the sync generator; although
adjusting this has no dire effect on the
overall picture. VC2 should be set halfway.
If @ more accurate measurement is needed
then the frequency on IC5 pin 24 should be
1-25MHz. All adjustments should be made
using a trimming tool, the one found most
suitable is the pot core type (stock code
BR51F).

Using the TVFX

All external connections are of the
phono type, with the exception of the
power socket, SK1. It requires an external
power source with positive on the centre
pin from a regulated supply. Sockets SK5
and SK3 are audio inputs, left and right
channels respectively, and sockets SK4
and SK2 are the respective outputs.

Audio in and out can be connected
two different ways as shown in Figure 11
and Figure 12; audio between the
pre-amp and power amplifier; audio out
from a power amplifier to the speakers.
Socket SK6 provides a 756 video output
to a colour composite monitor, in addition
to the video socket an output from
modulator MD1 allows the unit to be used
on domestic television sefs.

The front panel of the TVFX has the

TV FX MAIN Baard
GEOOA
Comp. side legend

_l' ]

1

O

TV FX MAIN BOARD

PL2

JOO

L
o

(2IEY

loo

TV FX LED Board

Figure 9. The wiring diagram.

TV Tune

| (chan. 38)

(591.5MHz)

ik

Chrominance
filter
(4.43MHz)
Coiour adj.
® trimmer

L1 voy (8.867238MHz)

O

=

TV FX MAIN Board
GEOOA
Comp. side legend O

Trimmer
(5 MHz)

vc2

'_J

Figure 10. Alignment drawing.
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necessary controls to change screens,
triggering sources and sensifivity. Variable
controls RV1 and RV2 alter the internal
clock speed and the incoming audio signal
level. A series of LEDs provide an
indication of internal clock speed, audio
triggering, and the state of the switches
(whether they are in or out). Switch 52 is

essential for correct operafion of the unit
and the state of the switch depends on the
configuration of the audio inputs; a high
sensitivity is generally needed for small
signals. Switch S3 is the trigger select, this
connects either the audio trigger or
internal clock to the pattern generator.
Switch S4 determines which type of screen

display; either patterned or coloured, is to
be displayed. Switch S1 is the power
switch. Variable resistor RV1 controls the
speed of the internal clock and RV2
determines the level of audio signal
required to frigger the unit which should be
set to the minimum usable position, to
avoid overloading.

Photo 3. The assembled TVFX unit.

Colour video
monitor

]

Domestic
colour television
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Outputs

Sound
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Speckers Speoker Sound
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ﬁ 12v
= o == 3
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| Out 2 2| l Out 9
TV FX MAIN Board TV FX MAIN Boord
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s ——— N —~——1
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adaptor 1 adaptor
] [ B
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sensitivity sensitivity

Figure 11. Pre-amp connections.
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Figure 12. Power amp connections.
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Part 1 — An Introduction to
Control by Experiment

by Alan Pickard

robot vehicle always seems to pro-

vide fascination to the observer,

whether he/she is merely curious

oris an aspiring constructor who would like

to know how to be able to acquire one to

play with, program or maybe build one
from basic principles.

Overthe last decade or so, there have
been many attempts to provide the
electronics/micro hobbyist with the means
to produce a buggy or turtle-like vehicle to
be controlled by a home computer. Whilst
there have been many good designs
providing reasonably inexpensive and
useful end results, | have the impression
that these devices merely provide stimulus
for genuinely interested readers, the vast
majority of whom never actually take the
plunge in ottempting to build one of their
own for a variety of reasons.

In this first part of this three part series,
| hope to be able to persuade readers that
it is possible to carry out some very simple
experiments in robotic vehicle control
which may encourage them to progress to
a complete design.

Although the series will conclude with
a complete design, albeit with some
options in its specification, the emphasis
will be very much on individual functions,
with the minimum of theoretical material
required to enable working control circuits
to be constructed and tested.

For the purpose of this series our robot
is described as a 2-wheeled vehicle which
is under the control of a computer user port
having 8-bits or control lines. It is defined
as being a control system which s
programmable and re-programmable. In
other words, the robot operates via
computer instructions (@ program) and also
in response to environmental conditions
encountered ({from sensors). Figure 1
shows the basic requirements of a robot
vehicle system.

