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P H OJE CTS FOR YOU TO BUILD! F EATURES ESSENTIAL READING
CHRISTMAS TREE LIGHT 9 DISCOVER JUPITER AND ITS
SEQUENCER . SATELLITES

Add some hj Douglas Clarkson takes a ook at this gian

seasonal planet and its accompanying moons. Mugh

versaile and expandable
the unit stands it counts from 0 108
the count displayed on an LCD.
can also be adapied fo drive LED disy

VALVE VOLTAGE REGULATOR
Some neat ideas for 150V/250V valve-
based voltage regulators ideal for valve
circufts requiring & clean, noise-fres, supply.

THREE MINI MODEL TRAIN

PROJECTS

Thase three mini projects are designed for
use with 2 layout controlled by the popular
Maplin Digital Trein Control System,
individually or together they will enhance
the versatiity and realism of the layout.

IN-CAR AMPLIFIER PSU

Following on from tast monti's high power
sterep amplifier project, here is a high
poiwer, high efficiency swiich-mode power
supply designed specifically for powering

an in-car ampiifier.

DAY/NIGHT THERMOSTAT
This ingenious project allows difierent
temperatures fo be set for dayime
and night-time — something that most
thermostats cannot provids.
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scientific data has been gathered, which?
can be used to expand knowiedge of odr
own planet
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ABOUT THIS ISSUE ...

Hello and welcome to this festive Christimas
issue of Electronics!

Ready and waiting to be ‘unwrapped' this
month-are a whole host of projects:

To really get you into the Christmas mood
there's a brilliant three-channel light sequencer
that makss use of digital phase-angle control,
which means that insiead of the usual boring
flashing patiemns, this unil is able to control
lamp brightness, and thus produce fade in
and fade out pattarns as well as flashing
patterns. Groups of pattems are stored cna
preprogrammed EPROM, with four banks of
sequences, the first three cater for ong, two or
three channels and the fourth is a group of test
pattems for use when building and testing the
unit. We've called the unit a Christmas Tree
Light Seguencar, but the unit canalso be
used to control disco lighting, efc. As the unit
stands it can control 100W per channel, but
by uprating the triacs, up to 400W per channel
can be controlied.

Last Chrisimas we published a Priority Quiz
Buzzer project, and to complement it this year,
there’s a Quiz Game Scorer project. The unit
counts from 0 to 993, with up/down buttons to
increment/decrement the display in units, tens
or hundreds (naturally full camy forward and
bomowing is implemenied). There is, of course,
the obligatory reset bution. The unit is provided
with a liquid crystal display, but pravision is
made on-board for LED display driver ICs as
well, so that large ofi-board displays can be
driven too. Multiple units can be cascaded, if
required, to give larger counts, and of course
the unit can be used for plenty of other
counting applications other than quiz game
scoring.

The Maplin Digital Train Control System has
proved to be an exiremely popular project, in
this issue are three mini projects that can be
used on & layout controlled by this system. The
projects are head and tail lights (with automatic
direction sensing), train location detection (for
use with a mimic panel) and automatic loop
contral (allowing inclusion of a loop that
connects back onto itself without the need
for manual switching of the supply to the rails).

For valve fans, there are a couple of
valve-based voltage regulator cirauits, these
are ideal for use with valve-based audio circuls that
require a regulated noise free HT supply. If you
didn't already know, in next moniin's issue of
Electronics we will be publishing a Hi-Fi valve-
preamplifier project designed to complement
the popular Millennium 4-20 valve power ampiifier.

Faollowing on from last month's stereo
power amplifier project, in this issue there's
a purpose designed swilched mods power
supply to power the in-car amplifier — it'll blow
your socks offl

To help keep control of your heating bills,
there’s a Day/Night Thermastat project that
allows different temperature settings to be
pregrammed at diffsrent times of the day
(and night!), the unit includes a low temperature
warming output that can be used to indicate
heating system failure, or as a frost-siat.

Plus, there are plenty of fascinaling features,
series and reguiars to read and enjoy; so until
next monih, from everyone here at Electronics,
enjoy this issue and have a Merry Chrisimas!
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by Douglas Clarkson

Jupiter: The Giant
Planet

As additional information is gathered about
the planets within our own solar system, it
becomes increasingly clear that very diverse
environments exist upon them. In the case of
Jupiter. however, not only is the main planet
itself of interest, but iis attendant set of moons
— sixteen in all — hold many surprises. With
Ganymede, one of the moons, being larger
in size than Mercury, the moans of lupiter
give additional insights into how different
planets/moons establish their own finely
balanced environments.

lupiter more than dwarlfs the other planets
within the solar system. It has, for example,
more than twice the mass of all the other
planets put together

The sCieniific sicnificance of lupiter has
grown considerably in relation to under-
standing the physical evolution of planets
within the solar system and, perhaps more
importantly, obtaining clues about the
evolution of life on Earth. It is thought. for
example, that the present-day atmosphere
of Jupiter closely resembles the early atmos-
phere of Earth

December 1934 Elecironics — The Mapin Magazine

One of the great mvsteries of Jupiter (apart
from its Giant Red Spot) is the fact that it radi-
ates more heat energy than it receives from
the sun. Some unknown mechanism of
internal heat generation is thought o be at
work. Theories of release of heat due to
shrinkage of the diameter of the planet are
passing out of favour Also. newer theories
linked 1o the behaviour of hydrogen at high
pressures, and involving aspects of ‘cold
fusion’, are receiving some consideration

The mysterious features of iis energetic
atmosphere are shown in Photo | —one of
the many series of superb photographs taken
by the Voyager spacecrafis.

Jupiter has no solid surface, and thus no
form of manned landing can ever be
attempted. lis consori of moons siraddle the
planet in an inner group of eight, and an
outer group of eight. It is thought that the
outer group have, probably through time,
been captured by the strong gravity of Jupiter
and that the inner group relate (o the phase
of initial formation of the major planets.

Intense ionising radiation fields, however.
bombard most of the inner family ofmoons —
lo, Europa and Ganymede. Only cold, barren
Callisto is relatively free of the lethal radiation.

Photo 1. General features of Jupiter -
showing the massiv energetic
atmosphere

Jupiter and its attendant moons, however,
provide a very rich scientific hunting ground
—which is the reason for the current NASA
Galileo mission.

Jupiter: Human History

In 1610, Galileo was one of the first (o study,

Jupiter with a telescope. The relative motions

of bright points of light about Jupiter were

correctly interpreted by Galileo as a sequence

offour moons in orbit round the planer. The

discovery was an important confirmation of

the Copernican theory of planets revolving

around the sun — a heresy according o the
authorities.

Jupiter: Facts and
Figures

Table | summarises a few facts and figures
about Jupiter The relatively rapid rotation of
the planet on its axis results in a surface
velocity of around 45,000kmv/h. Because the
axis of spin of the planet relative to the plane
of the solar system is small, there are no
specific ‘seasons’. Being roughly five times
further away from the sun than Earth is,
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Jupiter receives approximately only 43 of
the solar radiation per unit of incident area. Mean distance from sun:

Thus, the large set of panels which provide Deriod of rotation round sun:
around 2&W of power for the Hubble tele- o L

scope would only provide 80W at the orbit Period of rotation on axis (equator):
of Jupiter. The Voyager spacecrafts were, in Diameter (equator):
fact. powered by a series of nuclear power -

The relatively large value of magnetic field Surface temperature:

is responsible for rapping energetic charged
particles around the planet, and establishing "
zones of intense ionising radiation. The inner Surface gravity:
moon, lo, for examiple, is bathed in lethal Mean densite:

levels of radiation. :

Axial inclination:

Magnetic field strength (equator):

The Core Composition * One All (astronomical unit) is the mean distance benween Earth and the sun.

778-3 million km (5-2 AlUs#)
11-86 years

9 hours 30 minutes
142,000km

318 Earth masses

—150°C

50

265 x Earth's,

1-33 g/cm® (024 Earth's)

4-3 gauss (13-8 times Earth's)

Theories about the internal composition of Photo 2. Energetic streaming of the Jovian atmosphere.

Jupiter are largely speculative. In one theory,
a relatively small silicate core, of d maximum
radius of 10% of the total planet radius, is
surrounded by a mantle of solid hydrogen
up 1o a radius of around 75% of the planet
radius. Beyond this. liquid hydrogen even-
fually merges with a turbulent armosphere,
including heavier gas elements — methane
and ammonia. Such theories, however, are
limited by experimenial earth-based obser-
vations.

The core of the planet is considered to be
at a temperature of 25,000K. where the pres-
sures could be as high as 100 million atmos-
pheres. Part of the complication of such
models. however. is that helium is soluble in
hydrogen at such high pressures, and so
multi-component systems could exist.

The Magnetosphere

lupiter is surrounded by a relatively strong
magnetic field. Charged particles tend to
spiral within this field — emitting radio waves,
and causing accelerated charged particles to
be a source of ionising radiation. This
active magnetosphere extends out about
ten planetary radii — to a distance, approxi-
mately. between Europa and Ganymede.
The radio emissions from Jupiter were first
detected in 1955.

Photo 3. Close-up of cloud reglons with a dark spot observed by Voyager 2 near closest
approach.
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Jupiter Probes .

Pioneer 10 was launched on 2nd March 1972,
and approached Jupiter at a close encounter
of 131,000km on 3rd March 1975, sending
back a series of 300 pictures. This was fol-
lowed by Pioneer 11, which was launched on
5th April 1975 —achieving a close encounter
at 46.400km on 2nd December 1974.
Sampling of the magnetosphere and aimos-
phere was undertaken. In many ways, the
pioneer probes paved the way for the later,
highly successful Voyager missions; their
work of mapping the radiation fields around
the giant planet was an important achieve-
ment.

Voyager I, launched on Sth September
1977, achieved a close encounter distance of
350.000km on 5th March 1979, obtaining
good images of lo, Ganymede and Callisto.
The companion, Voyager 2, launched on
20th August 1977, achieved its close
encounter distance of 714,000km on th July
1974, Voyagder 1, although launched later
than Voyager 2, was sent by a more direct
route, and arrived earlier Voyager 2's path
was specifically targeted 1o cover satellites
not well covered by Voyager 1.

One of the more stariling discoveries of
tive Voyager missions was volcanism on lo—

Electronics — The Mapfn Magazine December 1884



Photo 4. Spectacular close-up of the Giant Red Spot taken by Voyager 1 — showing how the
feature persists amid the turbulence and streaming of the Jovian atmosphere.
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Photo 5. General features around the region occupied by the Giant Red Spot, taken by
Voyager 2.

the Galilean satellite closest to Jupiter. The
missions also provided excellent images of
lJupiter’s atmosphere — including the Giant |
Red Spot.

The Voyager probes, however. were on a
grand tour of the solar system and were not
parked in orbit around the planet for longer
periods of observation. Both crafis spent nine
mornths traversing the extensive asteroid belt
between the orbits of Mars and Jupiter

Jupiter's Atmosphere

Uniil a probe can physicaily descend into the
planet’s atmosphere. the composition of the
atmosphere has to be interpreted from analy-
sis ol fight reflected from the planet’ssurface. ‘
Molecules have characteristic absorption |
spectra where photons of specific wave-
length are absorbed — leaving dark bands in
reflected spectra. Some gases, however, are
difficult to detect using spectroscopy absorp-
tion methods. The major components of
the atmosphere are considered o be hydro-
gen and helium. with traces of methane,
ammonia, ethane and water

December 1984 Elecfronics — The Mapln Magazine

The active chemical environment, how-
ever. with the bombardment of solar ultra-
violet radiation, and incidence of lightning
discharges; gives rise 10 a mix of chemical
compounds including carbon monozgide,
hydrogen cvanide. acetylene and ethane.
There is also likely to be vertical mixing in the
atmosphere, as compounds formed at depth,
and high temperature and pressure, convect
upwards into the upper aimosphere. The
cochiail of atmospheric components will,
probably. be found to be more diverse.

There is considerable interest in finding out
more about Jupiter's atmosphere. If the com-
position of the planet is essentially
unchanged since its formation, out of a cloud
of interstellar gas and dust, 4-6 billion years
ago, then it can provide valuable information
about the early siate of the universe — pro-
viding insight. for example. about theories of
its spatial expansion:

There has been speculation that the bulk of
the water in Earith's atmosphere resulied
from bombardment. over a long period of
time, by icy comets. If such a mechanism is
valid, then Jupiter should have collected
even more water due to iis greater gravita-
tional field. There is no evidence, however, of
solid deposits of ice at levels within Jupitec

It is likely, however, that Jupiter's atmos-
phere contains gases such as neon. which
is very difficult 1o detect from absorption
specira.

