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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.
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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.
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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

"
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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 this is to have a
dedicated heater supply circuit, which
must be fully floafing, i.e. not earthed at
any point. In this case, the average
cathode-to-heater potential will be 49-5V
(150V output) or 74V (250V cuiput) for
each section, which is much more
survivable. A second mains transformer
(WBI11M) has two 9V secondaries wired
in parallel for a 1A total output, and a
3-3€2 3W resistor, in series, to drop the
voliage down o 6-3V.

349V DC

Figure 1. A 150V valve regulator.

Figure 3. A 250V valve regulator.
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Photo 1. This FMV cartridge
upgrades Philips' CD-i players
to Video-CD compatibility.
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Photo 2, Screen shot from
Staar Trek VI- a currently
available CD-Video movie,
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Seeing the Future?

Maost Electronics readers cannot have failed (o have
noticed Philips’ glossy advertising campaigns for
CD-i. or Compact Disc Interactive. This system, as
promoted in the adverts, will play normal audio
CDs. and allows users to participate in complex
games, or educate themselves inwhatappears to be
a very absorbing way.

Recently, though; Philips undertook the UK
launchiof its latest bid for mass CD-i acceptance—a
full motion video (FMV) reirofit cariridge, shown in
Photo 1, which plugs into a port at the back of the
machine. The system was first demonsirated, with
excerpis from the James Bond movie Licence to Kill,
at & San Francisco multimedia conference in March
1992. FMV, which'has been on sale for some time in
the LS, delivers full-lenath digitally-encoded movies,
all on a'single 5in. €D known as Video-CD. Current
releases include Tp Gune, Stan: Thek VI (see Photo 2)
and Naked Gin.

Indusiry commentators are already numbering the
days of the analogue laserdisc formats that have
only found accepiance amonygst wealthy
videophiles and home cinema freaks. Another man-
ufacturer; Nimbus, is planning a Video-CD add-on
that plugs into the digital output connector found
on most modern: audio CD players, while other
companies are beavering away at systems ihat
willwork on PCs equipped with CD-ROM drives.
Far Eastern manufaciurers are, it has been
rumoured, dearing up (o produce millions of

Regardless of who is jumping on the
Video-CD bandwagon, bearingin mind that
a 5in. €D holds 80 minutes or so of full-
bandwidih high-fidelity music, providing
oneand a half hours of colour pictures
g Pt and high-quality audio seems. on the
face of it, impossible!
In the US, LSI Logic and Zenith
Electronics have joined forces (o
develop a cable system that offers

. (A 3 -
e 43 ‘-: .‘: 1 potentially more than 1.000 TV-
TERNARR SR

related services. The system will

. wNee -
R\t ke B offer American couch polaioes
B+ 02 82 82 4 pay-per-view meovies, video-

on-demand, interactive TV
TR LA and ED-quality audio. But
how do'they intend 0
offer so much within the
A limils of praciicality?
A Meanwhile, closerto
home, media baron
Rupert Murdoch
plans to operate
'digital’ ielevision
services, via one
of the Asira
satelljtes, that
would offer a
number of channels
using a single transpon-
der— current analogue channels (including
those using the partially-digital D2MAC system)
occupy a transponder each. Industry pundits have
hinted atsatelljte broadcast systems delivering more
than 200 channels across 16 iransponders.
Thisisnot a far-off dream. either. BSkyB hope that
domestic decoders will be available within the next
two years. If successful, BSkyb are likely (o go down
in‘history as the first provider of digital 1elevision in
Europe. But how do they hope to cram four or more
channels into the space required by an existing one?
Back 1o earth, a controversy is currently raging,
Should the Channel 5 frequencies be allocated 10
ananalogue broadcaster. or (o several digital ser-
vices which could accommodaie the same spec-
trum? If they are of sufficient quality to interest
the public, terresirial digital TV services could
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Photo 3. NTL's 8-metre uplink dish, used for experiments with MPEG
transmission via satellite.

electronics trade. since they could be
received via an already-present set-top or
roof-mounted aerial. Telecommunications
operators, such as BT, are also evaluating
digital TV, particularly for video-on-demand
services.

Why Digital?

It has been widely regarded for some time
that the future of television is digital. The
standards in use today are, with the
exception ofteletext. stereo sound and some
form of colour, basically the same as those
developed by Blumlein, EMI er 4/ in the
thirties. Significant (and wasteful) paris of the
analogue video signal originally intended to
overcome the disadvantages of the primitive
technology of the day have, for some reason.
remained.

With the widespread acceptance of digital
technelogy, new systems of flexibility and
performance, unheard of in Baird's day, are
possible. Digital pulse trains, with error
correction, are potentially much more
resistant fo interference and degradations
introduced by an analogue transmission
path. The ghosting, atmospherics, grainy
pictures and suscepiibility to electrical noise
that have plagued analogue television could
disappear altogether.

Since colour television is now the rule
rather than the exception, a digital television
system would include colour from the
outset — compare that with today's PAL,
SECAM and NTSC standards, in which the
colour (chrominance) information rides
‘piggyback’ on the original black-and-white
(luminance) signal (o provide compatibility
with the monochrome sets that Granny may
remember

In these compromise systems, there is
inevitably some interaction berween the
chrominance and luminance channels,
which gives rise to well-Enown picture
defects (such as the ‘checked jacket’
syndrome). Since any colour system had 1o
occupy the same bandwidth as the
equivalent monochrome signal, the colour

2

information (chroma bandwidth) that can be
provided is very limited. Yes, analogue colour
systems were undoubtedly a great feat
of engineering genius when they were
developed in the fifties and sixties, but a
replacement is overdue.

For the time being, the digital television
systems (o be coverad in this article will be a
‘half-way house’ — in other words, they
digitally encode a conventional composite
coloursignal. processitin the digital domain,
send it-across the transmission medium and
unprocess/convert it at the other end, return-
ing an accurate analogue representation of
the original signal which will be compatible
with existing TV seis.

Complerely digital systems are some way
off yet —not least for customer and studio
equipment compatibility— but the systems 1o
be discussed here do offer the important
benefits of robustness and bandwidth
economy. Looking into the crystal ball. CCD
cameras. computer graphics equipment and
the rapidly-advancing siate of LCD matrix
and plasma displays are just some of the key
components of the broadcast chain bracing
themselves for the all-digital systems of the
future. That said, some recently-equipped TV
studios — including a new Channel Four one
— already process video completely in the
digital domain. i is only in the final stages
that it is converied into analogue PAL
format; these stages would no longer be
required if an MPEG encoder were 10 be used.

When analogue television systems were
originally developed, communication
satellites and cable television were not
commercial realities. That, of course, has
since chancged with the ever-increasing band
of subscription-based special-interest and
premium channels — particularly those
available via the Astra television satellite. To
protect their investment and ensure that
only paid-up subscribers can receive such
channels. encryption is generally used.