The Control
Computer

As already mentioned, an essential
requirement of a robot system is its control
computer, whether this is an integral part of
the robot or an external general purpose
microcomputer. The main computer | have
used is the BBC Micro. This machine is one
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of the most versatile available for the
hobbyist, offering BBC Basic, 6502 assem-
bly language and an 8-bit fully programm-
able user port. However, this machine is
not an essential requirement for those who
wish to carry out the experimental circuit
work or build a complete robot vehicle.
Any computer which has a user port which
can be programmed via Basic will do. The
user will need to be familiar with any
special details such as user port pin
connections, Basic syntax and general
layout ofthe machine. At alater stage it will
be seen that all robot test programs could
be converted into 6502 machine code or
for example Z80 code. Other high level
languages could also be employed such as
FORTH or PASCAL and even 16-bit
processors are not excluded.

The series will be based on the use of
the BBC Micro, but its special features will
not be fully exploited so that the reader
canrelate its use to his or her own machine.
An experienced BBC Micro user will be
able to see the possibilities that the basic
ideas offer with that machine. Towards the
end of the series alternative machines, e.g.
PC’s, and other processors such as the
16-bit 68000 and 8086 series will be
discussed in the context of controlling a
robot vehicle.

Before delving into any circuit details
or programming requirements, we will
look at a very simple experiment in
robotics which requires only familiarisation
with simple BASIC and the ability to
connect a few wires.

A cheop source of D.C. motors
already linked to a wheel assembly can be
found in a radio-controlled car chassis.
These can be bought very cheaply in toy
shops or model shops, sales or recovered

from a child’s toy box, particularly if
already broken or discarded. All that is
required from the radio controlled car is
the bare chassis, drive wheel{s) and motor
assembly and its battery compartment
intact. {Any radio control circuits should be
disconnected and/or removed.) These
vehicle motors typically run on multiples of
1.5 volt cells {(HP7/AA, HP11/C or HP2/D
size) depending on the size of the motor
and its current consumption. They are often
high speed vehicles and because this is
incompatible with an experimental control
vehicle, it is usually essential to ‘re-
program’ the battery compartment wiring
so that anything down to one cell is used to
achieve the desired speed. The benefits
become obvious if initially the vehicle
shoots along the floor at many times the
expected speed!

The first experiment makes use of the
cassette port of a home computer, that is to
say those pins which enable a cassette
player/recorder to be switched on and off
from the computer. The BBC Micro {and
Electron) use pins 6 and 7 of a 7-pin DIN
socket to complete a circuit comprising a
D.C. motor and its power supply. Although

Control Control

computer circuit

Transducer OUTPUT
e.g. relay, motor, e.g. physical
loudspeaker, movement,

switch sound

Figure 1. Basicrequirements of a robot vehicle system.
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BBC/Electron.
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Figure 2b. Connecting your first robot.

neverincluded with robot controlin mind, it
is simply o means of switching a motor on
and off. On the BBC Micro this can be
carried out directly from the keyboard or
via a simple BASIC program. Figure 2a
shows connection details for your motor/
wheel unit.

It can be seen from the diagram that
whichever instruction causes the cassette
motor to turn on or off simply activates a
relay. The relay contacts are ‘voltage free’
and can therefore be connected safely to
an external circuit with its power supply. It
must be understood however, that your
load circuit must not exceed the voltage
and current ratings of the relay switch
contacts themselves. The BBC Micro
cassette relay contact limits are around 9
volts and 100 mA. This relay could not be
expected to switch on a milk float! Figure
2b shows how to connect your first robot.

Connections 6 aond 7 are short-
circuited by the relay contacts to complete
the circuit, and the diagram also shows
how to measure voltage and current with
the motor under load.

For anyone who does not have a
motor available to test (suitable inexpen-
sive D.C. motors are available from
Maplin, see components list), an alterna-
tive test circuit can be produced consisting
of merely an LED and resistor as shown in
Figure 3. This provides a means of turning
on and off a device which effectively
simulates a motor. This technique may be
employed later to test simple programs
prior to connecting up motors.