Since the present atmosphere of Jupiter
would closely resemble that of Earth soon
afterits formation, there is considerable inter-
est in identifying the range of organic com-
pounds being synthesised in iis atmosphere.

The Cloud Systems

The cloud systems of Jupiter have been
extensively observed through earth-based
telescopes for over 300 years. Clouds appear
to rotate in well-defined bands in a westerly
to easterly direction. Changes in the patterns
can be detected over time-scales of a few
hours, indicating that the circulation is highly
volatile and dynamic. The highly detailed
pictures of the Voyager missions provided
additional insight into the nature of the cloud

Photo 6. Voyager 2 image of the faint rings of Jupiter while the craft was on the dark side of
the planet.
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The main cloud layer is tawny coloured.
What appears as dark brown clouds are con-
sidered to be holes in the main tawny layer
—revealing darker elements below. Blue-grey
or purple areas are associated with areas of
strond thermal emission around the equa-
torial region. Bright zones, stretching across
the northern hemisphere, may consist of
frozen ammonia.

The Voyager probes allowed the cloud
structures to be studied in considerable
detail. Photo 2 shows the deneral chaotic
movement of the atmosphere generally —
showing details of features only a few tens of
miles across. A recion with a dark spot and
enerdelic streaming is shown in Photo 3.

The Giant Red Spot

No account of Jupiter would be complete
without some reference to its Giant Red Spot.
Even with the close scrutiny of the Voyager
probes, however, there is no clear reason for
the existence, and apparent stability, of this
feature. Could it be the site of a previous
impact of the planet with a large comet or a
moon that it evenmally captured? Is it a site
at which significantly more heat energy
escapes to the surface from its inner core?

The Giant Red Spot is some 26.000 by
14.000km in size, and has a rotation period
of about 12 days, It is clear. however, that it
must be driven by a large energy source from
within the planet. otherwise it would have.
sooner or later. been absarbed into the sur-
face atmospheric chaos. An orbiter craft, with
sensitive instruments to detect minute gravi-
tational field perturbations, could probably
test some of these theoriss.

Associated with the main feature is a series
of three unique white oval patches.

Photo 7. Voyager 1 image of Io and Europa. apparently dwarfed by the giant planet.

Photo 4 shows a superb close-up of the
Giant Red Spor, showing how its features per-
sist as a distinct entity amidst violent stream-
ing of atmosphere around it. Photo 5 shows
more general features of the Jovian atmos-
phere around the region of the Giant Red
Spot.

The Ring of Jupiter

The existence of a ring of material round
Jupiter was first suspected when Pioneer 11
detected a reduction of charged particles at
a radius of around 1-7 times the radius of the

Name Mean distance Year of Radius
from Jupiter discovery (km)
(km)

Metis 128,000 1979 20
Adrastea 120,000 1979 125 X 10X 75
Amalihea 181,000 1892 I35 x 83 x 73
Thebe 299 000 1979 55 x 45
Io 4922 000 1610 1815
Europa 671.000 1610 1569
Ganymede 1,070,000 1610 2631
Callisto 1.883.000 1e10 2400

Table 2. Summary of Inner satellites of Jupiter.

planet. The ring is considered to consist of
very small dust particles. probably emanating
from a small moon within the satellite sys
tem. It has been suggested that either Metis
or Thebe could be the source of the fine par-
ticles.

The ring of lupiter is a very faint structure
DPhota 6 shows the image taken by Vovager
2 as it caprured the light from the faint rings
while on the dark side of the planet. The
apparent double image is caused by the long
exposure. Part of the ring is cut off by Jupiter's
shadow.

Satellite Families

Table 2 summarises the inner set of satellites
of lupiter It is customary to separate them
into rwo groups — an inner group which
includes those up to the orbit of Callisto, and
an outer group beyond this. It is assumed
that the outer group have probably been cap-
tured in fairly recent times by Jupiter's grav-
ity but that the inner group hdye evolved
with Jupiter itself.

lupiter however. more than dominates the
view for all of the Galilean satellites, as the
image of Photo 7 shows. In the foreground,
the moons of lo and Europa appear to be
totally dwarfed by the giant planet. The pic-
ture was taken from a distance of about 12
million miles.

Photo 8. Active volcano on Io's horizon. Material is being ejected some
100 miles above the moon's surface.

6

Photo 9. False colour mosaic of 1o — showing the zones of

current volcanism on this surprising moon.
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Photo 10. View of flat, featureless surface of Europa.

Io

lo is slighily larger than our own moon and.
being the densest, was expecied o be the
most cratered. The observations of lo, how-
ever, produced some of the greatest surprises
of the Voyager mission. Instead of the
expected assortment of impact craters
recording innumerable blows from the early
days of the birth of the solar system, wide
evidence of volcanism was visible. At least
ten active volcanoes were observed during
the Voyager missions of 1979.

The entire surface of the large moon is
undergoing a continual reworking process,
so that only traces of relatively recent events
are present. The brown, orange and red
colourations of lo's surface are probably due
to the presence of various forms (alloropes)
of sulphur

While planetary volcanism on the scale of
Venus, Earth and Mars can be atiributed to
the decay of radioactive elements, lo is too
small to liberate, through this mechanism,
the amount of heat estimated 1o be driving
its volcanic activity, One theory which could
account for the creation of additional heat
energy is the generation of tides caused by
interaction between Io, Jupiter and its atien-
dant moons.

The greatest degree of volcanic activity was
detected, initially, at the volcano Pele. Ejecied
plumes of material some 280km high were
observed by Voyager 1. When Voyager 2 took
its set of images, however, Pele was inactive.

Photo 8 shows an active volcano on los
horizon ejecting material 100 miles above
the moon’s surface. Photo 9 shows a false
colour mosaic of features of lo—indicatinga
very active surface

One theory of the internal structure of lo
is that there is a dense. silica-based core of the
moon from which, periodically, lava escapes.
Sitting on top of this core is a 4hm “sea’ of sul-
phur and sulphur dicxide, the top 1km of
which is solid. When lava breabs out irom the
core, it generates sulphur volcanism through
the top crust. The temperature near some
of the active vents on lo’s surface has been
measured at around 500°C

While lo is one of the more interesting
worlds in the solar system. it is also one of
the most deadly — lo sits within the inner
radiation belt surrounding the planet. Expos-
ing asronauts 10 even a few hours of radi-
ation would be fatal without some form of
shielding.
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Europa

While o produced a host of surprises, the
contrasting details of Europa were just as sur-
prising. Being slighily smaller than lo. Europa
was found 1o very much resemble a white bil-
liard ball — with cracks. Europa is also the
brightest of the Galilean moons. The surface
is considered to be made up, predominantly,
of ice, with almost complete absence of ver-
tical relief. It is considered that, in terms of

structure, the surface of Europa may consist
of a crust of ice some 100km thick and that,
between this and a solid silicate core, there
may be an ocean of water or a region of
slushy ice. It would be necessary to probe
the surface of the moon using seismological
techniques in order 10 determine more pre-
cise details of its inner structures.

There would appear. however. to be a
process of significant resurfacing iaking
place. wherein water from lower regions
seeps out to melt existing struciures. In com-
mon with lo, Europa therefore only shows
details of a fairly recent past.

Photo 10 shows both the ilat featureless
appearance of Europa and the distinct lines
of fracture of the moon's icy surface.

Ganymede

Ganymede is also considered to have. pre-
dominantly, an icy surface, although there is
significantly more topography than on
Europa™ Although Ganymede is one of the
largest satellites in the solar system. its rela-
tively low density of around 2 (relative to
water) implies that iis gravitational fields are
100 low to hold onto an atmosphere.

Dark regions on Ganymede are considered
to be the oldest areas, and show a heavy con-
centration of craters. Some degree of surface
reformation is evident in the lighter areas,
where an absence of craters is evident.

The moon was extensively studied by the

Photo 11. Ganymede's topography is more interesting than that of Europa, although it is
considered that its surface does undergo some modification due to heat from the inner

layers of the moon.

Photo 12. Surface of Callisto from 350,000 miles - scarred by meteor impacts from the dawn
of the solar system.



Vovager probes. Voyager | took images from
a closest distance of 112,050km, and Voyager
2 from only 59.550km. The structure of
Ganymede is considered to resemble that of
Europa. The crusial laver of ice is probably
less than 100km in thickness. While there
is evidence of significant earlier surface
activity, Ganymede today appears largely
inactive.

Photo 11 shows Ganymede's surface from
a distance of 151,800 miles, taken by Voyager
2. Features of a size of 1-5 miles can be
resolved. Numerous craters with bright ray
systems are visible.

Callisto

While the other Galilean moons indicate
some degree of present or previous activity,
Callisto could be described as the moon
where time has stood siill since the initial
phase of intense bombardment during the
first 500 million years of the solar system. The
structure of the moon is thought to be a crust
of ice, some 200 to 300km thick, with an
inner mantle of water or soft ice overlying a
silicate core. There is no evidence for rework-
ing of the outer crust ol ice, and the level of
topography is low.

Some large features. such as a dark region
shown in Photo 12, are most likely the result
of previous significant asteroid or comet
collisions.

Amalthea

In comparison to the Galilean satellites,
Amaithea is tiny — only 165 miles long and
102 by 93 miles across. It was discovered by
E E. Barmnard in 1892, It was the first Jovian

moon to be discovered since the first Galilean
satellites were observed in 1610. Both
Voyagers succeeded in photographing its
bleak details at relatively close range. The
surface of Amalthea is quite red, though not
as distinctive as lo. It is likely that material
ejected from lo has, over time. built up upon
Amalthea’s surface.

| Whether Life?

While the surfaces of Europa, Ganymede and
Callisto give the appearance of cold, dead
warlds on the surface, the possibility of the
existence of layers of water, around a denser
sificate core, musi give rise (o the possibility
that some form of low-grade life-form, such
as bacteria. could exist there. By analogw
many surprising discoveries have been made
on Earth at great depths on the sea floor.
where superheated water, rich in mineral
nuirients, esiablishes colonies rich in bac-
teria. Earth also provides an analogy of the
great ice sheets of Antarctica where. on the
upper surface of the ice, a barren white
desert exists. but, under the ice, the ocean is
teeming with life. Perhaps, however, it will
never be possible 1o investigate the inner
features of these moons.

Project Galileo

Galileo is a NASA spacecraft mission to
Jupiter, designed to send back details of its
atmosphere, satellites. and surrounding
magnetosphere. Launched aboard the
Shutile Atlantis on 18th October, 1989, itison
track 1o reach the planet during December
1995. The path of the craft has made use of
‘gravily assist’ manoeuvres —one with Venus

in February 1990, one with Earth during
December 1990, and another with Earth
during December 1992,

When the craft finally arrives at Jupiter. the
atmospheric eniry probe will, hopefully,
descend through Jupiter's clouds; and send
its data to Earth via the orbiter. Following this,
the orbiter will proceed to study the giant
planet and its attendant moons for a period
of two years.

One problem with the craft, however,
which has not yvet been resolved, is that
its main transmitter has not been deployed
correctly — a back-up transmitter can only
transmit data at a very slow rate of 40Hz.
This may greatly impede the usefiilness of
the entire mission. Hopefully, this can be
corrected.

Conclusion

Even though it is some fifieen years since the
data okthe Voyager missions delighted
observers, much of the information that was
relayed only served to uncover yet more
mysteries. It is unlikely that space flight to
other star systems will take place within the
next fifty years —perhaps longer if the NASA
budget continues to be cut — and it is. there-
fore, essential that the detail and structure
that exists within the solar system should be
explored with appropriate dilicence.

The rich diversity of the Jovian system pro-
vides worlds of great character and unique-
ness. Continued scieniific study of them is
likely to add considerably to our knowledge
of the universe as a whole. This will. per-
haps, allow us to place more value on our
ecosystems, and help us treat them with
greater respect.

