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Putting PICs to Work

Part 1 of this project describes a
Development Board coupling PIC
microconirollers with LCD character
display maodules and a serial link for
the displaying of massages.

1A Variable Power Supply
Essential kit for every electronics hobbyist

to make those projects come to life.

Putting PICs to Work

Part 2 describes a Rugby MSF Clock
design based on the Development
Board, to maintain the precise time
and date — on an LCD character
display and your PC screen.

Gearshift Indicator

This vehicle dashbeard-mounted digital
display reminds you and back-seat
drivers of the currant gear selection.

Features

Acoustics and Hearing

Dougias Clarkson describes how sound
waves can be manipulated to siter aur
perception of the noise heard.

Circuit Maker
A reader’s forum for circuits, hints and
tips. This month features an Alarm

Zone Filter by Steve Adams.

Architects of the

Micro Revolution

Alan Simpson looks at the remarkable
history of Intel, pioneers of the
microprocessors found in PCs the
world over.

Consumer Electronics Show
Jim Rooney describes the star
products on show at the world’s
largest electronics event, held at
Las Vegas in January.
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Short Wave Listening Today

lan Poaole tunes into the world of amateur
and CB radio, revealing the meaning
of Q, RST, SINPO and Morse codes.

What's in a Name? _

In Part 3 of this series, Greg Grant
recounts the pioneering designers of
the oscillator.

Audio Basics
Ray Marston's two-part feature looks
at basic audio system principles.

AKD Radio Receiver

Martin Pipe turns on and tunes in to
review a general-coverage receiver.
Developing Aﬂ?lications
around the PIC Architecture
In Part 7, Stephen Waddington
examines more advanced softwara
technigues, including interrupts,
look-up tables, reset vectors and the
walchdog timer.

Timeline Technology

Texas Instrumentis recently announced
their invention of & thumbnail-sized
chip with the processing power of
twenty PCs. Stephen Waddington
examines the impact of this technology
on modern communications.

Free Book Draw

Enter our prize draw for a chance to
win a copy of Short Wave Lisiener's
Guide by lan Poole.
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ICs - We've heard and seen a lot about them in
Precent years. The appeal and versatility of these

devices never ceases to amaze me. It is clear
from your letters, particularly as a result of the series
of articles on PICs from Stephen Waddington, that the
reasons for using them are very varied. As a result,
we will be featuring your practical applications in the
coming months ahead. The first PIC application featured
this month lies within the Rugby Clock.

However, their popularity puts these projects into
another league where fewer constructors in this area
can design and implement the software. The ‘catch-all’
PIC chip should not leave other younger constructors
‘out in the cold' as very often the chips are available
ready pre-programmed for a specific application.

More in Colour

From now on Electronics and Beyond will feature colour
pages throughout and of course, being the lowest priced
magazine in its field, it represents the best value for
money ever.

Competition

Finally, our congratulations go out to the following for
winning our Sailing the Internet competition that
appeared in issue 111. The winner is Mark Townsend of
Nottingham. The five runners up are: L Green of Pwilheli,
Gwynedd, E Cassidy of Gt Chesterfield, Essex, S Walton of
Selby, North Yorks, G Foster of Benfleet, Essex, and
finally A Stone of Morcambe, Lancs.

Paul Freeman-Sear, Publishing Manager
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VEWS,
REPORT

Wideband Transistors
Optimise Performance
at Low Power

Philips Semiconductors has introduced a range of high perfiormance
low~voliage silicon bipotar RF transistors for use in the latest 1GHz
cordless and cellular telephones. Fabricated using a recently developed
double-poly buried-layer process, the range cumently includes small and
medium power types with collector current ratings suitable for use in all
stages of a mobile phone's RF transciever.

For further details, check: http://www-eu.philips.com.

Contact: Philips Semiconductors, Tel; +31 40 272 20 91.
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abLom Expands
in Europe

3Com has announced 200 new
jobs in a £15 million projectto
expand its Hemel Hempstead
faciliy: The announcement
was made by Eric Benhamou,
3Com’s CEO earlier last
month as he opened the first
building on the Hemel
Hempstead site.

For further details, check:
hup:/Avww 3com.com.

Contaci: ((11628) 836004,




VLSI GhostRider Sets
New Standards for
PC Data Encryption
VISI Technology intends 1o make
PCl-hased computers, modems,
web browsers and set-top-hoxes
safer for intellectual property
distribution and electronic
commerce through the hardware
implementation of its new VMS230
GhostRide PCI bus-compatible
real-time data encryption
decryprion chip solution.
Already identified as a key
element of Microsoft's interactive
PC/TV Platform the GhostRider
security processor enables a full
slate of functions, including file
ETTVPUON, SECUre COMnURCIons,
safe distribution of high-value
intellectual property; secure
electronic commerce, privite
c-muil and user authentication
with minimal impact on sysiem
speed or daa thr m_;Jmut.
VISIs security IC architecture
vastly strengthens data security
and privacy by performing all
security encrvption/decryption
within a dedicated chip, closed
1o outside armck. In addition, VISI
security ICs integrate an on<chip
RISC processor with encryprion
decryption engine functional
system blocks (FSB) that acoclemie
cryprography processing and
relieve main CPUs of data
security processing overhead.
For further details, check:
http://wwa.vsli.com
Conmct: VISE, T (01908) 67395,

Fujifilm Undercuts
PC Colour Printing

Fujifilm has introduced a photo
quality Thermo Autochrome
printer for printing digital files
from home PCs. At £399.99,
the NC-3D cosis less than

any dye-sublimation printer
currently on the market. The
NC3D requires no ribbons, just

Nyratex Investigate Life on Mars
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Xyratex Engineering Laboratories, in conjunction with the University
of Portsmouth and British Nuclear Fuel Laboratories, are using their
extensive analytical facilities to investigate various aspacts of the
question, was there life on Mars?

Since Dr McKay at NASA made the announcement of Iife last summer,
the scientiiic community has been somewhat split as to whether the
rod-like structures NASA discovered are ‘life' or, in fact, ariefacts
created by some of the processes used to examine the meleorite
under powerful SEM (Scanning Electron Microscopy) microscopes.

The University of Portsmouth has obtained samples of ALH84001,
a3 known Mars meteornite, irom Dr McKay and has involved David
Stapleion, Suriace Science Specialist at Xyratex, in testing for
sputtenng. Sputtenng is a coating technique which enables the
detailed examination of samples at high resolution. ;

Stapleton's work is concentrating on evaluating the topographical
detail creatad by different sputter coatings to assess whether
anefacts can be depositad which would lead to spurious data dunng
the examination of ALHB4001 for the presence of fossilised life.

For furiner details, chack: http://www.xyratex.com.

Coniact: Xyraiex, Tel: (0800) 614907.

TA paper, to make colourful,
sharp images on A6 paper
at a cost of approximately
40 pence each.
For further details, check:
hitp://www.fujifilm.co.jp.
Contact: Fujifilm
Tel: (0171) 386 5200.

Hitachi, Mltsublshl
and Tl join in
Development of
Gigabit DRAMs

Hitachi, Mitsubishi and Texas
Instruments (T1) are jointly
developing gigabit dveamic
random-access memory
(DRAM) chips. Joint dctivities
include rechnology sharing,
research and development of
process and design capabilities
continuing with prototyping
gigabit DRAM chips.

Since 1988, Hitachi and T1 have
been cooperating on the research
and development of 16-, 64- and
256-megabir DRAM chips, while
Hitachi and Mitsubishi have
jointly developed 8-, 16-and
tH—mt:g:lbir fiash memory chips.

In 1995, TLand Himchi also
formed a joint venwure. TwinStar
Semiconducior Incorporated. a
halfFbillion-dollar wafer fBbrcation
L..h]j.ll‘_. locared in Richardson, Texas

Far further details, check:
http://wew.hitachi.com,
http://www.mitsubishi.com
or http://www.ti.com.

Contact: Hitachi.

Tel: (01628) 585000.

PictureTel and
Microsoft Propose

Internet Telephony
Standard

PictureTel has joined Microsoft
and other industry leaders

to propose G.723.1 as the
audio codec standard for
Internet telephony to the Voice
Over IP Activity Group of the
International Multimedia
Teleconferencing Consortium,
an industry group overseeing
multimedia communications
standards.

David Andonian, vice president
of PictureTel's Personal Systems
Division told Electronics and
Beyond, “By supporting G.723.1,
the narrow-band audio codec
recommended by the ITU,
application developers will
be able to guarantee
interoperability among Internet
telephony applications™.

Other companies that have
co-sponsored the proposal to
support the G.723.1 standard
include DataBeam, Intel,
RADVisipn and VideoServer.

A decision regarding the
proposal is scheduled for the
next meeting of Voice Over IP
Activity Group in March.

For further details, check:
http://wwa.picturetel .com
or http://wew microsoft.com.

Contact: PictureTel, Tel:
(01753) 673000.

St Paul’s Rings
Changes with BT
An |SDN sglution from BT and
third party supplies, Echo
Communications, IS NNgng the
changes at one of London’s
most popular and histodic tourist
atiractions. The project 1 install
30 ISDN lines and a new
telephone system at St Paul's
Cathedral replaces an analogue
telephone switching senvice which
vas unable to cops with the
high volume of t=afiic.

For further details, chashe
http://waw.bt.co.uk.

Contact: BT, Tel: (0171) 406 B314:

Apple Announces

Cutis Across iits
Max Range

Apple has announced price
reductions of up to 27% across
its popular high-performance,
multimedia Macintosh Performa
range. Recent benchmarking
tests found the PowerPC 603e -
used in the Macintosh Performa
- outperformed Intel's MMX
processor by up to 300% and
also ran over 50% faster than
a Pentium Pro processor when
running C code at the same
clock frequency in a common
multimedia task.

For further details, check:
htip://wew.eurc.apple.com/uk.

Contact: Apple,
Tel: (0181) 569 1199.
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Dataquest Claims
Mixed Memory
Technology

is Future

Recent new product and technology
announcements herald the first
tentative steps toward the
integration of different types of
memory on a single piece of
silicon, according to Dataquest.

Richard Gordon, industry analyst
for Dataquest's Memories
program, told Electronics and
Beyond, “Many of the most
impartant semiconductor
applications currently consume
more than one type of non-
volatile memory in addition to
SRAM and DRAM".

“In response to end-user demand
for an integration of memory devices
to reduce chip count, semiconductor
vendors have attempted to
satisfy the need by offering.
devices that behave as if they
contain both traditional EEPROM
and flash arrays”, added Gordon.

Whether the flash and EEPROM
combination device is a success
or a failure, however, depends on
a number of factors, according
to Dataquest.

To be of interest to the volume

would have to be as cheap as

the individual EEPROM and flash

components, claims Dataguest.
For further details, check:

htip://www.dataguest .com.
Contact: Dataquest,

Tel: (01752) 814600.

New Tl Chip Clocks
in at 1:6 Billion

instructions
per Second

A new digital signal processor chip
introduced by Texas Instruments
may provide a long-awanted solution
1o ths intemet bottlensck. The chip,
which operates at the ulira-fast speed
of 1-6 tillion instructions per second,
£an power a rapdly emerging high-
speed method to connect to the
Intemnet. For example, a file that
oumently takes 10 masges o dovnioad
will tzke less than five s=conds.

Digital signal procsssors, called
DSPs, are poweriul, specialised
semiconductors that are idesl for
very fast, maths-intensive computing.
They are used in a vanety of consumar
electronics such as cellular phones,
pagers, hard disk dnves, modems,
digital satellite systems and
audioideo equipiment.

The new Tl chip, the TMS32006201,
has the spesd and pover 10 Sppxi the
sxplosie growth of data
communications, especially the use
of the Intemet. Estimates are that the
number of Intemet users is nearly
doubling annually; i will grow from
about 35 million woridwide today to
180 milion in 2000. There Is a critical
need for technolcgy to handle this gut
of new on-line users and Ti's DSP Wil
be the pistform for that new iechnoiooy,

For further details, check:
http://wen. ti.com.

Comtact: Texas Instruments,

Tel: (01604) 633147,

* Nonica Launch Miniature Gard-Based Digital Gamera

The first digital camena 1o feature Intel's flash memosy Mingrure Canld
for image storsge and transfer to the PCis now available by Konica.
Called the Q-EZ, the still digital camera comies bundled with a
2M-byte Seres 100 Flash Memory Miniature Card from Intel.
Images taken with Konica's Q-EZ camera are stored in the flash
Miniature Card for easy wransfer to a PC, where photos can be
manipulated and enhanced using off-the-shelf software progrms.

About the size of 2 mawchbook, Miniature Cards are being
designed into a variety of electronics products such as audio
recorders, hand-held computers and other hand-held consumer
devices, in addition to digital cameras. Miniature Carcds enable
compatible exchange of data berween hand-held consumer
devices and personal computers,

The Miniature Card form factor is based on an industrv-wide
specification supported by over 40 companiés in the PC and
consumer electronic market segments, including Konica
Corporation, Intel, Microsoft and Compag.

The Miniature Card Implémenters Forum (MCIF) promoies
Miniature Card specdification rechnology and its benefits of lower
system costs, improved interoperability and greater capabilities to
the users of electronic devices. In additon to Konict, camera suppliers .
Eastman Kodak. Nikon and Olvmpus Oprical are MCIF members,

For further dezails, check: http://wew. konica.com or
http://wwwi.meif.org.

Contact: Konica, Tel: +1 201 568 3100.

Low Cost
Entry Level
Monitor

Aimed ar anyone who wants
the best possible value, the
PanaSynce 4 TXA'1565 is a 15in.
digital monitor which provides
the two most essential
requirements from an enury
level machine — high quality and
low cost. Bused around a full
digieal chussis, the PanaSync +5
flat screen tube is cable of
delivering a4 maximum
resolution of 1.280x1,024.

The recommende] remil
value for the PanaSync+4
TAT1565 15 £249. which
includes a two vear onsite
exchange warraniy.

For further deails, check:
http://wew.panasonic.co.uk.

Contact: Panasonic.
Tel: (0500) 404041

Glear Desktop
Glutter with
aticky Notes

Scraps of paper and sticky-notes
that clutter deskiops and
computers are now a thing of

! the past with the introduction

of JOT-IT! from the leading
European software rapublisher,
Cross Atianiic Software.

The JOT-IT! software note
replicates all the productivity,
communication and esse-of-
use advantages of the paper
Post-it Notes, electronically,
on the PC.

The recommended retail
price for JOT-IT! is £24.99 inc
VAT. The product is available
from Cross Atlantic Software’s
UK distribution partners Gem
and Ingram Micro.

Contact: Cross Atiantic
Software, Tel: (0171) 228 6992.
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by Douglas Clarkson

The development of modern electronics bas
brovided increasingly sophisticated means of
recording, reproducing and transmitting audio
signals. At a social level, the importance to many
groups of people of listening to music of many
shapes and forms cannot be over emphasised. In
many respects, the development of technology is
taking place within the framework of capabilities
of both acoustics and the faculty of hearing.

ertainly; the practice of selling

current models of sound systems in

high sireet shops does not invalve
asking any questions about the acoustic
environment where such units will be used.
Also, the capabilities and limitations of the
human hearing svstem is seldoni ranked as
a factor when choosing an audio system.

Also. manufacturers and large distribution
chains provide no technical input thm
could, for example, explain the performance
of their system in the light of fundamentals
of acoustics and hearing. In the attempt o
provide everincreasing added value
consumer products, the process of
questioning the relevance of such
developments within the linked fields of
acoustics and heaning is certainly relevant
It is the process of hearing which is certainly
more complex and even mysterious.

The process of unmvelling the
mechanisms of hearing is certainly
something of a revelation, especially where
Scanning Electron Microscope (SEM)
images of the cochlea are inspected. Also,
the examination of current western svsiem
of music ased on twelve geometrical s¢émi-
tones per octave begins to make sense
when the working of the cochlea are
considered. A fundamensal study of hearing
could also prove of benefit o budding
MUSIC COMPOSErs,

The Human Ear:
General Structure

The human ear represents a highly
developed iteny of sensory perception - the
standard structure of which is shown in
Figure 1. The ear canal acis o confirm a
resomince broadly centred at 3.800Hz, while
part of the outer ear — the concha —the
depression surrounding the ear canal:
serves asa funnel for directing fréquencics

above 3.000Hz into the ear canal. Ear wax is
primarily desigaed to discourage insects
from wandering into the ear.

The set of ossicles — the hanuner
(malleus). anvil (incus) and stirrup (stpes)
—act o amplify the mechanical force
oscillations of the ear drum surfiace by a
factor of around ren. At 3,000Hz, the
amplitude ar the basilar membrune of the
cochlea is of the order of a nanomerre. It
has been esumuated that if the most sensitive
human ear was some 5B more sensitive,
then the thermal agitation of air molecules
would be heard as noise.

For some obscure reason. the bones of
the ear canal had a strong religious
significance for the neolithic peoples of

Britain — with such items left as a kev
offering/exhibit in tomb contents.

The eustachian tube connecis the
tvmpanic cavity o the pharvax and has the
primary role of empiying mucous secretions
from the middle ear which is undertaken by
cilia similar to those that remove mucus
secretions from the lungs. In addition, the
tube provides a means of equalising the
pressure on both sides of the tympanic
membrane. Any differential pressure will
tend to make the ear drum more rigid with
an associated loss of hearing sensitiviee
Normal swallowing or yawning will tend
open the canal momentarily and thus
achieve pressure equalisation.

Problems with middle ear infections in
infants tend to occur because the ear canal
is short and nearhorizontal. Infections
tend 1o spread from sinuses and throm
to thé middle ear. In adults, thereis a
more pronounced downwards sweep
to aid drainage.

While the action of the outermiddle ear
structures is generally well understood as an
impedance matching device. the generation
of nerve impulses within the cochlear is a
much more complex problen. As the
vibrational energy enters the cochlea
throush the oval window; a series of
so-called hair cells along the organ of Corti
within the cochlea are stimulated.

In general, the frequency of dominant
resunance response decreases as a funcion
of distance from the oval window; so that
the perception of piich is given by the
selective excitation of hair cells along the
Organ of Corti. A more detailed description
of this process is given later.

Significan work was undertaken on the
function of the cochlea by Georg von
Bekesy, wherein it was demonstrated thar in
a similar resonating structure of the basilar
membrane within the cochlea, regions of
masimum resonant vibration could be seen
o change pattern as the input frequency
was altered. Thus, a field of complex noise
will. at any one time, establish a pattern of
resonance essentially determined by the

Figure 1. Structure of the human ear. (Courtesy Widak).
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detected and appear in the cochlear
microphonic. The brain apparenty does not
choose to pay atiention to these
‘ulerasounds’. Could there be some
foundation of sound purists, who consider
that the upper frequency of recording is
artificially cut off at too low a value with
digital encoding systems such as Compact
Dise? After all, perhaps the highest
frequendies thar we cannot actually hear are
doing something useful within our sphere
of awareness. There are. in fact. sound
therapists that replay classical music
(rvpically; Mozart) with all sounds shifred
towards higher frequencies as some sort of
wake up call 1o the brain 1o aaivare (safely)
many of its dormant fearures. At the other
end of the spectrum, as it were, the fave
with flashing lights. loud music and what
else, is using music as a wol o energise the
brain in aslightly less dignified way. Cleariy,
our understanding of the ‘greater picture” of
hearing and cerebral activiry is still in its
infancy. Somewhere in all of this, there is
probably 4 firm foundation of music as a
holistic thempy for the individual.
Marvellous as our hearing is, nuature has
equipped other species such as the bat,
whale and dolphin with much more highly
advanced auditory systems. Yet, the entire
human auditory sysiem is surprisingly
compact. The earcanal is typically only
24mm long and 9mm in diameter. The
human cochlen is itséll also remarkably
small = cone-shaped with a base of 9mm
diameter and Smm in height, with a rwisting
length some 30mm long, mpering from a
2mm wide canal to a blind spot at the apex.

Operation of the
Ossicles

In its response 1o air pressure oscillations,
the eardrum tends to vibraie as a whole at

Photo 1. Inner wachln-f 2 ( ) hn‘;i?;:; i low frequencies, while at higher

frequencies, different areas respond
¢ selectively to resonance. The impedance
¢ change role of the middle ear is essentially

individual components of the sound. ¢ sapiens. Rather, it was the ability to hear a : increasing the force per unit area-from the
In Bekesy's pioneering work, a model of  § twig snap in a forest full of intrusive : ympanic membrane to the oval Window of

the cochlea was constructed using a plastic  ©  confusing sounds. Hearing. in evolutionary ¢ the cochlea.

diaphragm whose stiffness varied with i rerms, has been about survival, The malleus (hammer) is directly driven

length. This was driven by a specal :  While the range of human hearing is : by its contact with the eardrum. This

electrical vibrator and the diaphragm placed | described as 15 1o 20,000Hz, i contact extends to the centre of the ear

on the exposed forearm of 2 human subject. ! neurophysiological studies indicate that : drum so thar maximum amplitude is

In addition, the surface of the diaphragm ¢ auditory nerve signals above 20kHz canbe  ©  transferred. The incus (anvil) is attached o

could be inspected visibly using a
stroboscope. It was seen that with the
presentation of tones to the diaphragm, the
region of masimum vibrution could be seen
to move as the frequency was changed.
Also, the human subject could detect notes

only a few cycles apart and the presentation == \|S
of only a few cvcles of a spedific tone could -Cl :
be detected.

3 <
Hearing Processes _
In general terms, the sensory processes of — PB

the brain is now more successfully modelled
on concepis of neural networks. The Key :
process of hearing, however, is a parallel :
operation. To listen 10 music is to be able o

distinguish individual types of instruments o' St s K6y Sites of eclolon ANTS tated features: s
from a 100-piece orchestea The ability of 5 1 4550005 (2) and stapes (3). MS is the tendon of the stapedius muscle, CM is the
the ear 10 discern music is not the end : head of malleus, and Cl is the corpus incudis. (Courtesy Widak).

point of auditory perception of homo :

May 1997 ELECTRONICS AND BEYOND @&



Figure 3. lllustration of travelling wave in
canal (blue). (Courtesy Widak).

estibular canal (red) with exit into tympanic

the malleus, with these two structures
oscillating about a fulcrum point. The incus
transiers this ascillating motion 1o the
stapes. Some descriptions of the function of
the ear describe an amplification effect of
the relative leverage of the malleus and the
incus. while others describe a reduction in
vibrational amplitude but an increase in

ossivles are suspended by ligaments which
act to damp the oscillations after stimulus
has ceased. Withourt this feature, the sounds

lived. and the process of hearing would be
more confusing as sounds would merze
together generally:

The impedance of the ear is influenced by
the tensor membrane and the stapedius
muscle. There can be activated by loud

force amplitude at the stapes interface. The

we hear would cease to be sharp and short- £

noises, especially of the stapedius muscle
which pulls the stepes footplate outward
and reduces the intensity of sound reaching
thie cochlea. Tt is thought that this muscle
reflex is linked o a process of selection of
high frequency sounds such as rustle of
leaves or snap of a twig. Do you experience
a change in hearing levels when
encountering some element of danger?
Photo 1 shows a view from inside the ear,
showing the malleus (hammer) and incus
(anvil), while Figure 2 indicates specific kev
sites of the ossicles and associated features.
The car canal selectively amplifies the area
of speech berween 2,500 and 4.000Hz and
together with the force amplification,
increases pressure by a factor of around 14,
so that the overall force amplification can be
as high as around 60, or 30dB. The tensor

: \ [
Fhoto 2. SEM iﬁ‘age of outer hair cells of the human co_ghlea, ‘fé?ﬂlrtesy Widak). ¢
| - :

tvmpani acts 1o pull on the opposite ends of
the ossicular chain and so stiffens the
eardrum. This reduces the responsiveness
to frequencies under 1,000Hz.

The Cochlea

The stepes makes direct contact with the
oval window that leads to the vestibular
canal (red of Figure 3). Pressure waves
initially travelling along this section of the
cochlea can pass onio the tymipanic canal
{blue of Figure 3) which is terminated by
the round window (end of blue arrow,
Figure 3). This ensures that pressure waves
are conducted along the vestibular canal
and excite on their way the highly sensitive
structure of the hasilar membrane which
lies berween these two structures. The so-
called organ of Corti, mounted along the
basilar membrane, converts mechanical
pressure waves into electrical impulses
which are in turn communicated via the
auditory nerve to the brain.

The'Organ of Corti

Significant work in understanding the mode
of function of the cochlea was underiaken
by Georg von Bekesy, for which the Nohel
Prize was presented.

One of the- most difficult parts of the ear
10 conceptualise is the Organ of Corti — the
actual ‘transducer” that converts mechanical
energy (o neural signals.

It was initially thought that the majority of
nerve fibre activity came from the lines of
outer hair cells. The work of Spoendlin,
however, has led researchers 1o re-consider
this assumption. There is now growing
acceptance that around 90% of nerve fibre
connections in the acoustic nerve have
coniact with the inner hair cells, though
there may be increased weighting to
connections of the outer hair cells.

Photo 2 shows an SEM image of the
outer hair cells of the human cochlea.
Trpically; there will be three rows of cells,
though in some sections, four or five rows
will be present. :

e organ of Corti has in the region of
12,000 outer hair cells and some 3,500 inner
hair cells — the latter being closer o the
central axis of the cochlea where the auditory
nerve collects nerve fibre inputs. There
would appear 1o be a considerable degree of
overlap between cells, since there are around
30.000 nerve fibres in the cochlear nerve.
Thus, a single nerve fibre has connection on
average 1o at least owo hair cells.

The inner hair cell will typically have
berween 30 1o 60 cilia and each outer hair
cell beoween 75 to 100. The hair cell is
highly sensitive and will emit a nerve
impulse when a cilia moves as litle as a
trillionth of a metre. The high sensitivity of”
the basilar membrane is largely to do with
the shearing action of the tecrorial
membriane 1o move the dilia and hence
stimulate the outer hair cells with the inner
hair cells responding o the relative velocity
of the basilar membrane.

The width of the fibres of the basilar
membrane have a total vadation in length of
around 12:1, and this defines essentially the
frequency response of the auditory system.
In its design, the basilar membrane is tuned
to higher frequendies at the site near the
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Figure 4. Method of excitation of the cochlea at low frequencies, where the basilar
membrane is deformed due to incident pressure wave.

oval window and 1o progressively lower
frequencies rowards the wider apex.

Cochlear Microphonic

If an elecirical signal is waken from the
round window — by way of picking up the
signal sent 1o the auditory nerve and then
electronically amplificd. then the signal is
largely found 10 correspond to the input
sound signal. The auditory nerve serves
essentially as a carrier of sensory
information to the brin — the so-called
efferent or ascending pathway: The brain,
however, does also send information in the
reverse direction - the descending or
efferent pathway with around 2% of the
nerve fibres controlling muscles of the
middie ear and also influencing the firing of
hair cells which is primarily to inhibit
sounds considered unimporant. This is
something like a microphone with a
dynamic selfFregulating frequency response.

Frequency
Discrimination
and Encoding

The response of the basilar membrane to
excitation by the stapes at the oval window
can b considerad as a Tunction of
frequency. At low frequencdies up o 100Hz,
the whole of the basilar membrine can be
considered o follow the in-out motion of
the stapes. This is illustrited -
dingrammuatically in Figure 4. Below around
25Hz, the rate of compression of the fluid is
so slow that the fluid in the canal is simply

Figure 5. Generalised frequency
response of the Organ of Corti.

moved around to the round window
without excitation of the hair cells. This is
one of the main factors that determines the
fimit of low frequency response of the ear.

At higher freguencies, the motion of the
basilar membmne can be considered tobe a
travelling wave with the wave rending
build to a peak and then decay rapidiy
Higher frequency sounds activate portions
of the basilar membrane closer to the
entrance point at the oval window:

The basilar membrane responds inan
additive way to an input spectrum of sound.
At progressively higher frequencies, the
perilymph fluid offers increasing mechanical
resistance and the amplitude of the
travelling wave diminishes.

The discrimination of frequency is largely
sparially organised - and termed tonotopic’
organisation. There is a form of |
enhancement of this effect, however, by
inhibition of cells surrounding the area
where the imvelling wave crests. The
generalised frequency response of the organ
of Corti is indicated in Figure 5.

While the encoding of frequency is
strongly coded by location of maximum
cochlear stimulation, there is also the daia
on frequency carried by the rate of firing of
nerve cells, At frequencies below 1.000Hz,
individual cells can fire as independent units
when activated at the frequency of the
stimulus. At higher frequencies, individual
cells cannot fire as rapidly and instead, cells
are thought 10 work together in groups
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Figure 6. lllustration of the ‘volley’
theory of nerve cell response in the
organ of Corti. At frequencies below
around 1,000Hz hair cells can fire with
every cycle of sound wave, though at
higher frequencies, groups of hair
cells will fire on, e.g., every other
cycle, or every third or fourth and so
on, depending on the stimulus
frequency and cell characteristics.

where specific cells will fire on, e.g., every
other cvcle, or every third or fourth and so
on, depending on the stimulus frequency
and the recovery time of each cell.

This theory is the sp-called volley” theory
of nerve cell auditory activity, as indicated in
Figure 6. In general, from a range of effects,
the cochlear microphonic grows in direct
proportion 1o signal intensity. This theory of
hair cell excitation could explain why the ear
finds harmonics more pleasing than sounds
which have no harmonic relationship.

Oto-Acoustic Emission
One of the surprises in hearing research is
that not onlv is the ear a device which
detects sound, it can also generate sound
through so called oto-acoustic emission.
This process is thought t be the result of
efferent nerve stimulation from the brain
along auditory nerve pathways to the organ
of Corti which sets up cyclical contraction of
hair cells, resulting in the generation of
sound waves. While this phenomenon has
been investigated as a means of determining
hearing function, it remains essentially a
research-based rechnique.
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Note Frequency | Frequency Step from i
(Hz) | Change (Hz) lower frequency :

c 270 = :

B 286 | 16 sami tone

A 321 35 whole tone

G 380 3g whaols tons H

F 405 45 whole tons E

E 4za 24 semi tone i

D 483 | 52 whols tons- i

c 540 | 59 whole tone

Table 1.

Notes of Diatonic scale (white notes on piana), assuming C above middle C is 540Hz.

Hearing Loss

It is widely appreciated that high levels of
noise will cause hearing impairment. This is
largely through degeneration of cilia and
also loss of associared hair cells.

Photo 3 indicates a cochlear which has
suffered significant hearing loss. The inner
hair cells (THC) are better preserved than
the outer hair cells (OHC1, OHC2, OHC3),
since these are less directly affected by
contact with the tecional membrane.

Bats

Bats tend o develop hearing “technology”
that is highlv tuned 1o selective
frequencies. Some species of bats can
produce and distinguish frequencies above
100kHz. The discrimination of frequency is
largely determined by selecrive activation
of different paris of the cochlea. In nature,
for examiple, in bats of one species, the
region 83 to 86kHz is selevtively expanded
by as-much as a factor of 20 in area
emphasise signals in this range. Forall i
acoustic sophistication, the batr'’s hearing is
even more compact than thar of the
human ear

The moustache bat (Pteronotus parmetli),
for example. has an outer system that is
sharply umed 1o sounds berween 61 and
62kHz. The process of sound emission of
this species of bat involves initially the
contraction of middle ear muscles between
4 10 10ms before sound emission, with
corresponding relaxation 10ms afier sound
emission. This presumably reduces the
internal crossover from sound generation ©
sound detection system within the ear. With
the speed of sound 0f 330nvs, the echo
lociion system will be able 1o process
sound echoes from objects greater than
around Im distant.

Most of the processing, however, takes
place at specialised acoustic brain centres
which have echo locaring neurons and
frequency modulated specialised neurons.
The echo location of bats is highly sensitive.
In the species of small brown bats (mvotis
lecifugus). wires of diameter (2mm can be
dodged. Presumably;, therefore, all bats can
‘see’ power lines.

The Perception of Music
The so-called psycho acoustic guality of
music has perplexed scholars from the
times of Ancient Greece to today. While this
is a very complex field, it is obvious that the
cochlear-based mechanisms of sound
detection have a bearing on how sounds are
structured into present day musical scales.
Individual notes struck on & pigno can, for

example, be considered o map 1 specific
regions of maximum response on the basilar
membrane within the organ of Corti.

The westera system of music adopts the
so-called equal temperament system of
scales where an octave s divided into twelve
notes or semi rones and where the
frequency intervals are determined by a
fixed geometrical ratio of 2 1o the power

ane twelfth — or a numerical value of 1-0395.
Thus, the frequency doubles across a
specific complete octave and the difference
in frc-qurenq benween semi tones increases
with higher notes. In this regard, the octave
— signifying eight is misleading and is a
legacy of earfier Roman systems of music,
Table 1 summarises this relationship for the
white notes of the piano — the diatonic scale
where sieps of frequency can be whole
tones or semi tones.

It is interesting o note that the ratio of
cross-section of the basilar membrane is
often described as 12:1. Thus, when the ear
perceives music, itis listening 1o tones that
ares essentially in a geometric progression
andl not tones that are set in intervals of
constant frequency differences.

One wiy (o inspect music is 1o observe its
equivalent voliage waveform detected using
a microphone. Another more abstract way
to imagine music is as sections of the organ
of Corti selecrively activared. Would this not
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Figure 7. Contours of equal loudness of the human ear. (Courtesy B & K).
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make an excellent pop video —a synthesisexd
Organ of Corti?

Measuring Sound

Sound pressure level in dB SPL of a sound of
FOOL medn square pressure, Prms, is given by:

SPL = 2010g,, 11).3‘“*]
3

Where Po is a reference amplitude
of 0:00002Pa or 20zPa. The resonance
berween 2 and 4kHz is largely the result
of the resonance of the ear canal. This
measwrement is essentially an absolute
measurement which is not specifically
related 1o levels of hearing threshold at any
particular frequency.

The human ear can hear over a wide mange
of frequencies and levels, as Figure 7 indicates,
where contours of equal loudness are indicated.
The exact niture of the ear’s frequency
response at any part is the result of a very
complex interaction of a multitude of Acors.

While the curves which intersect L.0O00Hz
at 20dB SPL. 40dB SPL, etc.. have a similar
shape, the dynamic range of the earas a
function of frequency is compressed with
increasing signal level. A curve which
intersects, ez, at 40dB SPL at 1,000Hz.
is termed 1 loudness curve of 40phons,

¢ A-weighting scale over a broad range of

¢ and relevant standard for ‘normal” hearing.

This complex frequency response poses a
problem for so-called sound level meters,
where it is required that the frequency
response of the instnument is matched 1o
the SPL levels that are detected. A series of
secalled weighdng networks — AL B, C and
D, were initially devised and where the
A-weighted network was used for loudness
ievels below 53 phons, B weighting between
55 and §5phons and C-weighting above
85phons and with the D-weighiing used, for
example, to assess high frequency of aircrait
noise. These are indicated in Figure 8. It is
more common now; however, ro use the

sound levels.

- L3 =
Measuring Hearing Levels
The greater part of audiology is about
measurement of hearing threshold levels.
One of the hasic problems for such
measurement was to define an acceptable

A set of international standards has evolved
with considerable use of former UK national
standlards to provide a reference point fora
broad range of hearing pammeters. The key
standard relates o definition of normal

air conduction hearing levels in relution o
testing with standardised headphones and

¢ which can be calibruted using specialised

¢ with a nominal volume of 6cc. The use of

¢ since it is difficult to establish accurtely

: Tobeableto hearis to be allowed 10

: commumicate with the world ar large.

i Hearing is, therefore, a very precious faculty.
¢ Even this very brief tour of the ear, however,
 reveals it to be a marvellously well-adapted

i deal more awaits discovery —and especially

¢ The earis- very complex structure and one
: which requires numerous images to make it
: come alive. A highly informative series of

Professor H. Engstrom and Dr. B. Engsirom
: of Uppsala, Sweden. Such material is
! available, subject to availability, via requests

-45 Nightingale Lane, London. SW12 8SE
i Tel: (0181) 675 5151. Some additional titles

P Texthook of functional andatomy of speech.
i language and bearing. W H. Perkins and

: Haman senses in action, Roland Harper.

: Dr B. Engstrom:

i Ashort survey of some common or
fmporiant ear disedses.