To avoid confusion, the circuit shown
inset illustrates how the test circuit operates.
This circuit requires a source of +5V and
this can be considered as o separate
supply, as for the motor. The supply could
be obtained from four cells in series (4 x
1.2V = 4-8V), or in the case of the BBC
Micro from pins 1 (+5V) and 5(0V) of the
user port. Figure 3 shows the same
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connection method as the motor load
circuit. Note that the 1-2V value refers to a
rechargeable cell — dry batteries are 1-5V
at the beginning of their life. Completing
the circuit by the operation of the relay
contacts forward biases the LED and
current limited by the resistor value flows
around the circuit.

The next step is to ‘program’ the unit to
provide movement. The keyboard instruc-
tion used by the BBC Micro or Electron is
#MOTOR 1 for ON and *MOTOR O for
OFF. Very simple testing of the load circuit
can be achieved by typing these com-
mands in individually or by utilising the BBC
Micro user programmable keys, i.e. f1 for
ON and fO for OFF. This is achieved as
follows:

*KEY O ¥*MOTOR 0 IIM
*KEY 1 *MOTOR 1 1M

"

where is the vertical rule character
entered via [SHIFT] and [BACKSLASH].
Thus the motor can be switched on and off
by use of these two keys. This simple test
can be verified easily and simply with no
‘load’ connected to the cassette port by
listening to the relay clicking inside the
machine and also observing the LED at the
front of the keyboard. Another method of
testing could be to use a cassette machine
itself as a load and observe the cassette
motion or the spindle rotating. Although
not exactly mindbending or impressive,
these exercises can inspire confidence and
give the reader a feel for indulging in
further control experiments. When this has
been proven a simple BASIC program can
be tried as follows:

10 *MOTOR 1
20FORT = 1TO 1000
30 NEXT T

40 *MOTOR O

Figure 3. An alternative test circuit,
usingan LED.

Running this program will cause the
motor/wheel unit to switch orrfor a period
of about 1 second and then stop.

Even this simple testing is a useful
exercise in the principle of carrying out all
future testing one step at a time. A robot
vehicle is not necessarily a complex device
but there are various considerations which
depend on each other for correct
operation. So far, for this simplest experi-
ment in control, we have selected o
suitable motor/wheel/battery unit, a suit-
able control circuit (cassette port) and a
means of software control (keyboard
operations and BASIC program). Our
‘system’ looks like the diagram in Figure 4.

Each aspect of the system must
function correctly before the robot can
perform its programmed activity. Hard-
ware operation {mechanical, electrical
and electronic) and software should all be
thought out carefully and tested separately
before connection to the system. In this
ultra-simple example | hope that the
potential constructor will see the benefit of
adopting such an approach in later
experiments and ultimately the construc-
tion and design of a complete vehicle.

To finish off the first experiment a
slightly more useful demonstration pro-
gram can be achieved by adding 3 more
lines to the test program:

50 FORT =110 1000
60 NEXT T
70 GOTO 10

This provides an ON/OFF sequence
such that the vehicle moves forward
(depending on battery connection polar-
ity) for a period, stops for the same period,
and then repeats the cycle until [ESCAPE] is
pressed.

Varying the range of values for T will
obviously offect the ON and OFF times. A
number of points are worth noting which
will be useful when trying out later
experiments with robot movement. Firstly,
be prepared for your vehicle to move off at
a higher speed than expected (requiring a
reduction in the number of batteries used in
series), or even in the wrong direction!
Secondly, remember to clear a way for the
vehicle's progress, preferably on the floor.
Finally, when running a program such as
the first test program, try to arrange for the
[ESCAPE] key to be pressed when the
vehicle is “OFF' as otherwise it will stay
‘'ON’ which may be very inconvenient!
Using the [BREAK] key as a panic button is
not really a good habit to get into, as it
resefs things and may result in the

Micro Control

7~
Motor/wheel

computer circuit

A l——— Movement
unit

Power
supply

Figure 4. Our first practical robot system.
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Photo 1. Computer controlled vehicle. Inset: Top view of vehicle.

accidental loss of longer (unsaved) pro-
grams at a later stage. A useful if not
essential facility for a robot test vehicle is a
motor power supply switch. This is very
convenient but not a practical ‘panic’
switch if the vehicle is on the move! It does
mean that you can run test programs with
the vehicle disabled, but without having to
physically disconnect it or unplug it from
the control computer. Another idea would
be to fit an infra-red receiver circuit to the
vehicle providing a remote panic button,
but this is hardly practical for such a simple
vehicle as this first one, and will involve
further power supplies.