PCB and SCHEMATIC C A.D. MAKE YOUR INTERESTS PAY!
Train at home for one of these Career Opportunities
EASY- PC £98 Over the past 100 years more than 10 million students throughout the
VAT & P-F world have found it wonh their while! An ICS home-study course can
help you get a betler job. make more money and have more fun out
«Runs of life! ICS has over 100 years experience in home sludy courses
id is the largest correspondance in the world. You | t
PC/XT/AT/286/386 with Yokl o Hace: VARRIT 2561 Whars Y6t waint LRy the Gistance of
Hercules CGA, EGA or expert ‘personal’ tulors.  Find oul how we can help YOU. Past or
VGA and many ohone today for FREE INFORMATION on the course of your chaice.
emulations. {Tick ane box aniy!) )
*Design Single suled [ N\
Eﬂo??gl’e Sldgd ag | | GCSE/'A* LEVEL over 20 examinalion subjects to I
. ultilayer boards. choose from. ASK FOR DETAILS. I
.|eUse Surface Mount |
components. I | Etectronics | P.c. Repair O] 1
«Standard output includes | _ |
Dot Matrix / Laser / Inkjet I C & G Basic Electronic TV, Video & Hi-Fi I
rinters, Pen Plotters Engineering Servicing
hoto-plotters and NC I I
Drill. ] | Etectrical Engineering 1| computer Programming [] I
sAward winning EASY-PC
Bl isinusein ovgr 18 000 I Elec. Conlracting/ Refrigeration & Air I
installations in 80 I Installation O Conditioning l
Countries World-Wide. i — O _ O I
Superbly Easy to use. I Desktop Publishing Word Procassing i
Options - 500 piece Surface Mount library - £48.00 ] |
1000 piece symbol library - £38.00. Gerber Import facility - £88.00 [ MoMrsMiss 1
For full info’ please phone, fax or write to: RIS 1 Address: |
AWARD
Number One Systems Ltd. I—ﬂ J {
Ref: MAP, Harding Way, Somersham Road, l P.Code
St. Ives, Huntingdon, CAMBS, England, PE17 4WR l Intervationa) Carrespondence Schools: Dapt. EKSC4 [
Telephone:- 0480 461778 (7 lines) Fax: 0480 494042 | ;‘-; Tt High Hreoy sion Sy o B
International:- +44 480 61778 Credit Cards Welcome T e T L |

8 Elactronics — The Mapln Magazine  December 1924



Ec]

PROJECT
RATING

\{598 pictor It aii}“i:.’ L s Three-channel sequential light dimming
ghts resenved, use mission. . +

LR sk Automatic or manual pattern selection
sk Pattern speed and repeat controls

N s Opto triac isolated mains conftrol
APPL'CAT'ONS * 128 StOI'ed Iight patterns Please note that the box shown

is not included in thekit and

*Chﬁsm'las tfee Iight ment must be purchased separately
controller g fchest

Z’E Disco |Ight sequencer Ever since the introduction of the Christmas tree, people have decorated them
. with shiny objects, and illuminated them with candles, oil lamps and, more recently,
*:Show window electric filament light bulbs. These long strands of tiny, often highly coloured, lights

/ are woven in and out of the branches of the Christmas tree. It was not too long

display . before electromechanical devices were employed to flash the lights on and off
||3htmg " and, with modern electronic circuitry, it is now possible to have a more precise
: control over the intensity of the light. By using more than one set of Christmas tree
: lights, interesting combinations and patterns can be formed.
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unit clescribed in this article, inits Figure 1. Block diagram.
. IS capable of diving

tivee separate channels of lights, with
up to 100W per channel. This offers the
potential to control many seis of Chyistmas
tree lights, arranged in groups of three, When
expanded for Use with dhisco lighting, the Lnit
can dnve up o 400W per channel,

ina - fnput
e 818

Nl mo:

Circuit Description

In‘adidition o the b diagram detailecl

in Figure 1, " cliagram is shown in
figure 2. Th in following the
circuit description, or with fatlt-finding in the
completec unit
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Photo 1. Mains waveforms at different levels
of brightness, (top) near minimum (pre-heat);
(middle) half; (bottom) maximum.

p—

Specification

Supply voltage: 240V AC 50Hz
Supply curent: A maamum (standard)
5A maamum (expanded)
Power handling: 100V per channel (standard)
400V per channel (expanded)
Number of channels: 3
EPROM pattern memory: 956K (32,768 x 8 bit)
Total number of stored patterns: 128
Number of pattern groups: 4
Number of patterns in a group: 32
Number of steps in a pattern: 256
Numioer of brightness levels: i6
Pattern controls: Speed
Auto/Manual patiemn selection
Photo 2. Assembled Prototype — 3 ' Paltermn repeat
PCB: Please note that there are minor - PCB dimensions: 170 x 142mm
differences on the final version due to improvements. Case dimensions: 203 x 158 x 65mm
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| Figure 2. Circuit diagram.

the circuit being afforded by fuse F1, which




supply: The secondary of T provides a low
voliage 92:0-9V AC supply, which is full-wave
reciified into'a DC voltage by diodes D12
and D13: The 100Hz ripple at this point is
used to diive the zero crossing circuit via
resistor R17 and, to isolate the smoothing
effect of the main decoupling capacitor
(€12), a diode (D11)'is used,

The smoothed, but unregulated, + 13V
DC supply across C12 is used to drive the
channel LEDs (LD1 to 3) and the optoisolator
fnacs (IC14 1© 16). It aiso feeds the input of
mitage regulator RG1 o provide a stable

5V DC supply for the logic circuits
Decoupling capacitors (€9 and €10)
serve to remove any noise and interference
from the 5V supply

Al switch-on, a reset pulse Is generated
by R19, €16, and IC13hi(pins B and 11). This
i Used (o reset all of the npple counters,
and latches, to their initial states,

The 100Hz signalifrom R17 is applied to
the input'of €133 (pin 7), which produces
d Zero arossing signal at its output (pin 12),
This Is Used toreset IC6 (a 14-stage npple

Max O Hex
1 Hex
2 Hex
3 Hex
4 Hex
5 Hex
6 Hex
7 Hex
8 Hex
9 Hex

3
3
3
3
3

O~ oy

tad Lad L ¢
om0

End of g (bt 7)) =

Table 1. Bit Pattern.

[ I T S

=l onff—

8
5
4

- N M

counter and oscillator) at each half cycie of

the mains. The frequency of the oscillator is

set by the combined vallies of R13,14, RV2,
and (8, Its frequency range is, approximately,
from 2:6kHz to 19:5kiHz. measured on pin

1, and has the effect of setting the filament
preheat level — filament preheat means that'a
small current is still flowing iivoush the bulbs, |
even when they are not fluminated (the |
filament may have a slightglow, though). This
serves to reduce the thermal shock' as a |
bulb is tumed hard on, hence reducing the |
chances of it 'blowing!. Back in the design

labs, during testing, not a single Chnstmas |
ree buio blew (and we all know how
notornous Chistmas tree bulos can bet).

The 4-bit binary count output, on pins 7,
5, 4 and 6, Is fed to one set of inputs of the
logic comparator ICs, IC10-12. With this 4-bit
code, a hexadeaimal number from O to F
can|oe represented, and a fifth bit on pin
14, is used to reset the count. The second
set of 4-bit data required by the comparator
ICs is stored within a 256K EPROM IC3,
wihich Lses a number of other ICs to access
this data.

The data stored inside the EPROM is |
organised inte distinet grotps, which must |
be accessed with the correct memory
address. The address is macle up from a
15-bitcode, AD'to Al4 (see Figure 3). The
main light pattem group select uses bits A3
and A4, wiich are manually switched by
S4, sections 1 and 2. When both sections |
are 'off’, pattern group 1/ is selected.: With
both sections 'en’, groUp 4 is selected, etc.
The five address bits, AB to A12; are used
to select one of the 32 given light patierms !
within the sefected group. The remaining 8
address bits, AQ to A7, are used to access
each of the possible 256 individual steps of
a given light pattern.

The speed at wiich ihe individual steps
are accessed is governed by the freauency
of the master clock signal, which is
generaled by IC1a & b. This frequency is
set by the vailue of capacitor C1, and the
combined values ofiine two resistors R1 and
RV1. Its frequency ranse is, approximately,
from 160Hz to 12:6kHz, measured on pin 4
of IG1b. It has the effect of setting the overall
rate of change of the light patterm.

The output from IC1b drives the clock
input (pin 10).of IC2, a 12-stage npple
counter, which Is Uised fo generate the
8-bit code required to sequience tivough
a selecied [ight pattern. As IC2 steps through
iis' memory locations, the light patternis
reproduced from the EPROMIC3, see Table
1. The pattern appears as a siream of 8-bit
data values on pins 11 10 13, and 15 to
19. The first four bits (0, 1, 2, 3) represent
the 16 hexadecimal brighiness levels of
the light bulb, Photo 1'shows the mairns
waveform at nean minimum, half anc
maxmum brighiness. The next tivee bits
(4, 5, 6), whenlogic lov; select which of
the thiree lamp channels are to be set o
that brighiness level, Finally, bit 7, when logic
high, s Used to indicate when the end ofa
pattem 15 reached; at this stage, the pattem
i5 either repeated, on the inext patiemn in the
sequence is selected.

A second 12-stage npple counter, IC4, is
used to countithe number of times a patiern
Is to be repeated before the next one in
the sequence is automatically selected.

Position i Number of repeats

L s

SR i O N

Table 2. Number of Pattern repeats

The number of repeats is determined by the
positicn of the 12-way rotary switch 51, see
Taole 2. The altput pulse from IC4 drives the
clockiinput (pin 10) of yet another 12-stage
npple counter, IC5, which generdtes the 5-bit
address code for the 32 pattern selections
(see Table 3).

If an automatic patiem change & not
desired, switch S2 can be activated to
select manual pattern advance. A mantal
one-shot pulse Is generated every time S3
is/pushed. This is achieved by a simple
debounce arcuil, comprising IC1c & d,
with the output pulse appeanng on
pin 11.

Each stepof the three-channel light
control data is held by 4-bit latch ICs (IC7-9).
This dala is fed to the logic comparator ICs
(IC10-12). When the 4-bit brghtness data is
compared to the 4-bit count from IG5, two
of the three oulpiis frem the comparators
are tilised. The A < B'output on pin 7 is
used as a PWM dinve to the logal LED
incicators (LD-3); the P\WM signal makes
tire LEDs follow the perceived intensity, of
the mains lights. The A = B output o pin
6 is used to dnve the optoisolator nacs
(ICT14-16). A triac trigger pulse will occur at
a moement in time which is referenced to
the zero crossing poeint Depending upon its
timing, more or less of the mains waveform
will be switched by the tiacs (TC7-3):
Snubber networks, comprising R32-34
and 20-29, heip/to prevent mans nose
or interference, and protect the inacs from
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switching spikes, The three controlled mains
oulputs are as follows:

Group 1 (54: 1 off: 2 of)) = lamp 1 only: lamps- 2 and 3 are off

/] Pattern
Channel 1 = Number

Channel 2

Memory
Location

Pattern Description

Channel 3

MNote that R26 to 28 and R32 to 34
are rated at W, this is not due to pawer
dissipation recuirements, but simply becatse
Y/ resistors have a higher voitage rating than
the standard 0'6W. metal film resistors, used
elsewiere n the unit.

PCB Construction
The assembled P(B is shown in Photo 2
The PCB is a double-sided fioreglass type,
chosen for madamum reliabliity and stability.
However, removal of a misplaced
component is quite difficult, so double-
chreck each component’s type ancl value
(and polanity where approprate) before
saidering! If you require additional
information abotit soldernng and assembly
techniques, they can be found in the
'‘Constuciors' Guide' (XH79L), The PCB has
a pinted legend (see figure 4) to assist you
In comectly positioning each item

The seguence in which the componenis
are placed i5 not critical, but it is easier o
start with/ the smiller components such as
resistors (R1 to R34 and RV2), followed by
the ceramic, polyester layer and electrolytic
capacitors, The polanty for the electrolytic
capacitors is'shown by a plus sign (4) on
the PCB legend. However, the majority of

0000-00FF
O100-01FF
0200-09F
0300-03FF
0400-04FF
0500-05F
O600-06FF
0700-07H
0800-08FF
0900-09FF
0AQO-0AFF
0B00-08FF
OCOO-0CE
ODO0-ODF
OROO-0EFF
OF00-OFFF
1000-10FF
T100-11FF
1900120
1300-13FF
T400-14FF
1500-158F
1600-16FF
170C-17FF
1B0O-18FF
1900-19FF
TADO-TAFF
1BOO-1BFF
1C00-1CFF
1DO0-1DFF
TEOQ-1EFF
1FO0-1FFF

1 on/off medium speed

1 random leveis

1 on/off slow speed

1 up/dawn

1 positive pulse medilim speed

1 up/off and on/down

1 half on/full on fast speed

1 on/off slow, medium and fast speeds
1 random on/off

1 negative pulse fast speed

1 up/hold/down

1 Moarse code message 'MERRY XMAS'
1 half enfup/hold/down

1 on/off fast speed

1 up/off

1 half onfrendomien

1 positive puise fast speed

T on/down,

1 negative pulse slow speed

1 on/off one short, one long

1 uphold/up/nold/downvhold/down
1 positive plilse slow speed

1 rendom up/down

1 up/down/on/off

1 on for long duration/down/iup

1 half on rendom up/down

1 on, no pattemn

1 half on/full on medium speed

1 half onfrendom off

1 up/down slow, medium and fast speeds
1 negative pulse medium speed

1 half on/full on slow speed

electrolytic capacitors have the polanty
designated by a negative symbol (-, in
which case the lead nearest this symbol
qoes away from the positive sign on ' the
legend.