P Structure aned finciton of eqar the inner ear.

: of the buman ear.
2 and function.

i Rathways for sounds and nerve fibres
I the inner ear

reference cavities such as the 9A coupler

free field sound for testing hearing
thresholds is not practical 1o underiake;

known free field sound levels at the ear of
the individual being tested.

Summary

item of biological engineering. Alithough
much of the process of hearing has been
unravelled, it is more than likely that a great

of the interaction of sound to other
processing centres in the brain.
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PUTTING PICS

ceececco0ne AH]"I sececceoesoe

Demonstration Board
Jor LCD Displays and

Serial Transfer

by Dr. Mike Roberts

Houw do you know what your PIC microcontroller is
doing? Well if you link it to a LCD Character Display
Module you can get it to tell you - in words! :
Alternatively, you can connect it to a PC serial port
and get it to tell you using Windows ‘Terminal’,

n this two part article, [ will firse show ¢ Display Module to show what is going on.
I how PICs ean easily be interfaced with : The prices of these modules ar¢ now

LCD Character Display Modules and how i quite reasonable. For example. the MAPLIN )
to muike a simple serial link to send data to i 16 % 2ine module is under £14 ar the time of
another device, eg.. u PC. 1 hope this will i writing. Compare this with say, 5 x Tsegment
show some of the porential of PICS and spur : LED displays plus driver circuits. The LCD
readers to do-some experimenting. My i modules are much easier to drive, are more
second part degails an elegant MSF docktime { vost effective and vou can use ANY fext,
decoder project which uses these technigues | number or custom character vou wish,
on the demonstration board. ¢ By the end of part one, vou should be

I have completed six different PIC :  ahle 1o write code w put text 0 LCD

projects. Al but one uses a LCD Character @ Character Display Modules: Once vou have

¢ got o this point. you ean add vour own
¢ code and use the LCD module w show vou

how it is progressing.

One-way serial data transmission is also
easy. I have included routines which can Be
modified for most applications.

Another aspect which is often important
in a PIC project is measuring time. This can
be handled efficiently using interrupts and
the internal timer. Again, 1 will cover 1 set up
which can be used for many applications.

To assist experimenters. | have designed a
demonstration bourd which can be used o
interface both with LCD Character Display

i Modules and via a R$232 serial link to 2 PC.
: The MSF clock project I describe in part tvo

uses this board.

Getting Started

The first section of code in any application
has to set up the PIC configurition for the
required duty: The cocle in Listing 1 s designed
for the PIC16CT1 which is supplied with the
PICSTART 16B1 Kit. It is easy to modify this
for the other PICs. Also, if the analogue
fucilities ure not being used, vou can progoim
a PICI6CO1 as if it were i PICI6C71 and it
warks. This shows the upwards/downwards
compatibility. | fix the inputoutpur (PORTA.
PORTR) pins, the analogue 1o digital
converter and the interrupts.

A quick comment on assembly language
programming. It is much easier to use rext
descriptors sather than numbers. For
example, when doing many mathemurical
functions (e.g. “incf”, ‘addwf™), one has 1o
define the destinarion file cither us 0 for
file register or '1" for the “W* register. It is
much easier to define "W equ h'0', F equ
W17 and then use *W and “F instead of ‘0
and 1", [ have assumed thar the
programmer hus access w the pictocT Line
file which defines these and a whole load of
useful addresses. eg. for STATUS, RP0. This
is included with the PIC sofiware and can be
‘cut and pasted” using the Windows
"NOTEPAD' text editor. "NOTEPAD' reads
and produces plain ASCII files, Note that if
vou use Windows '95 “WORDPAD', vou must
save the file as a text document (and use
the .asm extension) in order 1o produce a
plain ASCU file.

The details of the registers are covered in
the Microchip manuals. For those who have
not vet ‘wken the plunge’, TRISA and TRISB

are 8-bit ‘bytes” defining the PORTA and

PORTB input/output pins. A ‘0’ means
output and i *T" means input. The pins are

. denoted RBO to RBY. In the case of PORTA

on a 16C71, only the five pins (o 4
inclusive are implemented so the top 3 bits
have no impact. The bit RPO of the register
STATUS directs the processor to the bank
frar 1 set of registers. INTCON defines the
interrupts that will be accepred.

OPTION REG sets a number of different
options. Here, itis enabling the weak
pull-up on the PORTB pins and dividing the

;. system clock (crystal frequency/4) by 32 and

using this to drive the internal timer TMRO
(sce later). ADCONI sets the combination

: of PORTA pins used for analogue input. On

resct, this is set 1o 07 which sets RAO — RA3

i as analogue inputs. Hence the need 1o

redefine it when we do not need any
analogue inpus.
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; datz register definitions
temp sgu 1 el ol
temn2 2au h'D"
ent egu hR'E’
csec egu FECE!
serpin egu h*'2*
Gx ]
goto Start
start of main programme
;i s2C up SyYSLem
Start bef STATUS, RPD
moviw B*10100000"
movwi INTCON
clrf FORTR
cirf BORTA
bat STATUS, RFO
moviw B*00000100"
£ OZTION REG
TRISS
b'oQeooerit
Listing 1. PIC16C71 configuration code.

; temporarv ragister H

; regiscer
1 it counter

:1/100 seconrd counter H

¥al output pin on PORTA

00 m
Py g
rirh 9

/32

tion, oall up,
;portb 11 output

n

;porta digital

0
I

Ty

;porta biest-2 out 3,4,
ibank ©

;seeonds counter to O

Timers and Interrupts

This area is much easier than it sounds.

Often, one wishes 1o execute a section of

cole either ar a regular frequency or in
response 1o an external simulus. The
PIC16CTL can respond 1o a range of these:

The one I will describe here implements :
code every 10ms, | then use a sofrware
counter (010 99) 1o generate seconds. :
Further softwire counters can be used o
generate minutes, hours, days, €tc.

TMRO counts from any stirting number to
255 angl generates an interrupt when it
averflows from 255 w 0. A few clock pulses
are consumed every time TMRO is serup.
Hence, it is best to let it run continuously;
counting over the full mnge of 0-255. This
then points (o particular crystal frequencies.
A good starting point is 1o use a 3-2768MHz
crystal which can be used with 4MHz devices.
The PIC divides this by 4 10 319.200Hz. The
prescaler in the OPTION_REG divides this
by 32, giving 25,600Hz. Then, TMRO makes
256 counts and gives an interrupt every
time it counts down 1o zero, Le. at 100Hz
This setup is great for anything which
requires time o be kepu. Also, just in case
vou think 100Hz is a bit quick, the PIC with
this ¢rysmal has time to execute 8,192
instructions every 10ms! This s plenty for
most conceivable applications. The ability
to implement one instrucrion per machine
cvcle gives the PICs fantastic speed.

When the interrupt is implemented. the
processor simply stares at location 4 of
memory: You also have to give the processor
something to do while it is waiting forthe: 2
next interrupt. If there is no background
activity needed, just put the code in Listing 2
at the end of the starup sequence in Listing
1. I am giad | don’t have to spend most of
my life saying 'no operation, do it again’.

Listing 2. Code required to execute a
loop prior to the next interrupt.

The interrupt routine will be whatever
vou want. The bare essentials are shown in
Listing 3. This section of code is inserwed
after “go to start” in Listing 1

Driving LCD Character
Display Modules

This is dead easy! Hitachi-type LCD character
displays have a capability of up to 2 lines of

40 characters. They all have this capability

and heace. areall driven in the same way
The smaller displays simply show only a
lirnited number of characters. The simplest
is 1 line of 8 characters. Also, a word of
caution; a 1 line of 16 characters module

is likely w actually be 2 lines of 8 stuck
end-to-end. Hence. the 9th character has
to be addressed as line 2.

The Hitachi interface has 14 pins —see
Table 1. Eight arc for dast, which [ usually
fink into PORTB of the PIC. Tvo more are
usedl 1o accept the data. One of these acts
like a "clock’ signal 10 say ‘enable reading
the daa’. The other tells the display whether
the dara is information instructing the
display drivers actions (e.g. scroll data into
left of display” or ‘goto the second line,
third letter”) or is data (in ASCIL code) for
the display 1o show. Two are for power
supply (3V). There is a third power rail for

the display, which also cantrols the contrast.
The last pin can be used o take information
from the display module. One nezd for this
is to check thar an instruction has been
completed before sending the nest one.

I have always avoided using this pin by
making sure | give the display enough

time to implement instructions before
sending the next data. With the exception
of some of the startup instructions (which
take longer times), this is handled in my
subrowtine code.

On my demonstration board, 1 use pin
RAD 10 connect 1o the ‘its dam o control
the display or data to display” pin and RA1
to drive the ‘clock” or ‘enable’ pin.

The code w send an “H o the display
from the main program is:

moviw “H’
call DogT ;send data in W
to display

This puss the "datt’, i.e., the ASCII code
for H into the 'w' (working) register.

Note that ‘H' is interpreted as the
ASCII code for *H'. Alternatively; you could
use d72 (decimal) or h'48' (hex) or
b 01001000 (binary). | oniy resort to the
alternatives for special characters.

The basis of the subroutine is:

LCUT bsE FORTZ,0 ;RAG=1,
i_e. data
to display

movwE PORTS ;porth=w
bst BORETA,1 ;ensble

et PORTA,1 ;dissbls
refuin

I did say it wus easy, didn't I? The next
thing to realise is that if we are to send data
for conirol of the display. then the only
difference is that we need a: ‘helf PORTAD

Serial data link to a PC via D-type
connectc_m

Listing 3. Basic interrupt routine.

org 4 rinterrupt routine

bel INTCON,TOIF sclear interrupt £iag
syour code here

ratfis ;return Irom interrupt

Pin No. | Function

av
BV

| L=Instruction cods input, H=Data input
‘ H=Raad, L=Writ=

= h U b LR

1
s
e

| Data DBO-DBT

Nagatnie supply to LCD and contrast adjusiment

H=Enzhble (Le., read on H->L transition)

Table 1. Hitachi Display Module Pin Designation.
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; display ouipuf subhroutines

bcE
goo

Listing 4. Subroutine for data and control of the display module.

10 se1 RAO to 07 And lastly, we need o give
time for the display 1o implement the
instruction. Topically; this is 40us. Hence, the
simple 3-cvele loop (a goto takes 2 cvcles)
counting down from 13. This, plus the other
few instructions plus the fact that the

system clock is going a bit slower than

IMHz (actually (3-2768/4)MHz) gives more
than 2 40us delay. The complete combined
subrouting for data and control of the
display module is given in Listing 4.

The display needs some initial setting up.
This is usually done immediately after the
startup routine. | have put an example case
in Listing 5.

This sets up the display with two lines,
with duta entered from the left with no
cursor and no blinking on the characer
position being addressed. This includes
code for a software reset of the display. 1
have found thar the display modules do not
always reset on power up. If you have
problems, try adjusting the speed with
which you bring up the power voltage (if
you dre using a variable voltage power
supply). If this is nut an option. power up
then carefully short pins 4 & 5 on the PIC.

LTI eI

This will reset the PIC and then the
display module.

Now we have got all the fundamentals
covered, we can do something useful — like
write “Hello Fred' 1o the dispiay. This is
clearty an advance on the usual ‘Hello
World’ (which you can do as your first
experiment). The code is in Listing 6.

If vou want (o start at 4 different location,
just add the display location to 80",
Hence, you would use the Tollowing to siar
at position 18 (note, we are working in
hexadedimal).

moviw k92
call couT R3 s2 o 1st
cter I

The second line stans at location 64
(cecimal) and so is addressed by:

movlw k’Co’
call COUT ;Btart Zndg iine

The ability to write text to a display is a
good starting point {or writing programs,
since vou can write a section of code and
then display a result or just ‘Done” 10 show
it has worked.

If you want to have 2 go ar puting

Ccalil
clirf templ
moviw d'e’
mowwE tamn
stl decfsz temp2 , F
goto stl
decisz temp, P
acto st
moviw nrig-
call COUT
moviy . dr30r
movwE temp
s£2 decfsz tenp, F
=X
1
o
sEZ dec
goto
decisz
goEs
Listing 5. Display set-up routine.

-

:deiay for

;2

[]
[
b
i)
1
i

Iines

idelay for slus

e
FENCE

mode cursor right

idisplay on,no cursor,nd plink

clear + address §
wail dnterrupt

T TP NPT PTISAAR o

together the complete code for writing
‘Hello Fred', proceed as follows: Use the
pic16c7 Line file followed by the startup
code in Listing 1. The interrupt handling
routine (Listing 3) has o be entered after
the "goto Start’ in Listing 1. The display
initialisation in Listing 5 should follow the
suartup code and this in wrn should be
followed by the "go round in circles’ code of
Listing 2. The *Hello Fred' code of Listing 6
should be placed in the interrupt routine
(Listing 3), where it says “vour code here®
and lastly, the display subroutines of Listing
+should be placed at the end, after the
startup and ‘go round in circles” code.

One more big; add “END 10 tell the
assembler it has got to the end of the code.
Programme the PIC with “XT" oscillator and
‘Power Up Timer On’ (only).

2
b

P
i

T

[w)
o1

call

e b= D
- w e (=

&
|

Listing 6. Code required to display
“Hello Fred".

Why not have a go at writing code 10
display the state of the PORTA input pin 32
If you get stuck, see Listing 7.

Serial Data Transfer

Again. this is tons easier than one first might
guess. It always seemed like magic 1o me
how you connect up a lead and vour PC
links to another. If you strip of all the ‘Data
Terminal Ready” lines and so on, all serial
daa rransfer is a single output pin waggling
up and down at the rdghr timing. If you only
want o wansfer data out, then vou can
survive using only one pin on the PIC. You
wso have to transfer the voliage swings 10
the RS232 format. The proper way of doing

moviw B8O’
call COUT HAM address to O
moviw ‘R’
cail oouT
moviw A
call DOUT
moviw b 54
so
.

Listing 7. Code to display the state of
the PORTA input (pin 3).
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this is to use a converter such as the

;main pregram text MAX232 which has the benefit of running

1;;;.&*: S:::‘R can on 5V and having its own + 10V and 10V

genertors. A typical seral daa transfer of 1

SEUE £ it w7 s Seris) Inf : 5 53
joNd Lo outemil o BT Sevid L 300 bvte is shown in Figure 1. This is for the

generare interrupts mther than using cade
to wait the correct number of cycles.

_ For example, a 2-3576MHz divides down by
Listing 8. Main program ‘call' code and serial output subroutine. i 256.(28) o give 9,600 baud.

R e SRR i case of 8 bits data, no parity. 1, 1 122 or 2
movwE ent ;ent=8 i stop hits.
bot BORTA serpin istart biT :  The speed of data transfer is sct by the
oot g:f 25;; ¢ ‘haud’ mte. e.g,, 9,600 baud is 9,600 bits
rrf temp, T : per second. So, the key sum we need o
iféﬁc i’ég:?s 1‘_3‘7“: ;s i dois ‘how many machine cycles are there
bt’;ss é,r_i,;.;g“g‘-“ . for ?atth bit'.
£ PORTE, s=rpin : If we tike the case above using a
cfsz ent, F 3-2768MHz cnystal, one machine oycle is
2 == L 1A(3Z768M)ps, ie 1:2207us. 9,600 baud
ceen o= ¢ is 19.600 seconds per bit or 104us,
BORTA, =erpin ;Stop Bit i which is §5-3 machine cycles. Using 85 5
g% close enough.
i Note that if vou wished 1o do a lot of
i senal datasransfer, vou would want w pick
<pET ¢ a crystal frequency which divides down
. conveniently; sovou could use the TMRO o
sde1t :

The main program ‘call’ code and the
serial output subroutine is shown in

Listing 8. I hope, given the-explanations
above, that the code is self explanatory.

] .
! Please note that the number of instructions
! ¢ and/or the number of loops in subroutine
g B ¢ SDEL must be adjusted 1o suit the clock
. 1 . frequency of the PIC.
é?{t g B?;.m 1'5,33; /8%15 ‘ i  The pin used for the sedal transfer
1/Baud ! (serpin) must be defined (after the
i PICI6Cxwine file header). as must the
Figure 1. A typical serial data transfer of 1 byte. location in data memory of cat, temp,
i temp2 (see start of Listing 1).
i The code in Listing 8 actually has two
) _ _ _  stop hits, This can be used with 1 or 2 stop
ZE‘TE;{’? sAncEGhont Stoonds: SounstT ¢ bits set at the receiving end.
Saéc, U Sp=tsac=100 i Please note that seria! trnsfer does ake
STATUS,Z ;skig if essc<>100 : some time. With 11 bits per piece of data
ssac ireset esec=0 (1 stare. S dar, 2 stop) and 9,600 bits per
o second, we can send up o 8 bytes of dara in
TATUS, Z ;skip if csec <D ¢ 10ms. Hence. to send "Hello Fred™to a PC
HELLO ¢ (once per second), we have to split the daa
csec, W jw=csec-1 z . = 3 x e
STaTUS, Z kit F coeasesd ¢ and send it in two 10ms tme slices. Suitable

FRED N ¢ code for insertion in the interrupt routing is
given in Listing 9.

HELLO moviw
call

mOVLW

call

IWOViW

call
moviw

czil

Listing 9. Code for insertion in the )
interrupt routine. Rear view of the display module.
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Figure 3. PCB layout and component placement.

Hardware
Considerations

You can award vourself a medal if vou have
made it to here. My demonstration board
circuit diagram is shown in Figure 2.
The PCB lavout and component placement
is shown in Figure 3.

The board is set up to ke either
conventional crystals or the ceramic
resonators often used with PICs. Some of

the ceramic resonators include capacitors
connected to a third pin and hence, there
is no need for C11 & 12, C13 can be
included to fine-tune the crystal frequency:
If it is included, subtract about 12pF off the

: value of C12.

The interface 1o the Liquid Crystal
Displiy Module is designed for use with
ribbon cable via a transition header on the
PCB and IDC socker on the cable,
connecting to 4 section of 7 X 2-pin strip

soldered into the BACK of the connector
on the module. In this mode, the cable
does not follow the connection numbers as
each pair is swapped over, i.e. 2, 1, 4, 3, 6,
5, erc. Double-check you have gort it right
by following the 0V connection (denoted
‘1" on the PCB lavout and on the module).

The serial link requires a special lead.
The connections are as follows:

9-pin DIN  25-pin DIN
ground /=~ 3 7
datasignal 2 3
connect DTR, DSR 46 20,6
connect RTS, CTD 7.8 4,5

Windows ‘Terminal’
Settings

Baud 600

Da Bits b

Stop Bit 1

Parity None

Flow Control Nane
Connecior COMI1 or COMZ

Demonstration Board
and Code

The demonstration board and a disc
confaining code to put ‘Hello Fred to a
display and 1o a PC (also with PC software
to receive data from the clock in part 2) are
available from the author, Dr: Mike Robers,
4 Thames Avenue, Guishorough, Cleveland
TS14 8AD.

Demonstration PCB
Disc

(The above prices include postage)

Recommended Reading
Microchip Embedded Control Handbook,
Applicatinn Note ANS10 Implementation
of an Asvnchronous Serial VO,

Stock Code AD2SE

Microchip Data Book. Stock Code AD29G.
Liguid Crysial Character Display Modides,
Hitachi.

RESISTORS
R 10G
R2 1kQ
R3 10kO
SiLi 10KkQ Single In-line Resistor Amay
VR1 1k0 Preset Potentiometer
CAPACITORS
C14 10uF 16V Radia) Electrolytic
C2,3,9,14 100nF
C3-8 22uF 16V Radial Electrolytic
Cci0 470nF
ci112 12pF for 3-2768MHz

or 33pF for most cther crystals
ci3 2-22pF (optional — see text)
SEMICONDUCTORS
IC1 LM2940CT supply 6-12V

of 7805 supply 7-12V
Ic2 MAX232
IC3 PIC16Cxux
MISCELLANEOUS

16 X 2 line LCD display

PIC DEMONSTRATION BOARD PARTS LIST

ori6 X 1lineupto 40 X 2 ling 1 (DKB3T to DKGTX)
- (M10R) 16-way Transition Header 1 (FA47B)
1 (MK 2 x 8IDC Socket 1 (FGA4X)
1 (MIOK)  pin Suip 2 X 36 (Cut Off 7 X 2) 1 (JWB2S)
= (DLS5V)  |pC Cable 1 XR730Q)
1 NRAO0T)  3.9768MHz Crystal 1 (FY8ET)
Pin Strip1 X 386
2 (WWBSRY) (Cut Off As Requirsd for Conneciors) 1 (JWB9FR)
4 (CX21X) Heat Sink 1 JX21X)
4 (AT37S) 9-pin DIN Socket 1 (RKG1R)
1 (RAS2G) 9-pin DIN Hood 1 (FP27E)
2 (WX45Y) 25-pin DIN Sceket 1 (YQ49D)
2 (WX30E) 25-pin DIN Hood 1 (FP29G)
1 (WL70M) 6V 360mA PSU i (JCaoX)
Caonnector for PSU i UKAoL
PCB 1 * See Text *
i (?:32;;: Disc with Source Ceds Z = See Text *
1 (FDG24)
s I The Maplin "Get-You-Working” Senvice is not available for this project.
The above items are not available as a kit.
(DK&3T)
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You will find some of the answers in our catalogue, ~
so if you don’t have a copy go out and search for one pARAllEl PDRT I/o FOR p(s
today and complete this crossword.
< Interface via parallel port - no dismantling of the PC
CROSSWORD No. 2 required or internal slots used

« Can be used with Desktops and Portables

' Screw terminals for all external connections, no
additional connector boards or ribbon cahles required

< Can he used with most programming languages - full
1/0 sequence provided with drivers for Basic, C, Visual
Basic

+ CMOS/TTL, Relay and opto isolated 1/0, 12 & 8 bit A-D
and D-A, timer/counters, encoder interfaces

< Up to 16 cards on a single parallel port

and Beyond

Data Management Ltd
Tel: 01484 841016 Fax: 01484 685995

The Choice Is Yours

Boih aur new style ECO and older
sfyle metal cap potentiomelers are
in full production. Both provids
excallent parformance and valus.

Advantages of ECO potentiomelers

+ Fully insulated cass. |P rating 50

% Recycizhle plastic componenis

% Inizgrates with ECO 1 & 4amp

e BS415 spproved swilches

e 5 * Multi-oang versions are sharter

e

Name

Address

Postcode

Daytime telephone number

N s=zary. Er 1 eMvEicpe ¢ g 1 \
i W STYLE EED * Altrzctive iwo tone colour scheme
POTENTIOMETER %  More compstitively priced
.. 25, A funibamental negaive panicle of =
ACROSS T . _ - s :
1. [i's 3 positive of negative outpit 26. Increse i 1o reduce the cument M£ /5 { / /
bl e G 161 potentionerers
6. Im hefiare the imnsistor DOWN
but still alive, see for yourseli on Speciﬁcatiaﬂs
e .‘h.r-» . 2. Amack I.\iL*-{_'Iihi. d:_l\ retdin or thmin dia. condiickve {}Et}'m” ks
7. Where the micro docs s sums ¢ periups o i3, C & S

8.
a9,
10, Ywul

Spindies: 4mm, Bmm or %" dia.
Rotation angles: ECO = 2702 er 300°
metal cap = 270° (300° with swilch)
 Linzar: k@t IMQ, 0.25W
Non-lingar 4k7€) 1o 470kQ), D.12W
Advantages of mefal cap
potentiometers
* Casing can be earthed
* [P rating 40

f
s O VOUr 4,

s 10 the crosssond are 5.

12,
i inclucti
e of frequencics
GITT2-550001 for what
serioe
14, Touchscreen
iultiples of the fundamental 17. Desice th
Ky and ourp

15.

s Wirth invenied
=il

16.

e

s s ingais

18.

20. vl 1o convert physical

g QLR STYLE METAL PRICES & SAMPLES ON REQUEST

22. Five diss CD plaver
24. Maplin brnch inanea 7

OMEG LIMITED

We are giving away 4 cish prize of £25 (o the first comec entry received In IMBERHORNE INDUSTRIAL ESTATE. EAST GRENSTEF'.GP !
Lith April 1997, Send it 1o us 2t the following addess: Magazine Crossword 2, WEST SUSSEX RH19 1RJ Tel 01 410420 Fax 01342 316253
Maplin House, PO Box 777, Rayleigh. Essex SS6 8LU. E-Mail| omeg sales@omeg co uk

All emplovees of Maplin Electronics are excluded from entening
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recent survey of the UK's top
companies has shown how far
ehind new technology much of

our industry is. Romiec and Durlacher
Muitimedia’s survey shows that only
around 40% of companies have installed
an internal intranet neowork (the
company-wide equivalent of the global
Internet) and are effectively using it as a
management tool. Companies such as BT
and Rover are included in this group.

About a third of UK companies, on the
other hand. see no purpose in adopiing
an intranet strategy; with the remainder
being undecided. Interestingly; around a
fifth of all UK industry does not appesr o
use any modern technology tools (for
example. e-mail) ar all. Most often, the
reason cited as to why no step into the
modern world of technology is aken is
that any benefits are hard to perceive. |
can undesstand that — I'm sure that some
companies didn’t use the telephone
when it was first invenied for the very
same reason (mind vou, those companies
have also disappeared or changed their
minds, 100).

In contrast 1 those companies
dragging their collective technology
heels, almost all of the companies with an
intranet strategy (well, over a third of all
UK industry; in fact) use e-mail
extensively. This proves almost without
doubr that once companies make the
electronic step to having a cohesive
intranet strategy, thev take to it and get
some of its benefits direedy.

Interestingly, and as a pointer © how
the computer marker will go over the
coming few vears, more than half of the
companies which have embriced iniranet
technology expect the Network
Computer (NC) to replace networked
personal computers within five vears.
This is worth pondering on. Intranets
allow companies to create their own ways
of working and supplying information to
its staft and customers. In effect, they are
not bound by the use of large, complex
and processorhungry applications,
requiring large, complex, and processor
strong computers. This expectation to
use NCs rather than PCs comes from the
very companies which use intranets.

If they see no need 1o continue (o use
personal computers, then — as intranet
technology catches on more widely

by Keith Brindley

(which it will do) —more and more of the
world's businesses will presumably do the
same. We might be about to see the death
of the personal computer in industry.

Europe - You're Not IT
President and chiefl executive officer of
intel (ves; the Intel of the Intel Inside
logo). Andy Grove, was in Europe
recently and gave a grim view of
European use of IT. Likening use of IT in
European comipanies to that in US
comyranies around ten years ago. Grove
was forthright in his conclusion that if
this continues, Europe will continue to
slip behind the rest of the world in
technology:

This, of course, is true in some
respects. In the US. some 60% or more of
the population has a computer, while in
Europe, the figure is only just over 10%,
Bur these figures can be a little deceprive.
While 60% of Americans have a computer,
that's not necessarily 10 say that there is a
similarly great uptake of computers in
industry: No doubt. there is some greater
uptake, as the preceding storv proves,
bur maybe it’s not so bad (600%, indeed)
as it first looks. After all. there’s a
significantly greater uptake of computers
in the home in the US. Here in Europe.
computers aren’t such a priority in the
home (while the old Sega or Nintendo is,
I might add —but theyv're nar exactly what
Grove classes as computers, after all).
This means that while industry fgures for
computer uptake are still abysmal in
Europe. theyre not perhaps as abysmal
4s you might first think.

Suill it’s all relative, and - yes - Europe
is behind the rest of the world,
particulady the US. Bur the man making
the point is bound to say that isn't he? |
mean, what he's trving to get us in
Europe to do is buy more computers.
most of which use his company’s
integeated circuits. Mavbe Europe could
take this computer deficit as a gift horse
and. not looking in its mouth (which is
where my tongue is at this moment!),
buy Network Computers instead of
personal computers, thereby making
Andy Grove’s company redundant.

Oh, I've just had a wicked thought —
that’s not why he was uyving to instill us
with blind panic. was i

Way to Go, Apple
Finally_talking of computers (and more
importantly, computers that don't use
Andy Groves’ integrated circuits), news of
Apple Computer’s demise have been — as
usual over the company’s 20 vears of life
— greatly exaggerated. As the computer
company mnked number three in the
world in rerms of computers sold, and the
¢ manufacturer almost evervone (except, of
I course, users of its computers, that is)
¢ loves to hate, it's long been the case that
;0o news seems to be good news. Almost
¢ weekly, there appears a story that Apple is
¢ about to be bought out or go bust.
Apple’s recent intemal siaffing woubles
and external sales performances aside,
the company marches on with its
software development. The latest release
: of the MacOS operating system (System
i 7.6) is about to be released in the UK,
: where it should meet with approval from
¢ existing and new Macintosh computer
users here. P've been running the system
(the US version released at the end of
January, in fact) for a few weeks now, and
can testify that it’s an incredibly stable
release with some wonderful tools which
should do a lot to quell anti-Mac opinion
from the uninformed press and non-Mac
(thur is, PC) userbase. Beats Windows 95
hands down for stability, as well as
incorporating and indeed, evolving even
further the traditonal Mac ease-of-use.
Included in the release are several new
system parts (as well as some parts which
actually have been available for quite a
while now as separite components).
System 7.6 brings them togetherin a
unifieel installation: Pardculary strong is
the system’s overall Internet capabilities,
with advanced Apple technologies such
as OpenDoc and CyberDoc in the
forefront. Included too is the Apple
Internet Connection Kit, which makes a
doddle the process of signing up with an
Internet Service Provider (1SP) for a raw
Internet recruit. As operating systems go,
and as always, the new MacOS is the most
advanced and friendly mass-marker
aperating system in the world. Hyou're a
Mac user, ger it now: If vou're in the
market for 2 new computer and haven't
thought of Mac before, check it out and
¢ compare— you'll not be disappointed.
o (4 vou're a non-Mac user, weep. FECTRNES
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E-mail your

views and comments to: N\

AYV@maplin.demon.co.uk

Full Marks,

-
Edinburgh!
Dear Sir,
1 would just like 10 express our
team’s thanks for the help you
offered in your Edinbusgh store
Our team consisted of four pupils
from Magras College in St
Andrews. We were participating in
the Engineerng Education
Scheme, Scotland, which is
organised by The Roval Academy
of Engineecring and The Roval
Sociery of Edinburgh. Our project
wis to develop a childs” toy with
muny educational games. The
codde we had written for the
PICTGCTS needed changing ar the
last minute before our
presentation. We rushed along to

[(EXERERENEEENE NN RN RN N R NN NN ENEENENRNRENENRSERJSERSEH;NSE;RHE]

Trailing Leads
Dear Editor,

I am plessed to see the interest
which other readers have
displayed in the subject of water
duuiu’\ and the number of

ons which have

d. It was n:truhuw

{: \\r!Ln 1 4_‘1.1ra.h bmr Letter),
compleie with crcuit diagram
and component derails, and 10
know that he is quite convineed
that an clecorical approach is
satisfactory. [think a strong
warning should be given to
would-he construcors (who, in
these davs, normally work with
voltages under 15V) that the
sockers, plugs and cables which
will be operating at 400V DC can
be damaging and even lethal, and
may prevent them from enjoying
the benefits of descaled water! 1
am still hoping (and s0 is john
Aston — March) that a reader who
has first-hand industoal or
university design experience in
this field will come up with
answers o the questions in my
February letrer. With reference to
John Aston’s ultrasonic unit,

Write to:
Electronics
and Beyond,
P.0. Box 777,
Rayleigh,
Essex §S6 8LU

the Maplin store 10 see if another
chip was available. As there
weren't any in stock. vour staff
opened up a UV Ermser and
erased] our chip for us sowe
could have a working
demonstmion. My web pages are
at http://web.ukonline.co.uk/
members/tim.kerby/, while my
PIC site is at
http://web.ukonline.co.uk/
members/tim.kerby/pic/
It needs vour projects!

Tim Kerby, Newpori on Tay,

Fife, Scotland.

It is pleasing to hear that the
Edinburgh Maplin store was able to
help you with your predicament.
Perhaps our readers may be able
to pass on some suitable projects
for Tim's needy cause?

[ have found that the M810
igital Multimeter (Maplin
2C600Q) ser 1o the auromaric
frequency range will convindngly
measure the frequency (68kHz)
of ane of the low-cnergy
elecrronic lamps by trailing the
positive lead overthe wops of the
tubes (the negarive lead dangles
unconnected). At these higher
frequencdies, the eneray is readily
mansierred to the high
impedunce input of the DMM.
Wilfrid A. Sawyer,
Beaconsfield, Bucks.

Your original letter concermning
water softening devices certainly
generated an impressive response;
as this month's letters pages
indicate, we've yet to hear the last
of it! As you suggest, readers
should remember that suitable
precautions should be taken when
working with high voltages — which
even at a few milliamps can cause
shock - and that high voltage DC
is generally considered more
dangerous than the equivalent AC
voitage. When working with such
circuits, it is advisable to work with
one hand in your pocket/behind
your back to avoid the possibility
of forming an electrical path
across one's chest.

Jehova's Witnesses, market

In this issue, Ron Cook, of Frome,
Somerset, wins the Star Letter Award of
a Maplin £5 Gift Token for describing bis
experiences of going soft by way of
bigh-tech extracts of passed water.

G[FI VOUCHFR

lﬂl‘ lﬂl[l!l‘

¢ the house, 1o protect the roof
: dles from storm damage and

¢ the foundations from

Dear Sir,

[ was very interested in vour
readers’ experiences with
electronic devices for softening <
water and repelling pests. and
decided 1o try some
modifications of my own. My
ideas were based on the fact
that very low frequency waves
are the best for communications
with distant submarines, and
that eddy-current losses in
metal pipes are greatly reduced
ar lower frequencies. §used
more-orless the crcuit given
by ). G. Wilkinson in Issue 112,
with R-C values for the lower
frequency of 0-THz. a 1.000H
inductor, and without the 4u7F
smoothing capacitor. Instead

of the copper foil strips on the
insulated water pipe, Iwound a
pair of coils, 15 mirns of 22 swg
enamelled copper wire

(BIZTE) each, 30cm apart,

and connectedd them in senes
opposing. The unit was
powered bv a4 PP3 battery.

The results were immediate
and specmcular, All scale
cleared mapidly from the kettle,
andl thie brown stiins
disappeared from the teapot.
Central heating costs were
reduced by 32%. The bath filled
and emptied more quickly and
the smell of chlorine vanished.
The basin wp stopped dripping, :
a small leak in the bedroom
radinor stopped, and the car
started to drink water instead of
milk. Encouraged by these
successes, | built another drive
unit, this time for the lower
frequency of 0-01Hz, and
driving a 5<urn coil around the
letter box. Since fitting this, 1
have nor had a single sales
circular or unwanied letter,

and I did receive a small win on
thie othall pools. My next
project is already well advanced.
The operating frequency is
reduced o 0-001Hz, and it will
power a 2-qum loop around the
front door. 1 anticipate this will
put and end to visits from
double-glazing sales persons,

surveys and politich canvassers.
My ultimate ambition is to put a
huge single-turn coil around

¢ subsidence. But there is one
¢ peculiarity of these systems
: which I cannot understand:

thevawork just the same with

: the battery leads reversed.
: or even disconnected.
: Can anyone cxplain this?

¢ Judging from your experiences,

© it would appear that electronic

. water softeners would be

: beneficial wherever water

¢ systems exist. But why stop with
: a loop around the house? It

: would clearly be worthwhile

- installing a loop encircling the

: Earth to soften water at source -
¢ in the oceans, seas and rivers.

: This could be more cost-

- effective than might at first be

: imagined, since much of the

¢ infrastructure is already in place,
- with existing pylons on land to

: support the wire loop, while

- strategically-placed oil rigs,

- lighthouses, etc. could be

. employed to support the cable

- where it passes overseas. The

: various countries that benefit

: from this scheme could pool

: their resources (from National

- Lottery funds, etc.) to share the
- cost of installing and

: maintaining the system, which

© would in any event supply

- considerable savings in the long
- run, even if many plumbers

¢ world-wide were put out of

: business as a result of its

- effectiveness at preventing leaks

and hose blockages. Other
potential benefits would be ships

never requiring dry-docking to
: clean off their hulls, and reduced

pollution of shores from sewage

. or in the event of oil slicks.