Motor Power
Sources

Batteries are a very convenient means
of providing power to motors and
although a constructor may consider using
for example the +12V supply provided on
an external socket in the case of the BBC
Micro for a disk drive, this is not really
feasible for the following two reasons.

If o disk drive uses this power supply
rather than a separate mains derived one it:
would be inconvenient switching from disk
to robot ‘peripheral’ when loading test
programs stored on disk. The other reason
is that it is better in the long term to avoid
the use of cable connections wherever
possible as ultimately the robot may have
an on board computer in the form of a
microcontroller, which is itself powered by
botteries. Although much of the ex-
perimental work in the series will revolve
around a home computer, it is desirable for
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a robot vehicle to be independent and not
connected by cable (or at least additional
wires) to its control computer.

The title of this series suggests practical
exercises or experiments in robotics rather
than simply presenting a ready made and
complete design. At each stage it is
expected that the experimenter will
consider different ways of achieving an
objective. For example, at this point he or
she will choose a suitable D.C. motor or an
existing motor wheel assembly. A suitable
power source is then chosen. A D.C. motor
specified as 3V could be driven from two
cells in series or only one if a slower speed
is preferred. The power rating of the motor
and the surface it will be driven on
determines the amount of current being
drawn from the cell and therefore how
long the battery lasts. If your test surface is
a standard pile carpet then more motor
torque is required than if you were working
on a smooth table top or carpet tiles. A
carpet surface may mean connecting
batteries in parallel for more current or
upgrading from HP7{AA) to HP11(C) cells
or HP11 to HP2(D) and so on.

It is perhaps useful to arrange an
operating motor circuit such that current
can be monitored (see Figure 2b). In other
words using a simple ‘jack’ to suspend the
wheels from its test surface. This will show
not only how much current and voltage is
drawn from a battery but also current
surges when switching on (repeatedly).
When designing a more substantial vehicle
it is important to consider such details as
motor voltage and current requirements
and it will become obvious that recharge-

able batteries are a good investment with
of course a suitable charger. A multi-
purpose charger is very useful when trying
out various battery combinations and will
be useful again when considering control
circuit supplies later which must be kept
separate from motor supplies.

Materials

To carry out the simple experiments in
this first introductory article, all that is
required opart from the charger and
suitable batteries are things like battery
holders, e.g. HP11 (single box), connector
blocks, double sided tape, blue-tack, wire,
miscellaneous nuts and bolts or self-
tapping screws, SPDT switch, 7-pin DIN
socket (for BBC Micro).

Specific items from the Maplin catalogue
are as follows:

YG13P
YG12N

Small motor 1
Min motor 1

The Next Stage

In this introductory article we have
looked at simple control of a mechanical
device, its power supply and required
software. We have also set the scene fora
disciplined, systematic approach to ex-
perimenting with robotics and designing a
robot vehicle. In Part 2 we will look at basic
microcomputer interfacing principles to
enable us to control a robot vehicle having
two independently controlled motor/
wheel units from a computer user port. We
will also look at other input and output
devices to be included in the system.
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Chips in Logic Systems

In the preceding part of this series,
we looked at some of the basic logic
blocks, the gates that in combination can
produce a variety of useful functions.
Gates are not known as the ‘building
bricks’ of logic for nothing. Many of the
more exotic functions are actually nothing
more than vast arrays of gates. Integrated
circuit technology has allowed the
production of such arrays on single chips
of silicon, and at an affordable price. The
nature of the chip means thatitis a
non-repairable item and this, coupled
with its low cost, means that it can be
discarded when it fails, to be replaced by
another. The complexity of many chips
makes it unrealistic to bother unduly
about their ‘contents’. Instead we focus
our attention on what the chip can do
rather than how it does it. It becomes an
element in a system, an element whose
function is defined and which can be
tested and identified by measuring the
logic levels or events occurring at the
chip pins. The chip pin-out diagram
becomes the important reference,
together with the system diagram that
shows the interconnection of the chips in
the system. A full-adder (to name just one
IC that we shall investigate) becomes just
a 'block’ in the system diagram, its
purpose defined either by its name or
type number placed in or near the block.