Analogue scrambling systems used in the
early days of sarellite television were easily
defeated, and so encineers came up with
digitally-based systems, such as BSkyB's

Photo 4. NTL's System 2000 MPEG encoder for broadcast
applications.

Videocrypt. Here, the analogue video signal
is converted into digital form; manipulated
by data supplied via a smart card, and
converted back into.analogue form. A
completely digiial television system would
permit secure encryplion to be implemented
with ease — and the difference in picture
quality between scrambled and clear chan-
nels would not be as obvious as it is today.

So then, it appears that a digiial system
would be the cure for all ills. But there is-a
problem — bandwidth. Even before we
consider HDTV, the 625-line, 25 frames-per-
second (interlaced to give 50) broadcast-
standard colour television piciure that we
take for granted today would require raw
data streams of around 200M-bits/s —clearly
impractical when translated across to the
transmission path! The key of getiing this
figure down (o something manadeable lies in
the use of compression. -

A Gallon into a Pint Pot?

The purpose of a digital video compression
system is 1o convert the overwhelming
amount of information, contained within the
video signal, into a format which is easily
fransmittable and storable. Elecfronics’ PC-
literate readers might like 10 know that there
is one crucual difference benween video
compression. and the type used for
compuiter files—for example, the PK(UNIZIP
PC programs commonly used for files
available on bulletin boards for downloading.
Whereas PRZIP arranges the data in such a
way that it can be reassembled in its original
form (by PRUNZIP) at the other end, in video
compression however, some of the informa-
tion is lost for ever and cannot be recovered.

One of the most important objectives in
any video compression system is (o ensure
that this paring down of the video data has
no undesirable eftects on the end product. It
is passible because. on a frame-by-frame
basis, much of the video information is the
same — a system that eliminates this
repetition will significanily cut down the data
rates required, m (typically) between | and
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Photo 5. Inside the Philips Digital Video Cartridge... a Motorola MPEG chipset.

5%. For a video compression sysiem 1o be
viable. though. it needs (o be robust.
Problems encountered in the real world,
such as muliipath distortion (which causes
chosting with terrestrial systems) or random
bursts of noise. muist not cause the picture to
disappear or be corrupted for long periods of
time. Reliable forms of digital video
compression have. consequently, been a long
time in the making.

The ‘VHS' of Digital
Video?

Sensibly, a universal standard (well. group of
standards) for digital video compression is
emerging — compare this with the multitude
of analogue standards—to the extent that it is
being described as ‘the VHS of the nineties’.
Standardisation is a priority, since this will
avoid any incompatibility problems, as well as
bring down the cost of the silicon (increasing
acceptance still further!). The standard in
question, known as MPEG, is named after the
ISO's (International Standards Organisation)
well-coordinated Motion Picture Experts
Group that, since its inception in May 1988,
developed the technology.

MPEG is an offshoot of the Joint
Photographic Experts Group (JPEG). which
was concerned with data compression
standards for digitised still pictures, intended
for elecironic siill cameras, multimedia and
electronic publishing: the progression 10
moving video was natural. Companies
participating in MPEG include the vast
corporate likes of IBM, DEC. AT+T.
Matsushita, Sony, Mitsubishi. Intel, Philips
and, not surprisingly. IVC. the originator of
the VHS format. Video-CD is. atter all, seen by
many as an alternative (o (or even eveniual
replacement for) movie rental on VHS tape.
Video CD is more robust and longer-lasting
than tape media, cheaper to manufacture in
quantity than real-time duplication. and will
deter piracy.

There are a number of MPEG standards,
each of which is aimed at a different level.
The first 10 be developed, now known as
MPEG 1, is concerned with consumer (VHS)
level applications such as Video-CD, video-
on-demand (VOD) and PC multimedia
applications. The data rate of MPEG 1 is opti-
mised at 1-:5M-bis/s. It can be less, though;
after CD sectoring overheads. the bit rate of
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the MPEG data siream on a CD is a little less
than 1-4M-bits/s. On most movie titles, the
video takes about 1-15M-bits/s and the Hi-H
stereo audio takes 224K-bit/s. Towards the
end of 1992, the draft MPEG | standard was
finalised, giving the IC manufacturers the cue
for custom silicon development.

1S companies C-Cube and Motorola have
completed work on devices — the Motorola
chips are used in Philips’ FMV CD-i cartridge.
FMV has been made commercially viable
very quickly because MPEG 1 decoder chips
are already selling in volume for less than
$15, and this cost will inevitably decrease as
accepiance and production increase — you
cannot deny that one is helpino the other!
Video-CD, incidentally, will be featured in
another article.

The MPEG 2 committee was originally
formed in 1991, following the successes being
obtained with the original standard, to
consider coding at higher data rates
(between 2 and 10M-bitsf5s) for broadcasting
and video recording. MPEG 2's brief has since
been extended to include the even higher
rates (between 10 and 20M-bits/s) that one
would expect to encounter with high defi-
nition TV — this, out of interest. was originally
handled by MPEG 3. High bit-rate digital

video recording is currently in use by some
broadcasters, since there isno noticeable loss
of quality berween dubbings. A domestic
digital video system would be welcomed by
home video enthusiasts — digital camcorder
tapes could be edited. and copies, that are
still watchable, be made for friends!

DTH (direct-to-home) satellite broadcast-
ing (see Photo 3) is likely to make use of the
MPEG 2 standard, when it eventually begins
— suitable real-time MPEG 2 encoders are
already available from companies like
NTL/Pace. one’example of which isshownin
Photo 4. In fact. December 1995 saw MPEG 2
being adopted by the European Project
Digital Video Broadcasting Group (DVB) as
the standard for satellite broadcasting. with
OPSK (quadrature phase-shift keying) as the
modulation method.

Peal-time encodind is essential for broad-
casis — comparaiively recently (the end of
1991), the best available encoders took 200
minutes to encode one minute of output! It
just goes to show how fast (literally) these
things are developing!

Although MPEG | can be used at much
higher data rates than the 1-5M-bits/s quoted
earlier, MPEG 2 will give betier quality at
hicher bit-rates due to the fact tharit can take
accouni of interlaced format video (MPEG |
being non-interlaced only). At bit-rates of up
1o 3M-bits/s, there is little difference berween
MPEG 1 and MPEG 2 in terms of perceived
quality.

Since a Video-CD encoded in MPEG 2
would offer too short a playing time to
accommodate a movie, due to the increased
data rates. CD boffins are working on ways to
squash more data onto a CD. The approach
currently being considered is 1o reduce the
size of the data pits on the surface of the disc,
thereby increasing the number that can be
crammed onto it A laser with a short wave-
length (blue light, rather than infra-red)
would be required to read these higher-
density discs — sadly, existing players would
not be compatible with them.