: Creatures living underwater

: should be healthier with better-
: tasting, more plentiful and

: cheaper seafood as a spinoff,

- and sand on the beaches would
: remain cleaner. Your discovery

: that these systems waork equally
- well regardless of the battery

: polarity and whether one is even
- connected is possibly

: explainable by the fact that the
: circuit which you have used has
- a claimed efficiency in excess of
: 100% - see the other Air Your

: Views letter this month, entitled
: ‘Befter Out than In' —in other

: words, it is self-powering, and a
: battery shouldn't, therefore, be

: necessary. It looks as if these

: systems could indeed solve

: many of the world's problems at
¢ the drop of a hat.

May 1897

ELECTRONICS AND BEYOND @&XD




Fur and Froth

I was interesiad in the circuir for
the water descaler in Issue 112
Our electric keutde quickly built up
a layer of fur and needed descaling
about every 6 months. A few years
ago. I aped some large bar
magnets from old loudspeakers 1o
the main water pipe and whether
by the magnets or coincidence,
after two years, there is now just a
rrce of scale on the clement. Tt is
dlso an interesting phenomenon
that boiling water taken before the
magnets appears w boil with a
more ‘frothy” appeanince with
targer and longerlasiing bubbles
floating on the surface than that
which has passed the magnets.
Ong point [ have not mentioned is
that water pipes come in different
forms. Copper, iron, plastic or
gooid old-Tashioned lead. Fach
would have a different effec on
any device on the outside of the
pipe and could be a possible cause
of differing opinions as o
effectiveness. Iron would reduce
any effect on the warer of
permanent or DC-generaied
magnets. Any metal pipe would
have a screening effect on
electmstatic methods. While
magnetic fields would interuc
with the waer, the drcuit outlined
in the lemers page, while
generating 400V, defies all logic
and technical reasoning w0 have
any effect on the water jiself, so
adds to the debate on how and
why such devices are said to work.
1 understand from the description
that it was usexl on 15mm copper
pipe as it fisst had 1o be insulated
The sirips attached 1o the pipe
form mwo cipacitors in serics with
the pipe. the centre plate 10 which
approximately 400V DC is applied.
These charge up o 400V ina
fraction of a second and generite
an elecrrical feld. However, this
field is Oon the ouside of the pipe
with the clectrical stress caused by
the potential difference in the
laver of insulation. In theony, the
copper pipe itself forms a Faraday

screen between this elecrrical field
and shields the water from its
effea (see Figure 1). Being DC,
there is no current flowing once
the capacitors formed by the strips
are charged. There is no magnetic
field genemred which would be
ahle to pass through the copper
pipe. As this theory contradicts the
description. it was dedded o
mike up the idea and pur both
¢lectrical and magnetic sensors
inside the pipe. With the volupe
applied, there was not any trace of
measurable energy inside the pipe
but an electrical field measured on
the outside, as expected. The
sensitivite of the sensors was such
thar 3 BBC ransmitcer some 20
miles away was detectable even
mside the screening effect of the
pipe. So, if there was any field
being generated inside the pipe, it
wis well below the level of this
sty sigratl and its effect would be
microscopic. I eannor disagree
with the designer’s statement thar
it works as T donot have
laboratory means 1o analyse the
water, just that | fuil w see how,
Trsing out both permanent and an
elecrromagnet with S0Hz did
produce felds within the pipe. |
would consider that the DC
voltage on the two plates would
effect the water if used on plastic
pipes, as the pipe would form the
dieleciric and the water iself form
part ofthe capucitor, Finally, are
the new encrgy=saving lamps a real
money saver? My receni
experience would indicate
perhaps not such a good buy as
the sales pitch would have us
believe Savings of £30 1o £45 and
a life of 5.000-10,000 hours are
quoted, but one of mine has Giled
after just 18 months and an
estimare] life of less than 2,000
houss in a room that is only used
perodically, nor even a main living
room. | estimate that the “saving’ is
actually a £7 loss compared with
using 3 standand filiment hulb for
the same pedod. On another
paint, while long life is a selling

point, they are in general only
guaranteed for 12 months, but
with average domestic use. the life
should be nearer+ vears for the
hours quoted, which is well in
excess of the gunrantes period
and also bearing in mind most
domestic equipment can be
repaired after the guarmniee
expires, bur these are throwaway
items, On a practical point for the
more experienced, whemna lamp
fails, do not simply discard i like
the makers intend. It is likely that
just the tube has failed. so by
carefully opening the unit, the
choke and starter from the older
or electronics from the newer type
will dirive a standard linear or
possibly shaped tube of similar
warnage, thus extending its life and
recovering some of the initial coses
I have found the tube does
sometimes need an carthed meral
strip 10 help it stike. A convenient
method is 10 1ape a 5A fuse wire
the length of the wibe and in
contact with metal end caps but
clear of pin connections. If the
tube is held by spring clips. these
can make the earth conrection ar
use bi-pin connectors with
earthing comact. Final worid —
remember that this is at mains
voliage, so all safery precutions
need 1o be aken with winng,
coanections fully insulated and
componenis contained in a
suitable enclosure.
M. Perry, Englech AMIETE.
CAG & HNC Elec Eng., Widdemminster.

Good point about the water pipe
material affecting the operation of
electronic water descalers —
perhaps, then, these devices only
work well with plastic/clay pipes?
Regarding the failed bulb, it's
possible it failed prematurely
because of a manufacturing defect
that had gone unnoticed in quality
control checks. Presumably, your
other long-life bulbs are still working,
as you mention that only one of
them failed. Thanks for supplying
the tip on getting your money's
worth when they do fail - ane for
the ‘scrimper’s guide’, perhaps!

Copper
pipe*
Insids
pipe
screened

Insulaticn

1
Invertar
400y
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Piping Up

Dear Editor,

About 30 vears ago, an elderdy
neighbour of mine moved 10
Bridpore, where she was rroubled
by limescale in her kettle. An
engineer friend of hers made for
her what she called her water
softener, which she had fined
herself In ourward appeamnce, it
was made from z piece of
aluminium bar abour 4 X 15 X
1-5in. it had been drilled through
on its long axis the ourward
diameter of a halfinch water pipe
and then slit apart lengthwise so
thar the two halves.could be
clamped snugly around the main
copper water pipe at the point
where itenterad the house. It

" was an enfirely seatic and passive

device, there being no wires or
externidl connections, or contact
with the water in the pipe. She
was obviously delighted with the
device and statedd Guegorically
that not only did her kettle no
longer scale up, but thut the
existing scale had now
disappeared. [ was not aware of
anyihing within the body of the
device, burt from the current
spate of advertisements, | would
imagine that it may have
contained one or more strong
permanent magnes, As an
espetment, it is suggested that
some seeker after the wruth may
aare Lo tape some bar magners
around their water pipe; suitably
orentated so that the water
passes through a strong magnetic
field. There is no point in my
doing so a5 Tam not wouhled
with limescile. Pérhaps
somebody else may care 1o report
their findings: It would seem that
thev are not all outmgeous
swindles as some people may
suggest. This is a fascinating
subject and it would I
interesting 1o learn more from
vour excellent publication

Berer N. Bonner, Lingfield, Sarrey,

See M. Parry’s letter, ‘Fur and
Froth', to discover the intriguing
results of attaching bar magnets
to a water pipe!

Readers Letters

We very much regret that the
editorial team are unable to
answer technical queries of
any kind, however, we are
very pleased to receive your
comments about Electronics
and Beyond and suggestions
for projects, features, series,
etc. Due to the sheer volume
of letters received, we are
unfortunately unable to reply
to eveyy letter, however, every
letter is read - your time and
opinion is greatly appreciated.
Letters of particular interest and
significance may be published
at the Editor’s discretion.

Any comrespondence not
intended for publication must
be clearly marked as such.
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ahove. Fit short lengths of slesving

TEEREEEEEENEEE B & N = = B NN i 1o the leads but do not trim, as
¢ the extra may be necessary during
installation. Crop off all other
component spills.
It is feasible to construct this

project ‘dead bug’ style,
however, for improved reliabiling:

¢ the board and soldering. bend
:  the wires of the transient £ rlgl"ﬂ 2. ﬁ:ﬂpbﬂhﬂ[ﬁ ;:g}ﬂut
: A . : component position
:suppresson such ‘_h'“ they : | and track details.
: emanaicfrom the end as shown :

by Steve Adams

hilst modern alarm i a mains filter (KR9GE). E) should be constructed as
WE}'.“-IE‘RIS aredesigned o 2. Radio interference, from i shown, or better still, an a
have 2 high degrecof | Taxi or CB tansmissions received i custom-erched PCB. :
immunity to clectromagnetic : by the wiring around individual Interference is 2 complex : O Cut track hers
interference, older pancls are i zones acting as an serial. This can problem that can often involve ® Soldsr joint
considerably more vulnerble. : be minimised by installing a i extensive ‘detective work' to
Interference usually enters the i simple low-pass filter to'cach : track down and eliminate, butit  :
system via one of fvo routes: i affected zone. ¢ is hoped that this short article Not
L. Mainsborne interference, ¢ Demnils of a suitable device : will assist in rectification in the : ote
often caused by powertoalsor  § are shown in this article. The : majority of instances. T The spedified transien
old unsuppressed mowrised ¢ circuit disgram is indicared in {  Figure 3 shows a typical ¢ suppressor (TS1) is rated at 14V
equipment; usually, this can be ¢ Figure 1, while Figure 2 shows ¢ installaton of the various : DC. Therefore, the maximum
avercome by the use of a ¢ a suitable suripboard layout :  described interference ¢ continuous supply voliage to the
transient suppressor (HW13P) or i (9 holes X 5 wacks). i protection devices in analarm Alarm Zone Filter circuit must
addifionally in more severe cases, ©  Afer fining the componenisto :  control panel. ¢ not exceed 14V DC. HITRNS
s B[ iarw ZonE Fiurer PaRTs LisT
Figo 1. Alarm Zone 31 ALARM ZONE FILTER PARTS LIST
i | T81 14V Transient Suppressor i (CPERY)
_ : | €4 100nF 50V Ceramic Disc 1 (BXQ3D)
(o} o 3 "YZ?’\—O i |11 AuHRFChoke 1 (WH29G)
2-way 5mm PCB-mounted Terminal Black: 1 {UY924)
To TS1[f C1 L To : Stripboard 1039 1 (P46A)*
Panel v T Zone Sleeving AsReq. (BHOOA)
O I 'e) : | = The actual sz of board required is 9 holes X 5 tracks.
: Therefore, cne 1039 board is sufficient for 8 filters.

Figure 3. Typical installation of interference protection devices into an alarm control panel.
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Intel:

THE ARGHITEGT OF THE
MIGROPROGESSDR

REVOLUTION

e eOePDPOOOONOSIOOIROOPROROOeEOOPORCEREROR 9090 0O

Text by Alan Simpson

Our intrepid Out & About features writer,
Alan Simpson, traces the rise and rise of one of
the world’s most innovative and pace-setting
companies, Intel recently announced worldwide
the Intel Pentium Processor with MMX Technology.
Just one more step along the way for Intel — but a
vast advance for the world of computing.

hen it comes to being in the
Wforeﬁ‘ﬂm of high technology, there

is no greater IT player than Intel.
Last vear, the compuny celebrated it's 25th
UK birthday —a celebration which could
include the 25th anniversary of the
microprocessor. With over 26,000
employees around the world and annual
revenues approaching $10 billion. Intel has
many claims to fame. Back in 1968 in the
US, the company developed the process
and first products that launched Intel on the
road 1o becoming the world's largest
semiconductor company.

In 1971, lntel introduced the first
microprocessor, a product that has changed
the world. Today, Intel supplies the
compuiting industry with microprocessors 1o
create advanced computing sistems, each
offering more performance that the
previous one. As of today, more than 150
million systems are powered by Intel
processors. making the ‘Inrel Inside” logo
knowr and respected all over the world.

The processor is the heart of the PC: The
‘Intel Inside’ logo means that the BC is
hased on a genuine Intel processor. PC
buvers look for the logo because it not only
certifies the origin of the processor, but
vombines quality, reliability and investment
protecton. But back to the history:

Life Before the
Microprocessor

The development of the revolutionary
microprocessor product is a storv of vision,
willingness to embrace change, and just
plain luck —a story that pur Intel at the very
heart of the Information Age. In fact, the
microprocessor has changed our lives in so
many ways that is difficult to recall how
different things were before its invention.
As Intel point out, in the 1960s, computers
filled entire rooms. Their expensive
processing power was available only 1o 2
select few in government labs, research
universities and large corporations. The
mid-1960s development of integrated dircuit
hid enabled the miniaturisation of
electronic drcuitry onto a single silicon
chip. However, the world was still sceptical.
The large scale integration of transistors
onto silicon was still an emerging business.
At its founding in 1968, Intel had carved
out a unique challenge 10 make
semiconductor memory prictical. This was
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quite a stretch, considering that silicon
memory was at least 100 trimes maore
expensive than magnetic core memory, the
leading technology at the time. But Intel’s
founders fele that semiconductor memory’s
advantages —smaller size, greater
performance, reduced energy consumption
—would convince manufacturers to try the
new technology.

Busy developing the first profitable
semiconductor memory products, the
company barelv noticad the beginnings of
the microprocessor revolution. It started
modestly, when a Japanese manufacturer
asked Intel 1o design a set of chips fora
family of high-performance programmable
calculators. At the same time, all logic chips
(those which perform calculations and
execute programs as opposed [0 memory

1970s ruby cutting.

chips which store instructions and data)
were custom=(lesigned lor each customer’s
product. By definition, this process limited
the widespread application of any one logic
chip. z

But that was all about to change, The

Japanese order for their calculator called for

at least 12 custom chips. Bur Intel rejected
the unwieldy proposal and instead designed
a single-chip general-purpose logic device
which retrieved its application instructions
from semiconductor memory: As the core of
a fourchip set, this central processing unit
not only met the customer’s needs. but
could be plugged into a variery of
applications without needing to be re-
designed. As of today. more than 150 million
systems are powered by Intel processors,
nuking that ‘Intel Inside” logo known all
over the world.

The Revolution
Commences

1968 was a year of revolution: reports of
war, ant-war demonsirations, assassinations,
Aots and drugs filled the daily papers. Linle-
noted was the incorporation of a new
company; Intel, in Mountain View, California.
The company started with 12 people in a
single room and first vear revenues were
$2,672. This, as the company admits, this
was hardly the stufi of legends, and amid

the tumult of 1968, one would had o have
been a true visionary 1o endorse Intel's
statement that “we are the rue
revolurionaries”.

When Intel started, three different
approaches o semiconducor memory
offered promise: Intel pursued all three —
the Goldilocks technology strategy.
Multichip memory modules proved wo
hard and the technology was abandoned
withour a success.praxluct. Schotky bipolar
worked just fine but was so easy that other
companies copied it immediately and Iniel
lost its advantage. However, the silicon gate
metaloxide semiconductor (MOS) process
proved to be just dght. Even though MOS
was just rght’. making memories proved
difficult. Those present recall the fab area
laoking like Willy Wonka's factory, with
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hoses and wires and contraptions chuffing
along — the semiconductor equivalent of the
Wiight Brothers' jun=rigged airplane. It may
have been sute-ofthe-art manufacturing at
the time, but by today’s standards, it was :
unbelievably crude.

For the record. these opening vears were
also memorable for Neil Armstrong
becoming the first man to set foot on the
muoon, with the hit song of the time being
“Bridge Over Troubled Water'.

Hello to the
Microprocessor

Five vears on, Inel had developed the
process wechnologies necessary 1o achieve
the large-scale integration of transistors
onto silicon. The 4001 microcomputer set
(the term microprocessor was not coined
until later) was formally introduced. Smaller
than a thumbnail and packing 2,300
transistors, the $200 chip delivered as much
compuiing power as the first eléctronic
compuier, ENIAC. By comparison, ENIAC
relied on 18,000 vacuum tubes packed into
3.000 cubic feet when it was built in 1946,
The 4004 exccuted 60,000 operations in one  :
seconcl, primitive by today’s standards, but a
major breakthrough at the time.

Pentium Pro packaging.

Soon after the 4004, Intel developed the
5008 microcomputer. which processed eight
bits of information at a time, ovice as much
as the original chip. For the first time,
affordable computing power was available o
designers of products — and this potential :
sparked boundless creativity and innovation,
including digital scales, taffic lights which
can detect waiting cars, medical
instrunients, and airline resenvation systems,
to name but a few: Bven so, the idea thas :
Intel could outfit an 8000 processor with a
keyboard and a monitor and sell it in the
home was dismissed without a further
thought

A further unanticipated happening was :
the significance of the EPROM, introduced :
by Intel in 1971. The Erasable,
Programmuble Read-Only Memory was at
first conceived of as a protoryping device. It
was not until the blossoming of the :
microprocessor that the full potential of the  :
EPROM was realised. As an alterable storage
medium, the unit gave OEMs a flexible, low-
COSt Way 10 SIOre MICTOPrOcessor programs.
The unexpected synergy between the o
chips is legendary. For many vears, Intel was
the only company that could make EPROMs
in high volume, As a result, the EPROM was
a significant product Emily for the company £
through the mid-1980s. For the record :
book. the hit song of the period was ‘Tie a

Yellow Ribbon Round the Old Oak Tiee'.

Moving on to 1975, the company decided
to create the 8086 as its first 16-hit
microprocessor. A fow years later, IBM's
selection of the 8088 CPU for its first PC
created a large installed base that cemented
the commitment to compatibility for future
generations. The Pentium processor, the
latest powerhouse chip in the fanily, still
can run every piece of software ever
written for any microprocessor based on
the Intel architecture.

The Crush is On

In 1979, — hir song ‘Stayvin’ Alive” - Intel was
facing stiff competition from the likes of
Matorola. But what swung the banle Intel's
way was their long-term commitment to the
S0RGH088 line. Even so. the market
generated just 10,000 units a year —a far cry
from that of supplyving tens of millions of
units a vear. In 1982, Intel intriduced the
286 chip. With 134.000 rransistors, it
provided about three times the
performance of other 16-hit processors of
the time. Featuring on-chip memory
management, the 286 was the first
microprocessor that offered software
compatibifity with its predecessors. This
revolutdonary chip was first used in IBM's
benchmark PC-AT. 1982 was also noted for
the hit song ‘Bette Davis Byes' as well as the
marriage of Prince Charles and Di.

In 1985, the Intel 1386 processor hit the
strects. Sporting new 32-bit architecrure and
a staggering 275,000 wransistors, the chip
could perform more than five million
instructions every secand (MIPS). Compag's
DESKPRO 386 was the first PC based on the
newW MiCTOprocessor-

When the Chips Were
Really Down
1984 was a year that Intel would probably
prefer to forget. The cvclical nature of the
semiconductor industy was supremely
evident. Seemingly insatiable demand for
products led Intel 1o add capacity and
people at a dramatic mate. Then, in the
second half of the year, without warning,
demand plummeted. The company was
forced w close seven factories, abandon
several businesses and cut head count by
one-thirl. However, the R&D budger was
not cut. This was the vear when divers
found the Tianic in the Atlantic Ocean.

In 1988, with revenues exceeding
$2 billion, Intel took the opportunity fora
new technology known as flash memory;
Elash offers the non-volatility of EPROMs
with the wlded bonus of electrical
erasability. The potential for Bash is so
significant that Intel has phased out its
EPROM design and production in favour of
flash. In 1993, with revenues approaching
$6 billion, the company introduced its
celebrated Pentium processor, setiing new

the performance of the 486 processor.
The Pentium processor uses 3-1 million
transistors o perform up o 90 MIPS —
about 1,500 times the speed of the
original 4004.

Aptly, the song of the vear was A Whole
New World'.

Sl
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Pentium die.

Pentium Pro die,
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The Powerhouse
Shockwaves

Two vears later saw the introduction of
Intel’s previous powerhouse. the Pentium
Pro processor. With 3-5 million trunsistors,
this chip is packaged with a unique second
die containing high-speed memory cache
that further accelerated its awesome
performance. Capable of performing up to
300 MIPS. the ‘chip on the block” mpidly
became popular for running servers and
high-performance workstations.

In 1991, PCs based on the Intel486
processor cost about $225 per million
instructions per second of performance. The
Pentium Proy delivers deamatically increased
performance at 2 cost of only about $7 per
MIPS. As Intel chairman, Gordon Moore,
savs, “If the auto industry advanced as
rapidly as the semiconducior industry, a
Rolls Rovee would get half a million miles
per gallon, and it would be cheaper o
throw the car away than o park ir.”

In fact. advancements in processor
architecture and manufacturing technologies

i

W s |
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386 die plot.

have enabled microprocessors 1o hecome

smaller and more powerful, providing direct

benefit to end users, including:

& Fasier processors (running at higher
clock speed)

# Simulianeous execution of several
instructions (superscalararchitecture)

& Lower cost (more processors on a single
silicon wafer).

Moore’s Iaw states that wansistor density
doubles every 18 to 24 months; giving chip
designers more flexibility 1o develop
increasingly sophisticared processing engines:

Power the World

That first PC sparked a computer revolution.
Today, the PC is everywhere, with over 200
million in use throughout the world. A child
using a Pentium processor-based PC has
more computing power than was availuble
10 mainframe computer Operators just a
decade ago; more power than the US
government first used o send men o the
moon. Today, the PC's emerging status 4s the
linked communications device of choice is

—_

Number of process steps 25 for the 4004

Size of typical wafer fab

Approx. 5,0600ft.°

Cost 1o tuilld and equip a fab Approx. $1 million

What 1971 1996
Number of transistos 2300 on the 4004
Instructions per second 60,000 300 milon

Table 1. The Microprocessor: Then and Now.

Over 5 millicn on the Pentium Pro Procsssor

Oner 200 major sisps © producs the
Pentium Pro Processor
Approx. 80,0006

(two Amenean foothall

Appron. 31-5 bilbon

-

The next wave in I=
business computing -
PCs equipped with Intel
Pentium Pro processors.

revolutionising modern life again. PC-based
video conferencing, internal networking and
the Internet are becoming the new business
communicitions tools. People everywhere
are turning to their PCs o tap into the
Interner, to connect, explore and create
new worlds of enterminment, information
and communication, As microprocessor
inventor Ted Hofl reflects, “Information is
power. I like the way the microprocessor
has spread that power around.”

Into the Future

In its first 25 vears, the microprocessor has
enabled developments that were
ummaginable a quarter century ago.
However, we may be even more amazed at
what emerges over the next 235 years. If
current trends continue, Intel believes that
microprocessors will become ten umes
faster and more powerful than they are
taday. facilitating an endless array of new
applications. Audio, video and conferencing
capabilities will be integrated with the World
Wide Web. At home; peoplewill beable w
view and prnt Bmily photos from their
digital camerz, using an intuitive photoshop
program to remove red-eye. lighten. dark
backgrounds, and incorposite the photos
into family newsletters and web pages.
Software and hardware improvements are
converging to bring users many exciting
applications.

‘The increase in computing power will
also be used to make compurers easy o
use. Voice and handwriting recognition,
local control of complex Internet-based
applications, and lifelike animartion
demands considerable computing power. It
takes thousands of hours of computer time
1o generate the animation for a movie like
“Toy Story”, and today, it can’t be played
back on 1 PC. So, Intel customers will want
a microprocessor desien with millions of
transistors that will be ableto do 3-D
animation on the desktop in real. Wow!

For the final record. those Spicey Girls
are riding high.

Contact

Intel Corporation (UK) Ltd.,
Pipers Way, Swindon, Wiitshire SN3 1RJ.

e-mail: http://www.intel .com/
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+1-5A Variable

VOLITAGE

REGULATOR KITS

Power Supply

Design by
Tony Bricknell and Alan Williamson
Text by Tony Bricknell

This article describes two versatile,
compact, easy to build and use
variable voltage, positive- and

negative-rail regulator Rifts.
These regulators are suitable for
almost any application requiring a
DC power supply stage capable of
providing a smooth and steady
voltage level at currents of up to 1-5A.
The positive and negative regulators
may also be combined to create
a dual-rail supply.

PROJECT
RATING

Kit Available

Order as LUSBT
(+1.5A Variable PSU)

Order as LUB7U.
(~1.5A Variahle PSU)

Price £10.99 Each

___FEATURES |

Output reverse polarity
and back-voltage
protection

LED power on
indication

Variable voltage
output

Low Noise

Compact dimensions

APPLICATIONS

DC power supplies

Important
A Safety Note
It &s important (o note

that mains voltsge 5 potentislly
lethal, Full detsits of mains wing
CONNECHONS are shown in this
article, and every possible
precaution must be tsken to avoid
he 1isk of electric shock during
mainienance and usse of the final
unit, which should never be
Operaled with the bax lid removed.
Safe construction of the unitis
entirely dependant on the skill of
the constructor, and adherence to
the instructions given in this aricia,
if you are in any doubt a5 o

the commect way o procesd,
consult a suitably quaiified
electrician of enginest

Circuit Description

igures 1 and 2, show the
circuit diagrams of the

two regulator ypes.
Both circuits share a similar
design, the only difference
being in component polarities.
In each case a bridge rectifier is
formed from D1-D4, to convert
the AC voliage from the
transformer secondary winding

¢ into a DC level. Capacitors

¢ C1-C4 serve 1o reduce noise

¢ from the bridge rectifier diodes,
¢ 1o help meer compulsory EMC

¢ (Elecoromagnetic Compatibility)
i requirements.

Reservoir capaditor C3

i provides low-frequency

¢ decoupling of the DC supply.

¢ and €6, high-frequency

¢ decoupling. RGI is the voltage
* regulator employed 1o govern
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Figure 1. +1-5A Regulator Circuit Diagram.

B
~J
L1

1431
REY
LMEITT

N\
T

Wl jour ]

s T
1200

1ERELC] 18k |

Figure 2. —-1-5A Regulator Circuit Diagram.

1e output voliage at the
required current. Diode DS is
connected in reverse-hias
berween the RGT's input and
output terminals, and protects
the regulatorif a voltage (of
the same polarity) is applied o
the output erminals (i.e. from
4 circuit with a large supply
capacitance, for example). D6,
conversely, proteds the
regulator if a voleage of
reverse polarity is fed into the
ourput terminals.

In operation, RG1 develops
a nominal 1-25V reference
volege berween the output
and adjustment terminals.
This reference voliage is
impressed across program
resisior R1 and, since the
voleige is constant, a consiant

current then flows dirough
the ourput set resistor RV,
giving an output voliage of
approximateiy:

1 . RVI
Voirr =125 (JTM '

C7 serves 1o improve the
ripple rejection of the
regulator. C8 provides high-
frequency decoupling of the
output, while C9 is used for
low-frequency decoupling of
same. LED LD1 is used 1o
indicate that power is present
at the ourput terminals, and
also to provide the required
minimum load; if an LED is
not required, an equivalent
resistive load (minimum SmA)
MUST be fited in its place.

P4

Valiun (Sl

Figure 3. Selection of resistor R2.

This is verv impormant as it
ensures the outpur voltage does
not ‘float” under low load
conditions. The value of the
LED current limiting resistor,
R2, will need w be selected
depending on the chosen
autpur voliage, see Figure 3; 3
nominal value of 1kQ is
supplied in the kit

PCB Construction
The PCB is of single-sided
construction — see Figures 4
and 5, showing the legend and
track of the positive and
negative regulators, respectively
Remember that removal of a
misplaced component can be
quite difficult, so please double-
check each component type,
value, and polariy where
appropriaie, before soldenng!
Construction is fairdy straight
forward; beginning with the
smallest components first,
working up in size to the
largest. Be careful to correctly
oneniate the polarised devices
i.e., elecirolviic capaditors, IC
and socket.

Assemble the board in order
of ascending component size,
burt do not fit C5 or the voliage
reguiator RG1 yet. Ensure that
the polarised components (i.e,
diodes, electralytic capadtors
and LED) are fitted the correct
way round, in accordance with
the PCB legend wiring diagram.

Heatsink Fitting
The heatsink chosen is a large
vaned aluminium heatsink
which should be soldered to
the PCB before fitting the
regulator. The procedure then
is 1o ensure that the surfaces
are clean prior o placing the
semiconductor insulator pad
berween the regulator’s metal
back and the heatsink. Next,
with the regulator in place with
its leads in the appropriate PCB
holes, affix the clip. by pushing

O = RE1 1,58 VARIFELE PSU .
c1 E:
o
181
S s i
2 o
03 I- =
£3 fraal
c4
O 1 D‘
£s

Figure 4. +1-5A Regulator PCB legend and track.
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Figure 5. -1-5A Regulator PCB legend and track.
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Figure 6. +1:5A Regulator wiring.
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Figure 7. -1-5A Regulator wiring.
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Figure 8. Regulator centre tap wiring.

it on at the front. having placed
it at the correct height (to march
that of the regulator body = NOT
the menl tb). DO NOT attempn
to slide the dlip on along the
length of the heatsink. If, for
any reason, the clip needs 1o be
removed, use thin-nose pliers
to genily release its ends from
the heatsink, and lift it away.
Having fited the heasink,
proceed 1o fit reservoir capacitor,
€3, ensuring correct polarity.
With the board fully assembled,
check your work carefully for
misplaced components, soldér
whiskers, bridges or dry joins,
then clean any excess flux off
the board using a suimble solvent.

Testing And Use

Refer 1o Figures 6 to 12, showing
the various wiring configurations
possible with these Regulator
kits. Take care 1o select the
correct type of ransformer for
the particular regulator being
used, and to ensure that they
are correctly wired as per the
relevant diagmms.

Table 1 recommends suitable
teinsformers for use at spot
voliages: stock codes are given
for both conventional

Taminated’ wpes and toreidal
iypes. Using the specified
wansformer and heatsink
enables the regulitors to

: tap transformer.
prowide the full stated output

Figure 9. Linking + and
winding transformer.

~

ov

(OS)E]

IMPORTANT

NOT FITTED

+V PCB

D1,D3
C1.C3

L v

ov

0006

I~

—v Pc3

IMPORTANT

NOT FITTED

01,03
c1.E3

- regulators using a dual secondary

Figure 10. Linking + and

- regulators using a centre

current up to a temperiture of
70°C. i.e. 45°C abovean

ambient temperature of 257°C.

If boxing the regulaors, L XV ol b

ensure that sufficient veatilation  : - I = "

Is provided for the heasink(s). ! ov

It is ESSENTIAL thar the

transformer is properly housed, % I| f\}

andl that the mains wiring 230V 230v

connections are adequarely h

insulated and ‘stminrelieved”. XV
Remember to carry out any i

mains wiring in accordance with N oy a N

the safety warning printed in this

article, and 10 ensure compliance EOo—t —= 6V £0- g 2 = oV

with the Elecrromagnetic : T Series T Parailel

Compatibility directive, a

connection MUST be made Figure 11. Transformer serial/parallel wiring.

from muins earth to OV [HES

|70utput , Winding : Winding
Voltage | Laminated Core Configuration | Toroidal Configuration
+/-5Y | vis0E (sid 12va BY) Parallel ‘ DHS5K (15VA SV Toroida) Parallei
+/-12Y | TDH27E (Std 25VA 15V) Parallsl YH10L (30VA 12V Toroidal) Paralis]
+/-15V | -DH30H {Std 50VA 9V) Seanes YKOSK (30VA 9V Toroida!) Series
+24V ‘ WEB28D (Swd S0VA 17V) Series ‘ DHEUQ.[SGVA 25v Tqu'H':IEIj Parmalls|
+/-30V | -DH31E (Std 50VA 15V) Serss | YKBS (SOVA 15V Toroidal) Senes
Table 1. Transformer vs Output Voltage.
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Figure 12. Mains wirlng.

+1-5A REGULATOR PARTS LIST

RESISTORS: All 0-6W 1% Metal film
(Unless specified)

R1i Min Res 3300 * 1.00 (M330R)
R2 Min Res 1kQ 1.00 (M1K)
RV1 Hor Enc! Preset 10kQ2 1.00 (UHO3D)
CAPACITORS
C1-4,6,8 Disc 100nF 50V 6.00 (BX03D)
c5 GenElect 2200uF 50V 1.00 (AT72P)
Cc7 GenElect 10uF 63V 1.00 (AT77))
Cco GenFElect 47uF 50V 1.00 (AT67TX)
SEMICONDUCTORS
RG1 Reg LM317T NSC 1.00 (AV29G)
Di-6 IN5401 6.00 (QL82D)
D1 Mini LED. Red 1.00 (WL32K)
MISCELLANEOUS
Heatsink BW50-2 1.00 (AXB5G)
Heatsink 6801 1.00 (AXB6E)
Insuiator T0218 1.00 (UL74R)
1B1 3 Way PC Terminal 300 1.00 (Y240)
182 4 Way PC Terminal 300 1.00 (KE52G)
+1.54 Variable PSU PCB 1.00 (GG42V)
=1.5A Vanable PSU Leafist 1.00 (Z40T)
Constructors Guide 1.000 (XH7EL)

-1:5A REGULATOR PARTS LIST

RESISTORS: All 0-6W 1% Metal film
(Unless specified)

R1 Min Res 3300 1.00 (M330R)
R2 Min Res 1kQ) 1.00 (MAK)
RV1 Hor Encl Preset 10kQ 1.00 (UHO3D)
CAPACITORS
C1-4,6,8 Disc 100nF 50V 6.00 (BX03D)
c5 GenElect 2200uF 50V 1.00 (AT72P)
C7 GenElect 10uF 63V 1.00 (AT77))
ce GenElect 47uF 50V 1.00 (ATBTX)
SEMICONDUCTORS
RGL Reg LM337T NSC 1.00 (AV32K)
D1-8 IN5401 6.00 (QLB2D)
LDi Mini LED Red 1.00 (WL32K)
MISCELLANEOUS
Heatsink BW50-2 1.00 (AX85G)
Heatsink 6801 1.00 (AXBBE)
Insulator TO218 1.00 (UL74R)
TB1 3 Way PC Terminal 300 1.00 (JY94C)
182 4 Way PC Terminal 300 1.00 (KES2G)
—1.54 Variable PSU PCB 1.00 (6G43W)

+1.5A Variable PSU Lesflet 1.00
Constrictors Guide 1.00

(EZ40m
(XH78L)

The Maplin ‘Gst-You-Working' Service is available for
these projects, see Constructors’ Guide or cument
Maplin Catalogue for details.

The above items are available as kits, which offers
a saving over buying the parts separately.

Order as LUBGT (+1-5A Variable PSU), LUB7U
(-1-5A Variable PSU)

The following new items
(which are included in the relevant kit)
are also avallable saparately.
+1-5A Regulator PCB Order As GG4ZV
—1-5A Regulator PCB Order As GG43W

X

DO YOU ENJOY
YOUR WORK
OR WOULD
YOU PREFER TO
WORK AT WHAT
YOU ENJOY?

If you are an electronics enthusiast and

looking for an interesting career with a future,
Maplin has the answer. As part of the Company’s
continuing programme for expansion we have
the opportunities available for

RETAIL STORE MANAGERS

ASSISTANT MANAGERS

RETAIL SALES ASSISTANTS

in new stores opening throughout the UK.

Affording a very rare opportunity to combine your
interest in electronics with a career, you should not
only have a good working knowledge of electronics but
this should be combined with an aptitude for sales.

Working in a busy retail environment you will enjoy
a varied and interesting role assisting at the counter,
cashiering, stock control, merchandising, dealing
with customers enquires and providing the highest
level of customer care and advice.

Retail experience would be a great asset and to
become part of the team you need to be
self-motivated with a cheerful personality,

plenty of enthusiasm and be of smart appearance.

We offer excellent working conditions, a first class basic
salary plus commission and generous staff discounts.

If you have the skills, talent and experience to meet the
challenge of one of these positions then write to us NOW!

Send your c.v. with current salary details !
and preferred location to :

Jane Watson (Retail Personnel Officer)
Maplin Electronics plc., Valley Road,
Off Station Road, Wombwell, Barnsley 573 0BS
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New Mid-IR
Chalcogenide
Lasers

A team headed by Dr Dan Hewak
at the Optoelectronics Research
Centre (ORC) Southampton,
have succeeded in drawing
multimodde fibre of 2 new
chalcogenide glass (GalaS) 200m
in length with a core diameter of
125um for the first time (see
Photos 1 & 2). Such fibre will act

Photo 1. Core of GalaS
fibre. (Courtesy ORC, UK).