It is only at a relatively low level of
complexity that we can investigate the
interconnection of actual gates to
perform specified functions. Above that
we are into systems, as explained above,
Therefore, in order to give the reader
more practice in studying the behaviour
of individual gates, we shall in this article
construct some more circuits, building on
our knowledge gained in the previous
part of the series.

The Comparator

The most complex circuit that we
built last time was the ‘four gate’
exclusive-OR (XOR) circuit. It was seen
that the only time the output of this circuit
was a logic 1 was when one only of the
two inputs was logic 1. The other two
possible combinations, inputs both logic
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7400

Figure 1. The comparator function.

1 or both logic 0, produced a logic 0
output. Suppose we follow this circuit
with an inverter (Figure 1): what is the
result likely to be? If we think about it,
remembering that an inverter ‘swaps the
logic levels over’, we shall come to the
conclusion that the output column of the
truth table for the new circuit will be the
exact opposite (known as the ‘inverse') of
the same column for the XOR function.
This is seen to be true in Figure 1. If there
is any doubt it can be dispelled by wiring
the circuit up and testing it as described
before. The inverter could have been
made from a NAND gate with its inputs
strapped together, which was also

|
|

XOR XOR = XNOR = EQV
(See Text)
] o) - {>o 7o)

1/6 7404

A[B[F
oo
o1 ]o
1710 O
(T 1 [
TRUTH TABLE ,

L

discussed last time, but instead a new
chip has been introduced, the 7404 ‘hex
inverter'. As its name suggests this has six
inverters on the one chip. Since it has
taken one complete 7400 IC to make the
XOR function, we need a second chip
anyway, and it might as well be the 7404
as any other. This will provide us witha
source of inverters for other purposes
should we need them. In this instance we
don't, of course, but in other
circumstances we might.

The new function that is produced in
this way has various names, depending
upon the specific point of view. It may be
called a ‘comparator’ since it effectively
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Number
Input A A O 1
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Comparators

Figure 2. A 4-bit comparator circuit.
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Figure 3. The half-adder circuit.
compares the logic levels at the two Adder circu.its

inputs; it then sets the output to logic 1
only if they are equal, whether both logic
0 or both logic 1. Figure 2 shows an
extension of this idea, more useful than
just comparing two bits, in which four
comparators are used to compare two
4-bit binary numbers. The output from the
AND gate will only be logic 1 when the
4-bit numbers are equal. Notice how we
have automatically slipped into the
‘system’ concept with only one gate
actually being drawn (the AND gate), the
others being represented by the four
comparator blocks each of which we
know contains the gate arrangement of
Figure 1.

Another name for the comparator is
‘equivalence’ (EQV), which is more of an
algebraic description, telling us that the
output is a logic 1 when the inputs are
equivalent. A further method of labelling
this function is to call it ‘exclusive-NOR’
(XNOR) since it is the inverse of the XOR
function.

Comparator ICs

There are several ICs available that
will compare either two 4-bit or two 8-bit
numbers. Not only will they give an
indication when the two numbers are
equal but will also signal the other two
states, namely 'A greater than B’ or ‘A less
than B'.

Examples of 4-bit comparators of
this type are the 7485 and 74LS85 TTL ICs.
These have separate outputs to indicate
which of the three possible conditions is
true. It is possible to cascade such ICs to
increase the bit size of numbers
compared. However, there is also an 8-bit
comparator IC available, the 741.5684.
Again this can detect the three possible
conditions but signals the results in a
slightly different manner. On the two
output pins, each goes low separately to
indicate either A>B or A=B, but both
pins high at the same time means that
A<B.
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1. The Half-Adder

The XOR function was converted
into the comparator circuit by adding just
one more gate. An equally simple
modification produces another quite
different function. In this case it is the ‘half
adder’ of Figure 3. This time it is an
inverter, which is connected to the output
of gate G1 and consequently produces
the function A and B. Why? Because this
gate, being a NAND gate, produces A
NAND B; if this is inverted by the said
inverter, the result will be NOT A NAND
B. Whichever way you look at this the
answer surely has to be A AND B. Just
take the well known fact that ‘two
negatives make a positive’, Both NOT and
NAND are negative functions; when they
cancel out all that is left is AND!