In 1992, MPEG 4 was formed to look into
digital video ransmission at very low bit-
rates (in the order of tens of K-bits/s) for future
applications, such as video-based cellular
phones. MPEG 4 will make use 5f fractal and
wavelet transforms.

Photo 6. The 3D0 multimedia games machine will shortly be able to play MPEG-encoded
CD-Video discs by virtue of an MPEG cartridge (available from November).
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transponder. Digital DTH will follow soon.

Current manufacturers of MPEG silicon
include C-Cube. Motorola (see Photo 5).
Texas Instrumenits, SGS—Thomson and LSI
Logic. Other manufacturers are. of course.
jumping on the bandwagan, in recognition
of the fact that MPEG is a de facio standard.
General Instrument's Digicipher. in con-
tinual development since 1987, is an exam-
ple of one of the other systems available, but
the company, recognising the impommce
of MPEG, has included an MPEG 2 mode on
its latest generation of hardware.

MPEG - The Basics

So, how does MPEG 1 manage to reduce
200M-bits/s to 1-5M-bits/s? There are two main
elements to MPEG bit-rate reduction —spatial
and temporal redundancy. A block diagram
of the process is shown in Figure |. First of all,

though, the video source needs to be
digitised. if in the analogue form supplied by
a video machine. This stage is likely 10 be
dispensed with as digital VIRs and CCD
cameras become commonplace,

3-1

Sparial redundancy arises because many
tramzs contain unnecessary information —
forexample, certain areas (e.g., blue sky) con-
tain litile. derail In analogue systems, all this
information is transmitted—great bandwidth
savings can be madeif this information can
be 1mperceptibiy removed. MPEG addresses
this problemn in @ novel way.

During spatial redundancy encoding. the
picture is divided up into blocks of 8 pixels by
8 pixels. Block by block, discrete cosine trans-
form (DCT) coding converts the time-varying
video signal into a frequency-like domain.
designed to match thesensﬁmtiesafmeeye.-
if the contents of a block are uniform, DCT
coding results inonly a few frequiency terms.
Conversely, in areas of great detail the
coding process could generate many ‘higher-

- order terms.

DCFcocﬁngdoesnotsavedmam itself,
but quantisation of the requency terms is
applied to remove the less important infor-
mation. Figure 2 illusirates the ‘frequency’
domain. in which the lower order terms
reside in the top-left area of the diagram.

while the higher-order terms can be found
on the bottom right. A process of ‘zig-zag'
scanning allows the coefficients to be taken
in frequency order, with increasing likelihcod
of zero-value coefficients. The next stage is to
apply run-length coding. which efficiently
describes an uninterrupted run of zeroes: this
results in further savings in bit-rate.

The amount of useful information gener-
ated by the process will vary according to
the content of the video signal. An output
buffer is used, with a feedback mechanism to
regulate the quantisation thresholds of the
DCT process, so that the cuiput data rate is
mainiained at a constant level.

Temporal redundancy is the removal of
information. from individual picture frames,
in circumstances when the picture is not
moving, or is moving in a prediciable
manner This, as we have already seen. is the
biggest waste of capacity. Using inter-frame
coding. savings can be made by using
motion-compensated prediction from
preceding picture frames, and coding oniy
the differences between the predicted and
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Photo 7. A prototype Pace/NTL receiver/decoder for MPEG-encoded satellite broadcasts

from the proposed Digital Sky service.
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Figure 4. Motorola’'s MPEG 1 chipset. as used in the Phillips FMV add-on for its CD-i players

the actual picture. The more prediciable the
motion, the less data is required during trans-
mission. This process requires a sionificant
amount of memory.

Because of the importance of random
access for stored video (eg., €D-i) and the
significant bit-rate reduction afforded by
motion-compensated prediction, three types
of picture are considered in the MPEG
coding structure —intra-pictures (1), predicted
pictures (P) and bidirectional pictures (B)!

B-pictures provide the highest potential for
compression and offer noise reduciion by
the resulting averaging, but require both past
and future reference pictures for prediction
— they cannot be used as references them-
selves, |-pictures provide access points for
random access ([-pictures rypically occur
twice a second), but onfy offer moderate
compression potential. P-pictures are used
by subsequent P-pictures and B-pictures for
prediction, but can propagate coding errors
along the data stream, Since the MPEG
encoder rearranges pictures into a different
order for transmission. sound-resynchronis-
ation is obviously of great importance atvthe
decoder end!

During encoding, the picture is divided
into a matrix of ‘blocks’, each of which is
divided into ‘macroblocks’, consisting of six-
teen lines by sixteen pixels. A motion vector
accurate to within half a pixel, is determined.
This relates each block’s content 1o the
content of its counterpart in the previous
frame. A ‘'matching’ technique is used to find
the previous block that maiches the current
block's contents the closest of all. The
difference information between the previous
block and the actual block Is also transmitted
1o the decoder at the other end of the broad-
cast chain.

The system can be fooled — at low data
rates — by fasemoving objects. lorexample a
football, moving against a background. In
this instance; the ball will appear sharp while
any bachground detail will be lost. Material
with considerable detail and irregular
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movement is the most critical est of a video
compression system. It is important that the
effects of such artifacts are reduced. or at
least rendered ‘subile’ In the realworld. how-

ever, cameramen and graphics operators

working for digital broadcasters will be
trained on the system’s limitations so that
programme malerial can avoid ariifact-laden
scenes wherever practically possible.

The video data stream is then formatied
and multiplexed with the audio signal, which
is itself digitised and compressed. Where

several services are to be provided on a

single carrier (e.g.. cable system or satellite
transponder), the combined services are

multiplexed into a combined data siream

prior 10 modulation.

Transmission over a broadcast medium
(e.o.. a satellite iransponder) is normally
achieved using quadrature phase-shift keying
(QDSK), since it is very efficient for digiial
systems. If the data rate is 8M-biis/s, the band-
width required would be 6-75MHz. It must be
siressedd that data rates in the order of 3M-
bits/s are used only for broadcast-quality
applications, such as satellite news-gathering
and programme distribution. the equipment
setup for which is shown in Figure 5. Those
associated with consumer applications will
be much lower, so that several digital
channels can be squeezed onto a single
97MHz transponder of the type used on
Astra’s satellites. Digital satellite news-gather-
ing feeds are already a reality — and owners
of multi-satellite systems who like to eaves-
drop on such transmissions are already

geiting worried!