RESEARGH
NEWS,

by Dr. Chris Lavers

as powential laser sources in the
mid-infrarect (MIR) region and
for applications including the
detection of atmospheric trace
gases, laser surgery and LIDAR.
Unforunately, few lasers
operaie in the MIR region and
none operite with diode
pumping. Fibre lasers usually
involve a section of silica-based
fibre doped with rare-earth ions,
e.u., erbium Er™ fomming the
hasic erbium-doped fibre
amplifier (EDEA). The doped
section is pumped with intense
light, typically from a semi-
conductor laser diode. and the
doped section acs as a gain
medium. Unfortunately; silica
does not transmit above 2-5um
and the decay of dlosely spaced
aire-carth energy levels is
dominated by non-radiaive
decay processes preventing
practical laser action.
Chalcogenide glisses have
improved optoelecironic and

4coustic properties compared
with silica, having greater
transparency at longer
wavelengihs (and therefore,
lower loss due o phonon
vibrations), and low non-radiative
decay because of the low
vibrational frequencies of the
glass bonds. The low phonon
energy of Galas glass shifts its
absorption edge to a longer
wavelengih, giving transmission
up to Sum and a minimum loss
ufa few dB/m is found at 4-8um,
and agrees closely with theory:

The group has been working
in this area for over three years
and has several future
applications in mind, including:
passive IR waveguides for power
delivery, remoie sensing and
imaging, in addition 1o active -
laser sources. The group hopes
to dope the chalcogenide glass
host with dysprosium or
praseodymium 1o realise a 1-3pin
optical amplifier which was
injtially funded by a LINK
photonics project sponsored by
Merck Lul, which has been
continued by Pirelli.

The waork is supported by six
industrial partners and also the
Deparmment of Tode and
Industry; and is known as project
LONGWAVE, the largest
collaboration of its kind 1o dare.
The chjecive of LONGWAVE is 1o
accelerute the developmient and
exploitation of both passive and
active long wavelength
applicadons in chalcogenide
glass. Passive fibres will act asa
low loss transmission medium
for the applications already
mentioned, whilst active fibres
will provide AR laser sources for
remote sensing, imagery and
environmental sensors.

Such rare-carth dopants are
preferred as low non-radiative
decay rates results in higher
quantum efficiencies, which
increases the probability of laser
emission at the desired
wavelength. The group is also
looking ar developing laser
emission in Gulas glass at4-3um
(doping with dyvsprosium Dy*),
39m (holmium Ho'), and 2:7
or 3-4um (erhium Er*). The high
glass wransition emperniture of
Gal:S (833K) is significantly
higher than other IR and low
phonon energy glasses,
providing improved glass
stability, moisture resistance, and
a wider operating temjpemiure
ringe compared with other
contenders such as fluoride
based glasses, c.g. ZBLAN. The
main task is now 1o improve
glass qualiwy by reducing impurigr
levels and to pull core/cladding
COMPOSIE SIUCTUres.

The success of fibre fabrication
has led wwork on planar optical
waveguides, which is being
pursued conjoinidy by DrRob

Eason of the ORC and Professor
Harvey Runt of the Infrarec
Science and Technology Group,
Southamipton University, UK

IMDEX Asia 97

Sourth East Asia's first naval
exhibition is set 10 become the
kev to unlocking British naval

“exports. The first Asian

International Maririme Defence
Exhibition and Conference,
IMDEX Asia "97, will take place at
the World Trade Centre in
Singapore between 6-9th May

With the end of cold war
superpower rivalny, the Pacific
Rim natons are now reassessing
how best to preserve their
national integrity and vial
economic resources. This has
resulted in a major shift in
emphasis towards expanding the
capabilities of their naval forces
far the first time.

Surface vessels dominate naval
acquisitions— principally
comveries, frigutes and patrol
vesscls. Regional market
projections over the next decade
estimare that naval funding could
exceed $85US hillion for ship
purchases alone. It has been
estimated that up to 17 destrovers,
70 frigares, 25 corveltes, 45
submarines, 90 minehunters and
up 50 amphibious warfare
ships will be required. At least 18
shipbuilders will be presentat
IMDEX Asia 97, including Vosper
Thomycroft CK. and the Royal
Nawy is set to send a modem
frigate and major capital ship.

The conference will act as an
important platform for sales of
sophisticated mdar and
clecironic equipment, sonars,
communications systems and
navigation equipment. The
spedific scientific sessions begin
on Wednesday 7th May with
sonars and continue with
environmental modelling and
above water sensors. The second
day covers a variety of topics,
including: stealth. air defence
and simulation. The last day of
the conference, Friday 9th May,
details underwater pladurms.

Further information about
IMDEX Asia '97 and details of
delegare fees may be found by
faxing: +44 (0) 181 949 8168,

New Long
Wavelength
Quantum Well

Infra-red Camera
The JET Propulsion laboratory,
Pasedena California and the
imaging company, Amber of
Golew, California, have recently
announced that they are 1o
collaborate an developing 4
cooled long wavelength infra red
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(IWIR) camery. The aim isto
design an infra-red imaging
sysiem combining JET s successiul
technology using quantum well
infra-red photodetectors

(QWIP's) and Amber's 256 X 236
reaclout multiplexers.

Infra-red (IR) photodetectors
made from materials already
tested in laser fabrication promise
a superior new generation of IR
camerss and night-vision devices.
These quantum sensing devices
are made from altemate lavers of
semiconductor nuiterials
arnnged atom by atom into
lavers just a few atoms thick,
incorporating {amiliar marerials
such as Gallium Arsénide (GaAs)
and Indium Gallium Arsenic

Phosphide (InGaAsP).
Quantum wells are already

i widely used in lasers 10 generate

light from:electriciny but innight-

¢ vision devices and infra-red

i cameras, this process is reversed.
: With conventional quantum well

: devices, electrons can only exist

i in one of two energy bands,

: cither a low energy “valence’

¢ band or a high-encrgy

¢ “conduction’ band. In

i conventional detectors, a photon

striking the detector surface
liberates an eleciron into the

¢ conduction band which may
! generate an electrical signul if a

voliage is applied across-the
detector headk The most recent

© QWIPs are so sensitive that

incident photons may be

: detecred which only huve
¢ enough energy 1o shift electrons
: within the bands.

Such GaAsInGaAs materials
may be fabbated into large
2-Dimensional arravs sensitive 10

baorth the 3-5um and 8-13um infra-
i JPL's QWIP focal-plane array will

red madiation transmission
‘windows™. Since the Earth's
atmuosphere is relatively

¢ transparent across these two

wavelength ranges, an infra-red
QWIP array camera mounted on

: aplane, low Earth orbit satellite

or even ground-based system
should be capable of high
resolution infra-red images. QWIP

i detectors also offer several
: additdonal advantages over other

i IWIP detector nxaterials such as

i CdHgte, including: higher

: deteqorto-detector uniforminy,

¢ easier semiconductor fabricarion,

unit cost

¢ powerful analytical infra-red

: imaging tool. Amber was the fisst
I company 1o Connect computers
i 1o inirared focal-planes. Jeff

¢ Heath, on the Radiance Design

¢ Team, states that the builiin

: geneml-purpose processor

: progmam mav be configured for
¢ any number of applications such

higher vield and thercfore, lower

It is pussible that the Amber
Radiance infra-red camera and

be combined wgether o create a

: s long distance tracking. [EES

Get the world of Electronics
and Beyond covered...

MAGAZINE INDEX

A comprehensive index to Electronics
and Beyond is also available from Maplin.
The index covers every issue from December
1981 to October 1995. Included are details of
every article, series and project published
during that period. Conveniently arranged,
sectionally and alphabetically, it'll take

The Maplin magazine binder holds twelve
issues of Electronics and Beyond.
If you have not got the world of electronics
covered, now's your chance! This great quality
binder comes in hard-wearing laminated
art board, that not only looks good on your
bookshelf or workshop desk, but is also a
great way to build up an electronics reference
library of your own. Now you can keep all of
your copies of Electronics and Beyond
together, and on hand, when you need that
extra piece of information.

i

3 gqﬁ-ﬂpnn niy

T
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Britain's most widely circulated magazine for electronics!

.. .and rediscover a wealth of information

minutes instead of hours to find the exact
issue number and page you need. You'll be
able to rediscover a wealth of information
you never knew you had! A list of all the
corrigenda published is also included, so
you will be able to find details of changes
or amendments. You'll find the index
an invaluable addition to the issues of
Electronics and Beyond that you have.

you never knew you had with a Magazine Index

MAGAZINE BINDER
Order As XH99H Price £7.13

----- L R R R ey

MAGAZINE INDEX
Order As XU87U Price 99p

IMAPLIN

Tele'ph‘ona (01702) 554000 to order.
Prices include VAT,
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The Consumer

ELEGTRONIG
SHOW 1997

L B B B B N EEENENENENENENENENEEFNEFNYNERENEERE

Text by J. A. Rooney G4-PXZ

The Consumer Electronic Show (CES) in January
in Las Vegas, saw 94,000 international visitors
examine the products of nearly 2,000 companies
exhibiting in one million sq. ft. of display area.
This is the biggest show in the world and is a
barometer of the latest products designed to
enbance and improve consumers’ lifestyles.

in the Electronics Industry as 10% last

vear compared 1o a gross domestic
product of 2% — a 5:1 matio over GDP
New technology has had to be innovated
because general household items like
televisions, speakers and video recorders
had reached a peak of development and
muirket saturation where even compact
disc plavers that were ‘state-ofthe-art” left
a lot 1o be desired.

After CD was introduced in 1982 witha
promise of perfect sound forever, a promise
" which quickly eroded, recordable versions
were finally developed in 1989, These were
WORM players (Write Once Read Many).
Unfortunately, the music industry stumped
on this new technology; fearing a loss of
copyright, they introduced SCMS (Serial
Copyright Management System). This only
permitted single copies of 2 pre-recorded
CD, but prevented anvone making a copy
from that copy by encoding inhibitors into
the technology. Mini-discs will record
digitally, on 2” magneto-optical discs, and
will store a few seconds of recording on a
solid-state memory chip to act as a buffer;
preventing skipping, which can result from
jolts or bumps. An MD can record up 10 72
minutes of digitd! audio, and Mini-Disc is
now in revival with Sony and Denon
offering Mini-Disc home recorders. Of more
imerest is the Mini-Disc camera just
introduced by Sharp, using 140M:bvte to
provide 2,000 still-frame images of high
quality. A fully erasable/recordable system

I atest figures show consumer growth

for Compact Dises was launched last vear
and called CD Erasable (CDE).

CD-ROM has long been developed for
computer use and in 1995, Quad-Speed
ROM Drives became a common feature of
multimedia PCs.

The CES Show saw the launch of Digital
Versatile Discs (DVD) offering almaost
limitless potential. DVD comes in single or
double density discs and spedial new shor
wavelength (635nm) lusers can read video
data at 0-6mm into a disc and pick out audia
clata resting at 1:2mm. They offer seamless
interruption of full-length movies without
stopping to flip the disc over. They can also
decode PCM data o provide true 20-bit
words at up 1o 96kHz.

Freeze-fmme on DVD offers an absence of
digital vibrations and frame-by-frame in 2, 10
or 30 praduces sequential images without
strobe effect, so common 1o Laser Disc.
Tepical audio specs. are 4Hz 1o -1ikHz, with
a signal-to-noise ratio of 106dB. and a
dynamic mnge of 96dB, with ol harmonic
distortion of 0-003%. This offers new horizons
for audiophiles, but true blue purists may
stll opt for the analogue route of 4 record
deck, while thev can still purchase
rurmtables like Gold Signature Proscenium
from Walker Audio (see Photo 1).

The tangentizl arm has true air
suspension, employing a high pressure of
50psi. It contains eight fixed jets and a quad-
vent cuilet, resulting in a close olenince
with rigid carbon-fibred, brass-bonded,
silverwired arm-shell. Here, of course, a

@D ELECTRONICS AND BEYOND Miay 1997

Photo 1. Gold Signature Proscenium
turntable from Walker Audio.

remote-drive mortor is de rigenr: The rest of
vour mortgage could go on a compatibie
cartridge and some valve-powered mono-
blocks which are currently in renaissance:
At present, DVD/ROM machines are
available, but TDK promise DVI)/RAM
(erasable/recordable) plavers and discs for
1997 with technology so staggeting it verges
on science fiction. Currently, DVD/RAM can
only store half as much as DVD/ROM
(2:6G-byvte as opposed to 5G-byte per side),
but shorter wavelength (633nm) lasers will
alleviate the critical density issue. Using
AVIST phase-changing, the error rite does
not increase however large the number of
write-over cycles and a wide ringe of speeds
from 1-20my’s can accommodate all data rates
from CD 10 DVD. On re-recordable DVD,
the recording layer is sandwiched between
mwo dielectric lavers (zinc suiphide and
silicone dioxide) and is backed by a reflecior.
The laser penecrrates through the
polycarbonate surface and first diclectric to
focus onto the recording layer. When the
temperature reaches 600°C, this laver melts.
The recording layer comprises a phase-
change alloy which can exist in two different

Photos 2-4.
| ViaiV Phone system.




states; in a avstalline state where the atoms
form regular patterns, or in an amorphous
state where they are mindomly armanged.
The state of this alloy laver at any one time
depends on how fast it cools.

The polycarbonate surface would melr at
130°C, but the fine focusing laser only melis
the layer between the o dielectrics. By
pulsing the laser berween high and low
power, the bits that cool quickly remain
amorphous, and the hits that cool slowly
tend o crystallise. The recording layer then
resolves itsell into crysial (highly reflective)
or amorphous (low reflection) states, ready
for the laser to read on plavback.

in the beginning was vinvl, Vinyl begat
flowerpots (oops —sorrv); vimvl begat CD;

t Mini-Disc and CD WORM;
thev bega Video CD and CD-E- They
begat MD-R, and DAT, which begat the
areat LaserDisc

Then there was heard a greacwvailing of
audiophiles and a gnashing of vinyl freuks,
and lo and behold, DVD wis begar. I begat
DVIX-ROM and it begat DVD-RAM and there
was pence in all the land.

DVD offers 500 lines (twice that of video)
for 133 minuies, in three screen formas in
a choice of eight languages with up 1o six
separate audio channels; and up 10 32 sub-
titled lainguages, and thar is just the start.

I we use DVD in conjunction with Home
Theatre and a Home Computer, a picture
evohves for the future family lifestyle. Cenural
10 the set-up would be a Plasma or LCD
screen momtor which could be moved from
will 1o wall or placed at any convenient
viewing angle. it would receive high-
definition television (HDTV) in Dolby
Digital, promising twice the resolution of
current broadcasts, and would also be fed
from a Home Theatre svstem, providing 6-
channel audio with multi options. such as
movies on Laser Disc or DVD, or CD/Audio

piped via IF and RF to the bedrooms, while
another room could view or record video
through. say, the JVC Satellite Tuner capable
of operating simultaneously with a digieal
camcorder, which iself could be linked to 2
Video-Snappy, giving high resolution :
capture shots off video or off a TV or :
camera. Reasonably priced at $300, it is
currently available in the USA. only. This
device captures instant images frozen from
the screen which can be cropped and even
morphed o provide snap shois with

L300 1,125 resolution. One may even
prefera direct instant telephone link usinga
modem by Vir-phone, or even a video
conference link-up via C-phone. Their
modems plug into a relevision, and having a
built-in colour camera, they provide the
party at the end of the line, who has a
similar, but not necessanly propretary
(same brand) sysiem, full two-way viewing.
Room lighting and call distance also affect
the video quality. but the minge goes w

I5 frames per second (fps), normally:

Television is about 30fps and film about
24fps. The systems are full duplex,
echo-cancelling to give dear audivand can
be set up for conference facilities. They :
rransfer dam ar 33k-byres, in both directions
(see Photos 2-1).

TT Svstems we offedng a Telerecorder
which records 90 ninutes of calls digiwlly
on a 337 floppy dise and their TA 2000
phone can have maoton detecors, smoke
and medical alert alarms incorporated.
Mum ean check if the kids are in bed and
see them via Belllabs 27 Video-phone by
the bedside. She could pick a bedtime CD
from a selection of 200, siored in a Sony
CXZ200 Player with digiwal readours of album,
tracks and artist details offering fimitless
shutile selection.

Ideally: a PC would be the centre of such
sophistication, and a plasma monitor is a

viable option, being only 150mm thick.
while Sony have just perfected a iple LCD
screen which, although twice as thick,
carries over one and a half million pixels for
a rue lifelike display: This is their KI372 TV
I not deploying a computer in the system,
and access 1o the Internet is required,
Mitsubishi offer an Internet welevision, and
Sony’s PowerWide television offers a TV
image on one half of the screen and a
computer image-on the other.

Ancillary Network-Computer boxes (NC
boxes) also give Tnternet information 1o
products and goods which viewers can buy
instantly by swiping a smaet card through
the slot in the box. These NC bowes will
soon appear at banks and supermurke:s,
offering instant shopping on the Ner

The Mitsubishi 40" Plasma Monitor boasis
1607 viewing, both vertically and
horzonwlly, and encompasses 16-7 million
colours. Plasmia produces its own
luminescence, via many thousands of
individually charged chambers filled with
neonxenan gas mixtures. When elecirically
charzed, they glow and a picture is formed.
Sharp and Sony are jointly developing a
Plasma Added Liguid Crysial (PALC) monitor
which results from Sharp’s research into
wide-angle LCD technology, combined with
Sonv's Plasmia expertise.

This leading edge rechnology now
provides state-of-the-art resolution. Plasma
Screens currently cost about $15,000
Dollars, but Kodak’s Digital 1CD camera
sold for 310,000 3 vears ag0; it nOwW Costs 3
few hundred dollars, so plasma screens
should be drastically cut in price as the
rechnology develops.

In such a sophisticated system; a
computer could control the security system,
heating and air conditioning for the house
with automatic video phane recording.
Infri-red technology can be combined with
RF rechnology using 2-4GHz 1o avoid
interference in transmiting audio and video
through walls and ceilings. Different
speakers in different rooms will require no
wiring: just plugging in. of the wireless
receptors. Link Technology Inc. even offer
phones that monitor valuable family
possessions where movement detectors can
be attached 10, e.g., a set of golf clubs
which, when moved out of its 100ft. range,
can activare the phone to ring the police.
IVC and Fisher both offer Speed Waich
VCRs, where tapes can beviewed at double
speed o sample content. The audio is
condensed but none is lost because in
normul speech, there are many pauses
between words, which when eliminated, can
play back conversations at normal speed.
while picture speed is acrually dopbled.
There is extensive peripheral technology wo
enhance the family lifestyle; for example,
the video Discbaby is a DVD player with a
Hin. LCD colour screen, offering Hi-Fi sterco
and MPEG quality playback. Being
completely partable at 3ibs, it can play
full-length movies, videos and audio CDs,
as well as Karaoke.

Nu-vision offer an LCD screen to fit over
a monitor which provides different
palarisation for left and right eye images.
Special glasses cilled 3-D Specs resolve
the circular polarisation to provide very
realistic 3-D images,
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Photo 5. Kenwood 1090VR Dolby
Digital Audio/Video receiver with
Futureset remote control.

Photo 7. Bazooka
Sub-woofer.

The heart of any audio-visual system
must be a Home Theatre Processor. This
should be a Dolby Digital receiver or
amplifier offering AC3 which provides six
separate channels of sterco, e.g., the
Kenwood 1090 (see Photo 3) giving 120W
for each of the 5 channels, being left,
centre and right, with two surround
channels and a pre-amp feed for a sub-
woofer. Hence, the designation of 5.1,
which is the official Dalby classification.
The 1090 will send independent audio and
visul to Two separate rooms, giving
different on-screen displays, while the CD
plays in one room and a movie shows in
another. Great value at $1.200.

Ronco have just introduced the world's
first THX Lucas Centified laserDisc Plaver,
offering line-doublers and even a line-
quadrupler. Essential to Home Theatre
reproduction are DSP facilities. Normally
buils into the amplifier, they acoustically re-
shape the music to simulate different
listening environments by generating
reflected wave panerns that signify the
acoustics of different venues. The listening
room is then tansformed into a stadium or
a Cathedral, or even an intimare Jazz Club.
The new Oakyo Integra receivers are the
first to use the new Motorols DSP chips;
the 56009 for Dolby Digital and the 36004
for more life-like modes. Their DS939 offers
THX certification as well as AC3. It punches
100W to all channels and retails ar £2 800 in
the States. This is a premium product at a
premium price:

New kid on the block for Home Theatre
in AC3 and currently a big Dolby rival are
Digital Theatre Systems (DTS). They claim
their system can deliver 24-hit sound at
96kHz into 5.1 music channels; that is as
goad at it gets! This noticeable improvement
over Dolby Digiral is achieved by using
more space for sound on Laser Discs or
DVDs. The ".1" in this configuration refers
to decoding and coatrolling bass
frequencies. Past studies have shown that
below 100Hz, stereo separtion is
imperceptible, and bass placement of little
consequence, but many experns now
believe that localising low frequencies is
critical, even to the point of separate left
and right channels. This is said to be due 10
sub-harmonics, and the sensing ability we
all possess 1o define the constriction of a
room or building, which emanates speech
or music. Each environment produces a
distinctive audio signature. This is also the
reason current CD technology does not
offer “perfect sound for ever”, as initially
claimed. Although few of us hear about
20kHz which is the approximate cut-off
frequency for Compact Disc, the ambience
of the-harmonics is missing. Consequently,

the grearer the bandwidth, the more
enhanced the audible and wcrile range of
perception. Technology is now exploring
new epth (sic) in regards 1o low frequency
response. Motor-driven Turbo-Bass
speakers are fed very low bass to a piston
motor which pumps and pulls a diaphragm
in positive and negative résponse 1o move
large volumes of air very quickly. These are
big in price and dimension, necessitating
an inbuilt Acoustic Bass resonator: an extri
free-floating diaphragm which oscillates in
opposition 1o the dynamics of the piston-
driven speaker, avoiding implosion or
explosion of wooden enclosure.

The Carver Corp. have just introduced
their Sunfire Subwoofer Cube. It has a
built-in 2 700W amplifier (sic) and
measures less than 1t

Aurssound have introduced neodymium
magnets forhigh excursion in small
speakers, using PVDF accelerometers, as
used in car airbag sensors to develop 2
servo system for extended bass and low
distortion in a small enclosure.

Lwas very excited, litesally and
figuratively; by Aurasound's Bass-Shakers
(see Photo 6). These are compact metal-
frilled resonatars that screw under the seat
of your car or even vour armichair. They are
fed by 100W digtial amplifiers and give four
times more bass than conventional
subwoofers by causing the surrounding
area to which they are atached 1o resonate
with deep-felt bass withour the damaging
effects of high pressure sound levels.

Southern Audio extend their Baxooka
Series of subwoofers using bass tbe
enclosures o compliment computer
terminal speakers. These litle 6W tubes
offer computer work stations a master
volume for all speakers plus subwoofer

Photo 8. SoundTube
Visual-Audio
speaker system.

levels with bass contour control: suitable
bass responses can be found for voice.
music or game applications (see Photo 7).

Manufacturess like L. G. Foster are
realising that there will be a great demand
for super-thin wall-hanging speakers beciuse
SO many are required in a Home Theatre
System.~They use mutually repulsive
magnetic circuits to provide fulldfrequency
super-thin speakers with an overall depth
of 32mm. Toshiba's SST6200 uses Linaem's
line source speaker technology fora free:
stnding dipole tweeter. Also in use are
piezo-clectnc film speakers configured in
an are to provide bipolar and di-polar
radiation patterns giving wide, horizontal
and narrow verical sound ficlds

Sound Tubes offer a full 3607 sound
dispersion of all frequencies by eliminating
standing wave distortion via ingenipus
tube-like enclosures (see Photo 8). Now that
we have our PC conirolling all this lovely
gear, we need a simple remote control to
sit back and operate it all. from another
room perhaps. by using a Kenwood 1090
receiver (see Photo 9). You can dial their
Freephone number and by holding the
receiver’s remote control up to the phone,
program up to eight andillary pieces of
cequipment. Other firms like "One For Al
offer digital-display remotes for up ro eight
channels, where each ancillary can be
reprogrammed by ringing the company
whose selection of 60,000 librarv codes can
be pulsed down the phone line into vour
remote. For Home Theatre, G-axis sieering
is available in the Citation DSP 7.5 where
discrete sterco surround soundfields can be
acoustically hologrammeed 1o any specific
position in the listening arca. Currenty
selling for $3.000, it represents state-ofthe-
art in this modern hi-tech worldl.

Photo 9.

Programmable
remote control transmitter.
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Short Wave
LISTENING TODAY

LA B N EEEENEEEENREEEEEEN ENEE NI R R E R E Y

by lan Poole

Short wave listening is a fascinating pastime. It combines the latest in
technology with the excitement of receiving signals from all corners of the
Earth. For those with an interest in computing, it is possible to combine
both interests to receive many of the new formaits of data and picture
information which can be heard. It is also possible to gain many hours
of enjoyment listening to the variety of broadcast, amateur and other
stations which can be found.

using the layers in the ionosphere to reflect
the signals around the Earth.

: Signuls naturally spread out from the

¢ transmitter over the Earth's surface. These

¢ ground waves can be heard over distances

: of many tens of miles in the medium wave

¢ band. However, as freqjuencies rise, the signal
strength falls much further and skvwaves
refiected from the ionosphere are used.

Radio Spectrum

Tin;- radio spectrum covers a vast range

The ionosphere is an area high above the

Earth’s surface where radiation from the
¢ sun causes the molecules in the air to splic
i These ions have the eRect of bending radio
I owaves, sometimes o the extent that they
i can be returned to Earth — see Figure 2.

There are a number of areas where the
level of ionisation reaches 4 peak. These can
be viewed as separmte layers, as shown in
Figure 3. The actual heights vary dependent
upon i variety of factors and as a result,
only approximare figures can be given.

The lowest laver is called the D laver.
As shown in the diagram, it occurs at an
altitude of around 60km. Here. the density
of the airis relatively high, and as a result,
the ions recombine very quickly so that the

of frequencies. From the very lowest

raclio signals at a few kiloheniz, up 1o
signals around a few hundred gigahertz
using the latest devices, there is an
enormous amount of spectrum. o refer o
different areas within the spectrum, it is
split up into different bands, shown in : :
Figure 1. The short wave part of the
spectrum broadly covers berween : :
2-30MHz. This covers the whole of the i et
high frequency (HF) part of the specirum  © | ek
as well as 2 small amount at the top of the
medium frequency (MF) part.

0 that it i€ Reflected
b=k o Eanth.

Propagation

Signals in the short wave bands can cover
enormous distances. Often, they can be
heard from the other side of the world,

Figure 2. Reflections from the
ionosphere.

¢ layeris only present during hours of daylight
¢ when the sun's radiation is available 1o

¢ generate the jons. Also, this laver has the

¢ effect of absorbing low frequency signals.

. . o i
Freguency (MHz) Designation R4 s Hight <
0.003 —_ F2 Loyer
Very Low Frequency (VLF e R
003 y Le quency (VLF) :
F Loyer
Low Freguency (LF)
0.3 —
00—
30 Medium Frequency (MF) 5 i toges =
E -
High Frequency (HF) = 200 -
30 — =
L)
300 Very High Frequency (VHF) T I Eime
88— osian
Ultra High Freguency (UHF £ TITAE AN,
000 = gh; Frequency '(UHF) b
2 i SHFE
0000 _ﬂer High Freguency ( ) i D, Lages
Extra High Frequency (EHF
3G0000 —_—— 2 3 Y ( ) 10— TroposSphera
Figure 1. The radio spectrum. Figure 3. Layers in the ionosphere.
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Medium wave broadceast stations are
affected by this. When it is present during
the day; it absorbs any signals in this band.
At night when it disappears, signals from
much further afield are heard and
interference levels rise dramatically.

Signals which are slightly higher in
frequency are able 10 pass through the D
laver, and they travel on until they reach the
E laver. This layer is present in the day, and
virtually disappears ar night. However,
unlike the D layer, its major effect is 1o
reflect sionals. This can oavel back w Earth,
as shown in Figure «+.

However, it is found that as signal
frequencies increase, they are able to pass
through this laver and reach the F laver.
Althaugh the F layer does not disappear at
night. its level of ionisation decreases at
night. It is also found that it usually splits
into two lavers during the day — the Fy and
the Fs layers.

As signals reach the Fy layer, they may be
reflected, but like the other layers. higher
frequencies may pass through to reach the
P, laver: Again, the same process takes
plice, and eventually; the highest
frequencies may pass through altogether.

Apart from the time of day. a aumber of
other variables affect the state of the
ionosphere. The seasons have an effect
because the amount of radiation received by
the ionosphere decreases in winter just as
the amount of heat. Also sunspots affect
propagation conditions. As the number of
sunspots undergo a cvcle of approximately
11 vears, the same is true of radio conditions.
At the peak of the cyele, frequencies at the
top of the short wave part of the spectrum
and bevond are able o support long
distance communications. However, at the
batom of the cvdle, radio signals pass
through all the lavers of the ionosphere at
much lower frequencies. This means that
signals will pass through all the lavers at
much lower frequencies and some bands
mdy appear 1o have no signals on them.

Listening and the Law
Many different nypes of organisation use the

adio spectrum for communications. Those
like broadcasters obviously intend as many
people as possible w listen 1o their
transmissions. However, there are many
transmissions which are not intended for
general reception. Although they are not in
the short wave part of the spectrum, the
cellular phones provide a good example of
transmissions which are not intended for
genenl reception.

The law in many countries is very strict
about what can be heard. In the UK, the
Wireless Telegraphy Act of 1949 governs
what can be hearl. This states that listeners
can only listen to rransmissions intended for
general reception. This includes a very wide
variety of tnnsmissions. Broadcasiers, radio
amateurs; CB. and standard frequency
transmissions are all included in these. In
addition o these, there are a number of other
interesting services which can be monitored.

Muany weather transmissions are broadeast
for general reception. and this makes them
legal to receive in the UK. These can be
particularly interesting 1o receive as many of
these ransmissions are in the form of maps

Figure 4. Propagation at different frequencies.

F2 Layer

Fi Layer

£ Layer

- LOyE

showing conditions over sarious arens of
the Earth.

Some press trinsmissions also fall into the
categories of transmissions for general
reception. Some countries broacdcast press
releases, and these are intended for
widespread reception and not a specific
individual. Obviousiy, those news
ransmissions sent to a specific station
should not be monitored

In countries outside the UK. it is
necessary 1o check what can be legally
received over the air. Laws change from one
country to the next, and tmnsmissions
which may be legally received in the UK
may be illegal in other countries.

Despite the fact thar it is not possible
listen to 2 variety of transmissions on the
short wave spectrum, there is still a good
variety which can be heard. From amateur
rudio 1o broadcast siations and a wide variery
of other stations, there is plenty 0 ensure
that there is plenty of interest for the listener.

Broadcast
A vast number of sttions crowd into the bands
allocated to broadeasiers shown in Table 1.
sernationil broadeasting has become very
popular, and the number of stations has
grown very rapidly. Now space on the
allocated bands is very fierce, and in recent
World Radio Communication canferences,
maore space has been allocated for this use.
Listening to these broadeasts can be
fascinating. Stations can be heard from all
overthe world. Often, they have

Lang Wave 0-150- 0-285
Medium Wee 0-5265 - 16065
130m 2-30) - 2-495*
odm 3-200 - 3-400*
75m 3800 - 4-0007
&0m 4750 5-060°
£0m 5-050— 6-200
4im 7:100—=T7-300
3im 8:500—9-990
25m 11650 - 12-050
22m 13600 —13-800
19m 15-100 —15-600
iam 17-550—17-900
i3m 21-450 - 21-850
11m 25670 - 26-100

Al frequencies are i MHz

* Tropical Bands only for use in tropical amas

T Only alioested for broadeasting in Europs
and Asiz

Table 1. Long Medium and Short Wave
Broadcast Bands.

programmes describing the countries where
they are located, enabling the lisiener 1o
discover about far away countries. News
broadcasts can also be very interesting: As
each country has its own view point, these
are usually reflected in the couniry’s
broadcasts. In fact. it is ofien interesting 1o
compare the different perspectives given by
different countries. Naturally, this is
particulardy true when there is an
international contlict. In times like these,
listening to short wave broadcasts can reveal
many new aspects to the condlicrs ascach
sicle airs its views over the radio waves.

Although short wave hroadcasting is often
used for propaganda. nuny countrics now
are following the lead of the BBC World
Service, which has earned an enviable
reputation for high quality broadcasting,
and impartial news reporting. In times of
irnuble, like the Gulf War, people from all
sitdes wirned o the “World Service' w lisien
o the news bulletins in preference 1o those
from their own country — see Photo 1

The short wave bands are also used for
religious broadcasts. A number of stations
including famous stations like Vatican Radio
broadeasting from the Vatican City, and
HCJB broadcasting from its site in the
Colombian Andes broadeast the Clhiristian
faith. Naturally, there are manv other
stations putting forward their faiths as well.

There are a number of broadceast bands
located throughout the short wave pare of
the spectrum. Within these bands, the
siations are separated by SkHz. By adopting

Photo 1. Studio in BBC World Service
(Courtesy BBC World Service).
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a fixed separation like this, interference is
reduced as much as possible.

Each band has its own flavour. bringing in
stations from different places at different
times of the day. The lower frequency bands
tend to bring in statons over distances of
1,000 1o 2,000km by day, and more distant
stations by night, with the promise of very
distant stations at dusk and dawn.

The higher frequency bunds support the
best communicauons by day, ofien closing
at night. However, when they are open,
they often produce some very long
distance siations.

There are three bands known as tropical
bands. These are used by stations in the
tropical areas between latitudess of 23 N and
23 S. They are vused for domestic
broadcasting because the medium waveband
or VHF frequencies do not give sufficient
coverage for many of the countries in
question. For the listener, the olm band is
usually the best. There are many high power
stations and the propagation on this band
means thar long distance sttions are more
likely to be audible.

Listening to the medium and long wave
bands can also be very interesting. It is
surprising how many inteéresting siatons
can be found. In the UK, there is a great
vardety of local rudio stations. but on some
channels, it is possible o hear stations
much further afield. To do this, it is
necessary to wait uniil after dark. when
stations over 1,000km can sometmes be
heard. One station o look for is Radio
Moscow World Service, with its high power
transmitter and high gain antenna system.
This can usually be heard in Britain after
dark on 1.4%ckHz even on a modest
portable or car mdio. Similady; other
stations can be heard, but it can take some
patience ta seek them out because of the
high interference levels from the large
number of local stations. However, patience
can be rewarded because it is even possible
ar times 1o hear vansatlantic stations.

At the moment, all broadeast
transmissions in this part of the frequency
spectrum use amplitude modulation (AM).
Although there are much more efficient
vpes of iransmission, AM is sill used
because of the vast number of sets in use
around the world. Eventually, it is planned
1o use a form of single sideband
transmission with a reduced carrier level.

However, the date for its introduction has
been put back and it will not become
standard in the near fulure,

Amateur

Around the world, there are many
thousands of people who enjoy being ahle
to transmit 1o one another. These radio
amateurs or “hams’ communicate with one
another, wlking about a variety of different
topics from the technicalities of the
equipment 10 describing the area of the
world in which they live. Often, people
lIocated in remote areas of the world use
amzateur radio as a means of talking to other
people and this means that stations are
often heard from very remote corners of the
world, including places like Anrarctica and
small islands in the middle of the oceans.
Photo 2 shows a short wave listener’s
station (or ‘shack’).

Amateurs are allocated a number of bands
in the short wave part of the spectrum, as
shown in Table 2. Often, they spend a lot of
their rime on these bands expenmenting
with different forms of radio. This means
that a wide variety of modes of transmission
are used. Morse (see Table 3) and single
sickeband are very popular, but a number of
other modes are also very popular. Slow
scan television is one such mode and
pictures are ofien sent around the globe
using this mode. Data transmissions are also
very popular. Radio teletype (RTTY) was the
first of these modes 1o be used, and this was
characterised by the large miechanical

Approximate
Frequency Wavelength
Limits (MHz) and Band Name
181 20 160m (Top Band)
350 3-80 80m
7-00 710 40m
1010 10-15 30m
1400 14-35 20m
18088 18-168 i7m
2100 21-45 15m
24-89 2459 12m
28:00 28-70 10m
Table 2. UK Amateur Bands.

reteprinters which were used. Nowadays,
RTTY is still used by amateurs who usually
press computers into operation for these
modes. Using computers also enables more
sophisticated types of data tmnsmission to
be made. These modes include Amtor,
packer. and Pacior, and they are all being
used increasingly, as they offer additionat
facilities and resilience 1o errors.