There are now two outputs in the
new circuit. One is the XOR output of A
and B; the other is the AND of A and B.
The truth table for these two outputs
appears in Figure 3. Note how they have
been named. The XOR output is called S
and the AND output is called Cy. The
latter stands for the ‘carry out’ that can
occur when two bits are added together.
For example, consider the following.

IfA=0andB = 0thenA + B = 0 (sum)

and (carry) = 0.
IfA=0andB = 1thenA + B = 1(sum)
and (carry) = 0.

IfA=1andB =0then A + B = 1(sum)
and (carry) = 0.

IfA=1landB = lthen A + B = 0(sum)

and (carty) = 1.
Put another way:
0 0 1 1
+0 +1 +0 +1
0 1 1 10

T
(Co)

To relate this to the truth table of
Figure 3, add the values of A and B in
each of the four rows and the values of S
(sum) and C, (carry out) will be seen to
obey the above rules. All we are doing is
adding two binary digits together to
produce a sum and carry. This circuit,
able to add two bits and produce sum
and carry outputs, is knownas a
‘half-adder’. The reason that it is known
as a half-adder is because it can only add
together two bits, and thus is unable to
handle a carry-in from a previous column
of addition. Remember that in most
practical cases it is multi-digit numbers
that get added, not merely pairs of bits.
For example, consider the following
addition of two 4-bit binary numbers:

PORS
1011
+0011

1110

Taking the addition column by
column:

The addition of column Sis 1 + 1 givinga
SUM of 0 and a CARRY of 1; this carry
goes into column R, so that:

The addition of column Ris1 + 1 + a
CARRY of 1, givinga SUM of 1 and a
CARRYof 1;

The addition of column Qis0 + 0 + a
CARRY of 1, giving a SUM of 1 and NO
CARRY;

Finally the addition of column Pis 1 + 0 +
NO CARRY, giving a sum of 1 and NO
CARRY.

It should be noted that the additions of
columns R and S both produced carries in
this example. Thus, the following column
additions involved adding three bits and
not two. The column that will only ever
involve adding two bits is column S, since
there is no previous addition to generate
a carry. A half-adder will suffice for this
column but subsequent columns will
require a ‘full-adder’.

2. The Full-Adder

The full-adder, whose block
diagram is shown in Figure 4, consists of
two half-adders plus an OR gate, thus
showing that two halves don't always

A o C°1
HALF = -
B o ADDER |31 D BRACO
|
Co
2
y o HALF (o™
¢ o — | aDDER |72 os
(Carry In)

Figure 4. The full-adder block diagram.
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Figure 5. Gate circuit for the full-adder.

make a whole! One half-adder has as its
inputs the column bits which we shall call
A and B; the inputs to the second
half-adder are the SUM output of the first
half-adder plus the CARRY IN bit C. The
end result is the SUM output S from the
second half-adder. All very logical it is
hoped. The CARRY output C; is obtained
by ORing the individual carries from the
two half-adders.

Producing the required OR gate
using NAND logic highlights a point of
interest and reveals a circuit
simplification. It may be remembered
from the previous article that the OR
function of two inputs is obtained by
inverting these two inputs and then
NANDing them; this was possible
because of de Morgan's theorem. Now
the carry out from a half-adder is actually
obtained from another inverter, as
required to obtain the OR function, and
we end up with two inverters in series —
an obvious case of redundancy! One
inverter will cancel out the other,
meaning that we can dispense with them
both. On this basis the full-adder gate
circuit will look like Figure 5. The final
carry out is produced by NANDing the
inverted individual half-adder carries
directly.

This Figure includes the truth table
which can be used to prove the validity of
the circuit after it is wired up. Three
switched inputs for A, B and C; and two
LEDs for the outputs S and Cg are all that
are needed apart from a +5V power
supply in order to test the circuit. Pin-outs

Figure 6. Pin-outs for 7400 and 7404 ICs.
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for 7400 and 7404 chips are given in
Figure 6, as required for the circuits so
far.

3. The Parallel Adder

When it comes to adding together
two multi-bit numbers, there are two
ways of doing it. Either we can add the
bits together all at once and produce a
simultaneous result, or we can add the
bits together one at a time and get the
result bit by bit. The former method
involves a parallel adder and the latter, a
serial adder. The parallel adder will be
explained first and is shown in Figure 7. A
4-bit adder is actually shown, but the
principle can be extended to as many
bits as you wish.