The tansient suppressor, 1571, looks like

a large resin-ciipped disc ceramic capacitor.
Make certain to carrecily identify this

Memory
Location

Pattern Description

camponent before installing it!

The cliodes (D1 to D13) have-a band at
one end to icdentify the cathode!(K) lead.
The legend shows the diiode positions with
a symbol like a resistor, but with the prefix
D', The symbtol also has a bar across one
end, this is where the cathode is placed.

Three small CP206D triacs (TC1 to 3) are
supplied with the standard kit. However, if
you wish o construct the expanded, higher
power disco version, then these must be
replaced by the larger BTADB-6008 triacs, |
which are mounted on heatsinks. The legend
shows both sels of package outlines; make
sure that you seiect the appropnaie onel!

Next. install the voitage regulator RG1,
making sure that its outline cormesponds to
the package outline on the legend, When
fitting the IC sockets, ensure that you match
the notch with i ock on the board. Note
that no 6-pin IC sockets are tised i positions
IC14 to 16, Install the ICs making certain that
all the pins go nito the socket, withithe pin'l
marker at the notched end, The oploksolator
tnacs (ICs 14 to 16) are soldered direcily
into the PCB — fry not o keep the soldenng
won in contact with the device leads for
longer than two seconcls; Remember (o
observe the standard antisialic precalitions
before you handie the ICs — ensure that you
touch an 'earthed! concluctor (eg, domestic |
water pipes) o remove any. static charge

9000-20FF
9100-91FF
9900-29FF
9300-23FF
9400-94FF
9500-95FF
9600-26FF
9700-97FF
9800-28FF
9900-99FF
OAD0-OAFF
9B00-9BFF
9C00-9CFF
9D00-9DFF
OE00-OEFF
9F00-2FFF
3000-30FF
3100-31FF
3900-39FF
3300-33FF
3400-34FF
3500-35FF
3600-36FF
3700-37FF
3800-38FF
3900-39FF
3A00-3AFF
3800-38FF
3C00-3CFF
3D00-3DFF
3E00-3EFF
3F00-3FFF

1 and 2 up/down

1and 2 on; 1T and 2 down

1 and 2 endom levels

1-and 2 on; 2 downdip % 2; 1 downiip X 2
1, 2 up; 2, 1 down

1, 2 negative puise

1and 2 on; 2then 1 down

1 and'2 haif cn/down/lip

2 then 1 up; 1 then 2 down

2 on/off x 2; 1 onjoff x 2

1 and 2 positive puise

1, 2 on/off; siow/medium/fast

1, 2 posiive pulse

1, 2 up/down overlapping

Tand 20fi; 2 1up

2 up/down x 2; 1 up/down x 2

1, 2 up/down

1, 2 offhalf on

Tand 2up; 1and 2 off

1, 2 on/off

1 and 2 negative pulse

2, 1 offfon long and short x 2

1and 2en; 1 and 2 down

1 and 2 half on; 1, 2 up/down

Tand 2caif; 1, 2 up

1 up/down; 1 up/down overiapping 2 up/down
1,20n; 1, 2 off

1, 2 up/down slow, medium and fast
TandQon; 2, 1 down; 1, 2up

1 and 2 half on; 1, 2 up/down slow and fast
1, 2 up/down overiapping slow and fast
1, 2 onvhalfon

which you may have accumulated.
Before fitting the manual patiern advance
switch (53), you must first convert it from
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Group 3 (54: 1off; 20n) =lamps 1, 2and 3

Pattern Memory
Number Location

Pattern Description

A000-40FF
4100-41FF
4900-49FF
4300-43FF
4400-44F
4500-45FF
4600-46FF
4700-4TFF
4800-48FF
4G00-49F
AADO-AAFF
4B00-4BFF
4C00-4CFF
4D00-4DFF
4EQC-4EFF
AFOO-4FFF

OO~ O U ) MO -

il Vol bl
+ WIN =T

bk
= o~

5800-58FF
5900-597F
SAQO-5AFF
5B00-58FF
SC00-5CFF
5DO0-5DFF
SE0Q-SEFF
SFOO0-5FFF

1, 2 3 up/down

1, 2.and 3 randlom levels
1-and 3, then 2 up/down overiapping
Alhaifon; 1, 2, 3,2, 1 up/down
3, 2, 1 up/down cverlapging
1, 2, 3 on/off

1, 2, 3 up; &l off

All up/down

Al haifon; 3,2 1up

1, 2, 3 up/down overiapping
Allen; 3, 2, 1 offfon

Alon; 1, 2 3 down

All off: all up

Allen; 1, 2, 3 downAip

1 and 3, then 2 up/down
3,9 1up;1, 2 3 down
Alen: 1, 2 3, 2downip
All half on; 1, 2, 3 up/down
All haif on: 3, 2, 1 up/down
1, 2, 3, 2 up/down

3,2 1up;3, 2 1down

1, 2, 3up; 3,2 1down

Allon; 3, 2 1 downlip

1, 2, 3 on/foff fast

1, 2, 3, 2 1 up/down overapping
All haif on; 1 and 3, then 2 up/down
Alhdifom; 1,2 3up

3, 2 1 on/off fast

1,2 3up: 1, 2. 3 down

All on; all down

Alloff: 3,2 1up

Alen; 3,2 1 down

Table 3c. Pattern memory locations (Group 3).

Group 4 (84: 1 on; 2 on) = lamps 1, 2 and 3 test patterns

Pattern Memory
Number Location

Pattern Description

6000-60FF
6100-61F
6900-62FF
6300-63FF
6400-64FF
6500-65FF
6700-67FF
6800-68FF
6900-69FF
BAOD-GAFF
6800-68FF
6C00-6CFF
6DO0-6DFF
6EDD-GEFF
6FO0-6FFF
7000-70FF
7100-71FF
79200-79FF
7300-73FF
7400-74FF
7500-75FF
7600-76FF
7700-77FF
7800-78FF
7900-79FF
TADO-TAFF
7800-78FF
7CO0-7CFF
7D00-7DFF
7E00-TEFF
7FO0-7FFF

B0 U W -

I e T
O L1 et

Lamps 1, 2 and 3 off (filament preheat)
Llamps 1, 2 and 3 brightness level 1
tamps 1, 2 and 3 brighiness level 2
lamps 1, 2 and 3 brighiness level 3
Lamps 1, 2 and 3 brighiness level 4
1amps 1, 2 and 3 brightness level 5
Lamps 1, 2 and 3 brighiniess level 6
tamps 1, 2 and 3 brightness level 7
Lamips 1, 2 and 3 bnghtness level B
Llamps 1, 2 and 3 brighiness level 9
lamps 1, 2 and 3 brightness level 10
lamps 1, 2 and 3 bnghiness level 11
Llamps 1, 2 and 3 brghiness level 12
Lamps 1, 2 and 3 brightness level 13
Lampgs 1, 2 and 3 brighiness level 14
tamps 1, 2 and 3 brghtness level 15
Llamp 1 on; lamp 2 off; lamp 3 off
Lamp 1 off; lamp 2 on; lamp 3 off
lamp 1 off; lamp 2 off; lamp 3 on
lamps 1 and 2 on; lamp 3 off

tamps 1, 2and 3 on

Llamp 1 up/down; Bmps 2 and 3 off
Lamp 1 off; lamp 2 up/down: lamp 3 off
Lamps 1 and 2 off; lmp 3 up/down
lamps 1, 2 and 3 up/down

tamp 1 on/off; lamps 2 and 3 off
lamp 1 off; lamp 2 on/off; lamp 3 off
Llamp 1 off; lamp 2 off; lamp 3 on/off
tamps 1, 2 and 3 on/off

lamps 1, 2 and 3 on/off binary count
Lamps 1, 2 and 3 random levels
Lamps 1, 2 and 3 mndom on/off

3d. Pattern memory locations (Group 4).

locking te non-tocking operation, A special
Mylon retainer ciip is supplied with the switch,
which replaces the wire retainer, converiing
it o momentary nen-locking action (see
Figure 5). When the retainer clip is removed,
the piunger will be forced ouit by the
sping, so ensure that itis neld in firmiy.

When fiting the PCB mounted switches
(81 to'4), make certain that they are pushed
doyn firmby ento the stirface of the board.
The 12-way rotary switch, 51, has two
mounting pillars, and fixing screws underiits
body o ensure arigid support to the PCB
(see Figure 6), This switch has anut and
shakeproof washer; ifithese are removed,

a metal ing, which soverns the number of
positions in which the switch can be set
(tie stop-1ing), Is revealed. This nng must be
removed and ciscarded (o allow the switch
to obian its maximum of 12 poesitions. Put
the washer and nut back'en, andl then rotate
the switch shaft to its fully anticlockwise
position. When fitting the PEB mounted|LEDs,
and speed control, RV, again ensire that
they are pushed dewn firmly onto the
surface ofithe PCB (sez Photo 13).

Mount the three terminal blocks, SK1ito 3,
ensunng that the outputs face towards the
outside ecige of the board] as shown in
Fqure 7.

Due o'the pattern of terminal pins en
transformer T, it will only fit onto the PCB
in ene way. However make ceriain that it is
pushed down fimily onto board's sirface.

Next, insert the fuse holder, and it the
appropnate fuse, either 2A or 5A depending
upon application, Finglly, fit the fuse block
cover, as shown in Pholo 4.

finally, setRV2 to its halfway. position. This
completes the assembly of the PGB, You
shovkd novy check your work very carefily,
making sure that all the solder joints are
sound; it is also very important that the
solder side of the circuit board does not
have any timmed component leads standing
protd by more than 2mm, as this may resuit
In a short circuit. Remave any fitix from the
PCB by using a suitable solvent.

Box Preparation

The Chiistimas tree light sequencer PCR
assemoly is designed to it into a two-part
ABS plastic box (type H2505) (Stock Code
BZ76H). Remove the top from the case and
set jt asicle. Next; remove the front and back
paneis from the base of the bax. The seif-
adhesive labels (see Figures 8 to 10) can be
Lsed as a'Quide for checking the positioning
of holes in the frent and back panels. The
unit can be constnucted for use with a
simple gromimet cable outiet (for Chiistmas
ree lights), or Euro connectors (for disco
lighting). Follow. the drilling insructions in
Figures 11, and 12 er 13. Having drilled the
appropriate set of holes, and cleared them
of airy-swarf, clean the panels ready for the
self-adhesive labels, Clit out the frant panel
label by using scissors or a sharp craft knife
and the selected rear panei lsbel then
remove the proteciive backing from each
Carejully positien the labels, and push down
firmly|using a dry; clean cloth) until they are
securely in place.

The base of iihe!box has several motinting
pillars for fxing cireuit boards in place. As
can e seen from Raure 14, only'six of these
are reguired, and the Unused pillars should
be cut off using a pain of side cutiers.

Electronics — The Mapiin Magazine December 1994




wagniney SIVE NEUTRAL
f O P Q2
1 =

£48Y AC

WARNING I WARNING 1
HAINS WIRING HAINS HIRING]

cea

. ———

-
I
[

Jc2
Loy

I
pp A

Gy S

I
I
I
11
1
1
|
|

i

CHRISTMAS TREE LIGHTS

SEQUENCER IC44

res 4 F

1c3

Figure 4. PCB legend and track.