The CD-i/Full Motion Video MPEG
application is an issue in its own right, and
will be featured in a future article. As an
intended mass-market device, the price of
the semiconductors used in its design has
vone down dramatically. At the heart of the
Philips CD-i FMY cariridge lies the Motorola
chipset, which Is shown in Figure 4. The
MCD251 combines all of the functions
necessary to implement MPEG | FMV

decompression. The output from the

"MCD251 is fed into a 24-bit video DAC, the

MC44200, and fromthere into a PAL or NTSC
encoder (such as the MC13077) ifa compos
ite video sional is required. Audio decoding
is catered for by a DSP3s001 DSP chip, the
output obwhich isfed into an audio DAC. The
DSP36001 is fed by an MPEG system layer
decoder the MCD260. Future generations of
MPEG hardware will combine most of this
circuitry anto a single chip, bringing this cost
down further Low-cost hardware, of course.
is essential in atiracting the public to buy it —
and this applies as much to digitally-
delivered television services as it does 1o CD-i.

So then, what does the future hold? The
basic technology has been esiablished for
some time, and the prices of ever mora
powerful MPEG chips are coming down. CD-,
aided by the best efforts of Philips’ vast
corporate marReting machine, is siarting 1o
take off. and we will be seeing Video CD
movies and games (see Phoio 6) appearing
more often in the shops. These could
supplement — and perhaps eventually
replace — VHS rental tapes, although we are
some time off from a domestic digital video
recorder.

Another potential MPEG-spinner is the
mooted Digital Sky service. Unfortunately,
Sky already supports a large number of
channels on Astra. and is likely to dual-
illuminate its services digitally, rather than
taking the expensive route of starting up new
services and convincing the public of their
value. Thisis particularly likely, since each of
the themed channels has a big enouch scope
10 appeal 1o the viewers required to make it
profitable. This is not the US, which has a
much bigger population and can suppori 24-
hour kite-building and cat-aerobics channels.
Unless there is an incentive (a year's free
viewing, perhaps?), most of the Sky-viewing
publicwill not see the point in forking out for
another black box (see Pholo 7).
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eWorid to Change Shape
of Online Services

ple has added a new dimension to
the world of electronic information
sanvices with the infroduction of eWerld
(the easiest way for Macintosh users to
become part of the world's fastest-grow-
ing communiy) e oniine community.

eWorid for Macintosh will be the first in
a series of eWorld interactive services
avallable o personal computer users. It
uses real world images to give users an
experiance they will immediately fasl
comfortable with,

In its tradition of making technology
sasy for everyone to use, Apple has
hidden ihe enormous complexity of a
global communications network behind
2 bright, chearful town square which has

buildings that everybody will recognise— |

a Leaming Cenire, a Post Office (The
Mail Centre), a Lifestyle Centre (Living &
Leisure Centre), a Business Centre and

even an information boaoth that telis the
user exactly what they nesd to know
about the online community, and how to
get the information they nead.

Onee in eWorld for Macintosh and
strolling around this virtisal town square’
users will find information laid out in a
friendly yat logical way. Publishers will
izke advantage of the powerdul "eWorid
Press’ toals to provide inngvative anline
publications that combine real-time
useiul information with analysis,
commeant and many opportunities for
fesdback and responsa by subseribers.

Users ean easily communicate with
users af the Intemst with eWorld, as well
as many other electronic mail services.
eWorld offers a range of real-time
interactive communications capabilities,
including lecture and information sharing
forums. or town mestings, that enable
up to 250 people to participate
simultanecusly. Smaller groups of

————

THREE tickets
to the
Christmas
Computer
Shopper
Show

The savings
start here!

Use this coupon to claim a
£1.50 discount on up to

S —
BLENHEIM

Sponsored by Computer Shopper Magazine
Show opening times

Grand Hall, Olympla, London.

Thursday 1 - Saturday 3 December

10.00am - 6pm

Sunday 4 December

10.00am - 5pm

Photocoples not valld. Valld on entry to show only.
| am clalming £1.50 off 17 or 2] or 3 tickets. PLEASE TICK.
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eWorld users can chat and collaborate
elzctrenically in both public and grivate
forums.

eWorld servicas will be made available
on a range of devices, including
Macintosh personal computers,
Windows PCs, and Newton devices,
and people will be able to access
commeon features across the different
platforms. Contact: Apple Computears,
Tel: (0BOO) 127753

Net Assels

Canera is flogging what is claimed to be
the UK's firs! Intemst-ready PCs — with
easynet sofiware and a US Robaotics
modam pre-installed. Hooking up to the
Intemet is then simply a matter of plug-
ging the machine into a phone lina.
Internet subscription via easynet! is
included in the package —fraining is also
avaiiable. Contact: Camera Technology,
Tel: (0171) 830 D486,

Pacddy Online

Hey, wha said politicians where slow o
adapt to new technologies. Liberai
Democrat leader Paddy Ashdown has
followed in the footsteps of intemat-gun
Prasident Clinton, and is now online.

By Autumn this year, it will ba possibls
to contact all the liberal democat MPs
via the CIX pulletin board.

Paddy Ashdown can be contacted en
paddyashdownDcix, although he has
siressed that not everyons can expecia
reply since he is presently deluged with
hundreds of conventional lstiers a day.

Bill Clinton on the other hand,
promises a personal reply to all who
send an emall o his ofiice on
presidant@whitehouse tod.

Beeb inito the Net

The BBC is offering public cennection to
the Inteme!, bringing together hibraries,
naws services, dalabases, individuals
and organisations from around the
warid.

The BBC Metworking Club aims to
make it as easy as possible for pecple
o gain access fo the intems!, and as
such opsrates on a non-profit making
basis. A flat subscription fez of £12 2
month means that thers are no
additional charges for baing onlinz to
anywhera in the world, other than the
ghone call tc servers at London,
Cambridge. Edinburgh, Manchaster,
Birmingham or Bristel. Centact; BBC,
Tel: (0181) 576 7799,

Every possible effort has been mads
to ensure that the information
prasented hers is correct prior to
publication. To avoid disappointment
due o late changes or amendmenis
please contact evenl organisations to
confirm details.

1 November. Talk & Demeonstration
on: First Ald by St. Johns Ambulanca,
Sudbury and District Radio Amateurs.
Tel: (01787) 313212,

1 to 3 November. Intzmational Coll
Winding Exhibition, Wernbley Cenirs,
London Tel: (0181) 810 7210.

1to 3 November. WINDOWS EXPO,
Olympia, London. Tei: (01256) 381 458,

1 to 3 November. EMCOM — Mobile
Cemmunications Exhibition, Wemblay
Centre, London. Tel: (01322) 660070.

1 to 3 November. OPTI-COMM —
Naovotel, London. Tak: (01425) 473535,

5 to 6 November. Eighth North Wales
Radio and Electronics Show,
Aberconwy. Conference Centre and
The Mew Theatre, Liandudno.
Telk: (01745) 591704

8 to 10 November. Comoutar Graphics
EXPO, Wembiay Cenire, London.
Tel: (0181) 995 3632,

1010 12 November. Design & Techroiogy
Exhibition, NEC, Birmingham. Tel!
(01425) 272711.