When amateurs talk to one another, a
large number of abbreviations and codes are
used. Some of these are normal elecronics
and radio terminology, but a large number
are specific to amateur radio and mdio
communications. Many of them have arisen
ourt of the need 1o communicate quickly
and condsely; espedally when using morse.
Their use has now become commonplace,
even when using other modes. A number of

Punctuation

Full Stop fm i — e
Comma
Quastion Mark (7)) =o——-- ’

Equals sign (=) =RE=

Stmke (/) —ee—-

Mistakes TR
Procedural Characters

For procadural charsciers made up of two etters
they am sent as a singie letterwith no break
betwesn them.

Start of Work (CT) e
Iritation 1o Transmit (KN) ==

End-of Work (VA) AT

End of Messsze (AR)
Imwitation to Transmit (K) =
Imvitation 1o-'a Particular
Station o Transmit (KN)

Table 3. The Morse Code.

NhWUKNHEZCE-—"IOTMOOR >
|
|
|

DWW NON<RE<E-nIOUVO 2
|
|
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Abt About FONE Telsphony SA Say
Agn  Agsin GA  Good Aftemoon SIGS  Signals
AM.  Ampiitude Modulation GB Goodbye SAI Sory
At Antenna 6D Goxd SSB  Singe Sideband
B.Cl. BmatcastRecener GE Good Evening ST Station
. Interisence GM Good Moming SWL  Shon Wave Listener
BONU  Be Sesing You, GN  Good Night THS Thanks
BFO0. BeatFrequency Oscilgtor GND  Ground X  Thenks
B4 Eefore Hi Laugh w Telsvision Intesierence
CFM,  Confirm HPE  Hope ™% Transmitter
ClD  Called HR Herz U You
CONDX Conditions HY Have uR Your; You Are
cH  Copy HW  How VY Very
CQ  Apcenewmlcallipwicatinga LD Foor Operstor WD With
contact is wanted. MOD  Moduiation WKD  Worked
CU  Sesyou ND  Naothing Doing WUp  Would
CUAGN See You Azain NW Now WX Weather
cuD.  Could 08 OidBoy XCVR  Transceher
oW Continuous wave (Used o OM Cid Man MR Trensmitter
denotea morse signal). . O ; XTAL  Cnstal
DE From or Oid Timer XYL Wife:
DX Long Distance BA Power Amplifier YL Young Lady
ERE.  Hers PSE Oid Timer Z GMT— added aner ne
= Ard R Roger (0K) ume, e.g 1600Z s
8 Fine Business RCVD | Received _ 16.00 BMT
FER Foc RITY  Radio Telatype 73 BestRegards
FM. Frequency Maodulation X Receiver B8 Love and Kisses
Table 4. Abbreviations.

ahbrevigtions are used. as shown in Table 4.
Some of them are quite obvious, like TVI for
television interference, but those like 73 and
88 are less clear, their origins possibly
having come from the eariy days of wire
telegraph operation. A number of words are
changed 1o enable them 1o be sent more
easily in morse, as an example, the word
‘for” is changed 1o “fer’. This is because the
letter *O consists of three dashes instead of

or the fact that there is plenty of QRM on
the band, ie. there is a lot of interference.
When using speech it is ofien necessary
to spell our names or give callsigns. To
prevent the confusion which often occurs,
even over telephones, a phonetic alphabet
is usually used. Whilst there is no legal
requirement 1o use any parrcular code, the
one shown in Table 6 is recommended.

It is often important to be able to give
meaningiul signal reports. Not only is it
imteresting to discover how one's signals are
being received, but if strengths are low and
interference is high, mnsmissions can be
kept short 1o minimise the risk of all
contact being lost

¢ lobe able o give concise and consistent
: reporis. a scheme called the RST or
readability strength and tone system is used
- see Table 7.-Numbers are assigned 1o
different levels and these are used in the
report. The tone secton of the report is
only used for momse signals o indicate the
quality of the signal being received. With
most of today’s equipment, the signal
quality is good and most tone reporis are
“nine”. To give a typical example, a signal
which is perfectly readahle and moderately
strong would be given a report of five and
seven. Another code called the SINPO code,
given in Table 8, is often used when
sending short wave listener reports o
broadeast stations. This code gives more
categores than the RST one, but is never
heard over the air.

By using a scheme of this naaire, some
measure of consistency cin be kept benween
different reports, although they are stll very
subjective and should only be takeén as a
rough guide. Even the *S" meters on
receivers are relatively inaccurate and care
should be used when interpreting resulis.

One aspect of amateur radio which has
become a side interest is that of collecting
¢ QSL cards. These cards are postcard sizesd
cards which are used to confirm a contact.

one dot for the leuer 'E. A Alpra N Novernber : The idea started in the eardy days of
Another commonly used code is cilled 8 Bawo 1] Oscar amateur radio, when some people wanted
the Q code. This is used by a variety of radio c Chartiz P Pap3 some tangible proof of the contact they
services, including some maritime and g &"f g Quebec had made. Although people sometimes
aeronautical services. The full Q code is very £ Foxtrat s Siema ¢ used leters to confirm a contact, the idea
comprehensive, but a number are widely G Galf T Tango t of QSL cards soon arrived. They derive
used by amateurs and these are given in H Hotel u Uniform ¢ their name from the Q code meaning
Table 5. The table shows thar they can be ; im:; :’; mnr ! [confirm receipt, and they are widely used
used in either a question or answer format. ® K‘ijia ' X X mﬁk!’ ¢ these days, especially on the HF bands.
However, they dre used a lirde less L Lima ¥ Yankes i Many of the cards are very colourful, and
rigorously in speech contacts. Often. M Mike Z Zulu ! gsa result, many people like 1o display
someone will be heard talking about 2 QRP Table 6. Phonstic Alphabet. ¢ them on the walls of their radio room or
transmitter, Meaning a low power ransmitter, shack - see Photo 3. s
QrRA  Wnat s the name of your stiabon? QRS Shall | send moce slowly? Readability
The-name of my saton is . .. Send more slowly. Bt Uneadsbls
QRB  How far are you from my station? QAT Shall| stop sending? B2 Barely readsbis
| am about . . . from your station. Stop sending. R3 Readabie with difficuity
QRG  Wnat is my exaCt frequency? QRU Do you have any messazes for me? R4 Readable with fitie diificuity
My exact frequency 5 ... . | have no messages for you. ) Perfectly readabie
QRH  Does my frequency van? QRV  Areyou r=ady to receve? Strength.
Your frequency vanes. | am ready 1o receive: 51 Barely det=ctable
QRI  Does the note Of my ransmission vary? QRZ  Whois calling me? §2  Very weak signals
Your note varies.  Youarebeingcaledby. .. Ss::. ::raks.‘gnais
Is my signal weak? K  Can hear between = ? x signals
= '!ta:?ség%?lisum ® i.e.uigbeeakmmmxrgutmgﬁwfm S5 Fairly good signals
QRK  Wnat is the readabiiity of my signai? | ean hear between my signals. S6 | Goodsinals L L e
The readatiiity of your signal is . + QSL  Canyou ecknowisdgs receint? ST Mogarataly strong signals
OQRL  Areyol busy? | £an acknowledse recsipl s8 Steng signals
I am busy, QSP  Can you relay a messags? ::w Very strong signais <
s there any (man made) interference? | ean relay a message. e ;
i Tiﬂeismmadelmzﬁfem. OSV  Shall | send 5 .series of Vs? % Extremely rough pote
QRN Is there any atmosgheric noise? Send a series of Vs. = gg“{gem
There is atmosphenc noise. QSY  Shafl | change to ancther frequency? ‘l‘#‘ Fairty rough note
QRO shalll increase pover? G W0 Snoe, BEqUeni TS5 Note modulatsd with strong nipple
Increase power. QTH  What i5your location? 16 " Modutated note
QRF  Shall| decrease power? My location is.. . . 77 Near OC note but with smooth fipple
Decresse poner, QIR Wiatis the eact time? 18 Near DC nate butwith trace of ripple
QRQ  Shall | send faster? The eact time is . . . 19 Pure DC note
Send faster ) ! o
: Table 7. RST Code for Rea
Table 5. Q Codes. asthlidband bty
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Photo 3. A collection of QSL cards.

s 1 N
1 Just Audible Etreme Extrema
2 Poor Severe Severe
3 iFar WModera= Modsrais
4 Good Slight Siight
5 Eacsllent MNone None

Table 8. SINPO Code.

Like the RST code, this one is used to ghve signal reponts. It is more comprehensave than the RST code gning
indicatons for signal Strengh, Interference, Noise, Propagstion disturbances (e fading etc.), and Owverall
reception quality. This code is mast widely used for giving receplion repons o broadcast sigtions.

P o
Extreme Unusabie
Severe Poor
Modsrate Fair
Stght Good
None Excellent

Apart from collecting QSL cards, many
people like to measure their achicvements
by working towards obtaining operating
awards. There is a wide variety of awards
which can be gained. One of the most
famous is called DXCC (DX Century Club),
and as the name suggests, it is obained by
radio amarews for making contact with
100 countries. After the basic 100
countries. endorsements can be obtained,
and some stations have over 300 countries
to their scare.

There are nuiny other awards which are
available. Another is issued by the Radio
Socieny of Great Britain and called the IARU
(International Amateur Radio Union)
Region 1 Award. This is gained by making
contact with stations in countries of

member societies in Region 1 (broadly,
Europe and Africa).

In most instances, it is necessary
submit documeniary evidence of having
made the contaces. This is usually in the
form of QSL cards, another reason for
collecting them. These awards are not
confined o tansmitting radio amateurs.
Listeners can also earn many of them. In
fact, many are open only for listeners.

At ceriain weekends during the year, the
amareur bands erupt with acuivity. This is
normally as a result of one of the contests
which are arranged over cernain weekends
each vear. During the contests, sutions
endeavour o make conact with as many
stations as possible. Obviously, the exact
aims of the contests vary from one ©

Photo 4. A compact amateur radio station.

another. One of the largest is called the CQ
Worldwide contest. In this, stations make
contact with as many stations anywhere in
the world as possible. In the ARRL DX
contest, stations in Northern America ry o
muake contact with stations outside the USA
and Canada, and vice-versa. These contesis
can be great fun 1o listen to. Often. swations
are sel up in sire countries, and it is a time
when short wave listeners interested in
hearing as many countries 48 possible cin
pick up new couniries. See Photo 4.

Citizen’s Band (CB)

Citizens band has grown rapidly since it was
first launched in the USA. Nowadays, a large
number of countries allow CB operation.
Surprisingly, many Eastérn-bloc countries
allowed it before the UK made it legal, and
this was before the fall of communisnm in
Eastern Europe.

For the short wave listener, it is possible
to listen to them legally in the UK as they
are classed as being intended for general
reception. Often, there are a number of
stations which can be heard. Sometimes,
they may be close by, or at other times, they
may be quite distant as the signals are arriving
via the ionosphere. The frequencies for the
UK bands are given in Tables 9 and 10. The
original frequencies allocated when CB was
first launched in the UK are conmined in
Table 9. Those now allocited in line with the
rest of Europe are ¢oniained in Table 10,
and are the ones which are preferred.

CB licences are quite easy o obtain.
Unlike the amateur licences which need

Channel Frequency (MHz)
1 2760125
2 27-61125
3 27-62125
4 27-83125
5 27-64125
B 2765125
7 27-66125
2 27:67125
g 27:68125
10 27-68125
11 27-70125
12 27-71125 s
13 27-712125
14 27-73125
15 27-74125
16 27-75125
17 27-76125
18 27-77125
19 27-78125
20 27-79125
21 27-80125
22 27-81125
23 27-82125

4 27-83125
25 27-84125
28 27-85125
7 27-86125
28 27-871325
29 27-88125
30 27-89125
31 27-90125
32 3791135
33 27-92125
34 27-93135
35 2784195
36 27-95125
37 27-96125
ag 27-97125
3g 27-98125
40 27:99125
Table 9. Original UK 27MHz Band
Channel Frequencies (MPT1320
(27/81)).

|
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Channel Frequency (MHz)
1 26965
2 285-975
3 26-985
4 27-005
5 27:015
5 27:025
7 27035
8 27-055
] 27065
10 27075
11 27-085
12 27-105
13 27-115
14 27-125
15 27435
16 27155
17 274185
18 27475
19 27-185
20 27-205
21 27-215
22 27-225
23 27-255
24 27-235
5 27-245
26 27-265
27 27-275
28 27-285
29 27-295
30 27:305
31 27315
32 27-325
33 27-335
34 27-345
35 27355
35 27365
a7 - 27-375
33 27-385
32 27-395
40 27-405
Table 10. CEPT and USA 27MHz Band
Channel Frequencies (MPT 1333 (PR
27/GB)).

examinations to be passed, a CB licence
can be obuined purely by paving a
subscription. However, the equipment
which is used must be type approved and
they must not be modified — see Photo 5.
The power levels are also limited. Limits
vary slightly from one country to the next,
although bertween 3-5W is normally the
maximum. Although this is considerably less
than that allowed for amateurs, it is quite
sufficient for tmnsmissions across town and
ofien well bevond.

Photo 5. A CB transceiver (Maplin Stock Code YE53H).

A wide variety of people use CB. From
people wanting to talk short distances o
chat with friends to lorry drivers wanting o
talk to someone in the cab or find out about
the road conditions, CB has a lot of peaple
who use the medium. However, it must be
said that the number of people using it in
the UK is falling.

In other countries it is still widely used.
Some uy o make long distance contacts.
DXing started in the USA soon after the
introduction of CB. Although the licence
there states that coniacts over distances of
150 miles cannot be made, this has not
stopped people making these long distance
contacts. Sometimes, at the peak of the
sunspot cycle, transatlantic contacts have
been made, and some stations even
exchange QSL cards.

The conditions for CB operation vary
from one country 1o the next. but now
many couniries are falling more into line
with one another to reduce channel
congestion. It also means thar eguipment
manufacturers do not have to make
different options for different couniries.
The channels used across Europe fall into
line with those used in the USA. In Britin,
the original channels are now being
phased out, and the new European
channels are being used increasingly:

As the occupance of channels increases,
this does unfortunately make hearing long
distance stadons more difficuln.

various areas of the Adantic. Many of the
mups show the cloud formations, whilst
same show the high and low pressure
areas, and others give general
meteorological information.

The weather transmissions are found
throughout the short wave spectrum.

A variety of different siations from all over
the world pur out transmissions intended
for ships and other users. This means that
whatever the radio propagation conditions,
ir is possible 1o pick up at least some
indication of what the weather will be.

Many stations have regular frequencies
and time schedules. This helps maritime
and other regular users who need 1o know
which frequencies are 1o be used, so they
known where to listen. It also helps the
short wave listeners. Many smatons wransmit
their schedules. Although it does not help
in finding the stations in the first place, it
does help afterwards knowing when and
where 15 listen.

The Meteorological office in Bracknell UK
transmits on a variety of freguencies,
including 2-168, 4-61, 804 and 14-436MHz
Other stations also have regular frequencies,
and these can be obtained from one of the
frequency listings which can be obmined.

Standard Frequency
Transmissions

Although they may not appear o be of
major interest, there.are a2 number of
standard frequency transmissions which can
be heard. These stations broadcast a signal
which has a very tght contral of its
frequency: Whilst the very high degree of
frequency accuracy may not be of great
interest to the short wave listener, they ac
as a very good indication of propagation
conditions. A number of these stations can
be heard around from the world, each
giving their callsigns at regular intervals so
that they can be identified.

One of the most famous of these standard
frequency tansmissions comes from WWV
located at Fort Gollins, Colorado. It also has
a sister station located in Hawaii with the
callsign WWVH. Dependent upof the
propagation conditions, these stations can
sometimes be heard giving the dme every
minuie and propagation information at 15
minutes past the hour in speech.

Another station, RWM in Russia, can
often be heard in the UK. It transmits 4kHz
below the exact Megaherniz frequencies on
4996, 9:996, and 14-996kHz to alleviate
interference with stations on 5. 10, and
15MHz. So if you hear these stadons, do
not think that the calibration on the
receiver is 4kHz out!

Weather Faxes

There is a vast amount of information
transmitted each day by meteorological
agencies. Many of these transmissions can
be received quite legally in the UK because
they are intended for general reception. In
the UK, much of the output comes from the
Meteorological Office in Brucknell.

Information is transmitted in a varicv of
forms. A number of transmissions are made
in RTTY. but most of the really interesting
ones are the facsimile or fax mansmissions.
Those from Bracknell regularly show maps
of Europe and the North Atlantic, giving
isobars and some show ice flows for

(o, 4
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Equipment

The first requirement for a short wave
listener is obviously @ receiver! There is
naturally a wide variety, and the type of
receiver which is chosen will depend upon
the requirements. For anyone wanting to
ry shoo wave listening out for the first
time, or for anyone travelling abroad and
wanting 1o be able to listen 1o short wave
broadcast stations, the “World Band’ type
receivers such as the Lowe SRX50 (Stock
Code CP24B) — see Photo 6 — or the Sony
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ICE-SWS3 (Stock Code CP234) is a good
Buy. These sets offer excellent value for
money and enable good performance 1

be combined with portability. They also

offer digital tuning, and this means that the
exact frequency of reception is displayed,

or can be entered into the set via a kevpad.
This makes maing to the correct frequency
very easy whereas with the older analogue
portable short wave sets, the dials became
very cramped and it was almost impossible o
rine to the correct siation withour spending
a lot of time searching for the correct spot.
The other advaniage of a set like this is that
it also covers the VHF FM band.

Although the *“World Band' sets are ideal
for many listeners, thase wanting 1o take
the hobby up mare seriously may want 22
proper communications set. These receivers
offer much greater flexibiliny. more features
and 4 berter performance. Naturally, they
are more expensive, but people could do
much worse than invest in a Lowe HF150
(Stock Code CM234), shown in Photo 7.
These sets offer excellent value for money,
and have scored well against competitors
at higher prices.

Aerials are very imporant. Although
“Waord Band’ sets include a telescopic aerial,
communications sets do not have an aerial.

Mylon
Rops=

//insulmora\

Aerici 7

wire

Earin/
Agrigl
Tuning

Unit

sivar

Figure 5. An end fed wire installation.

Instead, they require an acrial external
the set. For many listeners, 4 long wire or
more correctly, an end fed wire like that
shown in Figure 3. is an ideal solution. It
should be used in conjunction with an aerial
runing unit to ensure the best performance.
With the tuner unit. it can be tuned o
resonance and can be used over a wide
range of frequencies.

Io be able to receive data transmissions,
it is necessary 1o have an add-on unit,
These units come in different forms and
can be used to receive a variety of different
transmissions dependent upon the unit.
Most of them interiace to a PC to display or
decode and display the information.

Before buyving one of these, it i necessary
o decide exactly what gransmissions you
want to receive. Different units receive
different types of transmission, although the
more expensive units are usually able o
resolve most of them.

[AN POOLE

Photo 8. Newnes Short Wave
Listener's Guide.

Books

This can only be a-very short introduction
to what is a fascinating hobby: Not only is
there the excitement of hearing s@tions
from all over the world, but there is also
the interest of looking at the latest
technology and learning about it. There is
also the added fascination of learning from
the variety of transmissions made from all
over the world. From broadcast to radio
amateurs, and from press releases o
weather maps and much moresthereisa
whole world of interest foranvone
wanting to take up the hohby of short
wave listening.

For anyone wanting to read more about
the hohby, Ian Poole bas just bad bis
latest title publisbed. Called Newnes Short
Wave Listener’s Guide and published hy
Buttevworth Heinemann, it is a
fascinating introduction to his bobby.

See our book offer on page 75
of this magazine.
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he question is. in fact, a linle unfair.
Tlt's not that no-one put their name
the oscillator, more that practically

everyone dick. Names that are the common
currency of the communication engineer’s
speech in fact, such as Colpitts, Meissner,
Hartlev, Round, Pierce, Franklin and
Armstrong. So, let’s rephrase the question:
who, among this distinguished company, first
came up with the idea? Actually, none of them.

The first man to discover thar a Triode
valve could be used as an oscillator was its
inventor, iee de Forest, around 1911-1912.
However, he shortly got involved in
telephone repeater design and, having
built and tested a repeater circuit based
on his valve on the local elephone lines,
prompily accepted $50.000 — some £10,000
— for the rights to his amplifier. Thereafter,
his interest in the oscillator was largely that
of a patent litigant, as we shall see shortly:

The Vintage Years -
1913-1915

There are, as we all know, good and bad
vears for wine. If we were to apply the same
cateria o oscillators, the period 1913 1o 1915
would have to be mared vintage vears, as is
borne out by the patent applications. The
first in the field was the Austrian engineer
Alexander Meissner. who applied for a
patent for his circuit on 9th April, 1913,

Born in Vienna, Meissner studied st the
city's engineering college, graduating with a
Doctor of Science degree in 1902, Five vears
later, he joined the Telefunken Company in
Berlin, where he worked on improving the
antennas used in longwave communication.
new amplifier designs and, of course, the
oscillatory circuit which bears his name.
This is shown in Figure 1.

By 1911, he'd become involved in
the carliest work on what would later be
termed Avionics, or Aviation Electronics.
He designed the first rotary radio beacon
to aid airship navigation, an equipment
that would later become known as the
Telefunken Compass.

WHAT’S IN A

o000 OES

PART &

Back to Basics: |
_The Oscillator |

by Greg Grant

We've all seen the television commercial, the one for
a popular brand of mayonnaise: “Without a conductor;
there is no symphony . . . efc. . . .” It’s the same in
communications engineering. No oscillator, nothing
to engineer or communicate. So, who invented the
oscillator and why didn’t be put bis name to it?

NAME

o000 0000

Two vears later. he became the first radio
engineer o amplify high frequency mdio sigrls
by using negative feedback (NFB), in a valve
circuit. His arrangement, although crude, did
mitke the receivers of the day th bit more
sensitive than thev'd been up to thar time,

His oscillator was not a success, due o the

i Wehnelt cathode in the valve he was using

burning out afier only a few minutes operation.
The power output too was nothing m get

greatly excited about, although it did enable

him t0 achieve communication over some 36km
with the circuit. From 1928 onwards, he was
a professor at Berlin's Technical University.
The news that Meissner had succeeded in
generating continuous oscillations had been
hrought to Britain by the Marconi engineer,
C. S. Franklin, who'd been on a visit 1o
Germuany at this time. He and another
Marconi engineer, H. |, Round, were themselves

: working on the design of oscillators and

were close 1o finalising their ideas.

Naturally, neither they nor Meissner were
aware that, acruss the Athintic, Edwin Armstrong
was also close 1o realising the same goal, as
were Edwin Colpitts and Ralph Harley,

= g4

11111

Figure 1. Meissner's oscillatory circuit of 1913, The unusual valve symbol =~

denotes a Leiben-Reisz tube.

Figure 2. Franklin's oscillator circuit of 1913.

Te detector
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Thus. in the relatively short space of
21 months or so, no less than half 4 dozen
osciliatory dircuits appeared, many of which
would not only advance commuaications
engineering, but also the financial well-being
of patent Lowyers!

Charles Samuel Franklin
Meissner’s patent was followed by that of
Franklin, which dates from June, 1913.
Afthough Figure 2 shows an amplifier
circuit with negative feedback, the patent
made it quite clear that the originator
knew the circuit would oscillate.

Charles Samuel Franklin, the youngest of
i3 children, was born in 1879 and suffered
poor health for most of his formative years.
Nevertheless, he complered his engineering
training at Finsbury Technical College under
Professor Silvanus Thompson. the author

of the groundbreaking Calculus Made Easy;
one of the eardiest attempts to pur calculus
a4t the service of electrical technicinans.

Joining the Marconi Company in 1599,
Franklin worked in South Africa during
the Boer War and later demonstrated the
company’s products in Russia before
coming to the attention of Marconi himself,
who made him one of his assistants.

This was the turning point in a carecr
which culminated in Frinklin becoming
Chief of Independent Research. Franklin's
first patent, the Variable Capacitor, dated
from 1902 and would be followed by
a further 64, among which was his
Master Oscillator, Ganged Tuning, the
Coaxinl Cable and Variable Coupling.

Slightly built, diffident and modest,
Charles Franklin remained a dedicated
Marconi Man’ until his retirement in 1937,

CI'

R_

e

C:?

[

= 1

Akl bl
S

N

J—=

Rz
= 7.

Figure 3. Armstrong’s ‘Regenerative’ circuit of 1913.

L

Figure 4. Henry Round's oscillator circuit of May, 1914,

BrerRan R rae

Edwin Howard Armstrong
Four months after Franklin's British patent,
the American inventor, Edwin Howard
Armistrong, announced his oscillatory
circuit. Figure 3, with its stange
representation of a trinde valve,

is taken from the patent apphication.

A mere 22 vears old and a recent graduate
of Columbia University. where he'd studied
under Professor Michael Pupin, the inventor
of the Loading Coil. Armsuong would prove
to be one of the most innovative of all the
radio pioneers and — possibly — the first
communications engineering millionaire.

Apart from the Regenerative circuitas he
rermed his oscillator, he also invented the
Superheteradyne, or ‘Superhet svstem of
reception, an idea of such originality that it
remains, to this day, the basis of all mdio
receivers. Fimally, in 1933, he made another
major inyention: Frequency Modulation,
or EM, broadcasting.

However, shorty after inventing his
osdillator, he dashed with de Forest over
who acrually invented the mriode-based
ascillator circuit, This acrimonious legal
punch-up continued for an astonishing
20 vears, the American Supreme Court,
no less, finallv judging de Forest as having
primacy, in 1934.

Armstrong had similar problems with
his invention of FM. From 1948 onwards,
he was imolved in litigation with the
Radio Corporation of America (RCA) and
20 other smallér manufacturers. By 1954,
this inventive genius had enough of
litization, courts — Supreme or otherwise —
and patent lawyers. Ar the end of January,
he threw himself from a window of his
131h floor New York apariment.

He did, however, have the last word. just
before taking his own life, he gave his alma
mater; Calumbia, 50,000 to underwrite
research into the success or failure of the
faw in judging complex rechnical marers.

Henry Joseph Round

In May 1914, ver another oscillatory
patent was granteid, once more.in Britain.
The engineer behind the designwas
another “Marconi Man,” Franklin's
colleague, friend and occasional rival,
Henry joseph Round.

Having graduared with first class honours
from the Royval College of Science, Round
joined the Marconi Company in 1902,

He stayed with the company until 1931,
when he retired to set up in business as a
consultant. Six years later, however, he
returned to Marconi as an adviser,
remaining as such uniil his death.

Apart from his oscillator. shown in
Figure 4, this cheerful, forthright extroven
developed a Gramophone Recording |
system, Amplifiers, a Public Address system, -
the *Straight Eight' receiver; 2 number of
antenna systems and — perhaps his most
famous achievement — the Tetrode valve.

Throughout his long and moss
productive life, this holder of both the
Brirish Military Cross and the prestigious
American Armstrong Medal, filed no less
than 117 patents. He tock out his last one
in 1962 when in his 81st year, and he
renuined actve, curious and innovative
wniil his death in 1966.
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1t’s for his oscillator, however, The Quartz Crystal l

thai he's renowned, because his circuir.

Ralph Hartley

o~ - 1 ~ - a e -

| ”_EII'C_I"L;M_“-‘ h'fl_“_ 1‘21‘» angtiet f‘_{“tn_u_n along with Hartley's, has been the Oscillator |
patent .mn:)l_.mu:d yet another oscillatory mainsay of communications engineering ¢ In fact, the coming of the quartz crystal [
drcuit, one developed by Ralph Hartley, almost since its inceprion. Today, i would establish a level of swbility hitherto
‘“_“m tmE SUpCHvElags e dt?"d‘ I although transistarised and their : only dreamed of. Yet, the pru;}tﬁim of
o {}“h‘ H O s _Iur the Bell System’s :i.{:il‘_ii.ii{\‘ assured by the use of i this fairly common, u glamorous rock

' !—Bdl‘_"["“fici]]_f‘ e m“,il_"‘ Gotemh quartz crystals, they remain i had been known for some time. So, who
o e dtion e Uity o U | o e st o |

' ; communications ¢ircuit. i oscillatory cireuit? Watch this space!

to Oxford, where he graduated with a BA in |
1912, and a BSc in the following vear. On :
returning to America, he joined Western :
Electric Laboratories, where he developed - 470047k

the circuit that bears his name. HT
In the 19205, Hartley became interested ™ ¢ 33K 0.005—
[ in voice transmission and telephone B8k 0.01

repeaters, initially at Western Electric
then continuing with Bell Laboratories
after their foundation in 1927,

His outsianding contribution o
communications engineering, however,
was in Information Theory. He was the fist
investigator to develop a law linking time 50—100pF
t0 bandwidth and information, which he :

published as early as 1926, with a more L
dewailed exposition appearing two vears 33k—
later, some 20 vears before Shannon and 100k
Weaver's more renowned work.

0.005—
0.01

Another prolific inventor, Ralph Hartley
held some 72 patents on his retirement
from the Bell Laboratories in 1950, He lived

for another 20 yvears, long enough 1o 1
| witness the myriad developments which : —
| sprang from his originations. i

Edwin Colpitts

| In March 1915, Edwin Colpitts received a _

patent for his oscillatory circuit, an early : iE .
example of which is illustrated in Figure 6.

A Canadian by birth and uphringing, Colpits
graduated with a first class honours degree
from Mount Allison University New Brunswick, '——I

L=
i
=
=
!

Figure 5. Hartley's oscillator circuit of February, 1915,

R—F
CHOKE

to which he shortly afterwards added another
irom Hanard. In 1897, he completed a Master's
degree and remained at Harvard as a member
of the physics faculty unil, in the century’s final
vear, he joined the Bell Telephone Company,

For the next two decades, Edwin Colpitis ¢ B+
conceninited on improving the circuits and 2 Ra

equipment of the emerging profession of
commurnications engineenng. Among his many
contributions were the Push-Pull Amplifier
of November 1912, high frequency and Line
current medsuring instruments and further Figure 6. Colpitt's oscillator circuit of March, 1915,
development of the Loading Coil. :

Tokens are available from all Maplin Stores in denominations of £5;
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Diary Dates

Evary possitie effort has been made

1o ensure that information presented
here is cofrect prior 1o publication.

To avoid disappointment due (o late
chanses or amendments, please contacl
even! orgenisations to confirm detalls.

April 1997

8 April. Construction/Night on the Asr,
Sromsgrove Amateur Radio Society.

Tel: (01527) 542266.

8 to 10 April. Ervironments! Technology,
NEC, Bimingham, Tei: (0181) 810 7910.

14 April, Annual General Mesting,
Stretord-upon-Avon & Distnct Radio Sooehy.
Suatford-upon-feon. Tek (01789) 740073,

14 to 17 April. Tenth Intemational
Canference on Antennas and Propagation,
Heriot-\Watt Univer Edinburgh.
Tel: (0171) 344 5478,
19 April 1997, Exnibition of eardy
Marconi apparatus to ceisbrate
intermnational Marconi day at the

fireless Museum, Puckppol Park.
Se v, 1.O.W. Tel: (01983) 56T665.

22 to 25 April. COMDEX - [nformation
Technology Trade Show, Ears Couri,
tandon, Tel: (0181) 741 8899,

25 April. Top Band Direction Finding
Competition, Stratford-upon-Avon and
District Rsgio Socisty, Stratford-upon-feon.
: (01789) T40073.

May 1997

2 to 4 May. Intemet Live, Eafis Court,
Lendon. Tel: (0181) 948 1666,

12 May. Visit to the Technical Operations
Centre, BBC Transmissions, Wanwick,

Stratford-upon-Avon & District Rado Socety,
Stratford-upon-Avon. Tek: (01789) 740073,

13 to 14 May. Property Computsr Show
Northi, Royal Armounes, Lesds.
Tel {01273) 857800.

13 to 15 May. Technology Transfer
Extibition, NEC, Birmingham. Tel:
(Q181) 302 8585.

20 to 22 May. Imtemet Worid, Olymps,
Londan. Tet: (01865) 3B8000.

26 May. Discussion Night.
Stratford-upon-Avon and District Redio
Snciety, Stratford-upon-Avon,

Tel: (01789) 740073,

June 1997

June 1997, Samsizy & Disinct Amateur
Redio Club coach trip to Frisdrichshafen
Hamfest, staying néar istand of Uindau
for 6 nights. Further information from
Eriz GALUE, 8 Hild Avenue, Cudworth,
Bamslay, South Yorkshire ST2 ERN.

Tel: (01226) 716339, Mobile (BB36)
748058,

2 to 5 June. CIRED - 14th Intematcnal
Electrizity Distribution Cenference and
Exhibition, ICC, Birmingham.

Tel: (0471 344 5478,

3 to 6 June. UKCMG Annual Conference
and Exhibition, Riviera Centre, Torquay,
Tel: (01635) 32338,

9 June. Two Metre Direction Finding
Compstition, Stratford-upon-Avon and
Distnet Radio Society, Stratford-upon-
Avon, Tel; (01789) 740073,

18 to 19 June. Govemment Computing
and Information Managemant, Royal
Herticultural Halls, London,

Tl 10171) 587 155L

23 June. Technalogy Evening,
Syatiord-upon-Avon and Diswict Radio
Society, Stratford-upen-Avon.

Tel: (01789) 740073.

24 to 26 June, Dambase Expo, NEC
Bimingham. Tel: (0181) 742 2828.

24 to 26 June. Networks '97, NEC
Bimmingham. Tk (2181) 742 2828,

Pizasa send details of events for
inciusion i 'Diary Dates’ to: News Editor,
Electronics and Beyond, PO. Box 777,
Rayleigh, Essex S56 BLU or e-mail ©
swaddingtonfcix.compulink.co.uk.

What's On?

Intel Boss Warns
European Leaders Of
Technology Deficit

Intel president and CEO, Dr. Andy Grove, in his
opening plenary session speech at the World
Economic Forum in Davos, Switzerland, advised
European government and business leaders to
take advantage of their existing infrastructure and
substantial investments in information technology
(IT) as a competitive tool in the mce towards
globalisation. He said that withour significant
national programs and incentives towards
increased utilisation of existing technology. IT
investments alone would not be enough 0
maintain competitiveness with emerging markets.

Dr. Grove further warned European leaders that
the consequences of not adopting and
encouraging the use of PC-based technology asa
fundamental part of business and education could
leave furure generations of Europeans with a
technology deficit.

Using Intel as an example, Grove demonstrated
how a global $20 billion business uses PC-based
electronic communications 1o give it a competitive
advaniage. Intel has invested $450 million in its
C-based digital communications infrastructure, has
42,000 PCs for its 48,500 employees who send
over a million e-mail messages per day.

Dr. Grove said, “In modern business, speed is
the difference berween success and failure — speed
of decision making, speed in meeting customer
needs, speed in delivering products when and
where the market needs them — these are some of
the critical factors required 1o win globally”

Also in his speech, Dr. Grove described the
Internet as a Strategic Inflection Point —2a point in
the life cycle of an industry which is undergoing
fundamenial change. He argued that the Internet
will radically change and create new industries
from today’s relecommumnications, media and
services industries. Such radical changes create
opportunities for businesses and economies which
can operate in these new industries.

Tndeed, these changes are already taking place
throughout the world and Europe has the
opportunity to be a global leader. given its current
IT investment and infrastructure. A specific example
Grove cited was that the Internet provides a direct
link to consumers for advertisers of goods and
services without having to go through an
intermediary like television or print mediz.

Grove asserted that Europe's communications
infrastructure is an advantage but he balanced this
with data showing the growing gap in Europe’s
useof rechnology compared to the US and
emerging markets in Asia. “The data shows that
Europe, while Tich in infrastructure and PC
consumption, is relatively poor in terms of
technology utilisation. Over the long term,
Western Europe is farecasted to lag behind
emerging markets in the deployment and
utilisation of PC technology”, he concluded.