Keep! pushsd 'in Ksep pushed in

|

& &

= Remove @] Install
g wire retainer mny[ﬂn retainer

=

s3

Non—locking

Figure 5. Preparing switch 53 for momentary
action.

Magazine

Shakeprool

washer Hut
Nut

c : : : b a3 i 15 {i}f.f.-‘ PTNNE unnj
L — =

e

Photo 4. Transformer T1, and fuse F1.
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Figure 7. Mounting the PCB terminal blocis, transformer T1, and fuse F1.
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Figure 12. Rear panel drilling for grommets.
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Figure 13. Rear panel drilling for Euro connectors.
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ore mounting the front panel to the PCB
cut the 'shafts of RV1 and S1 o
2mm. Ensure that the nut and
are removed from these
Next. fit the front panel to the
controls using the shakeproof washers and
nuts provided (see higure 15). Do not fitthe
red neon power on/off switch, S5, at thk
iime! Secure the knobs so that their po
are at the fully anticlockwise position, a
check that they travel smoolhly round o the
r'ulty c’ocs:wm? position, without scraping an
! ext, fitthe iwo round 1
BUttons cnto the plungers of S2 and S3.
Lower the unit into. the bottom half ofithe

December 1894 Electionics — The Mapin Magazine

case, ensurms that the front panel slides
smoothly into place, and all the fixing holes
in'the PCB line up with the moeunting paints.
Do not fit the fixing screws at this stage
The amoint ofiwinng has been kept to
wim by using PCB mounted swilches,
icators and conneciors, leaving only
off-board mains winng. Prepare the twin 6A
mains cable, and fit it through the strain relief
grommet nto.the appropriate hole iInithe
rear panel. Simply squeeze it closed and
snap it in/place. Note that this part is
commaon to both rear panel assemblies (see
fiqures 16 and 7). Do not fit the T3A mains
piug onto the other end of ihs cable untl it
15 reqlire iing the testing siage, Remove
the aircuit board, and solder the brovwn Live

Figure 15. Front panel assembly.

wire to P, and ihe bive Meutral wire o P2,

upoen the opplicaton chosen

€ or disco [ught:. fou should

now complete tie i

panel. for the simpie
i (i LS lU!lD‘-"-‘ I’k

i e 'lb. Lr, however, the disco

OOI"'ODH |

and Figure 17 ‘"oufu bL toua, wvecl, Tr;e Wi mr‘c:

to the mains power on/off switch, S5, which

Wid now be prepared 5 commen o

bcst*‘n E‘@ not fit this switchiuntl it Is reguired
Refit Uit board into the bottom half

of the case andl secure it with six No

'/2in. self-Epping screvys (see Figure




poawer switch, 55, to the
pish on the receptacie
| fyeir covers, as shawn in verss ner Nains very carefully v
Figure 19 (for grommets) or Figure 20 (for winng is between the thr o is anditerminal b z
Flro cannectors). and the PCB terminal blocks SK1'to 3 (see saung. Do not fit:the lid of the case untl
The remaining mains wiring for the grommet Fqure 90). Photo 6 shows how the conneciors the tesiing siade has been successiully
version are ine catles from the Chinstmas tree fit neatly. between the nac heatsnis. compieted.

-

A

Photo 5. The PCB in its case;
grommet option.

Figure 18. Mounting the PCB into the case.

Phato 6. The PCB in its case;
Euro connector option.

Figure 19. 240V AC mains wiring for grommets.
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Important Safety Note:

Testing

All the tests can be made with @ minimum
of equipment: You will need/a muitimeter,
some Chiisimas tree or disco lights, and a
240V AC mains supply. All of the following
readings were takenifrom the prototype,
Lsing a digital multimeter; some ofithe
readings you obtain may, vary. shightly,
depending Upon the type of meter Uised!

Aitach a 13A three-pin mains piug to the
6A power cable, replacing the 13Afuse
with a 5A fuse. Note that the earth pin'is
NOT used with this unit. Do not plug the
unit into the 240V AC mains supply tntl you
are instructed to do'so,

Before testing the unit, set:the front panel
controls to the following poesitions:

1) Set tie mains power switch, S5,
to its @ position.

9) Set the speed conral, RV1,
fully anticlockwise — slow speed.

3) Press in the patiern select switch,
S9! to select manual mode.

4) Set the pattern repeat switch, S1,
fully anticlockwise (no repeats).

Make certain that the PCB!controls are set
as follows:

1) Set the filament preheat control,
RV2, to its haliway. position.

9) Set switch S4, seciions 1 and 2,
both on to select group 4
(the test patterns).

Check that the mains lamps are wired
correctly.

The first tests are to ersure that there are
no short circuits before you connect the
mains power supply. Set your mulimeter
to reacl OHMS on its resistance range, and
connect the test probes o the Live and
Neutral pins of the mains piug. Until the
power switch) S5, is switched on, a reading
of infinite resistance shotld be seen.
iHowever, when the unit is switched on, a
reading of approximately 973Q shotid be
obiained. Retum switch'S5 to its off position.

The next tests are performed on the PCB's

&
N

DE circuitry. Place the test probes (either
way round) on pin 8iof IC6, and on the
cathode of diode D11; a reading of greater
than 30k should be obianed. Next, place

| the test probes (either way round) on pins 8
and 16 of IC6; a reading of greater than 2k
shouid be recorded.

Remove the test probes, and set your
multimeter to read DC voitage. All voltages
are positive with respect to ground, so
connect the negative test lead to a ground
point. i.e pin 8 of IC6. Plug the unit into the
mains supply, and switch on S5, Ifiall is well,
then the following three events should
OCCUr:;

1) The red neon power switch, 55,
should ilitminate.

92) All of the LEDs and Christmas iree
(or disco) lights should flluminate for
approximately half a second. This is
the power-on reset ume

3) The lights shotid now stay at
patiem 1, group 4, which is the
filament preheat level (see Table
3d). At this stage, the lamp filaments
could be set &t a too high, or too
low, preheat level.

The DC voitages present on the PCB
assembly should, approximately, match the

following readings:

DR LA

Cathode of D11, and pin 10.of IC13; -£13V
Pin'14 of IC1: -5V

Pin 16 of IC2, and ICs 4 ta 12: #5V

Pmns 1and 28 of IC3; +5V

Disconnect the multimeter, from the unit, and
adjust RV2 to set the filament preheat level,
This shotild be set so the lamps are only. just

ng.

The final set of tesis are stored inside the
EPROM, andl are accessed by pressing the
manual pattern advance switch, 53. The next
15 pattemns correspond to'the indiviciual
brightness levels of the three mps. The
remaining patterns are different combinations
of light sequences, as shown in Table 2. The
rate of change of a pattem) can be increased
by adjsting the speed control, RV1. When
the last pattern in the group is reached,
control is retumed back to the beginning of
the graup (i.e, the next pattermn will be the
first in the group).

Switch S4 (sections one and two) can
now be sel to select whichever group of
patiems you require:

Group 1 = channel 1 only, for one set of
Iights, (Table 3a.)

Group 2 = channels 1 and'2, o two sets
of kghts, (Table 3b.)

Group 3 = ¢hannels 1, 2 and 3, for three
sets of fights, (Table 3c.)

Left: Photo 7. The rear
of the completed unit,
showing the grommets.

Photo B. The rear of the
completed unit, showing
the Euro connectors.
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Figure 21. Light sequencer bulb configurations.

To have a more vaned 'selection of paiterns, Using the Sequencer four ses could be used on each channel
sefect automatic pattern advance (switch 52 (see Figure 21).
in its: out position), With the pattern repeat If your Chiistimas iree lights have been fitted The expanded unit .can handle a total
switch, S1, set to its first position, the pattern with ‘flasher! bulos, you must replace them povver loading of up to 400W per channel,
will change after each seguence. As the with standard bulos before using the unit and this can be made up from a number of
number of repeats s Increased, the patiem This is becatse flasher bulos will cause a different combinations of lamps (see figure
will be held for a longer time, before copfiict in the control of the light patterns, 21). Remember o have some spare fises
acvancing (o the next in the sroup. and the unit will not function correctly. and bulbs.

This compietes the testing of the unit, The standard unit can handle a total Once set up, the Chistmas tree fight
and the case lid may now be fitted, panel power loading of up to 100W per channel. seqpencer should give an acided sparkle
sipport lugs to the front of the unit. The This means that you can use more tian just to your festvities at Chrisimas bime or;
Chnstmas ree light sequencer is now ready one set of Chistmas iree lights per channel; incleed, at any party dunng the
for use. for example, if one set is rated at 25W, then

CHRISTMAS TREE LIGHTS SEQUENCER PARTS LIST

RESISTORS: All 0-6\W Metal Film (Unless specified) 14-pin DIL Socket 1 (BL1BU)
R Ak7 (MaXT) 16-pin DIL Socket {BL1GV)
R234689, 18-pin DIL Socket (HQ76H)
10,1215 100k (MT00K) 98-pin DIL Socxet (BL21X)
R5,7,17 o0 {M22K) 10mm 2\ PC Term 301 (JX38R)
R11 M MTM) Knoo K148 (FK39N)
R13,1829-31 10k (M10K) Black Small Round astch Bution- (KU75S)
R14 5k6 (M5K5) tront & Rear Panet Lacel (KP74R)
R16,90-295 1k (M1K) pCB (GHI6E)
R19 47k (M4TK) Instruction Leafiet CAU9BG)
R26-28 4700 (9% Metal Film) (D470R) Constuctors® Guide (XH79L)
R32-34 1006 (W Metal Rim) (DT0CR)
RV1 470k Miniature Linear Potentiometer (IM75S) CPTICNAL (Not in Kit)
RvV2 10k Enclosed Honzontal Preset (UHO3D) 13 ‘BTADB-600B Triac (UK54J)
Vaned Heatsink TO202 (FG53H)
CAPACITORS Fi F5A 20mm Fuse (WRO7H)
i 6n8F Polylayer AYZTE) 55 Red Dual Rocker Neon Switch (YR7OM)
C2.5,67,10, Push-on Receplacle Pkt (HF10L)
11,13,1415  100nF 16V Miniature Disc (YR75S) Pushi-on Receptacle Cover
470pF Ceramic (/2. 510)) Eufo Facility Outlet {HL42\V)
2n2F Polylayer (WAY248) Insulating Cover for HL49V (JKE9A)
47uF 16V Miniature Electrolybic YY37s) Euro Facility Plug (HL43W)
4700 16V PC Electiolic (FF15R) 13A Nylon Plug (RWETX)
C17,1819 10nF 50V Ceramic Disc (BX00A) 5A Piug Fuse
90-299 100nE 950V PETP CIR34M) H2505 Small Bax (BZ76H)
SR Grommet W2 (LR45D)
SEMICONDUCTORS Cable Bat Gland 1 (JZ43W)
D1-10,14-16  1M4148 13 (QL8EB) 6A Black Twin Mains Cable om (QW69A)
D11-13 1N4001 (QL73Q) GA Blue Wire Tm: ($R330)
D13 PCB Red Hgh-brghtness LED (CP53H) A Brown Wire im: (<R34M)
TC1-3 CP206D (UR2EC) No, 4 x '/Lin. Self-lapping Screw 11 Pkt (FEGEY)
IC1 HFC4093BEY (QW/53H) M3 > 10mm Stee! Screw 1Pt (J722Y)
2,45 HFC40408EY (QW27E) M3 Isoshiake Washer 1 Pkt (BRA4X)
IC3 MSO5-EPROM M27C2568-19F1 (ZC13p) M3 Steel Nut 1Pt (UDGTR)
IC6 HFCA0G0BEY (QW40T)
IC7-9 HFC40763EY (QW4sA) e S e :
ic16-12 HFC4063BEY (@ \\//510) The Maglin ‘Getyou-Working’ Senvice is avallable for this project,
Ic13 ULN9B03A (@790 see Constructors’ Guide or current Maplin Catalogue for details
ICI14-16 Triac lsclator MCC3020 @Q10D) The above items (excluding Optional) are available
RG1 IM78LOSACZ (GL96D) as a kit, which offers a saving over buying the
parts separately.
MISCELLANEOUIS Order As LT69A (Christmas Light Sequencer)
51 192-way PCB R/A Rotary Switch (FT56L) Price £39.99
823 9-pole latchswitch (FH57X) The follow
S4 Dual SPST DAL Switch (XX26D) are ako avalsble sepammtely, but are not shown in the
151 950V AC Transient Suppressor (HW13P) I~ vl i
T 9V VA PCB Mounting Transformer (J53H) PC3 Order As GHOGE Price £14.99
F1 F2A 20mm Fuse (WROSH) Pre-programmedi MSO5 EPROM Order As ZC13P Price £4.99

20mm Fuse Block (DASTR) Front & Rear Panel Labels i 2
e Bt Cons (DABSS) front & Rear Panel Lacels Order As KP74R Price £2.29
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Wing new items (which are included in the kit)
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Breath Detectior

The Breathwork Explorer may be ihe
most powerful meditation tool ever cre-
ated. It detects your in-breath and out-
breath via a nozzla that sits under your
noss and, claim its creators, teaches you
powerful breathing technigues, and
rates your relaxation rasponse.