DIARY DATES

13 November. The Fourih Bamslsy
Amateur Radio and Computer Rally,
The Metrodome, Bamsiey. Tk (01226) 716339

22 November. CIM — Computers in
Manufacturing, NEC, Birmingham.
Tel: (01932) 564455,

110 4 December. Chrisimas Computer
Shopper Show, Grand Hall, Olympia,
London. Tek: (0181) 7422828,

6 December. Open Forum —Questions.
& Answers on Anything Related o
Amaleur Radio, Sudbury and District
Radio Amateurs. Tel: (01787) 313212

6 to 7 December. DSP — Digital
; Processing Exhibition, Ramada
Heathrow, London. Tet (0181) 547 3355

6 to B December. International
Online/ CD-ROM Exhibitica), :
London. Tel! (01885) 730275.

12 to 14 December. Digiial Signal

a for Commiinication
University of Warwick, Warwick. Tel:
(01254) 65201 Exi. 5822,

17 to 19 January. Cuidoor Event &
Live Music Production, Wembley
Cenire, London. Tel: (01203) 634353,

29 January to 1 February. European
Light show Exhibition, Earls Coun,
London. Tel: (01952) 230805.

Please send detalls of events for
inclusion in ‘Diary Dates’ to: The
News Editor, Electranics — The
Maplin Magazine, P.O. Box 3,
Rayleigh, Essex, SS6 8LR.

Digital Audilo.

ooooooo

Discreet internally fitted card reader.
Optional card extension PCB for external access
60 Fully programmable Channels

Menu driven.
Multi Channel "Mini" card software at special price
Philips BSB conversion available soon. Please call for info.

TRAC 6=

Commerce way Skippers Lane Middlesbrough Cleveland T56-6UR

On screen graphics

TRAC D2MAC Decoder / Card Reader Module for Ferguson

SRB1....We are now taking orders for November delivery.

With the appropriate card / programme software, most scrambled D2MAC
Works with all Ferguson SRB1 unconverted and TRAC D, D2MAC and MAC / PAL SRB1 converted receivers
Additional direct plug in software capability via "on board" chip holders.

Ferguson SRB1 conversion Kit . . ....£119.00
Ferguson D2MAC converted receiver. .£149.00
Multi Channel viewing software. . . ....£14.95
Plus P&P : Kit £4.50 Receiver £6.90
0642 468145
0642 452555
FAX 0642 440927

programmes can be watched.
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Learning CAD with

AutoSketch for Windows
by J. W. Penfold

Written with two main purposes, this book
aims 1o both introduce the newcomer 10
CAD, and 2is0 0 act &s & training guide
o using AutoSketch in the Windows
endrenment. The divisions in the book
make it easy for the first-ime userto g2t
to grips with AutoSketch in the minimum
of time. One of the maior athvantages of
using a CAD package under Windows is
that information can be interchanged
that hias been diswn in AutoSkeich essier
{2 use in word processovs of other dewing
progams. The first section of the book
desoribes how to move around within the
envirenment and how to navigate through
command bares. The use of icons makes
it easier to sefect commands, but only
ones you knoay what you n=sd, Asyou
Progess tough chapter one, you will be
t2ught how to draw ines, load files and
fke attach, gnd snap and filet, nesd o be
practised just to gt the hang of opersiing
the program before vou can steam ghead,

Tie book acls a3 a gude trough &
the testhing problems that you may
encountsr, 2d helps in Tening you o
=2 the commands that will form the hasic
bread and butter of setting drawings into
the system, and thersfoe i=ingitto fis il
potential, All through the book you will see
screen output from the original program,
shoowing what each mienu looks ke and
Fiow the screen should look &t &y ons
mstance, The second secton coers el the
drawing commands, and kads skl and &
knowiedze of how to use the commands
to the best effect. Subsequent chaplers
w-eeb:mmmm

book goes a fong way to teaching you how
o us2 CAD and how o get the bestout of
AutoSketch,

1994, 104 pages. 198 x 130mm,
Tustrated.

Order As AN11M
(Leam CAD Autosketch) £5.95 NV

Integrated Digital
Networks

by L. S. Lawton

of their communications requiremsnts,
and cwn pivate telecommunications
equipment, ratier than renting of lessing
he senices, a5 companies have done in
thepest Theamof hisbockS o acias
a soure of information for thase imolved
with the operetion of such equEpment,
gring them an insight into how large
systems ke ISDN (Integated Senices’
Digial Network), PCM (Puke Code
Modutation), TDM (Time Division Muftipiex)
and PABY operaie. As technology
continues to advance, high-capacily dgiz!
systems and optical filwe transmitting
medims come into cperation. This unin-
date book covers information on 3 lags
number of different systems, and fes a
long way 1o offenng an undersianding of
haw these modem systems manase ©
cope vith the amount of infmation we
rely on themito defver. Among the many
areas covered by this book, information
included on: electionic telephones;
facsmis gystems; digts! networks; digtal
transmasion and PCM systems; digial
swmsysterrsndgﬁm

ﬁiufmempmmadamm
in great detad with a great deal of
information that up il raw has not been
avadsble to the public, unless you have
efther worked ciosely with British Telecom
o Meroury senices, Infonmation inths
book will appeal mainly (o engineers in the
telecommunications sphere who will be
aﬂemraatemtmgmea,ormume

peopia wishing to understand the gystems
which ve hawe all come © rely upon,
19483, 395 pages. 250 x 130mm,
ustrated.
Order As ANOBJ
(Integ Digital Netwks)

Eilecironic Testing and
Inspection

by Keith Brindlay

A highly nformiatve book aimed attest
will need in order to da ther job. This book
has been producsd in association with the
Enginesting Treining Authority, and can be
used zs a reference for Tainees and
shudents, of a3 a back-up refefence fr

£24.95 NV
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amplfier gain and frequency response;
:and special test figs, together with testand ©
inspection terminology. In addition to all
the information that & provided on =sting
and inspection, there are sectiors on CEN,
IS0, IEC and CENELEC specifications and
standards, inorder for the testengner o
quality, safety and for working practices.

The book s packed fill of hinis, tins
and precautons o allow the elecironc
{est engineer (o do Iis job with the highest
level of safely and acomacy.

1994, 289 pages. 108 x 90mm,
hsirated.
Order As ANOSK

(Elec Testng & Inspec)

Electronic Projects for
Video Enthusiasis

by R. A. Penfold
Camecorders and home vidso production
have become very popular in recent years
and it 5 possiie 10 have a great deal of
furi without having to do any ediing of e
t2pes you maks, Howser, 8t soms slags
mast video enthusiasts try ther hand at
producing a tape of recordad highights,
and there are many ready-nade
sccessoniss which enzbls the enthusiast to
underizke more professonal editng Many
of these accessones can be consincted
for a frection of the cost. This book
moddss 120 designs for vidso accessones
— e cirouits for audio processing
Emiters, and fve for video processing
which include Taders, siievays wiper and
wicsn crispener, All the prosscts can be
either battery powered or povered from a
suitable mains power supply — a sugsesied
cirouit is included, All the projects tse
chesp and readly svalsbie components,
and full construction detals are provided,
including strphoan isyouts and winng

£12.95 NV

-mmmmwh :
reqired, and where appopnate, smple

Setiing up procedres are included. Most
of the poiscts are easy to construct, and
saeral are suitabie for the complste
begnners at electronic consinictian.