For further details, check: http://waw. intel .com.

Contaci: Intel, Tel: (01793) 403000.
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Inaugural Meeting of
European ISPs Airs Key
Issues for Internet Future

Over 200 European Internet and Online Service
Providers, from the largest to the smallest, met for
thie first time in Cannes, France over the period
7th to Sth February 1o discuss the commercial,
Teaal and technological issues that will shape the
Internet to the year 2000 and beyond. This event,
the first of its kind, was orzanised by US Robotics,
and has laid the foundation for the next ISP
summit meeting in 1998.

The summit was a forum in which ISPs could
communicare and share experiences with their
Furopean peers. It also presented US Robotics’
views on future Internet access stratcgics,
including emergent technologies such as ADSL,
ATM, Wireless and cable access. ,

Mike Valiant of US Robotics Network Systems
Division, told Electronics and Bevond, “The
Internet and on-line world is growing and
diversifving at an explosive rate. The summit
mieeting brought technology vendors and 15Ps
together to identify future challenges, and 10
present ways of meeting dnd resolving them. The
summir’s success underlines the need for this type
of communication, which is why we are already
making plans for next year's meeting.”

Barticipants atending the summit included
leading 1SPs and technology comipanies, such as
Microsoft, the Gartner Group, UUNET Pipex,
Telewest, Unisys, Siemens, Grolier Intéractive, and
the Dutch ISP Society: ISPs from 10 European
countries and bevond auended the summit. .

'S Robatics has already spurred the growth of
the Internet with the announcement last Ocober
of 2 modem technology which doubles the speed
4t which dara can be downloaded from the
Internet over ordinary telephone lines.

New sttistics from the company estimate 70%
of Tnternet subscribers worldwide will have
access to the Web through 1SPs that support its
new x2 rechnology.

For further details, check: http://wa.usr, co.uk.

Contact US Robotics, Tel: (01734) 228200.

May 1997 ELECTRONICS AND BEYOND @D

"l



aw data is taken from an
MSF receiver. There are

: mENy receiver options o

¢ choose from. The simplest one

¢ is described here. The time and

i date is displaved on an LCD

¢ chamcter display module and

i also sent out as seral data to a

¢ PC. The compuiing performed

: by the PIC is extensive. It has fir

: moreerror checking than the

i “BASIC’ program listed in Issue

¢ 47 of Electronics. I ran up

i against the 1,024 instruczion

¢ maximum for the PIC16C71 and
had 10 go through a couple of
rounds of cade rationalisation

;1o fiteverytliing in. T am not

: going o fist the complete code

I as it runs o some 27 pages of

I Ad! However, [ will describe the

¢ logic Bow and a couple of

: useful subroutines.

. Development

- History

i My first MSF clock was a

i stndard kit using a 780

i microprogessor to drive

I 6 x T-segment displays. 1 later

used my own Z80 single-board

¢ computer to take data from this
i system and display the time on
i 2 6digie LCD and the dat as

! text on an LCD Character

¢ Display Module. Then I moved
i 1o putting all the dam o a

{ Character Display Module, this
i time using my Z80 1o do all the
i processing, starting with the

! raw daw from the MSF receiver
i Arabout this time, ! bought

i the PICSTART B1 kit as |

o000 00O0OROPORODO Pnnlz OOOOGOOOOQ...i\\'ﬂntc{imdt‘ﬁign:tspeed
control for electric powered
' model aircraft. Later, [

; : o i wondered if the 760 lines of
OC : . rQ] ect : code in my Z30 SBC (with its

: powerful instruction set) would
I squeeze into the

1.024instruction capability of
by Dr. Mike Roberts i the PIC16CT1 with its reduced
.. o . i instructon ser. To my delight, it
This is an ideal project for the PIC microcontroller.  did. This gives an idea of the
You can read this as an example of the PIC’s capability =~ 5! loss in code efiiciency

moving from other 8-bit

Oi‘just buifd if as a Pr Oject uSing the P I C dGTROHSt’r aﬁon microprocessors o PICs.
board described in Part 1 and a Dre-programmed PIC. Initally 1did notinclude the

i serial da outpur facilite lewas

i this addition that required

: some fine-tuning of the code,

: Some readers might be
SPECIFICATION { asking “how difficult is it ©
WL ] : write code for PICS?” My
Input: MSF data as positive-going pulses i background before attacking
Output: 40x2-line LCD Character Display Module i 780s and PICs was having done
Serial data for link to a PC ¢ some BASIC and FORTRAN 20
Bxample display:  Good Moming it's 11:29hrs and 23s : years ago. This or similar, plus
Sunday 10th March 1996 i tme spent understanding the
PIC Software: Error-checking both on parity bits and that the data is feasible (e.g., not 40th register and memory structure
January), taking into account normal leap years. Automatic switching to intemal D of PICs, forms a good basis. The
timebase when signal is lost. PIC reduced instruction ser is
PC Software: Emulation of the character display module on screen. i quick to learn and you soon
Option to update the PC date and time. : develop tricks to get solutions
Compatible with DOS, Windows 3.1 and Windows 95. i tothe problems you wish to
¢ solve. Also, the Microchip
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—_—

100ms 200ms 300ms

—_—

Start
of
Second

Figure 1. MSF code.

t.Il +pGﬁty |1-

Application Notes are full of
excellent examples.

MSF Signal

The time signal is tansmitted

from Rugby on a 60kHz carrier.

A data set is transmitted every
minute at a rate of 1 bit per
second. The dara is read by :
measuring the length of the
interruptions of the carrier. A
break of 100ms represents a0, =
200ms represents 4 17 and :
300ms represents @ 1 witha
parity of °1" (see Figure 1), The
data includes the date and time
information in a Binary Coded
Decimal (BCD) form but
excluding data bits, which will

always be zero. For example,
the “tens’ digit for the day of the
month can onlvbe 1, 2 or 3.
Hence, the data transmission
for the tens” digit for the day of
the month only uses two hits,
The full dat sequence is shown
in Table 1. The data finishes
with a sequence 01111110
This is unigue, @8 BCD plus the
shortened BCD used here
cannot have six '1's in a row:
Hence, the end of data can be
found by looking for this
sequence. Parity information is
added to the "1's in this end of
data sequence.

The flow diagram for the clock
is shown in Figure 2. This is the

Second Information

[+] Fast code, same data but quicker!
1-18 ;
17
is
ig
20
21
22
23
24
25
286
27
28
29
30
3
k7 J
33
34
35
36
37
38
32
AD
41
42
43
44
45
45
a7
48
50
51
52
5
34
55
56
a7
58
9

80
40
20
190

Year (0-99)

Mont (1-12)

Day of Month (1-31)

Holr (0-23)

Minute {C-58)

= =

Stant of framing patiem

Parity —year

Parity — day. and month
Panty - day of wesk
Parity — hour and minuie

e e e e e R e N e L Rl -

L

End of framing pattiem

Table 1. Full MSF data sequence.

Difference between British Standard snd Universsl time (not used hera)

Day of Wesk (0-8, O0=Sundsy)

cadle thar is implemenied every
10ms. 1 have excluded the sanup
sequence, which is essentially
the code described in Pare 1.

Clock Software

There is a software counter
which is incremented every
time the outine is run. When
this reaches 101}, it is reset 1o 0.
This counteris used both o
measure the durion of the
clatz coming in and to rigger
seconds, which in turn figeer
minutes, hours. etc.

Counts of 8-14 are accepied
as adata 07, 18-24asa 1" and
28-34 asa ‘1" with panty “1". Any
reading outside these ranges is
treated as an error and is
discarded. These ranges have
been selected to accept data
from the MSF receiver module
described here. Lhave built 3
other receivers, including both
of the Maplin designs. These all
gave similar or better pulses
(ie., closer to 10, 20, 30ms).

When the clock is first
powered up, it displays “Waiting  :
for data XX rather than 'Good
Morning it's.... XX is the
duration of the lust pulse
received in hundredihs of a
second. This feature is very
useful 1o check that the MSF
receiver is working and
producing pulses of the
required widths.

The parity check adds up the
“1's in the corresponding data
(e.g., hours and minutes) and
the appropriate parity bir and
checks that the sum is odd.

-~

The check on the validity
checks that the minute is (-39,
the hour is (-23. the dav is 0-6,
the month is 1-12, the dav of
the month is in the range for
that month (including
checking forleap vears) and
the vear is (99,

When the cock incremenis
time using its own internal
timebase, it takes all the
above into account. It indicates
that it is on its own umebase
by putting a =" before the ‘s’
at the end of line 1 of the
display module:

The incrementing of seconls
always uses the inernal
timebase. synchronised to the
end of the last good data set.

Driving text for the display is

Fairly straishtforward. The logic

for deciding whether 1o pur a
st ora'nd ora‘rd orath
after the day of the month wok
a liutle thoughe. My first artempt
produced “13rd’, much 1o the
amusement of my family.

There is a fair amount of text
data 10 be handled. In Parr 1,1
showetd how to send “Hello
Fred' o a display module. This
reqquired 2 instructions per
charcter. With larger amounts
of text and where the text
changes (e.g., ‘Monday’,
Taesday’, ete.). it is more code
efficient w use a “Table Read’,
which uses only one instruction
per charnicter over the code
needed to read the wble. This is
described in detail in the
Microchip Application Notes.

Displayving a binary number
as text needs a liule thought.

movwE benp2
temp2, F

ngiw h s
adaws temp2,W
;10 % Top nibbie
return

Subroutine to corvertc hinsry te BLED
Start with w holding binary number
Pinish with most sig. Gigit in msd
znid least sig. digit in 3

e me owa ws

Ep

BINBCD clrf m=d
movwE lsd
gtenth moviw 4’10
subws 1s=d,W ;w=1sd-10
htfss STATUS,C ;skip 3£ + er =zZsro
return

movwE 1lsd
inct m=d,F
goto gtenth

;isd=isa~-10

Listing 1. Subroutines to convert from a 2-digit BCD number
to a binary number and vice-versa.
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Start here
every 10ms

Increment ‘csec”
set to O =100

Input
chonged?

Start
or end of
pulse?

Start

Record
CSEcC

Calc. pulse
duration

§7

‘Push value
into 43 bit shift

register

CSEC
zero?

Y

Increment time
if on internal
timebose

Update
display

Return from
interrupt

Figure 2. MSF clock flow diagram.

End of doto
sequence?

Parity bits
OK?

Update
time

!

Synchronise

csec with start
of pulse:

The time dam comes in as BOD.
1 converted this to binary 10
make the incrementing of time
easier. However, we read
numbers as decimal, hence the
need for a routine to convert it
back 1o BCD and then o ASCII

for the display. Listing 1 gives
subroutines to convert from a
2 digit BCD number to a binary
numbser and to do the reverse.
Conversion from a single-digit
BCD 1o ASCII is easy. Since the
ASCII code for 1" is hex '31°,

and “2" is hex 32" and so on, all
vou need is to put the number
into "W’ (movEW) and use
qaddis h'307 -

The Millennium-conscious
amongst vou will have noticed
the absence of the century in

the dara ransmission. [ have
handied this by using RAZ as an
input 1o define either *19" or
*20°. This can either be
connected 1o a switch ora
shorting jumper can be fited
on the pair of pins (one pin is
at 0V) and just remove the
jumper at the end of 1999.

Clock Hardware
The small size of the FIC
demonstration board provides
scope for a neat enclosure.
However, I did find I needed
1o search 1o find the box in
the photograph and a display
small enough (in height) to fit
into it. 1also have a smaller
version with the display and
PCB squeezed into a wiangular
box cut from plastic cable
trunking. This fits between my
PC and its keyboard. Choose a
box 1o suit your needs. Please
check the location of
mounting pillars as well as the
external box size:

Receiver

My favourite receiver involved
gerting a Maplin MSF clock
module (the one with hands!),
ripping it w pieces and picking
the signal off a tiny picce of PCB
wrack inside, Forunately; you
can now get something close o
this as a pre-tuned antenna and
receiver module. All that is
needed is a simple circuit to
provide a 3V supply for the
module and convert the output
to @ 3V signal for the PIC. The
receiver drcuit is shown in
Figure 3 and the PCB layour in
Figure 4.

It is worth puming the
receiver module and associated
PCB into a separaie box so that
the best location can be found.
In theorv. the best orientation is
with the antenna perpendicular
1o the direction of the
transmitter at Rugby. It is
probably best placed more than
2m from televisions and PCs.

e

]

05V

MSF Module

(-
-
L

Antenno

S?gn; [ l =
Disable }— ;‘.L"l © Signal
= o
- R:}L] CZT c3
l ] + LG}\"E

GND

Photo 1. Remote MSF receiver unit
plugged into the back of the MSF clock.

Figure 3. MSF receiver circuit diagram.
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MSE Module

Antenna
R1

c2 (pm— +5V
1 1C1 0 = Signal
(== Ground
R2

== O
R3 c3

Figure 4. PCB legend and track.

' Photo 4. D-type connector lead used to link the MSF clock
to a PC's serial port.

Construction is quite
straightforward. | usually add
components in the order of
their height! The module is
mounted to the main PCB via
4 wire links.

Serial Link and
PC Software

The cable connections for the
serial link were described in
Part 1. The PC sofiware which
picks up the serial dagais a
Microsolt Visual Basic (DOS)
program which'can be run in
DOS, Windows 3.1 and
Windows 93. It uses COM2 o

the PC is a copy of the dispiay
in the character display module.
The only difference is that the
background colouris green if
the clock has just received a
good data set or vellow if it is
working on its own timebase.
A burton marked “Update’ can
be operated by a mouse or by
pressing ‘enter’ to update the
PC’s internal clock and
calendar. The program is
availible from the author with
the routines mentioned in
Part 1. To load the program
(msf clk.exe). just copy it inta
the appropriate direcrory and if
in Windows, click and drag it
from File Manager onto the
appropriate deskiop group.
There is an icon (msf_clkico)
if you wani o use it. Connect
up the serial lead and power
up the clock before running
mst clkexe.

Recommended
Reading

Microchip Embedded Control
Handbook, Application Note
ANS48 Implementing Table
Read and Tible Write.

receive the dara. The display on Order Code ADZSE
Printed Circuit Boards, PIC and PC Clock Program
Tre following are avaiiable from the author (prices includs posiage):
DewxiopmentClock PCB £7.50
Recener Module PCB £5.00
Programmed PIC for MSF Clogk £12.50
Dise with P Ciock program and Sxample code fom Part
{note this does not include the PIC MSF Clock source cxla) £3.08

Or ke Roberis, 4 Thamss Avenue, Guisbomugh, Cleveland T514 BAD.

IC1 LM358N
icz LM317LZ

MISCELLANEOUS

or Backliit Version
MSF Receiver Module
MSF Antenna

Box for Receiver
Printed Circuit Board

MSF CLOCK PARTS LIST

PIC CIRCUIT BOARD AND SERIAL LINK
See Part 1 for paris list. Note the crystal is 3:2768MHz (FY86T) and C11
& 12 are 12pF (WX45Y), C12 is omitted if C13 (optional) is Titted.

MSF RECEIVER

RESISTORS: All Mintature 0-125W 5% Carbon Rim
Ri 100k

R2.3 10u0

R4 2200

RS 3300

CAPACITORS

ci 1uF 35V Tantalum Bead

cz 0-1uF Resin-dipped Ceramic
C3 33uF 18V Radial Electrolyic
SEMICONDUCTORS

LCD Character Disglay Module

Dise with PC Clock Program

The Maplin ‘Get-You-Working' Service is not available for this project.

The above items are not available as a kit from Maplin Electronics.

(M100K)

(M1OK)
(M220R)
(M2330R)

P

(WWe0Q)
(RA43D)
(AUOOA)

(g

(UJ34M)
(AV2GD)

o

(DKB4U)
{DKBTX)
(MKB8Y)
(MK72P}
(LLIZN)

- Se_e TExt -
*SesText ™

L e e el il el
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CORRIGENDA
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March 1997/Issue 111

IMPORTANT SAFETY
NOTICE
Air Your Views Page21 | :

Mains Isolation Box

L. C. Thomas of Gerrards Cross,
Bucks. has brought to our
artention that the drouit disgram
accompanying the Star Teuer
(Mains Isolation Box) conmins a
aumber of errors, some of which
have serious safery implications.
They include:

1. The PUIPOSE ¢ WSZas :
described and its wiring do not :
mzake sense. In order for the 4mm
output socket voliages 6 1o 11 10
work, both the high and low
circuits must be powered
simultaneously: :

2. 54 either puts a short across
the 240V supply or shors out half
the primary of T3. In the latter
case, T3 would ripidly overhan
hecause of the shored tums
Whether, or how quickly, this
would blow the mains fuse would
depend on its rating, which is not
specified, and the quality of T3.

3. The secondasy of Tl is
murked as 12040120 and 45V Ifa
winsformer of the former type
were used, the voliage at the 134 :
output sockes would be abour 2
1. 200V

i. The prmary of T3 is marked
L& Nand 12040-120. A distinction
should be made berween what
may be marked on the
transformer and whar is applied :
toit. The centre tap will cerminly 2
not be a OV

3. The 48V output on the 4mm.
socket will not work since S3btag
6is not connecied. :

6. There is no mention of the
negd to wire the minsformers in
the correct phase nor of 83 being
a break-before-make switch. The
life of the 1EDs is likely 1o be
limited since both are subjectoa
reverse volage in excess of the
typical maximum rting. Such a
failure could lead the userwo =
believe the unitis off whenitisin
!'=|ﬁ still powered

. Of great concern is the

provision of three outlets, 240V
on a 13A socket, a 3-pin socket for
1OV (oris it 120V) and the 4imm
sockets. It is absolurely essential
that only one piece of equipment
is powered from an isolating
nnsformer at a ume. Ifewo
Iive-chassis radios were plugged
in, the voliage between the
chassis could be 240V - an
l evremely dangerous situation

with possibly fatal consequences.
‘ As stied. the unit could be

moxlified o suit the users’

Amended version of the
L3 n SG(D = TR0 TNk Tnky Mains Isolation Box.
i o
:-c!.---l Sib 1200 L T . T2 120v
L T e ! Red Serend \
Primary w {‘LF_O dary Primnary 5 oF
[] i 1 1 13 dmp &t
1230 ll ] z&f‘. A.c oN
—-—-i
& Hs V2 N ) 7
} ir |
E&‘*D‘I\-.s— 2 (
52 1204 N T3
LOW g 3 o/p
% E |l ~ | ; 0’ &C. ON
! 5-.:-!
5 t e ol (I Fin —.e-:l!'.
1oLy ém =
|
& F 2
—1—04 BO—
—a3 S0 NC
2
T ' 3 o NS
2 S0P
4mm sekels
:‘m—mée
L veiings
=
\a o—
TPOT
ro OUTPUTS
st
7 s 1 — 275/55/
| Lo¥ 2 =15
3 — 1 Low volte
4 — 15 Grzan LED
5 — 24
5 — &V
7 -7
8 — Say High woifa
3 — NC Red [ED
10 = NC
11 — tav

requirements, so the 3pin 110V
socket might be changad toa
sevond 13A socket and wired for
240V, making the above action
even more likely

Centronic 24-line Input/Output Card Part 2, Issue 112, page 15,

The Gremlins crept into Figures 6A and 6B whereby no
interconnections appeared. We will remedy this in the next issue

8. The carthing requirements
for such a device are far from
simple

eording pm’m 1, the wiring 1o
mh (] D;‘ S3b was omitted, It
shotild be conrecied o tbe
secondary wirndings of T1 and T2
s showmn

Regarding point 2. there was
i unforiunate misprint in the
wiring to fransformer T5 — please
see revised wiving in the divigram
shown. No fuse raiing weas
specified by the originator of the
circaadt sehich will in ey case
deperd o the power rating of
the transformers.

The revised diagram also
cddresses pointts 3 &4, that
miisleading details regarding
voltages at the tramsformers bave
been moved or deleted

Regandding points 6io S, we
rwondld like to reitervte the wse of
brecile-Before-make switches
througbotd the circedt and the
need o wire the transformers in
the coriect phease. i.e. the same
throughont. plus ibe adyice on
rm{r apercting one plece r.g.f'
equipnnent fromn the circuit at a
time. Forreliability, the LEDs
could be replaced by neon lamps
with series resistors (2200262
appraximately) connected doross
the primenry windings of
transformers THand T3. If in
doubt as 1o tse of the circuit and
suitable eqarth wiring. consult a
qualified elecirician
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THE COMPLETE RANGE
'OF MAPLIN GOODS
ALL UNDER ONE ROOF.

MAPLIN SUPERSTORE

SUPERSTORES NOW IN LEEDS,
NOTTINGHAM AND WEST THURROCK*

3 REGENT STREET, LEEDS
TELEPHONE: (0113) 244 9200

UNIT 2, CASTLE RETAIL PARK,
RADFORD BOULEVARD, NOTTINGHAM

TELEPHONE: (0115) 979 1028

UNIT B4B, LAKESIDE RETAIL PARK,
WEST THURROCK, ESSEX

* WEST THURROCHK OPENS APRIL 1997




Computers

Build a Quality 486 PC for Under
£200. Mo special skills or knowledge
required. Send SAE for details to:
Richard Gariand, 10 Barford House,
Bow, London E3 SHR

Various

Levell Audio Oscillator TG200D and
broadband voltmeter TMEB, £50 each.
Electrenic Avemeter EA113, £100.
Topward 20MHz dual-channel scope,
X10 probes, £175, as new. All with
manuals. Tel: (018B1) 427 1378
(Harrow).

Small Selection of Aircraft Starter
Motors, DC genemators and rotary
converters, possibly suit electric
vehicles, etc. £10 to-£50, depending
on type and condition. Tel: Bristol
(0117) 9793883,

Fluke 32 Tme RMS Clamp Meter,
case and leads. Test motor l.":ri\es
transformers, eu: New, boxed, id

for industrial efectrician, £80 or rwam
swap WHY? Tel: Green (01758)
TB0O310.

Matinée Organ Breakup, keyboard,
pedals, springline, frant panel, circuit
board (rhythm unit not working), swell
padal, power supply and spaaker.
Offers pleass, will sl ssparataly. Tel
(0131} 5565830 (pm).

Millennium 4-20 Stereo Valve
Amplifier Fisher 400-C valve pra-
ampiifier, Mr. Dinkar, Tel: (0181) 684
3691, eves.

Complete Home Workshop,
Tektronic 465 oscilloscope, 3A power
supply, Fluke 8,000 multimeter, Dial-
a-temp soldering iron; eiectric drill, 6
» 44 parts cabinets full of parts.
Many extras. £400 o.n.0., Tel: Dublin
(01) B420892.

Maplin Magazines Dec '87 o Feb
‘94, plus projects books 2 & 3. Offers
to: B Palmer, 3 Crown St., Oxford OX4
106. Tel: (01865) 725901 (eves).

WWII Rada Receiver Set with V.C.R.
97 C.R.T. in griginal packing cass,
Offers. Contact: (01727) 862702
(St Albansh.

Egnted

Handbook or Similar for Samsung
Pen Master 386/.20 iaptop. Will pay
in advance. John Lawson, 14 bGale
Green Aoad, London N11 1DL.

Tel: (0181) 368 5438.

B8A Series Valves Wanted, one s&t;
UCH42, UF41, UBCAL, 1147 Y44,
Mr. E Nuttall, daytime Tel: (01227)
368514,

Spectrum 128K +3 Computer, also

disk drive and printer. Frank Cosgrava,
59 Fenton Road, Boumemouth BHE
5BS. Tel: (01202) 432973.

HERO 2000 Wanted in working
arder. HEROD 1 considered.

Tel: (01243) T74285.

E-mail: mitfarunst.co.uk

Club Corner

ARS {Aberdesn Amateur Radio Society)
s evenings in the BC Hall,
ngorm Crescent, Kincorth.

s cantact: Martin, (CMOJICN),

1569) 731177,

For d
Tel: (

Placing an advertisement in this
section of Electronics and Beyond
is your chance to tell the readers
of Britain's best magazine for
electronics enthusiasts what you
want to buy or sell, or tell them
-about your club’s a es5 -
Absaolutely Free of Charge! We will
publish as many advertisements
as we have space for. We will print
the first 30 words free, but there-
‘after the charge is 10p per word
for each added advert par gada_ g

Placing an
Simply write yo - adve
_cleaﬂymnamlme

The British Amateur Electronics Club
(founded in 1966}, for all interested

in electronics, Four newsletters 3 year,
help for members and more! UK
siiberription £8 a year {Junior members
£4, pverseas membsrs £13.530).

For further details send S.AE to:

The Secretary, Mr. J. F Davies,

70 Ash Road, Cuddington, Nodthwich,
Cheshire TWB 2PB.

Bury St. Edmunds Amateur Radio
Society. Mestings held at Cutford
Schosd, 7.30pm for 8.00pm on the
third Tussday of each month, unkess
otherwise stated. Further details
from Hevin Waterson, (G1GVI),

20 Cadogan Road, Bury St Edmunds,
Suffolk P33 304 Tel: (01284) 784804,

Crystal Palace and District Radio
Society meets on the third Ssturday

of each menth at All Saints Church
Parish Rooms, Beulah Hill, London SE19.
Detzils from Wilf Taylor, (G3DSC),

Tel: (0181) 899 5732,

Derby and District Amateur Radio
Society mests every Wednesday at
7.30pm, st 119 Green Lane, Derty.
Further detalis from: Richard Buckby,
(G3VGW), 20 Eden Bank, Ambergate
DESG ZGG6G. Tel: (01773) B52475.
Electronic Organ Constructor’s Society.
Detzils of programme magazine and
membership from; Bon Bray (Hon. Sec.),
34 Etherton Way, Seaford, Sussex
BN25 308, Tel: (01323) 594809,

E.U.G. User group for all 8-bit Acom
Micros, since 1991, Still going strong
Programming, news, information, sal
G\'}nE‘L EU.G., 25 Berte Road, Southsea,
nis. POS BIX. Tek: (01705) 7T81168.

The Lincoln Short Wave Club

meets every Wednasday night at the
City Engineers’ Club, Waterside South,
Lincoin at 8pm. All welcome. For further
detalls contact Pam, (GASTO) (S=cretary).
Tel: (01427) 788358,

postcard or sealed-down envelope.
Then send it, with any necessary
payment, to: Electronics Classified,
RO, Essex SS6 8LU.
Advarlisernents will be
published as soon as possible,
space allowing. No responsibility
is accepted for delayed
publication or non-inclusion
of advertisements.

Readers who have reasonable -~

grounds to believe they have been
misled as to the nature of an
advertisement are advised to

act the Pustahﬁshar and their

Model Railway Enthusiast? How about
joining ‘MERG', the Model Electronic
Raitway Group. For more dataiis

contact: Paul King (Honorary Secretary),
25 Fir Tres Way, Hassocks,

West Sussex BNG BAU.

Preston Amateur Radio Society
mests every Thursday evening at
The Lonsdale Spans and Social Club,
Fulwood Hall Lane, Fulwood,

(off Watling Street Road), Preston,
Lancashire PR2 4DC. Tel: {O_‘J?E‘
794455, Secretany: Mr Enc Eastvood
(GIWCQ), 56 The Meds, F( Haton
PR4 1IB, Tl (01772) 6BG708.

Science At Your Fingertips.

Want to mest friends intersst=d in
Science? Send an SAE to: Daniel Ges,
S.AYFE, 37 Sauih fsad, Walchet,
Somerset TA23 OHG, or Scott Masan,
S.AXE, 58 Park Avenue, Devonpon,
Plymicuth PL1 4BP hitp://ho=spages.
entarprise.net/icedragon/says.htm

SEEMUG {South East Essex Mac User
Groun), meet in Southend, every second
Monday of each month. For detaiis

Tel: Michael Foy (01702) 468082,

or e-mail 1o mscBaikefoy.demon.co.uk.

Southend and District Radio Society
meats at the Druid Venture Scout Centre,
Southend, Essex svery Thursday st Spm.
For further details, contact PO. Box 88,
Ravleigh, Essex SS6 BNZ.

Sudbury and District Radio Amateurs
(SanDRA) mest in Gt Comard,

Sudbusy, Suifolk at 8.00pm.

New membsars are very welteme,
Refreshments are availabis. For

datsils pisase contact Tony, (GELOY),
Tel: (01787) 313212 before 10.00pm.

TESUG (Tre European Satefte User Group)
for 2ll sstellite TV enthusiasis! Totally
independent. TESUG provides

the most up-to-date news available

Please write your classified advert using one word per box helow.
Adverts of 30 words ar under will be printsd free of charge, but thereaiier the charge
is 10p par word. Please include any payment for extra words with your advert.

_Name
Address

[through its monthly "Footpan
newslatter, and a teletext mewc::

on the pan-European "Super Channal’).
It also provides a wide varnisty of heip
and information. Contact: Enc N.
Wiltsher, TESUG, PO. Box 576
Ormpington, Hant BRE GWY

Thanet Electronics Club. For school age
Ham Radio and Flectronics enthusiasts,
enters its 16th Year. Meetings held every
Menday evening from ]':.Gsm at The
Quarisrdeck, Zion Place, Margats, Kent.
For further detals contact: De Hen L Smith,
(S311X), Tei: (D1304) 812733

‘Wakefield and District Radio Society

meet at B.0Opm on Tussdays atthe
Community Centre, Prospect Road, Ossett,
West Yorkshire. Confact Bob Fith, (G3WWF,
(QTHR), Tel: (0113) 282 5519,

The (Wigan) Douglas Valley Amateur
Radio Soclety meets on the first and
third Thursdays of the month from
§.00pm at the Wigan Sea Cadat HQ,
Training Ship Scepire, Emsmr«:
Temace, off Waminglon Lans, Wiga
Contsct: D, Snaps, (GAGW

Tel: (01942) 211397 Nﬁg—‘m;.

Winchester Amateur Radio Club
meets on the thind Friday of each menth
For full programme comtact: GAAXD,

Tel: {01962) BeOBOT.

Wirral Amateur Radio Society mssts
at the vy Farm, Arrowe Park Rosad,
Birkenhead every Tuesday svening,
and formally on the the first and third
Wednesday of every month. Details:

A. Ssed, (G3F00), 31 Witheri Avenue,
Bebington, Wimal L3 SNE.

Wirral and District Amateur Radio
Society mests 51 the Irby Crickst Club,
[rby, Winal. Orgamises visits, BF hunis,
demansirations and junk sales. For further
details, please contact: Paul Robinson,
(G3iZP) an (0151) 548 5892.

BBS Corner

Apple Crackers. FirstClass Client BES,
mainly for AppieMsac and PC users,
Baud rate 2-4K-bit's to 2B8-8i-bit’s,

8 dsta hits, no parnity, 1 stop Git

Tel: (01268) 781318/780724.

Mactel Metro/lconex. FirsiCiass Chent
Bﬁﬁ'&$EMm.dJPCbEﬁ E-m
address on Intemet for registered users.
Baud rate 2-4K-bit's 1o 28 -8K-t5,

8 data bits, no panty, 1 stop bit

Jel (0181) 543 BOI7 (Metmo) or
(0115) 9455417 (iconsx).

Spider! Amiga BBS. The lighter
altemnative. Mainly Amiga and some PC
files. Fidonst, Mercunynat and Mufonet.
Online games, Spesds up to 15200,
Teir (01568) 613520.

TS

Daytime Teleph
Retum yoear advert o: Bectonics Cssaied,
PO. Box 777, Rayleigh, Essex, SS6 8L

Lo e e e i e e o o el
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INDICATE

A

IDDD.OBDOO.D..D.OG....E

Design and Text by Maurice Hunt

This project is a useful add-on
Jeature to any vebicle baving a
manual gearchange — an easily read
LED digital display readout to
automatically indicate the current
gear selected, as fitted in many
race/rally cars. Ideal for forgetful
drivers, who baving been in one gear
Sor a long while, can’t remember
which gear to grab when the next
Jjunction approaches and end up
Jrantically fishing around the
gearbox for the right cog.

SPECIFICATION

Operating voitage:  7-25V DC (12V nominal from car batiery)
Operating current:  31mA@214V Standby (gearbox in nautral,
display aff)
sdmA@14V Activated (in gear, display on)
PCB dimensions: Sensor beard: 101 x 140mm
{As on prototype) Logjc board: 64 x 33mm
Display board: 40 x 20mm

he Gearshift Indicator is
particularly beneficial in

modern vehicdles with
five-speed gearboxes, some of

which have closely-spaced

gearshift "gates” making it

i difficult to tell at a glance which
i gear is selected. Judging which
i gear you're in from the pitch of

the engine can be tricky too,
owing to the quietness of most
modern vehicles —and if the

i stereo is on, it may be drown

out any remaining audible clues.
The project could aiso
have its uses in learner
driver/iraining vehicles, to
enable the instructor 1o easily
keep track of which gear the
trainee driver has selecied
and thus be able o give
advice about their choice
its appropriateness to the
driving simuation.
The Gearshift Indicator is

and

: alsoa marvellous boon for
: back-seat drivers, and looks
: impressive [0 passengers!

The project is straightforward
to install, with only two

i connections required (for an

ignition-contralled power

supply) to thevehicle electrical

svstem and little in the way of
mechanical attachment
needed. The project can be
easily adapted for use in other
applications where the position
of an object or objecis needs w0

be indicated, since the Hall

sensors and acruator magnets
could be mounted almost
anywhere. For example, the
circuit could be used on a
bicycle with derailleur gears 1o

i show which gearit's in, or

which door/gate/window is

i open in a building, or as an

indicator to show which lever
has been pulled, etc.

Circuit

Description

Refer to Figures 1 & 2, showing
the black and circuit diagrams,
respectively; of the Gearshift
Indicator. Five UGN3303U Hall
sensors, H1-5, are used 1o
detect the position of the
gearstick within its ‘gate’; their
output voltage changes slightly
when a magnetic field is
brought close to them. Without
a magnet being close, their
output remains at around half
the supply voliage (in this case,

half of 5V = 2:5V), but with a

magnel nearby; this goes up or

down by up to around 0-1V,

depending on the strength of

i the magnet and its pole. What

is required is for each Hall
sensor output voltage to rise
slightly when the actuator
magnet is hroughi close.

: The sensors have a frequency

Hall sensors for
contactless magnetic
actuation

Independent sensor
sensitivity adjustment
Wide operating
voltage

Fast response

Any vehicle with
4- or 5-speed manual
gearbox

Remote object
position identification

PROJECT
RATING

response of fiar 1o 23kHz, so
the circuit wouldn't be caught
out by even the quickest

gearchange, and can handle

‘unlimited’ magnetic flux
density (i.e., strong magnets)
without damage.

The small change in voliage
fram each sensor (only one of
which will be activated ar any
time) is ‘conditioned’ and
made into a definite logic
change by means of the non-
inverting hex (& per chip)
buffers in IC1, which actas a
farm of Schmitt trigger, with a
positive-going trigger volage
conveniently similar to that of

: an activated Hall sensor (at just

Important

Safety Warning

Before starting work,
consiilt the vehicls’s manuzl
regarding any special precautions
that apply to your vehicle. Since a
car battery is capabie of delivering
extremely high currents, itis
imperative that every possibla
precaution is taken to prevent
sccidental shart ciruits ocooumng.
Remove all items of matal
fEvslizny, watchad, sic, Befors
connecting the project to the car
electrics, the tstiery should bs
disconnected. Remave the gound
connection first, to prevent
secidental shorting of the '’
temminal o the bodyweis of
engine, assuming negative eanth
vehicle. tisessentizsl o use a
suitahle rated fuse in the supply
to this project. The wire used for
the connections shouwld also be
rated to safely pass the reguired
current. Ifin any douit ss o the
comed vay to procesd, consult a
guaiified sutomotne electrician
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Gearshift [ P 5 .48 5 S :
: Sensitivity |2 Buffer 3 Diods 3 |BCD to 7—segment|7 | | i
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2 4 | [}
- - Bisplay
! !_. Display blenking o
43V
to circuit
<= 17 e e . =
2 rotaction. |1 Decoupting = reguation I—“ Decoyplion -1
(ignition “saitch,

Figure 1. Block diagram.

over 2-5V). Note that one of the

six buffers is unused, since only-

five gear positions need o be
indicated in the majority of
modern vehicles (although the
circuit could be easily adapted
10 show 6 gears if required).