The first feature that one may note is
that the circuit consists of one half-adder
and three full-adders. Following on from
the recent discussion on carries, this
should come as no surprise; the first
stage does not need to include any carry.
The half-adder adds together the least
significant bits (LSBs) of the two numbers;
the full-adders add together the higher
order bits. The two 4-bit numbers have
been called A and B, the individual bits in
each number being given a
distinguishing suffix. Thus the LSB column
comprises the bits A, and By, the next
column the bits A, and B),andsoon.Ina
similar way the SUM output is a 4-bit
number comprising the bits Sp - S3
inclusive.

The only linking between one adder
and the next is by way of the line

TRUTH TABLE
A]B Ci[[C]s
0o ]ojlo 0o
0o [o [ 1 o1
0o [ 1loj[o 1
o [T [T 1[0
1 0[O0 ]J[o]1
110 1T 1[0
T 1]o 1[0
(I I | I

connecting the ‘carry out’ from one stage
to the ‘carry in’ of the next. There is a final
carry out Cy; from the highest order
stage. If the addition of two 4-bit numbers
results in a 4-bit result (e.g. 1000 + 0011 =
1011), this final carry out will be 0. If the
addition produces a 5-bit result (e.g. 1000
+ 1011 = 10011) then this final carry will
beal.

Parallel addition is used in
microprocessors. This is illustrated in
Figure 8, where the contents of two 8-bit
registers. A and B, are added together.
The carry out ‘drops into’ a bit of the
Status register known as the CARRY
FLAG. Here it is preserved as the ‘ninth
bit’ of the result. It can be used as such
especially in 16-bit arithmetic. The 8-bit
result of the addition is usually written
back into the A register. Thus the full
9-bit result appears in the Carry Flag
‘alongside’ the A register.

4. Serial Adder

The parallel adder requires an
adder block for each column of addition.
For example, a 16-bit parallel adder
needs one half-adder and 15 full-adders.
Such circuits are somewhat hardware
intensive. On the other hand, the
simultaneous addition of bits makes them
extremely fast. However, where speed is
of less than paramount importance, the
hardware requirements can be greatly
reduced by the use of serial addition. As
one might expect, the bit pairs are taken,
starting at the LSB end of the addition,
one at a time and the addition performed
column by column. Naturally it is
necessary to ‘memorise’ the carry
between one column addition and the
next. How this can be done is shown in
the block diagram of Figure 9.

Essentially this diagram shows the
same serial adder five times, but for
successive states of the addition process.

In Figure 9 (a) the component parts
of the serial adder and the data to be
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operated upon are identified. The former
comprises the following:

A full-adder whose inputs are the
data bits A and B and a carry in C;, two
4-bit shift registers which hold the two
numbers to be added, and the 4-bit result
is similarly held, as it is accumulated, in
another 4-bit shift register. A D-type
flip-flop is used to temporarily store the
carry out C, resulting from each addition
process.

This circuit contains two logic
devices not discussed so far. Taking the
D-type flip-flop first, this need only be
regarded as a 'single-bit data store’
whose output, Q, is forced to be a copy of
its input D. Only when a clock pulse is
applied to the clock input will the logic
level at D, whatever it is, be transferred to
an internal store and appear at Q; the
latter effectively retains (stores) this
binary value until the next clock pulse is
applied, until which time D is ignored.
The other device, the shift register, is an
extension of this same idea, except that it
is a string of D-type flip-flops that can
store a multi-bit binary number, in this
case a 4-bit number. It is called a 'shift
register’ because the application of a
clock pulse causes the data held in any of
the individual flip-flops to move one
place to the right. Thus, after four clock
pulses, the data bit in the leftmost flip-flop
will have simply ‘moved through’ the
whole register completely. With these
ideas in mind it is not too difficult to
understand how the serial adder works.

By an operation which is not of
specific importance at the moment, the
two shift-registers A and B are loaded
with the two 4-bit numbers to be added.
At this time the ‘result shift-register’ is
assumed to be reset (contents = zero) as
is the D-type flip-flop; the latter state
means that the only inputs to be added
are the LSB digits A; and By, C; being zero
at this time. The addition of A; and B, will
cause appropriate outputs to appear at
the S and C, terminals of the full-adder.
What happens next when the clock pulse
is applied is of great importance.
Essentially three things happen.