A handy and inspenshe book that
provides a number of praciical designs
for video accessonies that will help the
video enthusiast gt the best resuit
from & cameorder and VCR. Highly
recomimendsd.

1994, 174 pages. 178 x 110mm,
ustrated.

Order As AN15R

(Prjts For Video Enth) £4.95 NV

Hands-On Guide to
Oscilloscopes

by Barry Ross
Osclloscopes have e ebifty to make
\oitages Vishls' and have beome &
vesy poweriul diagnosticand deselopment
tool. With the speead of electonic contred
systems inio & forms of science and
Peopis in the most unikely fidds such &s
themsehes having 1o use an osclioscons
to control o maintain her cwn
equipment, o o study phenomena which
can be dplayed thicugh & anpopnale
ransducer as vollage azainst tma,

This book is for amone who wanls
10 leam about csciiosonpes, and 2l the
{opics covered assume that the reader has
N0 Fevicss kovledzs of epenence of
how 2n oscifinseope vads. Althouzh the
chapters foliow a sequence, each chapter
is treated as independently as possitle,

ard can be read separately fix quick
o become familiar with oscilloscope
ity and the comed operston of the
empuEpmeant in 2 wide range of applications.
It then goes on to explan niore compiex
functions such as digital stoge circuitry
and the commect usa of digtal stvage -
osciioscopes (DSOs). Other opics onversd
include probes and ther use, choosing.
oscilioscopes and what to do when things
g0 wrong. Practical appiication examples
are inchded at the end of each chapter.
The comprehensie text and praciical
approach make this book deal for
enthusiasts afke.
1994, 245 pages. 245 x 174mm,
ustrated.
Order As AN13P

(Guide To Scopes) £17.95 NV
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Maplin tone

telephone.

Many readers will be familiar with the home banking services provided
by some of the major banks and building societies. This enables account
holders to conduct business over the telephone, using a DTMF (dual
tone mulfi-frequency (tone dialling)) phone or a pocket DTMF dialler on a
conventional telephone to access and then operate the various services
provided. Maplin Electronics has a similar system for placing orders,
known as Maplin key call.

The Maplin key call system means that you can place your orders
directly onto the Maplin mainframe computer, 24 hours a day, seven days
aweek. Therefore, this super-quick alternative method to the normal voice
order system is available outside of normal working hours. The method
of using Maplin key call is given later in this article, but first I thought
you'd be interested in how the system works.

& . : L
Mu ] wit
Slewar I
@ 1 PC computer Main frams piexe ' X “ 1
Az Y computer i =
— I = i Barcode Bl
i 4 i reader |~ e
1 i - J
! i
I HADLEGH ; WOMBWELL Post

Figure 1. Block diagram of the main components of the Maplin key call system.
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by Robin Hall

encoder for use
with a standard

The Inside Story

The main components of the Maplin key
call system are shown in Figure 1. As can
be seen, after the telephone call has been
put through. the start of the process is
at the Maplin Head Office at Hadleigh
near Rayleigh in Essex. There are four
telephone lines which are interfaced to a
dedicated IBM compatible PC. This runs
the main Maplin key call program which
works by responding to encoded tones
from the user's telephone; prerecorded
voice messages are programmed to
respond to the tones keyed in.

The PC is connected by a real-time
serial link to the Maplin mainframe
computer. Stored here are all the cus-
tomer records and stock details..

The mainframe computer has a num-
ber of ouiputs, one of which connects via
another serial link to a PAKNET umnit (for
further information on PAKNET refer to
Electronics Issue 78) which is then linked
to a eredit card clearing establishment.
Also coupled are multiplexer units which
connect to a BT Kilosiream data high-
way to Wombwell near Barnsley in South
Yorkshire (a backup ISDN (integrated ser-
vices digital network) line is also available
in case of failure) where asynchronous
RS232 terminals are connected inio the
system and, all impaortantly, a printer for
the orders to be printed out.
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A=11 N=24
B=12 0=25
c=13 P =26
D=14 Q=27
E=15 R =28
F=16 S =29
G=17 T =30
H=18 U =31
1=19 V=232
J=20 W =33
K=21 X =34
L =22 Y=35
M=23 Z =36

Table 1. The standard Maplin key call
alphanumeric codes.

The orders are removed from the
printer. then ‘collectors’ fetch the required
items which are given to the ‘packers’
Before the order leaves the building at
Wombwell, a bar-code number is read
off the package and is automatically sent
back down the Kilostream data higshway
to the mainframe computer in Hadleigh,
thus completing the loop.

Types of Telephone
Required

In order for Maplin key call to respond,
audible DTMF encoded tones are
required. Most modern telephones are
able to produce DTMF tones.

Older tclephones may not be able io
produce DTMF tones, and an external
tone dialler will be required. There are
iwo DTMF tone diallers available from
Maplin — the Pocket Tone Dialler Pad
(ZB19V) and the Miniature Tone Dialler
(CK25C). It is easy o use one of these
diallers, and once the Maplin key call
number has been dialled conventionally,
the tone dialler is placed against the
microphone and the required digits
entered. The DTMF tones will then be
transferred through the microphone onto
the line, and the computer will respond
to the tones.

Preliminaries

Before using the system, however, you
will require a Customer Number. If you
are already a Maplin Mail Order cus-
tomer you will already have a customer
number: this is normally found on an
invoice/delivery note sent previously with
an order, or it can be found on mailshots
received from the company addressed o
yourself. If vou have not previously used
Maplin's Mail Order Service, or don't
know vour customer number, call
Customer Services on 01702 552911
and they will happily issue you with a
customer number or tell you what it is if
you've forgotten it.

You will also require a PIN (personal
identification number); this can be
obtained from Maplin by calling up
Customer Services on 01702 552911,
and asking for a PIN. Quote your cus-
tomer number and you will then be given
your PIN. Future invoice/delivery notes
will show both numbers.