Preser potentiometers VR1-5
provide biasing to actas a
‘helping hand’ 1o wip cach
buffer into giving 4 high output.
Being adjustable, thev enable
the sensitivity of each sensor 1o
be altered independently of the
others. This is useful, as in
some instances (i.e: with some
gearshift patterns), the actuator
magnet may be needed 1o
activate one sensor from a
comparatively large distance
(e.g.. lin. away), while the same

ugnet passes very close (e.g.
within i few mm) oa
neighbouring sensor. The
potentiometers therefore allow
‘finestuning” of the circuit to
suit installation in a particular
vehicle. In tests, the Hall
sensors could detect the
magnet from several inches
away with the sensitivity set to
maximum.

The outputs from the five
buffers are further buffered with
transistors TR1-3 used in
common collector confisuration

1o act as current amplifiers,
since it was found that the
outputs of the hex buffers got
bogeed down when demanded

1o directly drive the logic stage

formed from diodes D1-9.

The dinde nerwork performs
twin tasks, Firstly, it causes the
display blanking 10 be disabled
whenever a Hall sensor is
activated: normally, the display
is blanked (switched offy 10
save power. Secondly, the logic
translates the five sensor
channels into the correct
binary code for the 4511BE
BCD to 7-segment converter
chip. IC2, to further translate
into the appropriate numeral
on the 7-segment LED display.
The coding required is shown
in Table L.

Power for the dircuit is taken
from the vehicle's 12V supply;
using the ignition controlled
live feed (so it is only powered
up when the ignition is
switched on). This is then
regulated down 1w a sieady SV
DC wsing the 7805 regulator,
IC3. Note that the Hall sensors
H1-5 have a maximum voliage
rating of 8V, with a normal
operating voltage of 4-5-6V

Supply decoupling is tiken
care of by capacitors C1 & €2

(high frequency) and C3 & G4
(low frequency).

Note that the above describes
the circuit suitable for a S-speed
vehicle; if fitting the projectto a<
“+speed vehicle, the ffth Hall
sensor (H3) and associated
components (VR3, R5, TR3, D5,
5 & 9) can be omitted.

Construction

The prototype (shown in the
photographs) was constructed
on three PCBs — display board,
logic board and the sensor
board. The display board is very
compact to make it easy to find
space for it on the dashboard.
Note that the boards were
purposely made single-sided,
with no holes drilled through o
the underside; this was o make
for simpler instllation in a
vehicle, without the problem of

having 1o insulate the board
underside from touching metal
parts of the vehicle. This is
particularly necessary for the
sensor board, which needs 1o
be mounted on top of the
transmission tunnel at the base
of the gearstick. With a totally
flat board underside, simple
selfadhesive pads or strong
double-sided tape can be used
to secure the board in place,
thus obviating the need for
complicated mounting brackets,
fixings, etc. However, you need
 remember to allow adequate
‘pad sizes' so that the
components can be mounted
onio the board —and the leads
of the components will need 1o
be pre-bent prior to fitting.

It is adlvisable before making
the sensor PCB, to inspect the
gearshift gate of the vehicle into
which the project is to be
insialled, firstly, to find out how
large the board cm be (the aim
is o hide it from view), and
secondly, to take a note of the
pattern and distance berween
each slotin the gate (and where
the gearstick is positioned in
each gear), so that the Hall
sensors.can be fired in 2
corresponding layout on the
sensor PCB. As long as the Hall
sensars are located in
approximately the right
paositions, they can be altered as
necessary by manipulating their
leads, which should be left

Sensor Channel Activated | BCD Input to IC2

& Displayed Numeral Cc B A
1 | 0 g 1
2 4] 1 0
2 0 1 3
4 | 2 0 0
5 1 0 i

Note: BCD nput D is not required, henee 1 held low (logic 0).
Table 1. Diode network inputs and outputs.
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Figure 2. Circuit diagram.
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Assembled PCBs.

approximately 0-3in. long, as
shown in the photographs. The
positions of the magnets and
sensitivity of each sensor can
also be altered to allow 4
generous scope of overall
adjustment to get the project to
suit the vehicle.

The sensitivity adjustment
potentiometers VRIS were
mounted on the sensor board,
and are of the horizonial variety,
10 enable easy access [or ‘tuning
in’” of the sensors 1o the
vehicle's gearshift patern.

Assembly of the components
can be done in the usual order
of ascending component
size/heighr, mking care o
carrectly orientate the polarised
components — semiconductors
and electrolytic capacitors. Anti-
static precautions should be
taken when handling the CMOS
components (Hall sensors H1-5
and ICs 1 & 2). It is advisable 1o
use DIL holders forlCs 1 & 2 o0
allow easy replacement, should
it ever be required. Note thar
ICs 1 & 2 should be left out of
their sockets unitil after the
preliminary teésting stage.

Norte rhat the ribbon cable
needs 1o be 8-way for the wiring
0 the display board, and only
T-way for the wiring to the
sensor board. The rbbon wire
lengths will depend on the
distance berween the gearstick
area and the dashboard, and on
how far avay the display board
fias 1o be mounted from the
logic board. It is worthwhile
using header plugs and sockets
10 muke for easy separation of
the boards, 1o facilitate easier
installztion. However, the rihbon
cables could be soldered directly
o the boards if you prefer

Having assembled the boards,

check carefully for errors,
solder whiskers. bridges and
drv joints, then clean excess flux
away using a suitable solvent.

Testing

Having assembled the boards,
vou will need 1o obtain suitable
magnets (o activate the Hall
sensors. For the prownpe,
magneis were extriacted from
two smull DC motors (ideal for
attaching to the gearstick. since
they have a curved profile). If
USHIZ EX-INOLOr MASnets, you
ideally need a pair of identical
fype. i.e., with the appropriaste
pole on the convex side
(outside of the curve), hence
the aced o ke two motors
apart 1o obrain such a pair —
most motors will have two
magnets with opposite poles.
The approprate pole depends
on which way round vou fit the
Hall sensors in relation to the
magnets. If you only have one
sacrificial motor available from
which magnets could be 1aken.
the upper row of Hall sensors
(for gears 1, 3 & 5) could be
fitted one way round on the
PCB, with the lower row (for
gears 2 and 4) Aned the
opposite way round, In
sunwmary. a hit of
experimentation will he
necessary to find the best
combination of Hall sensor and
magnet pole/origniation.

You could instead use bar
magnets (e.g. FXTIN), but
they are more wicky 1o awach
1o the gearstick and more
than two mav be needed to
activate all the sensors
through each of the gears,

Preliminany testing of the
circuir entails powering it up

while ICs 1 & 2 are left out of
their sockets. Using a multimeter
with its - lead connected 1o
the OV rail, check that SV DCis
4t the output of the regulator
IC3. the supply lead of each of
the Hall sensors H1-5, and
the Vecpins of ICs 1 & 2
(pins 1 and 16. respectively).

if all is well, disconnect the

power supplv and insert ICs 1 &
2 into their sockers, observing
orientdtion and antistatic
precaufions. Re-connect the
supply and observe the display,
whose segments should remain
unlit. i it is showing a number,
the sensitivity adjusiment
potentiometers will need o be
‘hacked off” until the display
goes blank. Next. bring a
magnet close (o each of the
Hall sensors in turn, which
should cause the display 10
indicate a number relevani ©
the sensoractvired (again,
some adjustment of the
potentiometers will be needed
until each sensor acovation
causes the correct numeral w
be displayed). You may nesd to
reverse the magnet's pole (turn
it around!) 1o get the sensors o
react. Removal of the magnet
should cause the displav to
revert 1o its blanked state.

Note that if more than one
sensor is activated at a ime, in
some cases, the displaved
number will be a summation of
the ourputs. e.g.. if sensors 3
and 4 are actvated, the number
7" will be displaved. However,
for the project’s main
applicazion, with a positively
defined vehicle gearshift, the
kwvout of the sensors will be

fd/installed around the basa of
: ick, showing the actuator magnets
fattached to the gearstick.

the car's g

Mav 1567 ELECTRONICS AND BEYOND &7 ®




them away from sharp edges,
moving paris, etc. Cable ties
can be used to secure the
cables tidily in position.

The magneis can be anached
to the gearstick using strong
tape. or suitable adhesive, once
Gear stick : appropriate positions have
¢ been found for them — some
¢ experimentation will be
i required 1o achieve reliable
i actuation of each Hall sensorin
PCB i response to the gearstick

i position (including reverse and
neutral, where the display

Attach magnets so that they
align with Hail sensors
without touching them when
gears are engagad.

Figure 3. Layout of the magnets in relation to the Hall sensors

such that only one will be
activared ar any time, so this
characteristc won't be a
problem if the sensitivity is
set correctly:

If the project works as
expected ‘on the bench’, it can
be installed into the vehicle.
Please read the safety warning
printed in this article BEFORE
starting the installation.

Installation

Refer to Figure 3, showing how
to fit the sensor board and
acruator magnets in place. If
vour initial measurements for a
suitable sensor board size were
correct, there shouldn't beany
problem in fitting the sensor
board into the vehicle neatly
and preferably, out of view. The
prowype was fitted into a
1984 BMW 3-series, which has
an easily-removed gearstick
gaiter, allowing the sensor
board 1o be slipped in around
the base of the gearstick within
the centre console, so that with
the gaiter replaced, it is hidden
from view:

The sensor board can be
held in place using strong.
double-sided tape or self
adhesive pads 1o stick its
smooth underside 1o the
transmission tunnel, or
brackets could be made up for
a more rigid fixing. The display
needs © be mounted ina

i suitable position on the

: dashboard so that it is easily
¢ readable, but shielded from
¢ bright sunfight (which will

make it difficult 1o read).
The Iogic board can be

i mounted in any suitable
: position behind the dashbeoard,
i and can be fitted into a small

plastic box if required.
A connection needs to be

{ made berween an ignition-

controlled live paint on the
vehicle (e.g. accessory terminal
of the ignition switch) and the
‘+V" supply rail on the circuit.
An in-line fuseholder should be
fitted in this live feed, as close
to the 1ake-off point as
possible, and fitted with a fuse
of the specified mting. The
ground (0V) connection can be

made to any suitable metal area

on the car's chassis (assuming

i the vehicle is wired negative-
i earth as most are).

An additional switch could
be fitted in the supply rail o
enable the project 1o be

i switched on and off if required.
i Alernatively, the circuit could

be powered from the cigar
lighter socket, observing

: correct polarity. Note that the
i volge regulator may need o

be fitted with a suitable
heatsink, depending on the
power supply voluage and the

: mounting position of the main
i logic board within the vehicle —
i check how warm the regulator

i gets following several minutes
use 1o asceriain whether a
heasink is required.

The ribbon interconnecting

can be hidden from view. but
make sure that they won't be
chafed through by keeping

cable and power supply cables

should remain blank). Ensure

that no physical contact is
made berween the
magnets/gearstick and Hall

- sensors even during forceful
: gearchanges. Blu-tack is

recommended for atiching
the magnets during this wial-

1 and-error setting up stage.

Obviously, you will need the

: dircuit (and hence, the

ignition) switched on while
Sering up the sensors/magnets,
and each gear wilkhave to he

i selected in turn. It goes
: without saying that the

vehicle's engine need not
(indeed. should not b
running while this procedure is

! being carried out!

The final test is 1o drive the

¢ vehicle as vou normally woukd

and check that the display
reliably informs vou of the gear

selected, and thar the display

turns off with the gearbox in
neutral/reverse or with the
ignition switched off.

GEARSHIFT INDICATOR PARTS LIST
RESISTORS: All 1% 0-8W Metal Film (Unless Stated) .
Ri-10 1kQ 10 ©(MIK)
VR1-5 10kQ Horzontal Preset Potentiometer 5 (UHO3D)
CAPACITORS
ci2 100nF Mylar Film 2 WW21X)
C3.4 100uF 35V Radial Electrolytic 2 (ATS8P)
$ SEMICONDUCTORS
i | D1-8  1N4148 Silicon Dicde a (QLBOB)
TR1-5 BC548 n-p-n Transistor B (QB73Q)
i | Hi-5  UGN3503U Ratiometric Linear
A Hall Effect Sensor 5 (GX0ZK)
ER I (04 4050BE Hex Non-inverting Buffer 1 (QX22Y)
i | ez 4511BE BCD to 7-segment Decoder 1 (QX311)
IC3 LT8O5CV 5V 1A Voitage Regulator 1 0L31))
: DISP 0-3in. Common Cathode LED
T-segment Display E * (FR38R)
MISCELLANEQUS .
16-pin DIL Holders 2 (BL19V)
PCBs 3
10-way Ribbon Cable * See Text = As Req. (XROGG)
8-way PCB-mounted Header Plug AsReg.  (YW13P)
8-way Latch Socket Housing AsReq.  (YW23a)
Actumtor Magnets * See Text = 2 (FXT1N)
Car In-line Fuseholder 1 (DR7SL)
100mA 1¥in. Fuse p B (WRORJ)
100mm Cable Tie As Reqg. (BF21Y)
i The Maplin ‘Get-You-Working' Senvice is not available for this projeci.
The above items are not available as a kit.
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Above the age of 25 vears, : s passed to an electronic

. : the ear’s relative sensitivity i processing circuit, where the
: 1o signal frequencies greater ¢ signal may be amplified and/or
¢ than 500Hz falls off (when : filtered, etc., before being applied
i compared to a wypical 25 year i to the systeny's communication
: old) in proportion o both :  medium, whicl usually 1akes the
: frequency and the age of the : form of a tape, a disc (record).

listener, in the basic manner : aCD, alength of cable, or

PAHT 1 i shown in Figure 3. Thus, 1o some form of wireless link.
¢ heara 10kHz signal with the i Arthe destination end of the
! sameclaritvasa 2Svearold.a G system. the basic audio signal is
¢ listener needs to give the signal |  ewmcied fom the communicatin
¢ 5dB of boost at the age of 30, :  medium via a suitable detecior,
: 11dBat the age of 40, 20dBat i converter circuit and is then
i 50,35dBat theage of 60, and | changed back o its orginal form
i ahefty 55dB at the age of 70. ¢ via another signal processing
: ¢ circuit. The resulting audio signal

0000000000000 00000C000GE Audio sy5tem5 is then passed through a power
. i Anaudio system is one which amplifier before being connected
Design by Ray Marston ¢ enables an acoustic audio 10 an electacto-acoustic
i signal to be conveved from a tnmnsducer such as a loudspeaker
Ray Marston looks at audio-system basic = souree point 1o s destingion - 0r headphone, which converts

the signal back into its ofginal

P’incip’es iﬂ tbis Sj)eahlfﬂmm aﬂ?.de. RONE b}' wuiificial means. Fner a_udih]f_b form.

to the invention of electronic -

B z . . i i i amplifving devices, all shori-
Audio SIgnals £ IIC ““"ef“rffs fall within i range audio systems consisted Audio System
An audio signal is a waveform e sp»@:*rr}ul} j”Hz. 5 m“{;l : of simple mechanical devices Fi delity
with a fundamental frequency ¢ | Ht_'m_'mf‘ _“:'Fh an;p’_“}'“ such as megaphones, hearing  : ) ) .,
that falls within the range 16Hz 1emr1_ng have an aurd response horns, or speking wbes, and in audio system jang n, ﬁddm
to 20kHz, which is the recognised curve that :m‘xes with .. the most widely used long-range 15 a rough measure of the ability
span of human hearing. The audio frequency; loudness, and with systems were the telephone and of a system (or major sub-system)
signal may be acoustic (asound | 38e- Figure 2 shows typical the hand-cranked gramophone. 1o reproduce an accurate copy
wave) or electric (a voltage or response curves for 18 10 5 All modern clectronic audio  § of an oniginal audio input signal,
current). Figure 1 shows some vear olds, at both “very low systems consist of the basic I and is expressed in terms of either
important features of the audio and ‘moderate 1o loud” s )U_lld elements shown in Figure 4. ‘Hi-Fi', ‘Medium-F', or ‘Low-Fr.
spectrum. Thus, the human voice levels. The aural response falls At the source end of the Asystem’s “Fi’ requirement
generites acoustic wives within off sharply (tvpically ata 10- svstem, the sound is picked up depends on the specific
the range 100Hz o 4-5kHz, 14dB/ocuve mte) below by a microphone (an acoustc- application, as shown
hurnan hearing has a sensitivity 200Hz, and drops dramatically to-electric transducer) and the in Table L and indicated by
peak at about 3-3kHz, and most  § at frequencies above 16kHz. I resuliing electrical outpur signal the following notes:

& A HHF system s one that gives

! . ] a good 1o superb quality of

{ g = . 5

] Extrewd Srange ol humats eoeng | sound reproduction over

i : W T o the full audio frequency

| i MUSIS Sigac rangs Lt H spectrum. A Hi-F performance

i i i " ' L is required in all good music

i 1 | Sppechrangs - H E reproduction systems. Most

i ] i I 1 _ I < em e >

! | : Peak of hearing { : : :_:I'.)l]hls‘[}(.d[td m‘ndt_ern I‘If_'IITIL

! 1 i sensitivity * H | i entertainment u_ur.im units

! i i {coma ) ! : give a Hi-Fi performance.

1 ] 1) i " -
{ ' i ] | i : @ A Medium-Fi system is one
1 H i

—_— e i e © thar gives a modeniie 1 good

] : T . i

1 20Hz 50Hz 100Hz 200Hz 500Hz ikHz 2kHz | SkHz 10kHz 120kHz [ i quality of sound reproduction,
16Hz 3.5kHz 18kHz : over most or all of the audio

frequency spectruny. Such a
performance is adequate
for use in portable radios

: and portable cassette or

Figure 1. Important features of the audio spectrum.

i | i : i CD plavers, and in Karaoke
+20d8 : i - : 4 its. erc. Most such units
g g i 1 urts, etc. Most such units
Moderate to loud sound levels 1 ¢ 2 B -
\ i i do in fict give a Medium-Fi
. i { oy F e ""—.—-_\x yerformar II_CC .
caz ¢ —= = L == e : I 0 3
i \\, —_ ] E ! : @ Alow-Fisystem is one-that
7 -~ i i : gives a poor o moderate
—2048 - S : P gives _
Ug==in) VAR PR H H S quality of sound reproducton,
P ; ary; joW soundilevels ! ; : or responds well to only a
—40d8 i i i E i : restricted part of the audio
/ ; ; i | i : frequency spectrum, but gives
1 2 >
. 1 ] i i ! i a performance that enables
5048 4 : - : ; : 2
i | : i i : voice messages 1o be
i - i H i reproduced without
—B0dB - i — i — : significant loss of intelligibilin:
20 50 100 200 560 1k 2k 5k 10k 1Bk Most loud-hailers. public

Fregquency, Hz arldress sysiems, intercoms,

Figure 2. Typical aural frequency responce curves for healthy 18 to 25 year olds. : and mobile phones give 4
: Low=Fi performance.
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Poriabie mdio
Fortable cassatia/CD unit
Simple Kamoke unit

Loud-haller Low-Fi
Publs Adoress systEm Low-Fi
Intemom | Lowe-Fi
Mobds phone | Lowe-Fi

Medium-F
Medum-Fl
Meadiuim-Fi

Type of Unit | 'Fi' Type | Notes

Sophstcated homs | i

enigriaEnment unit | HeFi High-pedommance sterso unit
[
I

Table 1. Examples of fidelity (‘Fi") requirements of eight popular audio units.

Typically operale over the 20Hr-12kHr audio spectium and have very simple controls
Typicelly vperate over the 20Hz-12kHz sudio spectum and have very simiple controls
Typically operate over the 20Hz-12kHz audio specium and have very simple controls
Operate mainly over the 100Hz-4-5kHz spesch frequency spectum
Operate mainly over the 1G0Hz-4-5kHz speach frequency spectrum

| Cpsarste mainly over the 100Hz-4-5kHr speech frequency spectrum
Operate mainly over the 100H:z-4-5kHz spesch frequency spsctum

0dB

—10dB

—20dB

—30dB

—40dB

—50dB

1k

manner shown here.

Figure 3. The ear's relative sensitivity to signal frequencies
above 500Hz deteriorates with age, typically in the

10k

Frequency, Hz

of these are shown in Figures 6
10 8, using triangle-shaped
input signals for clarity

Figure 5 shows an example
of crossover distortion caused
by a defectively biased
complementary emitter
follower output stage of the
basic vpe used in most power
amplifier ICs. In this tvpe of
circuit, R1 & R2 actasa
potential divider that sets the
bases of Q1 & Q2 at a mean
half-supply voliage value, and
the bias unit applies a voliage of
(typically) about 12V between
the two bases, so that each
transistor is slightly biased on
when no input signal is applied.
Under this condition. the mean
charge in the load-driving
electrolytic outpurt capacitor
tends 1o hold the emitiers of
both transistors close 1o the

~q

output waveform, as shown
in the diagram. as a
consequence of this
‘crossover” defect. This type
of distartion is highly
undesirable, and generates
many harmonic signals.
Figure 6 shows an example
of “clipping’ distortion caused
by.over-driving a simple
COMMON-EMHEr [ransisor
amplifier: The output of this
type of amplifier is an amplified
and inverted version of the
input signal, but if (as shown)
the input signal is oo large,
its larger positive parts will
drive the transistor 1o
saturation, causing the loss
of the lower parts of the
outpur signal, and its larger
necgative parts will drive
the mransistor o cueoff,
causing the loss of the upper
parts of the output signal.
*Clipping’ distortion is highly
undesirable. and generates
many harmonic signals.
Figure 7 shows an example
of simple non-linear distortion
caused by operating a
COMMOn-EMILter Iransistor
amplifier with insufficient
signal negative feedback. Note
in this circuit. that biasing
network R1-R2 is decoupled
by C1 and thus provides DC

Detector/
converier

Power
amplifier

Processing
circuit

Figure 4. Basic elements of all modern electronic audio systems.

Electric— 1 ) N
to—acoustic ) O Destination )
transducer part of audio

+ sysiem

Specker

) Sound
S RS destination

Sound
SOHNRS Microphone Tape,CD,wireless,etc
Acoustic— . : e ‘Source’
0))) | oeiecsic f—r{ Prosessing S part of audio
transducer system

‘Harmonic’ Signal
Distortion

The prime aim of any audio
SVStem is 1O CONVEY an acoustic
audio signal from a source
point fo a destination point
(the listener's ears) without
undue loss of fidelity. Any loss
of fidelity that occurs along
the way can only be ascribed
10 changes in the signal's
waveform, and such changes
are called distoriion. These
are several basic forms of
distortion, most of which can
be classified as either a
harmonic or a frequency
response type of distortion.

If a perfect sinewave signal
is applied 10 the input of an
amplifier, the output signal will

—if the amplifier is perfectly
linear and gives exacty the

same amount of amplification
to every single part of the signal
— also be a perfect sinewave,
with no unwanted harmaonics. :
If. on the other hand, the :
amplifier gives any form of H
non-linear amplification, the

i output signal will inevitably be
¢ distorted, and this distortion

i will manifest itself in the

I generation of a number of :
¢ harmonic signals, ar direct
multiples of the original :
signal frequency.

The three forms of harmonic
distomion most oftien encountered
in analogue audio svstems are
crossover distortion, “clipping”
distortion, and simple non- :
linear distortion, and examples

half-supply voliage value,

and any positive-going

input sigmal thus increases
the drive to Q1 and reduces
that to ()2; any negative-going
input signal causes the reverse
of these actions, the net

cffect being that the ourput
signal is a close but low-
impedance copy of the
original input waveform.

If. however, the bias network
of this circuit develops a short,
both transistors will normally
be cut off, and Q1 will not
wurn on uniil the input swings
00mV positive, while Q2
will not turn on untl the
input swings 600mV negative,
the net efiect being that the
circuit effectively removes
the central 1-2V ‘slice’ of the

negarive feedback but not AC
(signal) negarive feedback,
which is normlly used 10
regulate the circuit’s

AC signal gain. Transistors are

inhereatly non-linear devices,
and their current gain varies
with their collector current
values. Consequendy, the
voltage gain of this circuit
inevitably varies with the
instantaneous signal amplitude,
and the output is thus subject
to non-hnear distortion. This

is a relatively trivial type of
distortion, which normally
generates only low-order
harmonics. In most
applications, the distortion is
undesirable, but in some special
applications, it can be used ©
the advanrage of the end-user
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V+
RrR1

E=]

[JR2

INPUT

TR1

=l /\
TR:E >/OUTPUT\/
R

ov

Figure 5. Example of crossover distortion on a defectively
biased complementary emitter follower output stage.

ouT

common-emitter amplifier.

Figure 7. Example of simple non-linear distortion in a

A
.

1

R1

V+

R2 Cut—off

ouUT

Saturation
TR1

e
oV

Figure 6. Example of ‘clipping’ distortion caused by
over-driving an amplifier stage.

Overall frequency response
A

11—t

A
!

Compenent with
fixed non—linear
frequency response

e QUT

Fixed _
compensation
filter

Figure 8. Frequency response non-linearity in one part of a
circuit can be countered with a matching compensation
filter, to give a fiat overall frequency response.

‘Frequency
Response’
Distortion

The other basic form of distortion
is the frequency response npe,
in which the efiective voltage
gain or attenuation of a circuit
or sysiem element vares with
the applied frequency. The
most abwvious example of this
kind of distortion is the human
listenier who sits at the money-
paving end of the audio-system
processing chain, and who (as
shown in Figures 2 and 3) has
an upper-frequency acoustic
response that declines steeply
with the passing of the years.
Electro-mechanical devices such
as microphones, loudspeakers
and pickups also have a non-
lincar frequency response,
Modern active filter circuits
an be designed o give virtually
any desired frequency response,
and can easily be used 10
counterict response defects
that occurin any part of an
audio system. Figures 9 and 10
illustmate the basic principle. Thus,
Fizure 8 shows how a component
or device that has a fixed non-
linear frequency response of '
can be used in conjunction with
a fivedd compensation filter with
aresponse of ‘1" (the exact
inverse of 'x) to give a flat
overall frequency response.

Figure 9 shows how a variable
wone-control filter can be used w
help compensate for frequency
response defects or variations
in the acoustic path thar exists
bemween the output stage of
a power amplifier and the
sound-perceprion mechanism
of the audio listener, 1.e., in the
loudspeaker. the room acoustics,
or in the listener’s hearing. The
filter shown in the diagram is 4
simple type in which bass and
treble can each be boosted or
cut by upto 20dB (i.e.. by a
10:1 ratio). but in practice, most
modern tone-control filiers also
give similar control of the mid-
hand response. Thus, if the bass
and midband controls are both
set o maximum cut and the
volume level is boosted by
2018, the treble response can
be effectively boosted by up o
40¢B (e, by a 100:1 rato).

‘Noise’ and
Dynamic Range

If the inpur terminal of an audio
power amplifier is shorted 1o
ground, so that zero input
signal is applied o the unit,

and the volume conwol is then
wound up 10 maximum, 8
distinet “hissing” sound will

be heard from the unit's
loudspeaker. The signal
responsible forthis sound is

generited by the equipment
itself; takes the form of a
mixture of wones of randomiy
generateid frequency and
amplitude, and is known simply
as ‘noise’. If the rms amplitude
of the noise signal is measured
on an analogue meter its rms
value will be found to be
reasonably constant even
though its instantancous value
varies wildly from moment-io-
moment. if an external variable
amplitude signal is now applied
10 the amplifier, it will produce
no useful outpur untl its rms
amplitude significantly exceeds
that of the noise signal, which
effectively swamps all lesser
dgnals. The unit’s ‘noise”

signal value thus determines
the minimum signal level

that can be usefully handled

by the equipment.

All electronic amplifiers and
items such as microphones,
tapes, discs, and CDs generate
noise, and thus have finite
‘minimum signal’ handing
limits. They also have intrinsic
‘maxirmnum signal” handling
limits, bevond which any
applied signal will become oo
distorted to have a pracrical
value. In amplifiers, this limit is
reached at the onset of signal
clipping or some other form of
severe distortion, and in apes,
it occurs when the tape nears
MAZNETIc saruration.

An electronic item’s
Maximum-io-minimum
signal handling ratio or
absolute maximum dynamic
operating range is thus
determined by the relative
ratin of its ‘maximum signal’
to ‘noise level values, and
is known as its signalto-noise
ratio or SNR, and is defined
by the formula:

maximum signal vols

SNR = noise volts

Thus, if an amplifier can
handle 2 mavimum input
of 1.000mV and generates
1mV of noise. it has a 1,000:1
or 60dB SNR.

Note at this point, that in
audio systems, the input signal
is usually 1 music/speech
one that conzins data in
the form of complex audio
patterns thar can be
subliminally interpreted hy
the listener’s brain, and that
the brain can still interpret
these patterns even if a
substanual portion of the
orginal daa is lost, i.e.,
if the signal is corrupretl.
Consequently, the practical
value of such a signal depends
on its magnitude relative
o that of the system’s
‘noise” signal, in the manner
shown in Table 2.
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Signal Voltage Signal/Noise Signal Data Signal Data
Value (dB) Lost (%) | Retained (%)
o 100 0
+1 833 107
+2 794 206
-3 70:9 291
-4 633 367
+6 50 50
<8 398 802
+10 316 £8:4
=15 |17-8 822
+20 10 30

Table 2. The fidelity of a low-level signal depends on its
magnitude relative to the system's ‘noise’ voltage.

Treble

0dB—
—20d8 ZLN

Varigbls: tone—cantral filter

Bass
contrel control
INPUT — — LINEAR
= +20cB —=— POWER
v N 12 AMPLIFIER

Figure 9. A variable tone-control filter can help compensate
for defects in the user's acoustic frequency response.

AUDIO
OUTPUT

fideliny, 2 Hi-Fi preamplifier and
power amplifier combinaton
needs to have a SNR of 90dB
or better. but in reality, most
modern Hi-Fi units fall some
10 to 20dB short of this ideal.
The higgest weakness in the
analogue sound reproducton
chain lays not, however, in the
actual Hi-Fi units, but in the
storage transport media (tpes
and phono discs) that are used
1o carry the music signals into
the inputs of the Hi-H units.
Tepically. modern cassetie
tapes and stereo phonograph
discs have SNRs of 55dB and
58dB, respectively, and thus
have basic Hi-Fi dynamic ranges
of onlv 35 and 38dB. Superdicially,
these performances seem 0o poor
0 be acceprable for Hi-Fi use.
burin practice, their effective
chnamic ranges can be
expanded by a further 10-15dB
by using dvnamic range
manipulation techniques,

thus bringing their final replay
performances up to the level
of normal FM stereo broadcast
signals. There are two basic
types of dynamic range
manipulation technigue.

They are known as the
‘pre-emphasis’ technique, and
the ‘compression” echnique

Signal
Pre-emphasis

The amplitudes of most music
and voice signals are dominared
by bass frequencies, with the
amplitudes of the higher ‘weble’
frequency signals —which are
muinly harmonics of the bass
signals — falling off at a 6dB
octave rate. When these signals
are fed through an electronic
svstem with a poor dynamic

i mange, the higherfrequency

signals are — because of their
relarively low amplitudes — the
first to be [ost in the underlying

Thus, if the signal has the
same amplitude as the noise
sigrmal (i.e., the signal/noise ratio
equals 0dB) all of the signal
dlata is lost, and the signil has
zero practical value: The signal
only achieves some slight
practical value when its
amplitude is double that of the
noise (i.e, at +6dB), at which
point, 30% of its orginal data is
reiained, and begins 1o auain
real value only when its
amplitude rises 0 +10dB
(about treble the noise value),

'Recording’ circuit

'Replay’ circuit
A

[ & N 2
—F
L=z L=%
Audic - Recording = Audio
input media output
 f T

Pre—emphasis

filter

Figure 10. Basic ‘pre-emphasis’ method of dynamic range manipulation.

De—emphasis

filter

at which point, almost 70% of

the original darta is retained.
The signal quality agains a
reasonable “Hi-F' standard only
when its value rises 1o +20dB
(ten times the noise value), at
which point, 90% of the signal
data s remined. Consequentiy.
in modern analogue audio
svstems, the following general
empirical rules apply o the
definition of a system’s

dynamic range:

(1). Absolure maximum
dynamic range = SNR vitlue,

(2). Absolute muximum

usefu! dvnamic range =

SNR minus 6dB.

(3). Normal “Mid-F’ dynamic range
= SNR minus 10dB.

(4). Normal ‘Hi-Fi' dynamic mnge £
= SNR minus 20dB. :

Dynamic Range
Manipulation

It is genenlly agreed that large
orchestras are capable of
generating sound levels —

from the softest 1o the loudest
values —over a 70d4B (3.162:1)
dvnamic range. To reproduce
this sound range with really good

Basic pre—emphasis circuit

RS RZ LF goin = R2/R1
| — HF gain = R2/(R1/R3)
c1 Vit
T R1 _
—1 BASIC
G- Amp RECORDING
Audio — MEDIA
inpuf V+/2
oy

(a) Basic pre—emphasis 'record’ circuit

Basic de—emphasis circuit

LF gain = R2/R1
HF gain = (RZ/R3)/R1

BASIC
RECORDING
MEDIA

R1
|

C1 R3

-

R2
V-t

(B) Basic de—emphasis ’replay’ circuit

| S

vijz I ﬁ

Figure 11, Basic pre-emphasis (treble-boost) and
de-emphasis (treble-cut) filter circuits.

Op=Amp

Audio
output

oy

‘mush’ of system noise, and the
resulting audio output sounds
flat and unpleasant. Fgure 10
shows how this problem can
be partially overcome in tape
or disc recording systems by
feeding the input signals
the media via a ueble-boosting
pre-emphasis fileer duning the
‘recording’ stage, and then
restoring the signals to their
original form via a matching
reble-cutting de-emphasis
filter during the ‘replay’ stage.
Figure 11 shows the basic
forms of the pre-emphasis and
de-emphasis filters, which in
this case, have reble boost or
cut slopes of GdB/octave but
have their maximum boost or
cut limited 1o abourt 20dB by
their resistance values and
have their urnover frequency
(usually about 8(KHz) set via
Ci. Circuits of this type can
improve the effective dynamic
ranges of varions media by
about 12dB, and are ofien
used in conjunction with other
compensatory filters, as in the
case of the RIAA phonograph
system and with various @pe
cassette plaving svsiems.
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Technical Information Services
Suppliers of all Service/Fault/Technical Books

76 Church St, Larkhall, Lanarks, ML9 1HE

N.B.: There is a £2.50 Post/Handling Charge on all orders

Send an SAE For Your Free Quote & Catalogue

We have the world's Largest Selection of

SERVICE
MANUALS

VCR CIRCUITS £8.00 CTV CIRCUITS £6.00
HELPING YOU TO FIGHT RISING COSTS
—-000---

GTY GIRGUIT GOLLEGTIONS
Imagine almost every Ferg" CTV circuit ever released from 1980's
till the present for £45.00, or Bush for £22, Hitachi £45,
Mitsubishi £38, Panasonic £30...stc...

Call for full list & prices of all 27 collections

TOP SELLING BOOKS

PRACT' VCR or TV REPAIR £16.95 each (or £30 for Both)

MICROWAVES: ENERGY & OVENS £12.95
Data Reference Guide(Chassis/Make/Model X-Ref")  £0.95
EURO" SCRAMB' SYS' {New 5th Edo.) £34.00

Buying,Selling & Servicing Used CTV/VCR/CD £9.95 each
IC DATA BOOKS - Various Titles, Call for List £12.95 each
We have 100's of Titles, send SAE for Full List

SERVICE MANUAL LIBRARY
BUY ANY MANUAL FOR £10.00
OR SWAP AT £5.00 EACH (plus £2.50 p+p)
Initial Joining Fee £69.95 (£20/annum, thereafter)
Hundreds of people, both Amature & Professional, have already
discovered exactly how efficient and cost-saving this library is,

even if you only use a handful of manuals each year.