You put on headphones, end a pair of
goggles that incorporate a breath sen-
sor. A separale unil monitors each in-
breath and out-breath. It teaches you
anciant breathing techniques and
reporis how well you are doing. It can
even tell you how relaxed you are,

based on changes in your breatning
over a period of tima.

You breathe in with the rising tone,
Rold your braath in the silence, breathe
out along the falling tone, and pauss in
the silence before the next in-breath.
After a while you'll find you've entered a
very desp, quist state. At the end of the
session the unit will give you a different
rating based on how closely your in and
out-breaths matched the breath pacing.

The Breathwork Explorer comes with
rechargeable batteries, mains charger,
Instructional tepe and usermanual - and
costs £348 including VAT.

Contact: L #s Todls, Tek (01625) 502602

From Russia with Love

More than 15,000 Personal Systems
have besn producad since assembly of
IBM persaonal computers began in the
Kvant factory of the Nauchny Centerin
Zelenograd, near Moscow, in Octebar
1893.

The Kvant factory is a unit of the
Mauchny Center (an organisation incor-
porating a number of scientific and tech-
nological activities) and produces the
personal computers. to 1BM's quality
standards, urider contract to IBM's sub-
sidiary in Russia.

Caontact: IBM, Tek: (01703) 561780.

Multiplexed Hall
Sensors Communicate
Over Two-wire Bus

Allegro MicroSystems has developed a
naw family of multiplexed hall-effeci sen-
sor integrated circuits which can sense
magnetic fields or swiich status and
communicate the results over a two-wire
power/signal bus.

The naw A3054KU and A30548U ICs
are digital magnstic sensing devices,
intended for use as mulliple ssnsor sys-
tems in automotive, security or building
management applications, where it is
desirable or essential o minimise the
amaunt of wiring involved.

A ssquential addressing scheme is
used in which each davice has a factory-
programmad addrass. |n operation, the
IC responds o a signal on the bus'and
ratums its own diagnostic status as wsll
as the status of each monitored extemal
magnetic field. As many as 30 sansors
can function on the same two-wire bus.

|

Each davics incorporates a high-resol-
ution bipolar Hall-effect swilching circuit
whiose cutput drives high density MOS
logic stages which decods the address
pulse and give a response at the appro-
priate address. The low-power tech-
nology makes the davices ideal for bat-
tary-powered and mobile applications.

Contact: Allegre MicroSystems, Tel:
(01232) 253355,

Tl Introduce DSP Kit

Texas Instruments has introduced a dig-
ital signal processing (DSP) design tool
which gives baginners or exparienced

designers an understanding of DSPs

with a very small investment. The
TMS320C5x DSP Starter Kit (DSK) is
available for a suggested reiall price of
£31.

The C5x DSK allows designers to
expaniment with and use a DSP for real
time signal processing. This simpie, but
ussful tool provides the freedom to cre-

ate software to run on the board as is, ar
to expand the system by building ad-
ditional boards.

The kit combines the TMS320C50-
based board with an assembler and
debugger fo provide a developmant
environment for benchmarking and eval-
uating code in real-time. With the ana-
logue-ready interface, designers can
easily benchmark and test applications,
such as control systems, audio and
speech processing.

Conlact: Texas Instruments, Tal
(01234) 223511,
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Young Amateur 1994

Robart Aley (17), G7SRR, is the 19847
Young Amateur of the Year. He was
chesan for this prastigious award by a
pansl comprising represantatives from
the Redio Socisty of Great Britain and +
the Badiocommunications Agency.

First licensed as 2E1AXZ in 1992,
Robert has already becoms an RSGB
Novice Instrucior and has recruited ofher
instruclors as a result of 2 talk he gave
at the Kings Lynn Amateur Radio Club.

He funded his RAE costs by submitting
Novice RAE questions to the City and
Guilds, 30 of which they accaepted and
paid for. Robert has already booked his
12WPM Morse test.

His activities- include special event
stations, and helping the Amiga User
Group. He has also writlen Parsonal
Mailbox System software for packet
radio use. Robert has built asnals, an
BOm SSB transceiver and 1esl equip-
ment.

Contact: RSGB, Tek: (01707) 658015.

Business Computing

This ysars Sunday Times Business
Computing Show (Otympia, London, 26
to 29 Sspiember) teatured technological
development across the board, from
voice recognition systems to netwark-
ing products and from Intemat services
10 notebooks.

First time demonstrations included a
RISC basad PowerPC fram Cantreprise
Intemational, a CD-ROM drive for a local
araa network and a Network Phons Disc
from Technocom. Meanwhile, a numbsr

of companies used the show to launch
new products, including a2 100MHz
Pentium from Viglen, and an array of
Rank Xarax's latest networked deskiop
printars.

A highly interesting product from
Dragon Systems that caught my eye
wias Dragon Dictate for Windows —a
speech recognition systam tailored for
the UK markel. With over 100,000
words in its vocabulary, the system is sat
to be of great benefit to computer users.
with disabllities, such as arthritis or
repetitive strain injury.

DSP for Windows

TARDIS is a transputer and real-time
incremental system moduls, designed o
run on & PC and provide the perfor-
mance required to serve either as a
stand-zlone digital signal processor, or
as an element within a larger multi-
processing DSP network.

Originally developed by Fermanti-
Thomson Sonar Systems for the real
tima analysis of acousfic data, the mod-
ule is ideal for applications reguiring
additional high performance processing
capability from a commercial PC and
DOS Windows environment.

TARDIS is installed on standard
TRAM motnerboards available for PCS,
Sun Workstations, BME backplanss and
other platforms.

The board features the ATAT DSP
32C hosted by the Inmos T225 trans-
puter providing a high-spead program-
mabie floating-point arithfmatic capabiity
with adequaie high-speed memory for
the DSP; a microprocessor with privats
meamory for gene computing:
and hardware and sofiware support for
distributed processing and construction
of compuling networks,

Contact: Ferranti-Thomson,
(0151) 481 4001.

Tel:
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Cellular Digital Goes
Nationwide

Celinet has officially announced jis new
national digital callular telephone nat-
work.

The Celinat GSM network is now avail-
able nationwide — ten years after the
cempany’s London pliot of the UK's first
callular network.

Celinet's second "Big Network’ today
covers 85% of the UK population, and
will reach analoqus egquivalent (9832) by
the end of the year.

The new network is costing £300 mil-
lion and will bring Celinat’s total invest-
mentin celiular telephony in the UK to £1
bificn.

Celinet's sscond “Big Network' Is engin-
esred to ensure users enjoy the senvice
and additional security that the digital
specification defivers. GSM technology
also brings a new customer benafit;
extensive European and Intermational
coverage.

Celinet's GSM cusiomers can make
and receive calls on 22 natworks in 15
countries. By the end of 1994, this will
increase to 30 networks in 22 countries.

With more than cne million usars
already on its analogue network, Celinst
has more than doubled in size in the last
two years and expects to double again
in the next two. The company now fors-
casts a total UK market of 10 million cel-
lular telephone subscribers could be
reached by the year 2000, at presant
growth rates.

Celinet is continuing to invest in its:

analogue system and today confirmad
that a further £25 million is currently
being committzd 1o boost capacity for
the strong consumer demand sxpected
this year.

Contact: Celinet, Tel: (01753) 504358.

Dating Dynamite

it you've had enough of doing the rounds
trying to find your perfect pariner thensit
down, put your feet up and reach for
your mouse!

Sigma Designs have come up with just
the game for those of us who are weary
of reality and would prefer to induige in
fantasy. Called ‘Man Enocugh’ (z really
Saucy contribltion from Tsunami Media)
you can have a go al eaming a date with
the woman of your dreams, and if that's
not encugh then there is even 90 min-
utas of ‘live action video':

If you think this is a game for sad indi-
yiduals then wait uniil you play ‘Virtual
Cirifriend’. Again, with the promisa of ive
action videq, this is a programme that
gives you access 1o a real-fife girlfriend
in your PC. If you're into mulfiples you
can even have two girls on the go at
once . . . although if this is your scene
then pernaps dames on disk is all you
deservel

2

Novel Laser Test Technique for Semicenductors

Ressarchers at ATAT Bell have devel-
oped a novel technique for rapidly
testing for defects in compound sami-
conductor materials. The laser tech-
nique promises io reduce manufacturing
costs, improve quality, and speed up
component production to mest the an-
ticipated demand for multimedia and
visual communications hardware.
Typically, the semiconductor fabrica-
tion process begins by epitaxially grow-
ing layers, several molecules thick, of
compounds such as gallium arsanide
(GaAs), indium phosphide (InP), and
their alloys, on a polished InP wafer. For
decadas microscopes have been used
to inspect the surfaees of polished
walers — both bsfore and after epitaxial
growth. More recently, mapping sysiems
that detect luminascence have been
used to assess wafer quality, with 3 spa-
tial resalution in the millimeter rangs.
These conventional oplical techniguas
arg, howaver, limited to delermining a
wafer's suitabifity in the eariisst stages of
manufacture, Final product testing gen-
erally ocours ssveral weeks later, mak-
ing waler-to-chip correlations difficull.

Now & team of ATAT Bell Lahs
ressarchers, led by Dr Gary E. Carver,
has developed 2 Spatially Resclved
Phofoluminescence (SRPL) system that

tests for dsfects at several stagas of .

wafer/device processing, theraby pro-
viding valuable information about why a
proeduct faiied to bath production engin-
eers and end users.

Tha SRPL syslem usss a one-micron
laser spot and scanning mirrors. o
quickly map a wafer for subtie defects.
The resulling signals are digitised,
processed, and either displayed on a
video monitor or stored on video cas-
sefle tapes. An image processing sys:
tem identifies defects, allowing for the
generation of colour-coded wafer maps
showing the spatial distribution of defect
density. Mapscanbegensraladin 1510
20 minutes.

Dr Carver's team is currently buliding
a protolype that can be used in factory
settings where the manufaciure of elec-
tronic and photonic products usad in
video communications can be mada
maore efficient.

Contact: ATAT, Tel (D1734) 324200,

Low-cost PowerBook
from Apple

Apple has introduced a cheap ad-
dition to its PowerBook family. The
PowerBook 150 priced at £999 features
a faster processor than its PowarBook
1458 predecessor.

Uniess you run Apple Machines in
yair office or at home, and thus want
total compatibility, stick with PCs. Fora
similar spec PC laptop, you'll pay as
much as 40°c less than Apple ar2 ask-
ing for this so-called low-cost machine.

Contact: Apple Computer, Tel: (0BD0)
127753,

Video Performance

An addition o Texas Instruments’ family
of video inferface palettes (VIP),
mara commanly known as RAMDACs
(Random Access Memory/Digital-to-
Analogue Converiers) providss the high
spesds needed for high resolution
graphics applications on PCs and work-
stations. Tha highly integrated device
eliminates discrete components for fre-
quency synthasizing and phase-lock
loop (PLL} capabilities by incorporating

‘hese functions on-chip.

Contact: Texas Instruments, Tel:
(01234) 223511.

Suspended Image
Technology

CRL —once exciusively the R&D amm of
THORNM EMI —claim to have developed
the world's first suspended image tech-
nology for the next generation of homs
enteriainment displays.

The Suspended Image System (SIS)
is'a culmination of five years of research
to praduce a "walk through' image sus-
pended in space. Compatible with all
existing television and video standards,
the SIS produces a glare fres image
from source matsrial ranging from still
pictlires to full motion objects and video
images, aliowing the viswer fo experi-
ence either full 3D or enhanced depth
effacts.