Once vou have your customer number
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Type Description Code Letter | Digit Code

Carbon Film '/sW Micro Res U 80

Carbon Film /W | Econ Res | B | 81

Metal Film 0-6W | Min Res M | 82

Metal Film 0-6W in : A ’

packs of 10 Min Res in 10's ._ A J 83

Metal Film 2W 2W Res | D [ 91

Carbon Film 1W | W Res [&-& | 84

Wirewound 2-5W L wWwW | s .92

Wirewound 3W | W/W Min ': W . 85

Wirewound 7W W WW | L 86

Wirewound 10W 10W W/W H 87

Wirewound 25W 25W W/wW | P | 88

High Voltage Resistor HV Res L v | 89

Economy Resistors /sW | : .

in packs of 10 Econ Res in 10's ‘ F | 93

Economy Resistors '/sW | . y |

in packs of 100 | Econ Res in 100's E | 90

Note: All resistor Starter Packs are coded as standard order codes.

Table 2. The fixed resistor codes.
Value Code Value Code Value Code Value  Code
001 100 470 140 2k2Q 180 100k 220
0012 101 51Q 141 2k40Q 181 110kQ2 221
0015 102 560 142 2K70 182 120Kk 222
0018 103 620 143 3kQ 183 130k} 223
0022 104 68Q 144 3k30 184 150k 224
0Q27 105 750 145 3k6Q 185 160k 225
0033 106 820 146 3kaQ 186 180k 226
0039 107 a1Q 147 4k3Q 187 200Kk02 227
0047 108 10022 148 4k70) 188 220k 228
0056 109 1104 149 5k1Q 189 240k 229
0Q68 110 1200 150 5k602 190 270k 230
0082 111 1300 151 6k202 191 300k 231
1Q 112 1500 152 6k8Q 192 330kQ2 232
102 113 1600 153 7kEQ 193 360k} 233
105 114 1800 154 8k2Q 194 390k 234
108 115 2000 155 9k1Q 195 430kQ 235
202 116 2200 156 10kQ 196 470k 236
207 117 2400 157 11kO 197 510k 237
303 118 2700 158 12kQ 198 560k 238
309 119 3000 159 13kQ 199 620k - 239
407 120 3300 160 15k 200 680k 240
506 121 3600 161 16k 201 750k 241
608 122 3300 162 18k 202 820kQ2 242
802 123 430Q 163 20k0 203 910k} 243
100 124 4700 164 22kQ 204 1MG 244
110 125 5100 165 24k0 205 iM2Q 245
120 126 5600 166 27kQ 206 1IM50 246
13Q 127 62082 167 30kQ 207 1M8Q 247
150 128 6808 168 33kQ 208 2M20 248
160 129 750Q 169 36kQ 209 ZM70 249
18Q2 130 820 170 39kQ 210 3M30 250
200 131 9100 171 43k 211 3aMoa 251
220 132 1kQ 172 47kQ 212 4AM7Q 252
240 133 1k10 173 51k 213 5M6Q 253
2702 134 120 174 S56KkQ 214 6MBQ 254
30Q 135 1k3Q 175 62kQ 215 8M2Q 255
33Q 136 1k50 176 68k) 216 10MQ 256
360 137 1k6L 177 75kQ 217
3900 138 1k8Q 178 B2k 218
43Q 139 2k 179 91kQ) 219
Table 3. The resistor value codes.
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and PIN. you will also need your credit
card to hand. To make it easier and to
save your telephone charges. a remov-
able order preparation form is provided
at the rear of the Maplin Catalogue.
Photocopy this and use it to prepare vour
order before making the call; enter vour
customer number, PIN, credit card num-
ber and expiry date.

Converting the Codes

The standard Maplin alphanumeric
order codes must be converted into an
all-digit number. This is so that vou can
dial the order code and the computer can
process the information provided. The
last letter of the order code is ignored
when converting to numeric form.

For example:

Order Code
RW 67 X
ZAII M

Using the conversion chart in Table 1,
R converts to number 28, W converts to
number 33, and 67 goes through as it is.
The X is ignored, so the alphanumeric
code now takes the digital form of 28 33
67. The next order code is converted in
the same manner. and becomes 36 11
11; the M is ignored. When the computer
responds to the digital numbers the full
order code will be repeated.

Resistor Codes

Fixed resistors use a separate coding
system, see resisior conversion charts
(Tables 2 & 3). To order a particular
resistor simply convert the code letter
into the digit code.

Tables 2 & 3.

For example:

Min Res 407 (M4R7)

Min Res 47kQ  (MA7K)

Min Res AM7Q  (M4M7)
1 Pack of 10 Min Res 470 (A470R)
Wirewound 7W 0047 (L0O.47)

100 Econ Res 470k (E470K)

Using the conversion chart in Table 2,
M converts to number 82. Looking at
Table 3, 407 converts to number 120.
So the alphanumeric code now takes the
digital form of 82 120. The nexi order
codes are converted in the same manner,
and become as shown.

(M4R7) =82 120
(M47K) = 82212
(M4M7) = 82 252
(A470R) = 83 164
(LO-47) = 86 108
(E470K) = 90 236

When the computer responds to the
digital numbers the full order code will be
repeated.

Preparing the Way

First locate the Maplin key call order prep-
aration form at the back of the Maplin
Catalogue. This should be photostatied
for multiple use or copied as a template.
Figure 2 shows the same Maplin key call
order preparation form.
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MAPLIN
KEY CALL
01702 556751

ORDER PREPARATION FORM

CustomerNo. [ [ [ TTT T T 1] PNNo [TTT]

GredtCard T T T T T T T T T I T I 1111
Date | [ [ [ [ 1] Card Expiry Date LT TT]
Order Code : Digit Code | Quality Price

HEN

Confirmation No.|

| | | | Total

Figure 2. Maplin key call order preparation form.

Write your customer number and PIN,
and then your credit card details, on vour
copy of the order preparation form.

Next select the items you wish to order
from the catalogue, and write down the
order codes and quantities. Remember to
ignore the last letter of standard order
codes. For fixed resistors write the order
codes and quantities.

Using the charts, converi the order
codes into digital format and write these
down. Do the same for the fixed resistors
using the special conversion charts pro-
vided.

With these details entered onto the
form, you are now fully prepared for the
next stage, to order the items.

Using the System

Dial 01702 556751 and wait for the
announcement at the beginning, When
prompted by the computer voice enter
your order deiails from the preparation
form. The reason why it is important to
have the relevant details to hand will
become clear, as any delay in entering
certain details causes the computer to

switch back to the beginning and auto-
matically reprompt for the numbers.

After you have finished entering all your
numeric order codes and quantities, the
computer will read each item back fo you
with its normal stock item order code,
the quantity you have ordered and the
price. Check these items are correct and
re-enter or delete any that have been
entered in error.

When you are happy that all the items
you have ordered are correct and have
accepted them, the computer will give
vou the total amount that will be charged
to your credit card. Make a note of this
for your reference in the space provided
on the form.

After accepting the order, you will be
given an order confirmation nmumber;
write it on your form and quote this num-
ber if you ever need to contact Maplin
regarding the order. Your credit card will
be automatically debited.