T il EN
wsi=m  NEW RELEASES:

3.5" Disk Drives {Installation & Cires): £9.50
Data Ref' Guide on 3.5" Disk: £5.00

!DESIGNER COLLECTIONS!
AMATURE: 10 Service Manuals (as needed), Data Ref’,
Pract' TV & VCR Repairs, Radio Repaira Thorn Serv' Set,
any 3 CTV circ' collections. Now £180.00 £199-08
PROFESSIONAL: 20 Service Manuals (as needed), Daia
Ref’, Pract’ CTV & VCR Repairs, Microwave:E&O, Radio
Repairs, Buy, Sell, Serv' Set, Thorn Serv' Set, any 5 CTV circ'
collections. Now £345.00 £370-60
MANUALS: 20 Service Manuals (as needed), and Data Ref’
Guide. Now £185.00 £286-00

Phone our HOTLINES on:
01698 883334/884585

or FAX 01698 884825

The MICRO MODULE

ANEW LOW COST controller
hat gives you customisation

0r as httle as £9 5 ool

® 15T

W ROM, Term= n_al:-w., 3y, D
ooy of MAROS, iu
limated technic

Cambridgs Micrepmoosss
Lis mnsi:mh‘i

Uest ¢ *!am{) Cheimsiord Rd. ind. E5L.
ow. Exsea. UK CMES 1XG
Fhone 01371 §73624 Fax 0137 8786077

Do You Want To Build
Your Own Loudspeakers?

But you're still stuck at the design stage?
Help is at hand — Speaker Design is a CAD
package for PC Windows that takes the
pain out of all those sums. Calculate box
responses, cabinet sizes & crossovers for speakers
for the home, car or stage, quickly & easily.

Incorporates Speaker Parameters - calculates box
size & tuning from Thiele/Small data. Drivers Library
- a database of popular high quality drivers for you to
choose from. Crossovers Designer - provides circuit
diagrams from simple data. Cabinet Maker -
produces the most ideal panel ratios to. .
avoid standing waves, elc., & generates a

panel cutting plan. Supplied on 3 HD disks

for only £28.95. For more details & an

order form write to:

':-:Three

? S Crowns

‘< Publishing

PO Box 5773, Laindon, Essex SS15 5FJ tel: 0410 225257
See also Monitor Internet at hitp//www.monitor.co.uk
under Three Crowns' for more delails, or email:
3crowns @bj-clark.demon.co.uk.
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VOLUME

 TARGET] OOMMUNFCAHONS ‘?ECEIVER

LF (30kHz — 300kHz)

Incluges: _

Rughy time signal (80kH2)

LORAN navigabion system (100kHz)

LW brogdeast band (153kHz — 288kHA

MF (300kHz — 3MHz)

Inctudes:

Aircraft beacons (300/400kH2)

MW broadeast band (531kHz — 1,602HHz)
Cordizss phonss (c. 1-6MH2)

180m ‘top” amateur band (1-81MHz — 2MH2

HF (3MHz - 30MHz)

Includes:

BOm amateur band (3-6MHz - 3-8MHz)
40m amateur band (TMHz — T-1MH2
Voice of America (3-76MHz)

Voles of Russis (11-63MHz)

Radio Nederand (13-TMHz)

20m amateur hand (14MHz — 14-35MHZ
BBC 's}:md Serace (15-07MH2)

Table 1. Some frequencies that can he
received by Target.

fyou want to ger into the fascinating

world of short wave listening (SW1L),

there has raditionally been three paths
— buy a second-hand communicuions
receiver, purchase one of the specialised
portable radios available (these are rypically
Japanese, the Sony models being a good
example) or build i simple kit (normally a
direci-conversion design). It can be difficult 1o
obmin components and service information
for second-hand communications receivers
— often available at rallies — when theygo
wrong. although the amateur community is
often quick to help (many amateurs are,
incidenially on the Internet and will answer
queries on the relevant rec.radio.amateurx
newsgroups). Performance of these older
moxlels isn't, in most cases, up o the
standards of newer communications
receivers. The majority of current models,
from the likes of Yaesu, Kenwood. lcom and
AOR, tend to be —at £100 upwards — oo
expensive for the HF newcomer.

Those Far Eastern poriable madios
normally give reasonable coverage of the HF
bands, but tend 1o be operated from
kevpads, and aren’t particularly userfriendly
as far as ‘serious’ listening goes. They are
normally designed for travellers, and also

HES Tar
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Reviewed by Martin Pipe BSc (Hons.) AMISTC

e

include features like VHF FM steren
reception and gimmicks like world clocks.
These sets don't come cheap. particularly
the ones with the VEO (varable frequency
oscillator) and special filters needed for SSB
(single sideband) reception. It's also worth
pointing out that the cheaper models can
give truly appalling HF performance. Kit
building is not as common as it used to be,
andd messing around with piles of
components and a soldering iron may be

Ufr—[)uLLing 10 those new o radio listening.
What's more. none of those beginners’ kits
are generdl coverage, the vast majority
covcr‘iﬁg specific amateur bands (such as
the 40m or 80m bands).

Fortunately, there’s now another option —
from British company AKD, an outfit famous
for its 70cm/2m amateur tansceivers and
TVI (television interference) filters. For
£160, you can buy the HEF3 receiver. which
is being markered as the Trget. Ir's
available by mail-order from amareur radio
dealers such as Waters and Stanton or from
ARD direct. Your money buys vou a
stripped-down microprocessor-controlled
communications receiver that conuains all of
the essentials. These include general 30kHz
to 30MHz coverage (forreception of all HF
amateur bands and a wide range of broadcast
signals), S8B or AM demadulation, a decent
tuning system witdi LCD frequency and
signal sirength readour, and a well-designed
user interface. There's no narrowband FM
mode, so you wan’t be able to receive
27MHz CB transmissions — but that's no real
loss (you might be able to pick them up in
AM modle, however, by wning offi-frequency;
this is known as slope detection).

I terms of internal configuration, the
Target is a dual-conversion superhet. The
first IF is 45MHz. while the second is
455kHz. A block diagram of the recejver is
given in Figure 1. A [ook inside the radio
reveals that construction is of an excellent

TARGET SPECIFICATIONS
Frequency range: 30kHz 1o 30MHz
Frequency Tolerance: 100Hz
Synthesiser: 1kHz steps
Clarifier: 800kHz
Bandwidth: BkHz (AM), 3-8kHz (SSB)
Sensitivity: v
Audio ouiput; 2W
Aenal input impadance: 7002
Tuning control: 4 rates; 10kHZ/rev, 100kHzZ/rev, 1MHz/rev, 10MHz/rev
Power supply: 12V DC @ 300mA, regulated
Reception modes: USB/LSB/AM
st IR 45MHz (with crystal filier)
2nd IF: 455kHz (with ceramic filters)
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standard. For example, the circuit boards
are high-guality double-sided fibreglass
tvpes, and the most sensitive areas of the
RF circuitry are hidden in a screening can.
Externally, the Target has roughly the same
fimensions #s a car radio or 2m mobile rig.
and is auractively — ver simply — finished.
To the left of the control panel are the
renary on/offvolume and clarifier (fine and
SSB tuning) controls; to the right is a large
weighted tuning knob with finger recess. In
berween is a large and readable LCD that
provides frequency (4 digits below 10MHz,
5 digits above) readout and a 10 point signal
strength meter, which is calibmated on the *S'
scale. Unfortunately; the display is not backlir,
which may be a minor irritation during those
interesting late-night listening seSsions.

Underneath the display are four
push-buttons. The first pair cycle up or
down berween the modulation modes.

The second pair of buttons allow a single
frequency. and the corresponding
moduladon mode, 1o be stored (in a
non-volatile memory) and recalled ar any
time. Whenever vou turn the receiver on, it
reverts to the frequency last stored in the
memory: Sensibly, the loudspeaker is locared
on the op of the receiver. Round the back
of the receiver is a 3-5mm headphone
socket, a phono aerial socket (with
switchable artenuator to prevent overloading
from nearby powerful tmnsmitters) and a
DC input socket. The Target runs from a
regulated 12V 300mA supply; and a power
supply unit is provided. The receiver could
also be powered from a car battery, making
it useful for mobile operation.

Also supplied with the Targer is a 10m
wire gerial and a manual that also serves as
an introductory guide w shormwave
listening. It talks in basic rerms about midio
and propagation, and also lists some
frequencies, noubly those of broadeast
stations such as the BBC World Service,
Voice of America and so on. The length of
the aenal is very much a compromise, and is
really only included 1o get vou started —
purpose-designed aerals will provide beter
performance. The manual explains how the
aerial can be ‘strung up” in the garden. It
recommends that if it’s to be located some
distance from the receiver, then it should be
connected via TV coax — this is also a good
itlea if the mdio is being used nesir computer
equipment. The aerial, which terminates in
a phono plug. also has a ground wire that
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HamComm RTTY display info is also transmitted on HF bands but often encrypted.
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They can be intercepted on land.
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Some landbased stations also transmit weather faxes to ships.

I F8 ] F3
TOP:ZZ200 BOTTON:1400 fA_GREYI:ON

dllows the receiver 1o be earthed if necessarye
The Target is designed 1o be very much a
‘plug in and use” solution (an ideal birthda
: or Christmas present, perhaps?).

: Using the Tuger is simplicity itseli. The

114.300|

w T Wy

Figure 1. Block diagram of the AKD Target receiver.

tuning knob is used to reach the desired
frequency — unlike some of those portable
rudios, there™s no intersiation muting as you
sweep the band, allowing vou to scan for
new stitions. Inside the receiver, the tuning
knob becomes a noiched aylinder: which
lies in the optical path of an oproisolator. As
the knob rotates, this armnzement
genentes a pulse wain, which is fed to the
microcontroller (a PIC chip. by the look of
it), and thence to the frequency synthesiser,
which waorks in adequare 1kHz steps. There
are four runmg rues; the one selecied
depends: on the mue at which vou wirn the
knob. The slowest is 10kHz per revolution,
while the fastest is 10MHz per revoluton.
This simple but effective solution allows (uick
tuning without the need for a handswitch (it
also keeps the manufacturing costs down).
In SSB mode, the clarifier adjusts the VFO
(variable frequency osallator) that's used 1o
regenerate the carrier suppressed during
the transmission stage. In AM mode, the
clarifier control is used as a fine tuning
adjustment with an 800Hz range. \
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S8B has two modes — LSB (lower
sideband) and USB (upper sideband),
referring to the sideband that wasn't
filtered off prior to ransmission. SSB is
used to conserve radio spectrum (valuable
in these days of crowded HF bands) and
transmission power (no modulating signal
means no ransmitter power). But which
mode should be selected? A common rule
is that LSB signals are transmitted on
frequencies below 10MHz, while SSB
signals can be found above 10MHz — there
are, however, a few exceptions. It's
generally easy 1o tell a SSB transmission. If
the receiver is in AM mode, the audio is
extremely distorted, and the signal strength
meter fluctuates wildly. During reception,
the SSB mode is also used to recover CW
(continuous wave) Morse transmissions,
which are common on the amateur bands.
All of this sounds complex, but in practice.
you simply adjust the control until the
transmission becomes intelligible.

Tvo different filters are selected,
according to whether AM or SSB is
selected. In AM mode, the bandwidth is
okHz — fine for audio reception. The AM
demodulator used is a quasi-synchronous
tvpe- With the 2W amplifier and a decent
internal speaker. the Targer delivers
excellent audio quality, General MW and IW
broadcast reception, for example, was
noticeably better than many transistor
radios, despite AKD's claim that the Target
is ‘optimised for speech’. There was a slight
buze which was cured by earthing the
receiver.

In SSB mode, a 3-SkHz filter is switched
in. This is perhaps a little wide, and during
some late-night sessions, interference was
noticeable. The signals could still be
resolved, but it may cause prablems with
RTTY (radio teletvpe) and fax decoders
such as the PC-based HamComm and JVEax
packages. A new 250 version of the Target
(which also includes a versatile computer
interface) will include a 2-6kHz SSB filter —
4 better bet. SSB reception is, however
gound, although tones could sound a litde
warbled. It's still a lor beuer — and easierto
use — than many portable sets. In terms of
sensitivity; the receiver was excellent. Even
with the supplied aerial, a wide range of HF
broadcast stations and S5B amateur
stations from around the world were pulled
in. It's easy to see why shortwave listening
is still popular, despite the overwhelming
attractions of the Internet and its potential
for audio broadcasting (streaming). That's
not w say that computers aren’t connected
with mdio listening. On some frequencies,
weather maps are transmitted to ships from
powerful land-based stztions. With the
appropriate software, such as the popular
shareware program, JVFax and Skyview
Svstems’ PC-Fax, it's possible to decode
such maps and display them on a PC screen.

JVFax will also generate pictures from
slow-scan TV (SS5TV) transmissions. In such
cases, the audio output from the receiver is
fed w the computer’s serial port via a simple
interface (effectively a Schmitr trigger,
based around a 741 op-amp) that converts
the audio wones to R8232 levels. The same
interface is used with other programs that
decode CW and RTTY (radio teletype)
signals. One such program is the shareware

Internal view HF3 receiver. Note neat layout.

program Hamcomm — from which the
name of the interface is taken. A search on
Allia Vista, or another search engine, should
point 10 4 Web or FTP site from which such
programs cin be downloaded.

Ar £160, however, the Targetr can be
considered excellent value for money,
Although it doesn’t have the features or
performance of vastly more expensive
communications receivers, it is an ideal
starting point for somebody who wishes wo
get into HF communications, and should
hopefully open up the hobby to a greater
number of people. With the Target, they
will learn whut's our there, and develop a
practical understanding of radio propagation.
It will hopefully get more people involved
with amateur radhio, although shormwave
listening (and the acquisition of SWL cards)
is a hobby in its own right. The Target does,
of course, have applications among existing
Class A and HF novice licensees. They can.
for example, check the audio quality from
theirmain rig. The new uprated version of
the Target. unveiled at the London Amareur
Radio Show in March. is also worthy of
consideration. As discussed, it has a more

useful SSB filter with a narrower bandwidth.
The feature of grearest interest, however, is
the computer interface — the radio amaches
to a PC’s paralltel port. The DOS-based
software supplied provides a number of
useful facilities, including a spectral display
(normally the province of top-¢nd
communications receivers, such as the lcom
IC-756) that may be useful for checking
transmitters for harmonics and the like. The
software also gives you 500 memories for
storing frequencies. Other software features
planned include fax and RTTY decoding.
Finally, my thanks go to Waters & Stanton
for the loan of equipment. IETHNES |

Points of Contact

Waters and Stanton Electronics,
Spa House, 22 Main Road,
Hockley, Essex SS5 40S.

Tel: (01702) 206835/204965.

AKD, Unit 5, Parsons Green Estate,
Boulton Road, Stevenage, Herts.
Tel: (01438) 351710.

Web: http://wew.kbnet.co.uk/akd,
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Initiclise variables
! ) 1 : Initialise registars
by Stephen Waddington R
. : Ceor LED B [
Last month, we developed a basic flip-flop 7
application based around the PIC microprocessor. "
. . - H ay
Nouw its time to shift up a gear. Here, Stephen
Waddington looks at advanced microprocessor !
; ; : Set LED B
design and development techniques. e 150 2
hile last month's flip-flop :  Input lines can be configured 10 react 10 1
application was very simplistic, it ¢ light, tempenmture, noise ori Deley 0
served o cleary demonsiate each @ semightlorward switch press. But how is i
element of the PIC microprocessar design § this achieved using the PIC family of
process. Figure 1 reviews the development | micraprocessors? You will recall that we : -
cvele for a PIC microprocessor application | have been focusing for the sake practicalin:. | Hardware requirements
while Figure 2 reviews the development ¢ throughout the initial parts of this seriesat LED & = Port B, bit O
cvcle for the flipflop applicadon. The flip- @ least, oa development around the : 12D § = Port B, bit 1
fop problem could have been solved using | PIC16CS4. Later in this feature, we will look .
a discrete flip-fop device rather than the i at others membess of the PIC family. and : '
PIC16CS4, but having wking the time last | examine how they compare in terms of :"igulri?: 2-3 De;&“{’:‘:"t cycle for
month 1o examine each element of the _i hardware and software with the PICI6CS4. : B Top app
development ayce in deril, we can now ¢ Bur for the short term, let’s stick with the
begin 1o look at more complex problems. ¢ PICI6CS4 :
: Before we consider cither input or - o e M
. : outpur using the PICI6CS4. or indeed. any 1 Eba L Fort £
lllptlt or Output? i other member of the PIC family, the port i | BT 2 I
The fip-flop applicrion considered only : control registers must be configured. These B
the outpurt capability of the PIC16C84. and @ are used by the microprocessor 1o =
in fact. it used only two of the 13 available @ determine whether the part is to be used —
output lines. Any of those 13 lines could : for input or ourpus. As Figure 3 shows, the —_ )
have been configured as an input. Itis i PICI6CS84 has two ports, PORTA (Register bl
precisely this capability that makes the : 3) and PORTB (Register 6). PORTA consists izl/es | pais
microprocessor such a versatile device. of 3 bits, while PORTB has 8 bits. frlpes PSR F
Instead of working through lists of i The TRIS commuand is used in conjunciion =,
instructions and triggering outputs in a ¢ with accumulator — the W register — to set i
clockwork fashion, the designerisableto  © the ports forinput or output. To set PORTA | mgure 3. Pin-out diagram for
create an application which will respond to - ¢ as an INPUT port, the W register should be PIC16C84 showing PORTA and PORTB.
its externul environment. © serto 1FH (31 decimal), ensuring that each £
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Listing 2. Code used to configure bit 0 and
4 as outputs.

inputs
i as outputs

bit 1 of PORTA as inputs, with bits 2, 3 and

of the 5 lines of PORTA is set to 1. To' sei
PORTB as an output port. the W register
should be set 1o 00H (0 decimal), ensuring
that each of the 8 lines of PORTB is set to 1.
Listing 1 shows the code required to
configure PORTA for input and PORTB for

L ILI{I it

Mixing Input and Output
It is possible to create a mix of inputs andl
outputs within a single por by addressing
the birs which are to be used for input. For
example. if the first ovo bits of PORTA are o
be used forinput, the W register should be
set 10 03H, ensuring that bit 0 and bit 1 of
PORTA is set 1o 1. As no other bits are set 10
1, the microprocessor assumes that they are
to be used for input. Listing2 shows the code
required 10 configure bit 0 and bit 1 of PORTA
as inputs, with bits 2, 3 and 4 as ouzputs.

Output Addressing

There are four key instructions that can be
used 1o configure output bits, namely BCE,
BSE, MOVWF and MOVIMW Let's review
these aptions:
& BCF (Bit Clear F)
Usage: BCF Lb
This instruction sets 1 -.mvlr. bit—bitb
—in memary location f 1o zero. In this
instance, memory location fis either
PORTA or PORTB. PORTA. bit b uikes
the value 0 to 5, while for PORTB, bit b
takes the value 010 7
€ BSF (Bit Set )
Usage: BSF {b
BSF performs the opposite role of BCE
This instruction sets asingle bit—bit b
—in memory location fro 1. Again,
memory location fis either PORTA or
PORTB. In the case of PORTA. bit b
takes the value 0 1o 3, while for PORTE,
bit b akes the value 0 10 7
& MOVIW (Move Literal 1o \0)
Usage: MOVINW K
In‘terms of output. this instruction is
used as an intermediary 1o transfer a
thata vilue — in this case, k —into the

W register 10 subsequently address the
either PORTA or PORTB. In the case of
PORTA, k takes the data value 0 to 1FH
(0 10 31 decimal), while for PORTB, k
takes the value 0 1o FFH (0 10 255
decimal).

& MOVWF (Move Wio b
Usage: MOVWF T
MOVWF moves the data value in the
accumulator to memory locadon £ in
this case, either PORTA or PORTB.
MOVIW and MOVWF operite together
o transfer a value from the accumulator
—register W — to memory location £ in
this case, PORTA or PORTB.

In general terms, BCF and BSF are used
t0 operate on a single bit since they can
adddlress a bit in a single instruction. The
combinagion of MOVIN and MOVWT are
used to operate on a number of bits at the
same time. In this way, two instructions can
be used 1o address a complete port if
necessary.

Input Addressing

A similar set of instructions exists 1o test

input lines. numely BTFSC, BTFSS and

MOVIW, These aperate as follows:

& BIFSC (Bit test, skip if clear)
Usage: BTFSC £b
This instruction tesis a single bit —bitb
—in memory location £ Ifbit bin data
memory locuion fis 0, then the next
instruction is skipped. In this instance,
memory location Fis either PORTA or
PORTB. PORTA. bit b takes the value 0
ta 3, while for PORTB, bit b takes the
valucDo 7

® BTFSS (Bit test, skip if sey
Usage: BTFSS Bb
This instruction tests a single bit—bit b
- in memory location £ Ifbit b in data
memory location fis 1, then the nex
instruction is skipped. In this instance,
memory location T is either PORTA or
PORTB. PORTA, bit b takes the value 0
1o 5, while for PORTB, bit b takes the
valueDto 7

0 MOVIW (Move Literal to W)
Usage: MOVIW k
We've have already seen how this
instruction is used in terms of output,
as an intermediary to load a dai value
into the accumulator. In terms of inpur,
MOVIW is used to wansfer a data value
—in this case. k — from a port into the
W register. Once loaded into the W
register; the value can be manipulated
as requiréd by the particular
application.

In general terms, BTFSC and BTFSS are
used to test and react to 2 single bit since
they can address a hit in a single instruction.
MOVIW is used 1o operate on a4 number of
bits at the same time, or when the da
value of a port needs 1o be loaded into
memuory for subsequent manipulation. In
this way, two instructions can be used 10
address a complete port if necessary.

In rerms of determining an input value,
data is only valid at the moment it is read
from 2 port, since all input ports on the PIC
family of miicroprocessors are non-latching.
Also, the MOVIW instruction will read the
entire contents of 4 port into the
accumulator. Where a port is used for borh
inpot and output. it can prove confusing
since the value of any lines used for output
must be discounted.

There is an additional issue which needs
10 be considered when mixing input and
output lines on a single port. A port is read
ar the beginning of an instruction cycle,
while a write is executed arthe end of an
instruction cycle. Code should be written o
avoid successive reads and writes o the same
port as pin voltages need rime 1o swabilise.
The addition of a NOP (null operation) or
any other non-port instruction should be
used in between 1 write and a read
instruction to eliminate potential ermoc

Example Input/Output
Design

Listing 3 shows an example routine for the
PIC16C84 which tests two push button
swirches and modifies the stnus of an LED
appropriately. Figure 4 shows how the
design is implemented in hardware. When
Switch A connected to Bit 0 of PORTA (pin
17) is pressed, LEDA. connected to Bit 0 of

o ' ’ . o5y
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Figure 4. Hardware design for two
push button LED 1/0 example.
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PORTB (pin 6) is triggered on. When Swich
B connected 10 Bir 1 of PORTA (pin 18) is
pressedd, LEDA is turned off. The subsequent
operation of Switch A while LED A is on, or
Switch B while LEDA is off has no effec on
the microprocessor's operation.

The example program makes used of the
instructions BTFSS, BSF and BCE BTESS is
used w test whether Switch A or Switch B
has been pressed. In either case, it defauls
to the next instruction and loops round the
subroutine LEDA_ON or LEDA_OFF. Only
when either switch is pressed does it jump
to the LOOP instruction and perform the
appropriste on or off operation on LEDA
(PORTR,BIT (). BSF is used to tum LEDA
on, while BCF is used to turn it off.

Housekeeping
There are a4 host of housekeeping issues :
such as interrupt handling. the Watchdog :
Timer (WDT), Sleep mode, reset vectors :
and the Real Time Clock Counter (RTCC)
which the PIC programmer must bear in
mind while developing software for the PIC
archirecture. Many of these topics have
heen covered in carlier parts of the serics.
however, each issue is discussed here in
detail from a sofiware perspective.

Interrupts

Interrupts allow the normal flow of a
program 1o be halted by an external
mechanism and direct the microprocessor
10 execute an alternative interrupt code
sequence, For example. an interrupt could E
be used to halt an electronic control syvstem |
in the case oF an emergency, or a less
dramuric use might require a dai
communication line to be stopped when a
new packet is received 1o enable the
microprocessor to decode the dara.

There are two forms of interrupt, namely
hardware and software. A hardware
interrupt directly addresses the
microprocessor in the same manner as an :
1O port address. Bevond, it has the ability -
to stop the microprocessor and direct an :

Eitds
Lehn Notss

PICStart programming environment.

Fuse options available to the programmer during device programming using the

alternative course nf action the moment the
interrupt is wiggered.

A software interrupt is included as a
polling loop within a progmn and is tested
edch rime the microprocessor executes the
polling loop. Its key advaniage is that the
resulrs of its action are entirely predicrable
in terms of its effects on the STATUS
register; The kev disudvantage of a software
interrupt is that itis only aceessible o the
ouside world when the LO line used as an
interrupt is poried. This ope of interrupt is
generally used when a microprocessor has
no hardware interrupt capability

Software Interrupts

Implementing 2 polling loop in software is
relatively stmightiorward. Figure 3 shows a

;: Imitdalisatien routine

MOVIY FFEH

THIS DORTE

....,-..n-.
7}

[RaE]
}

PORTE, BITU

S N T R T

. Z
ENE0N

RESET INIT

ENp

and modifies the status of an LED.

Variahles

EQGOD 05H : PORTA is r
= 2050 O6H ; B0ATE is ¢
2 EQH 00 ; Set varishl
BIT1 EQU 01H ; Ser wariab

Siors program 8t

INIT ORC 00
HOVLW 00H
THIS PORTA St

Load accumilstor wi
POHER as 3
Load accuml
SeE DORTE as

Listing 3. Example routine for the PIC16C84 which tests two push button switches

I

Moin =
A progeom

!

Test input/
mtesrupt

|>

Figure 5. Block diagram of an interrupt
polling loop.

block diagram for a cotle routine which uses
an YO line configured to act as an input. If
an input is detected on the input line, the
Program jumps o interrupt routine,
returning o the muin program afier the
interrupt has been serviced.

The PIC16C5x family of PIC
microprocessors do not have hardware
interrupt capability and so are reliant on
software polling. By comparison. the 16Cxx
family of PIC devices — including the
PIC16CS4 — do have hardware interrupt
capability; but can also use the polled
techniques if required.

As we saw in Part 2 of this series, when
we examined the PIC hardware architecture,
the PIC16C24 has four sources of interrupt:
@ Euernal interrupt from RBOANT pin.

& TMRO timercounter overflow inerrupt.

& Change in status on lines+ 1o 7 of
PORTE.

@ End of data EEPROM write (used on
during programming EEPROM).

The first three interrupt sources apply
across the PICI6Gx mnge. Each of these
mechanisms will cause an interrupt to the
main program flow INTCON, the interrupt
control regisier, as shown in Figure 6,
records individual interrupt requests as flag
bits and is used to test the interrupt
method. e also contains individual and
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global interrupt enable bits used. The global
interrupt bit (GIE) enables or disables all
interrupts. Individual interrupts can be
disabled through their corresponding
e1uible bits in the INTCON register.

Listing 4 shows an example of an
interrupt handing routine. When an
interrupt stops the flow of a program, the
GIE is cleared o disable further interrupts
and the program return address is pushed
oo the stack. The Program Counter (PC)
is Joaded with (04H - the interrupt service
vector The interrupt service routine need
not necessarily be located at this address,
providing a GOTO statement is located in
its place instead.

Once within the interrupt service routing,
the source of the interrupt is détermined by
polling the interrupt flag bits within the
INTCON register. The interrupt flag bits must
be cleared in software before re-enabling
interrupts to avoid recursive interrupts from
the same event. This is achieved using the
RETFIE instruction which allows the user o
return from an interrupr and re-enable
interrupts at the same time.

Watchdog Timer
The Waichdog Timer (WDT) is a tvpe of
interrupt used by the PIC microprocessor (o
prevent itsclf becoming latched in a loop.
This can occur a5 a result of 4 bug in the
software or an external electrical interference.
The WDT provides a heartheat 1o the PIC
microprocessor. If this heartbeat stops, the
MICTOPrOCEssOr genernites a reset conditon.
There are ocasions when the WDT is not
required, such as when the microprocessor
is placed into SLEEP mode. In this instance,

Interrupt MOWIF wsave
SWAPF status,W

HMOVWE ssave

i Interrup
; should =it here

Endint

=save, W
status

F wsave
wsave,W

RETFIE

sexrvice routine

Listing 4. Example interrupt handing code routine.

: Inmterrupt address

: Preserve acocumulator
; Preserve zero flag
. 5 STis register

; Return from interrupt

V=ctor

ORG 000H
GOTO INIT

; Ressc

execution on reset.

Listing 5. Example of code used to ensure microprocessor commences narmal

if active. the WDT would create a reset
condition as soon as i timed-out, waking
the microprocessor from its SLEEP
condidon. For this reason, the WDT can be
disabled via its configuration fuse during
i device programming. Photo 1 shows the
¢ fuse options which the programmer is able
1o configure during programming using the
PICStmart programming environment.
The WDT has a nominal time our period
of 18ms. although this varies with ambient

B/MW R/W R/W R/ R/ R/ OR/W R/

| e | een

TOIE ] INTE | RBIE | ToIF | INTE | RBiF]

Address: €Bh | R/W: Readable &
writable
Bit0 Power on resst R: Reod only
volue: 0000 000Xt |U:  Unused,
read 65 0

RD port chonge interrupt floag
Set when RB<7:4> inputs change
Reset in softwore

INT interrupt flog
Set when INT interrupt occurs
Reset in =oftwore

TMRD overflow interrupt flog
Set when TMRO gverfiows
fesat in sofiwora

RBIF interrupl enobie bit

RBIE
REIE

= 0: dizables RAIF interrupt
= 1: encbles RBIF interrupt

INT ‘interrupt encils it

INTE = 0: disgbles INTF interrupt
INTE = 1: engbles INTF interrupt

TMRD interrupt enoble bit

TCIE = 0: disshles TOIF interrupt
TCE = 1i: enables TOIF interrupt

EEPROM write interrupt enable bit

ECIE = O: Disable EGF interrupt
EEIE = 1: Encble EEF interrupt

Globa! interrupt enable
Dizable

.—__\ =
I = Encobie

Figure 6. INTCON register records individual interrupt requests as flag bits.

temperature and supply voliage. If longer
time-out periods are required, 4 prescaler
with a division ration of up o 1:128 can be
assigmed w the WDT by addressing the
OPTION register. a5 shown in Figure 7. This
enibles time-out periods of up to 2-3s
{(18ms x 128) 10 b achieved.

The WDT and prescaler are cleared by a
SLEEP or CLRWDT commard. A CLRWDT
command should be included in sections of
code where there is a chance that a time
period greater thar the time-our setting may
oceur, for example, where an application is
waiting for an external input signal.

Reset
Aftera reset has occurred. the PIC
microprocessor sets the PC to a preset
address value which varies from device 1o
device. The PIC1GCS4 — like altthe
PICI6Cxx series — uses (001 as its reset
vector. The reset vector of other devices in
the PIC family is shown in Eible 1. Listing 5
shows two lines of code used 1o ensure that
the microprocessor recommences normal
execution of the program on reset. The
reset vector of the device being used should
be substitured for that shown, which
assumes the code written for the PIC16CS+
When a reset condition is generated, two
bits within the STATUS register indicate the
cause of the event. These bits are the Time
Out (T0) and Power Down (D) bits, as
shown in Table 2, alongside a summary of
evenis which determine their status. By
examining these bits immedintely after a

PIC Microprocessor  Reset Vector

18C54 1FFH
16055 154
16056 | 3FH
16C57 | TFFH
16C58 TFFH
160xx | OODH

Table 1. Program Counter (PC) reset
addresses for devices within PIC
family of microprocessors.
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- Wake Up

Time Out (70) Bit | Power Down (FD) Bit | Reset Event

0 0 \WDT wake-up from SLEEP : The device can wake up from SLEEP

g 1 WDT time-out not dufing SLEET ¢ through one of the four following events:
1 0 External reset from SLEEP (WDT off) 4 External reset input on MCIR pin

& < | Pover up

@ Warchdog Timer time-out reset (if WDT
i enabled)
¢ 4 Interrupt from INT pin change
: 4 Change of status on PORTB
The first event will cause a devive reset
proper. The three lauer events are
considered a continuation of program
execution. The To and b bits in the STATUS

Table 2. Status of Time Out (7o) and Power Down (FD) bits versus reset events.

; Dalzy Routine

DELAY MOVLYW TIME
MOVWF COUNT

_O‘C'ELR:‘T_}:S?ECEqu 3 i Clear REEC‘ ?igiS‘?Eza - e register can be used to determine the cause
LORG BTFSC RICC, ; Tost BT Bt 7 (1 Séps = 32-788ms ’ By XIS L.
e JUMP ; If RTCC bit 7 set gotc JIMP of device reset, FDblt,“hlLi’:lS seton
SO0 LONG i If RTCC bit 7 not set loop unEil set power-up, is cleared when SLEEP is invoked.
; If BTCC bit 7 is set clsar RTCC 70 bit is cleared if WDT time-out occurred
; Decrement COUNT by 1 until reach zerc i and caused wake-up.
F ARy %5 = ) :  When the SLEEP instruction is being
GOTO LONG ; Loop LONG if COUNT not esgual te zero ! executed, the next instruction is pre-fetched.
RETURN ; Return to call location

For the device to wake-up through an
interrupt event, the corresponding interrupt
enable bit must be set (enabled). Wake-up is
regardless of the state of the GIE bit. If the
GIE bit is clear (disabled), the device
continues execution at the insiruction after
the SLEEP instruction. If the GIE bir is set

Listing 6. Typical code sequence used to generate delay using RTCC.

R/W B/W  R/W R/W R/W RAN R/ R/

[7270] mene | mis [ mi [psa [esz [ psirso] oo e

R/W: Reodoblz & writohle

ADDR: 8th |R  reed any (enabled), the device execures the
e instruction after the SLEEP instruction and
-t Al UE = = = 5 i . N i
L FRESCAER VALUE | TMRD RATE | WOT RETE the branches o the interrupt vector (04h).
o o b 1:2 11 In cases where the execution of the
g ‘13 ;} he ; ; =2 ¢ instruction following SLEEP is not desirable,
By A R 3 ; = the usershould have a NOP afier the SLEEP
S 1: 337 1 16 ¢ instruction to cause a delay: The WDT is
: ? :} 1 I;E : : éi : cleared when the device wakes-up from
I . : - = Py i > —— cqlease
S truas 15 258 3 = Y : sleep, regardless of the source of wake-up.
sealer assignment it
|, PrSOd onignies £ Real Time Clock Counter
LI The Real Time Clock Counter (RTCO) allows
TMRO signal sdge: accurate ming or event counting to be

D ... Increment on lew—to—high tronsition on RA4/TOCKI pin

¥ i carried out during code execution. Listing 6
1 ... Increment on high—to—fow tronsition on RA4/70CKI pin

~ shows a sequence of code from last month's
flip-flop application which was used o
generate a delay of 0-256s between the
LEDs flashing on and off.

The RTCC takes its timing feed directy
from the microprocessor clock. A separate
clock could be used on the RTCC pin. but
this offers few advantages. Configuration of
the RTCC is via the OPTION register as
shown in Figure 7. This enables the RTCC
to be configured for an internal or external
signal and also enables a prescalerto be
assigned 1o the clocking rate 1o create
variable delays.

Next Month

In the final part of this series next month,

TMRD signal source:
0 ... Interncl instruction cycle clock (CLKOUT)
1 .. Transition on RA4/TOCHI pin

INT interrupt edge sslect
0 _. Interrupt on foliing edge
1 .. Interrupt ‘on rising edogs

PORTB pull-up enahls
BBPU = O : PORTB pull—usns ore snchled by indnidual pori-loich vaoluss
RBPU = 1V : FORTA pull-ups are disobled overriding any port latch value

tF!i‘guaoigc The OPTION register allows a prescaler to be applied to either the WDT or
e 2

reset has occurred, the micraprocessor can
determine how to react.

For lowest current consumption in this
maode, all /O pins should be either at Vop,
or Vss, with no external dircuitry drawing

Sleep or Power Down
Mode

The ability to halt all functions of the
microprocessor and in effect put it to sleep
in order to conserve power has already

current from the O pin. O pins that are
unconnected or unused should be pulled
high or low externally to avoid switc