(i) The S output of the half-adder is
‘clocked into’ the ‘results shift-
register’ and becomes S in that
register.

(ii) The C, output of the full-adder is
clocked into the D-type flip-flop and
is stored at its Q output. This
becomes C, ready for the next
column addition.

(iii) Both the A and B shift-registers have
their contents shifted one place right.
Thus A, and B, ‘drop-off’ the end and
their places are taken by A, and B,.
The other order bits also follow them
one place to the right.

This is the situation depicted by
Figure 9 (b) and shows that the data, plus
carry, are set up for the next two columns
to be added. Subsequent operations are
essentially the same, with the final state
being shown in Figure 9 (e). The 4-bit
sum appears as 535,5,5, with the fifth bit
of the result (assuming that there is one)
retained in the D-type flip-flop.
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5. Rvailable Adder ICs

While there is much to be learmed by
breadboarding the above types of adder
circuit, in practice it is more likely that
fully integrated versions would be used
rather than that they would be
constructed from individual gates. Some
cheap and readily available ICs are as
follows:

The 7483, 7415283 and 74HC283 are
examples of TTL 4-bit full-adders that can
be cascaded to perform parallel addition
on any two binary numbers A and B. The
lowest order adder must have its C,
taken to zero volts, while its carry out is
simply linked to the carry in of the next
adder up the chain. A carry out is
available from the last adder in the chain.
How easy it is to connect up these
devices can be judged by looking at
Figure 10 which shows a 12-bit parallel
adder.

Where absolute speed is less

Sum
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Figure 10. A 12-bit parallel adder formed by cascading three 7415283 4-bit full-adders.

important than power consumption, the
CMOS 4008BE 4-bit full-adder offers an
alternative. Otherwise it is similar in
application to the TTL versions.
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As readers of detective novels
will know, acute powers of
observation are a must for the
successful sleuth, whether of the
regular force or one of the “little
grey cells” brigade. Even the most
(apparently) insignificant detail can
provide grounds for a solid
deduction. For instance, unlikely as
it may seem, even as mundane an
institution as a public convenience
can furnish one with information as
to the local set-up. No need even to
set foot inside — a cursory glance
suffices; if the building is labelled
"“LADIES"” and “GENTLEMEN" one
is aimost certainly in true blue
country, whereas "MEN" and
"“"WOMEN" indicates a local
authority from the other side of the
political divide. | mention this
merely to underline the fact that
engineers of all sorts, and
particularly electronic engineers of
course, are all very observant
people - aren’t we? (Have you ever
spent ages trying to get an
amplifier to amplify, only to
discover that the DC conditions
were all wrong and the active
devices all bottomed or cut off?)

Point Contact was fortunate
enough earlier this year to attend
the 5th International Conference on
Radio Receivers and Associated
Systems, held at Churchill College,
Cambridge. (The venue was one of
the least attractive colleges in the
city, being built of a very
unpleasant type of brickin a
severely functional style; the only
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In the next issue we continue the

concept of ‘chip systems’ by taking a look
at the principles of some of the chips that

go to make up a microcomputer.

thing to be said in its favour is that
at least it is not built of dingy grey
pre-stressed concrete.) This
prestigious gathering was attended
by all sorts, from the grand oid men
of radio-communications such as
"Sosh’’, to shiny young new Ph.D’s
presenting their first papers. In
between, the majority of attendees
were, like Point Contact, practising
electronic engineers in
(comparatively?) early middle age.
The distinguished Chairman
opened the proceedings with a gaff
- "Gentlemen, | am pleased to
welcome you all to this Fifth .. "' -
which he then made worse by
breaking off to look around and
concluding that just “Gentlemen”
was correct, in the absence of any
Ladies. P.C. looked around too, but

N
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though | couldn’t spot any ladies
from where | sat, there were
certainly several present a little
later at the coffee break following
the first three papers! | doubt if they
all arrived late, and they must have
felt distinctly discriminated against
by the distinguished Chairman’s
distinguished Introduction.
Thepaperspresentedduring
thethree days ofthe Con