Thne SIS prototype usas a large area
planar beamsplitter and other cuslom
cpiical components 1o produce the sus-
pended image. Beamspiitters with a uni-
form layer of metafisation approximataly
aq micton (of “fes,occmm) in thickness,
ensura the refiection and transmission
of approximately equal proportiens of
incident flight.

CHL is currently develeping an im-
proved beamsplitter which is polarisation
selective. Asa consequence, the new
beamsplitter will defiver upwards of a
2007 increass in the proportion of avall-
able light that is directed into the sus-
pended imags, resulting in a significant
increase in iis brightness. The company
is also daveloping a system to allow the
ussr to interact with the suspended
image simply by touching it

The SIS uses relatively inexpensive
optical technoiogy, making the display of
fargs images and objects possibla. The
viswing angle can ba adjusted lo suil the
application, but it is largely determined
by the size and projection distanceof the
suspended imaga relative to the SIS,

Contact: CAL, Tel: (0171) 385 9988,

The Acoustic Laboratory
in a Notebook

Ceneerio is the world's first full-fimction
acoustic Iaboratory that fits into a note-
book computer. It was creatsd by
the Franch company O1DB, which
specialises in designing measuring
applications for portable PCs.

Concerto replacas equipment such as
the digital tape recorder. inlegrating
sound level meter and fregusncy
analyser, delivering a level of parior-
mance to nival or surpass that of con-
ventional measuring instrumenis.

The computar consists of a transducer
—a microphone or an acceleromater —
connected fo a miniature data acquisi-
tion unit, which transfers data to a note-
book computer equipped With a number
of extensive sampling of audio signals
and simultaneous measurement of
equivalent continuous sound levels
(Leq) and peak values.

Contact: French Press Agency, Tal:
(0171) 235 5339,
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FCHNOLOG

A new report on ‘teleworking’ suggests that
companies around the UK are finally taking
the plunge and allowing their employees o
gain the benefits of working from home. The
report, from Spikes Cavell, says that around
13% of companies allow employees to work
from home. There are several contributory
factors such as: a general rise in seli-
employment; poor fravelling conditions; high
rent for offices, but the factor of most interest
to this column is the advance which has
been made in communicafions technologies.
In truth, of course, there hasn't been so
much an advancement in the technologies,
instead a more widespread accepiance

that the technologies exist. As a ‘teleworker
for over {en years, | have to say that
communications today are liitle betier than
they were ten years ago. Maybe a little more
reliable (they still have their ups and downs,
mind you), and maybe more widespread

(I can now choose between elecironic file
transfer methods, whereas when | first
staried teleworking there was only one real
way to do it), but they have been around

for long enough. | mean, after all, there's
always been the post—it's only the odd job
which requires urgency of electronic file
transfer. With a litile forethought (for which |
appreciate UK companies aren't renowned),
there's very little which requires instant
communications. Teleworking suifs some
people but not others, of course. But for
those who it does suit, employers should
seriously consider the benefits. Productivity
from an employee actually rises when
working from home (despite employers’
fears of the opposite), and companies stand
to save fortunes in terms of office space.
For the employee, things are even betier —
savings ara considerabla in terms of
transport costs; more time is available

for the family and for leisure; and stress

is considerably lower.

@Internet

Following on from last month’s column
and lead feature regarding Intemnet, some
interesting news has come my way about
British Telecom's proposed new services.
Starting this November its first service
comes into operation, providing business
users with the facilities whereby they can

with Keith Brindley

access a BT point of presence (POP) onio |
the Intemet, including:

@ Standard PSTN (public switched
telephone system) via a dial-up dedicated
port — where users nead an ordinary
modem;

@ ISDN (integrated services digital network)
linkup;

@ B4K-bfs private circuit (KiloStream);

@ an X25 link:

so that access speeds up to 25M-bit's
is catered for.

A friendly front-end is planned, based
around Windows software, which each usar
will be provided with as pari of the package.
Navigating around the Intemet should
therefore be as easy as it can be for most
business users. Full e-mail service will of
course be available, and FTP (file transfer
protocol) services will be the norm.

Pricing is unannounced at the time of
writing, but is intended to be competitive
with existing Internet providers.

Such a service from the likes of an
organisation like BT is exciting enough. Many |
business users might have been holding ofi
on Internet connection, simply waiting for
the waves to settle down before dipping their
foes into the seemingly cold water. But the
new BT business service is really only the
fip of the iceberg. Next year should see the
launch of a mass-markel Internet access
service from BT, aimed at residential users,
where anyone with suitable computer and
modem facilities will be able to hook-up to
and suri away to their heart's content on the
Internet. (Let's hope that the services aren't
like the Titanic and hit the iceberg, sink and
take down all of us surfers riding the wave
with it.)

It's Good Not to Talk

One of BT's direct competitors, Mercury's
oneZone — the digital mobile ‘phone network,
looks set to help Internet users with the price
of their ‘phone bills. If you have an Intemnet
hookup via a local call, BT's rafes can seem
a daunting hurdle if you intend to spend
hours at your computer keyboard, logged
onto Internet. We've heard a rumour that a
new ‘phone handset from one2one is going
to have a data socket built in, so that mobile

computer and fax users can have a direct
means of gefting on-line (even if this rumour
is unfounded it is a good idea) so big bosses
at Mercury please take note 'cos you'll be
onto a winner! Here's why; oneZong’s off-
peak local rate calls for personal users are
free. So, if you haven't already worked out,
an Internet user could have all ofi-peak
Internet access for free with such a handset
if logged onto a local Internet provider. Mind
you, oneZone’s PersonalCall monthly charge
is £12.50, so you've got to use the local rate
at off-peak timss sufficiently to be able fo
justify the use. But if you've got high BT bills
because of your Internet usage, if you have
a local Internet provider which doesn’t charge
for access by the hour, or if you just fancy the
convenience of a digital mobile ‘phone, you
could dispense with BT altogether and go
the Mercury digital route. To date, of course,
oneZone has only operated in the London
region, but as of this month it's rolling out in
the Birmingham and West Midlands area.

And Finally . . .
Just to conclude all this follow-up on Internet,

| readers might be interested to note that the

Internet itself helped last month's feature

on the Internat (pages 4 to 7, Issue 83,
MNovember 1994) fo be completed. The
artwork for Figure 1 on page 5, showing
international network connectivity was
downloaded direcily from the Iniernet via
an FTP server in Wisconsin USA. The file
(203Kb) took about 18 minutes to download
(at 2400 bit/s) and is a colour encapsulated
PostScript file. it was used directly, without
madifications, to illustrate the feature (i.e.
since Electronics is produced using computer
based Desk Top Publishing. the file was just
pasted-in on screen!). The best bit is.that,

| despite being connecied o a computer in

the USA, the dialled modem connection (to
the Intemset Point of Presence) was only as
far away as a phone call to London —the
London to USA connection, and back again,
was effectively iree. The route fo the file was
actually printed in the figure’s lower lefi-hand
corner for anyone interested in recreating the
access.

The opinions expressed by the author are not
necessaniy those of the publisher or the editor.
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The assembled Game Scorer ready
for use. Please note that the box
shown is not included in the kit
and ' must be purchased separately.

One of last year's festive projects
was a Priority Game Buzzer, similar
to those found on many quiz
shows; this year’s festive project
is a 3-digit LCD (or optional LED
display) Up/Down Counter that will
display the score of the contestant
(one required per contestant).

The score can be incremented

(or decremented) in Units, Tens

or Hundreds and can be cleared to

0 with the simple push of a button.

RIT AVAILABLE
(LTe8Y)

Price £24.99

FEATURES

7 Liquid crystal display
'~ Easy up/down counter
/= Optional LED display

* Easy to cascade
modules

Design by Alan Williamson

Text by Alan Williamson
and Robin Hall
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Supply Voltage Range: +9 to +35V DC

CGperating cument,
LCD: <5SmA
LED: . <B5mA

(WHiD): 71 X 14 X 122mm

Figure 1. Block diagram of the Game Scorer.
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Figure 2. Gircuit diagram of the Game Scorer.

rather than a square wave for the common
cock line; this Is necessary to achieve the
comect drauit iming.

Switch Debounce _
The 'ODD’ numbered switches (31, 3, 5)
are the 'UP’ (Units, Tens, Hundreds), and
the 'BVEN' numbered switches (52, 4. 6)
are the 'DOWN’ (Units, Tens, Hundreds); 57
is the RESET switch.

IC1 is 2 4093, a Schmiti-riagered quad
2-input NHAND gate package, each has one
input commoned to the dock line (TX).

2

Each of the gates and associated
components performn the 51 to 56 switch
debounce function.

The UP Switches
Pushing 51 causes C1 to charge slowly
via R2; the output of ICla only changes to
logic 0 when the input voltage reaches 60%
of the supply voltzge and when the dock
signal is at logic 1.

Releasing the switch discharges CL
quickly via D2 and R1; the output of ICla
then changes to logic 1 when the input

voitage drops to 40% of the supply voliage,
orwhen the dock signal 5 at logic 0.

We now effectively have a debounced
switched clock signal.

The DOWH Switches

Pushing the switch 52 charges C1 via D1
which has the same effect on ICla as the
switch 51. However, 52 also cperates the
IC1d cebounce up/down drcuit via D3.
Hote; that D10 i fitted the opposite way
round to D2, D5 and D8, which gives the
up/down debounce drcuit a fast charge

Electronics — The Mapin Magazine December 1934
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and slow discharge; this 5 necessary to

ensure that the up/down line changes state
before the counting commiences, and only
changesbadﬁaﬁermeupfrjownc!Mrrc&

Ripple Counter

IGS 5 to 7 are cascaded 4029 up/down
binary/decade counters, which are
connected for 'normally up’ decade
counting.

ICS recelves its counting pulses from
IGia via an inverter IG3a and diode D12.
IC6 receives s counting puises from the.
‘carry out’ pin (7) of IG5 via ISd and IC4a:

SKTOL

Figure 6. Wiring diagram for the 2-5mm
power socket, note that the centre pin is
connected to +Vi on the PCB.

= Cralnne

Figure 7. Wiring diagram for using the optional 7-segment display which uses 12 LEDs per
segment; and the wiring of a +24V DC (2A minimum) power supply.

A standard rippie counter would normally
have the ‘camy out pin directiy connected
to the 'dock’ input, however, access to the
‘Tens’ and 'Hundreds' clock Inputs would
not normaily be available, The commoned
up/down inputs would also be gated with the
clock signal to prevent spurious operation.

Logic Manipulation

Sejecting the "up’ counting mode, the
‘carry out’ pin (7) becomes active low with
a Binary Coded Deamal (BED) value of nine
(9); during 'down’ counting, the *camry out’
pin becomes active low with 2 BCD value of
zero (0). Changing the up/down line at this
point would cause the 'carry out’ pin to
change badk 1o logic 1 which would dock
the next stage; this s where the 'exira’
legic is required.

Assuming that the 'camry out’ line of IKG
is active low. 1G3d Inveris the output and
feeds itto one input of the AND gate ICda.

Fressing-any of the ‘down’ switches
(52,4,6) il cause the up/down line to
change state before IC1a can gate a dock
puise to the second Input of the AND gate;
In doing 50, the "Gy out’ line is allowed
to change siate without docking the next
siage.

Assuming an 'up” counting mode with
a BCD value of elght (8) the 'camry out’ will
becomne active on the next clock pulse. The
‘eammy cut’ and the next clock pulse would
‘be AliDed together by IT4a which would
then dock the next stage prematurely;
the RC network (R17, C8) resolves this by
providing a short celay. This allows the clock
pulse o 'come and go’ before IGd changes
state, thus preventing prermature ANDIng of
the 'carmy out’. The ‘camy out’ will then be
AliDed with the following clock pulse.

The Reset Switch

Fin 1, of IGs 5 to 7 are the Preset Enable
inputs which are commoned together to
57, the reset switch. Pushing 57 will load
the binary number (In this case 0000) sat
on the jam Inputs (pins 3, 4, 12, 13) into
the intemal fip-ficp alches, overwriting any
number that may have been previously
siored. This eventis a 'hard load’ and does
not require a cleck pulse.

BCD to 7-Segment LCD

To prevent permanent polarisation of the
liquid crystal display (LCD); a square-wave
signal (derived from IC2) is applied to the
backpiang; the LCD backplane is also

connected to the phase inputs of GG 9
1o 11, which are the BCD to 7-segment
display drivers.

The A to G segment outpuls of IGS
9 1o 11 are square waves, at the ssme
frequency as the LCD backplane. Ifa
segment output is cuf-of-phase with the
backplane (e.g. segment = logic 1,
backplane = logic O, or vice versa), the
seagment will be displayed; if the segment
i5 inphase, the display will be biank.

Binary values applied to the inputs of ICs
9 to 11 In the range of 0000 to 1001 wil
produce the diglts 0'to 9, displayed on the
LCD; the binary numbers between 1010
and 1111 are not produced by the ripple
counter,

Leading zero suppression of the LD 5
achieved with the aid of R20, D18, D19
and IC8, a dual packaged, quad input NOR
gate.

The Tens and rundreds segmenis of the
LCD are blanked when a binary value of
0000 is applied to the inputs of IC10 and
IC11, and when pin 7 (the blanking input)
Is at legic 1. A binary Input above 0000
o IC11 will cause 18D o output 3 logic
0 which will disable the dispiay blanking
of IC11, and IC10 via D19.

i
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Figure 8. Wiring diagram showing the interconnections for cascading two or more PCBs; and the wiring of a +24V DT (2A minimum power supply).
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Optional BCD to
7-segment LED Display
Driver
The inputs of IGS 8 to 11 are paralieled
with the Inputs of IS 12 1o 14, the BCD to
7-segment display drivers; the outputs of
which are non-multiplexed.

leading zero suppression is somewhat |
simpler with these devices, which Is
achleved by simply connecting the Ripple
Blanking Input (RB)) to the Ripple
Bianking Output (RBO): The transisor
TR1 5 used as a salurated switch, the
resistor R22 biases on TR1, which is
required to prevent blanking of the UNITS
digit when disblaying 0; when counters
are-cascaded, the higher URIT digit will be
blanked due to R21 (on the lower digit
counter) reducing the potential at the
base of TR1 and therefore the potential
atpin 4 of IC12.

Construction

Construction is falrly straightiorward, refer
to the Farts List and to Figure 5 for the FCB
legend; all components are mounted on
the (top) legend side.

Begin with the smallest components first,
working up in size to the largest, insert the
+\/ey and OV PCB pins from the component
side. Be careful to comectly orientate the
polarised devices, |.e. electrolytics, diodes
and IGs.

The LCD dsplay 5 mounted into the
0:1in. socket strip, which will require sliaht
modification; cut the stips Into 2 X 20 way
lengths and fit to the FTB.

The last stage of construciion should be
to insert the |G into thelr sockets followed
by the LD display, noting the orientation
notch.

Fit the optional components if the LED
display is required.

Thorougnly ciieck your woris for
mispiaced comiponents, solder whiskers/
bridges and dry foints. Finally, clean all the
fiux off the PCB using a suitabie solvent.

Optional Case Assembly
To complete the project; the drilling detsils
of the optional box are shown In Figuré 4;
if one PUB 5 to be fittad then only drill the
left-hand hoies in the sudgested ayout.
Drill, cut and file‘the holes, removing the
burrs, refer to Figure 5 for the front panel
fabel. When the box is prepared, the project
can be installed.

Figure 6 shows the wiring detalls of the
2:5mm power socket, with the centre pin
to +\y on the PCB. -

Constructing the LED
Display Only

Constructand it all the componenis
supplied in the kit as previously descaribed,
except 12, I8 1o IC11, LD and
associated sockets (fit the 16-pin sockes

GAME SCORER PARTS LIST
RESISTORS: All 0-6W 1% Metal Film (Unless specified)
R1,3,5,7.20 ak7 5 (M4K7)
R2,4,68.9,
10,12-19 100K 14 (M100K)
R11 iM 1 (MiM)
CAPATTORS
Ci-5 470nF 63V Sub-min
Radial Electrolytic 5 (Y/30i)
6,7 2n2F Metalised Ceramic 2 (Wx7zp)  OFTIONAL (Hotin Kt
C8-13,1819  100nF SOV MiniDiscCeramic 8 (@x03D) M2l 47 06w 1% Metal fim L (MaK7)
17 10uF 16V Sub-min Radial R22 22k 0.6W 1% Metal Fim L (M22r)
choltie . C14-16 100nF S0V Mini Disc Ceramic 3 (BXO3D)
e . ‘“’3“"5‘) TR1 BCS547 1 (QQiaQ)
20 47uF SOV Radial Electroiytic 1 (L16) 1214 Sl G
SEMICONDUCTORS 16-pin DIL IC Socket 3 (BL19V)
Bi-lcgo o 114148 19 (QLBOB) ABS Console Type ME007 1 (LHB7%)
D20 1H4001 i @QL73Q) Velleman Nt K2567 : (VE63T)
IC1 ADASRE 1 (QW53H) 2:5mm Fanel Mount k
I HCF4060BEY 1 (Qwdon) Power Socket 1 UK100)
10-way Ribbon Cable As Req(XROBG)
(&) HCF40106BEY 1 (Qweau) ay _
(] HCF4081BEY 1 (Qw4gQ Zp Wire As Req (R390)
Ic5-7 HCF4029BEY 3 (QWzow) Single-ended FCB Fin
Ic8 HCFA002BEY 1 QX020 imm (0'4in) 1Pkt (FL24B)
Ica-11 M74HC4543B1M 3 (UHa5Y)
Rl HHIESL000C L (@ =200) The Maplin ‘GetYou-Working' Service is avaiiable for this project
ISCELLAN see Constructors’ Guide or current Maplin Gatalegue for delalls
TCDl 2o Liquid Crystal Display 1 (FY8OW) The above items (excluding Optional) are available as a kit,
515 Click Switch 5 (FF870) which offers a saving over buying the parts separately.
Click Cap Black 5 (FF88Y) Order As LT68Y (Game Scorer) Price £24.99
14-nin DIL IC Socket a4 @BL18U) Please Hote: Where "package’ quaniiies are siated in the Farts
4‘9? ML IC Socke 3 T List (e.g., packst, stnip, reel, eic), the exact quantity required
19900 & (LAY to build the project will be supplied in the KL
Socket Strip 2 DCL7T) 4
Single-ended PCB Pin The following new ftems (which are included in the K are
Imm (@-4in) 1Pt (FL24B) also avaiable separately, but are not shown in the
pPC8 1 (GHa7r) 1995 Maplin Catalogue.
front Fanel Label 1 {P77J) Garne Scorer PCB Order As GHO7F Price £7.99
Instruction Leafiet 1 (xU95D) Game Scorer front Panel Labe! Order As KP77J Price £2.29
Constructors’ Guide 1 (<r79L)

in the IC12 to IC14 positions), dicdes D18
and D19, capacitors €6:and (7, resistors
R11 o R13; it {20 in the R21 position.
Fit the following optional compenents:
Capaditors C14 to €16, resstor R22, TR,
IC12 to IC14. :
Figure 7, shows the optional Velleman
COMIMon maode displays connedied.

Cascading PCBs

You will have noticed a number of pins on
the PCB and dircuit; these are for cascading
other PCBs to make higher digit counters.
towever, this is only possible with the LED
displays.

First PCB
Build as described for LED display only.

Second and Subsequent PCBs
Build in'the same way as the first, except
do not fit diode D20, capaditors C19 and
C20 and the regulator RG1; the switch 57
is a personal cholce as to whether It is fitted
ornot. .

Connect the PCBs together as shown in
Figure 8.

rMow the easy bit has been dong, get
your friends and family together and have
2 qulz, using your newly made Game
Scorer. Good luck, and may the best team
win!: Remember, the scoreboard is the
adjudicator,
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CIRCUIT MAEKER

Circuit Maker is a forum for readers’
circuits, ideas and tips. The circuits and
information presented here must be
considered as a basis for your own
experimentation, no warranty is given
for suitability in partficular applications,
reliability or circuit operation. Maplin
cannot support, in any way, the
information presented here. However,
where possible, we will endeavour to
check that information presented, is
correct and that circuits will function as
stated. If you would like your ideas to
be considered for inclusion in Circuit
Maker, please mark your submission
‘Circuit Maker’ and send it to:

The Editor, Elecironics — The Maplin
Magazine, PO. Box 3, Rayleigh,

Essex, SSé 8LR.

Valve Regulators for
the ‘Valve Technology’
Series Power Supply

by Mike Holmes

“'n Part Two of Graham Dixey's
| splendid series — "Valve Technology —
-« A Practical Guide’ (Electronics, Issue

68) — he describes a power supply circuit

for the practical experiments in following

paris. This power supply (Figure 5 on
page 39 of Issue 68) uses a chain of Zener
diodes to achieve a regulated supply rail
of approximately 150V DC. However, the
valve supply transformer used (XP27E)
can deliver a greater HT level than that -
up 0 340V unregulated — and a higher

regulated output is therefore possible, i.e.

nearer the accustomed 250V level, which

is more practical for most working valve
circuits.

Readers [ollowing the series may be
interested in building an alternative
regulator circuit that I discovered some
time ago (in a library book!), and sub-
sequently developed into two variations.
In keeping with the ‘tradition’, the circuit
is. naturally. built around a valve. The
valve used is a Mullard ECL82, a triode
output-peniode with a B9A base, once
very commonly found in ‘cheap-and-
cheerful’ record players, radios and
radiograms.

The circuit of the 150V variation of
the regulator is shown in Figure 1. At
first sight, this is somewhat confusing
to follow. so the easier to understand
transistor equivalent is also shown, in
Figure 2.

As a thoroughly conventional supply
regulator, it has three distinct stages:
In Figure 2, these are a precision voltage
reference (ZD1 and R1): a conirol
amplifier (TR1 and R2); and a series pass
element (TR2). VR1 taps off a proportion
of the output to the inverting input of the
control amplifier (base of TR1). Adjusting
VRI alters this ratio and. hence, is used
io trim the output with reference to the
precision source.

Transposing this arrangement to
Figure 1, you will see that the voltage ref-
erence is identical — being ZD1 provided
with current from the unregulated HT via
a 220kQ resistor, with any AC noise
bypassed to OV by the 220nF capacitor.
V1, the triode section of the ECL82. is the
control amplifier, with 470k resistor as
an anode load. The series pass element
is the power pentode section. V2. Here,
the screen grid is direcily connected to
the anode. so it actually behaves as a
high-current triode in cathode follower
mode.

The circuit simply replaces R2, and
ZD1 to ZD5, in Figure 5 of Issue 68,
where '340V DC' connects to the plus
side of C2 (10uF) {where R2 used to
be). VR1 is sel to an approximate mid
position prior to poweringup, and once
warmed up and an ouiput has been
obtained, is used to trim the output to
150V, as monitored by a volimeter. The

"

| -
;‘g—i

“

i

ZN D1

Figure 2. The transistor equivalent
of the valve regulator circuit.

ouiput can be up to 20mA. and so it is
ideal for small signal amplifiers requiring
a smooth and steadv supply, free of
mains noise and fluctuations — useful for
an audio preamplifier, perhaps?

The design was taken further to
produce the 250V regulator of Figure 3.
There are only subtle changes to some
resisior values, due to differing voltage
levels. and two Zener diodes used in
series for a reference of 102V instead of
51V In this case, VR1 has more scope,
and so the regalator can form the basis
of a variable output power supply. All the
resistors can be normal 0-6W metal flm
types, and VR1 is an ordinary. enclosed
preset. The 220nF capacitor is a 250V
polyester type, and the Zener diode is a
BZY88C51V. Wiring-up around the BOA
socket can be done with the help of a tag
strip or tag board.

Of course, in the old days, Zener
diodes did not exist, and so precision
gas-filled-tubes would have been used —
commonly known as ‘voltage stabilisers’.
One experiment to duplicate this, using
a wire-ended neon lamp in place of
the Zenér(s) (RX70M), proved gquite
successful, with the neon holding steady
at about a constant 80V,

The only real complexity that the
regulator adds to the circuit is its heater
power requirement. Unfortunately, it
should not be taken directly from the
main transformer’s heater secondary;
this is for two reasons: Firstly, the ECL82
draws 780mA of heater current, which is
most of the heater secondary’s capacity
(which is better employed heating several
other valves!). But, more urgently, there
is the matter of the large potential
difference between the two cathodes of
the ECLS2. For the 150V regulaior, this
will be 89V: for the 250V version. it will
be 148V, Between these potentials is
the common heater circuit of the valve
which, if connected to OV at some point,
puis a siress between the cathode of V2
(pentode section) and its heater filament
to the tune of the total output HT level!

The way round