Finally, replace the telephone receiver.
The order will now be processed, and
the goods despatched.

Welcome to the wonderful world of
telephone/computer automation! E|
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Many a good transistor radio has had to be thrown into the
rubbish bin after developing a fault. Unifortunately, servicing
costs these days mean that it is not usually economical to have
a radio repaired, particularly if it was not very expensive.

However, with a litile expertise and ‘know-h

;' it is often

guite easy to fix them and put an extra lease of life into an old
radio. Sometimes it may only take a few minutes to eifect a
repair, other times it may take longer. But, either way, it will
save some cash by saving the cost of the repair or a new radio,
and it is worth having a go because there is nothing to lose.
This month's article looks at basic radio principles.

PAIRING

PART ONE BY |AN POOLE

Equipment

It is surprising just how litile tesi equip-
ment is really needed to perform quite a
comprehensive set of tesis on a radio. The
main requirement is obviously a mulli-
meter, Even this need not be particularly
fancy as most measurements only need to
be approximate, Often measuremenis
only need to indicate whether a voltage is
there or not, rather than iis exacl value.
This means that most of the cheap ana-
logue test meters will be quile adequate.
However, care isneeded in some instances
as a cheap meter will have a lowerimped-
ance, This will mean that it will load any
high resistance circuits,

Digital multimeters are ideal. They are
now coming down in price quite rapidly
and often represent good value for money.
This is particularly true when one con-
siders that they often include many facil-
ities beyond that of the standard amps,
volts and ohms,

Other test equipment is obviously very
useful. An oscilloscope and sigpal gener-
ator are two such items, However, the
majority of people do not possess ihem
and fortunately it is possible to do a lot of
testing without them. Alternatively when
they are needed a little improvisation can
often pay dividends.

The Obvious

When starting to fault-find on a radio, itis
very important not to overlook the obvious.
It can be all too easy to look for a compli-
cated fault in the midst of all the circuiiry,
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when in realityitis something quite simple
just waiting to be found.

Look for any telltale signs. For example,
does the speaker make a 'plop’ when the
radio is tumed on. If not; it is likely to be
a problem with the power or the speaker
may be disconnected somehow. Signs like
these and many others help in the quick
and speedy diagnosis of the problem.
In fact, in most cases the faulis are quite
simple and they can often be located with
the help of a few signs.

But before opening a radio up, beware!
If it is operated from the mains there will

be high voltages around, and great care
should be taken at all times.

Fortunately many radios are batiery
operated but this can often lead to prob-
lems: A useful first check on any radio
which shows no signs oflife is the baiiery.
Often people have spent a lot of fime
tracing a fault having been assured the
batteries were new only fo find that the
batteries were as flat as a pancake and
a new battery would indeed solve the
problem.

Another problem with batieries ocours
when they leak. When this happens the
metal surfaces including the battery con-
tacts, become badly corroded. The remedy
is to remove completely any of the batiery
chemicals which have leaked out and
thoroughly clean off the corrosion. All
traces of corrosion need to be removed,
because even ihe slightest amount can
prevent the radio working. Better still, if
the battery holder is replaceable, then a
new one should be fitied.

Switches can be a major source of faulls,
They are pariiculariy prone lo failure in
kitchens as a greasy film can easily build
up on them: Smoky atmospheres also give
rise to problems. Fortunately dirt from
either of these environments can usually
be removed quite easily by a small amount
of switch cleaner. This should then be
followed immediately afterwards by
several rotations of the swilch, If the dirt
proves to be particularly stubborn then a
piece of clean paper soaked in cleaner can
be run through the contacts. Generally the
paper has just enough abrasion to remove
any dirt without damaging the contacts, If
this is done then great care should be
taken to ensure that none of the coniacts
on the switch are bent.

Another common problem is that of
broken wires, Any wire which is moved is
obviously likely to be broken sooner or
later This means that battery wires are
particularly vunerable; often a quick
inspection can reveal the offending wire
and where it came from.

Telescopic aerials used for VHE EM
reception are anofher main area for
broken wires, Often a slight amount of
movement at the base of the aeral can
mean the wire connecting it fo the main
circuit board can become detached.

Ideal test equipment, signal generator, oscilloscope, plus standard tools.
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Alternatively, the fixing nut for the aerial
can become loose, resulting in the base of
the aerial swivelling round and the wire
breaking. If this is the case the radio will
give plenty of background noise, but it
will not pick up any signals. A quick
inspection will reveal if the wire has
actually broken.

Whilst talking of broken wires, it is not
uncommon {o come across broken printed
circuit boards. These often result from the
radio being dropped. Fortunately, it is often
possible to fix them. If at all possible the
Board should be mechanically repaired, the
actual method will depend upon the board
and the nature of the break, normally a
little ingenuity will provide the answer. Any
broken tracks should have wires soldered
across the break so that goud electrical
continuity is maintained.

Even though most breaks in the board
will be obvious, this is not always the case.
Even hairline cracks which are almost
invisible can cause a break in confinuity.
If the radio has recently been dropped or
knocked, then it is worth looking very care-
fully at the board for any signs of damage.

Once all the obvious problems have
been eliminated it is necessary to look a
bit deeper into the crcuitry. However, to
do this it is necessary to have an under-
standing of the basic circuitry of a typical
transistor radio.

Radio Basics

Virtually all transistor radios, and for that
matier valve radios, are of a type called
superhets (supersonic hetrodyne). This
means that they convert the incoming
signals down to a fixed frequency where
most of the selectivity and amplification is
provided. To see how this works a block
diagram of a typical radio is shown in
Figure 1.

The incoming signal is normally picked
up on a ferrite rod aerdal in the radio for
AM transmissions on the long and
medium wave bands. For VHF FM trans-
missions a telescopic aerial is needed.

The radio will have a certain amount
of RF tuning. This is to allow signals in
the right band fo enter the next stage. In
addition to the tuning, some radios will
have a certain amount of amplification,
although most medium and long wave
ones will omit this stage.

Aerial
R.F. Tuning
and

IF amplifier Detector AF
== Mixer —= and - or : f
amplification filter democdulatar amplifier
Lecal
oscillator

Figure 1. Block diagram of a superhel radio.

Inside a shorfwave
receiver.

Next, the signals enter a mixer. Here
they are heterodyned or mixed with the
signals from a vanable frequency oscilla-
tor (VFQ) in the radio. This process pro-
duces new signals at frequencies which
are the sum and difference of fwo inputs.
These signals are then presented to a fixed
frequency intermediate frequency (IF)
amplifier and filter.

The fact that fwo signals are produced
by the mixer means that received signals
on two different frequencies will appear
on the right frequency for the IF stages.
The RF tuning is used to allow only the
correct signal to enter the mixer and it
rejects what is called the ‘image’.

The IF amplifier consists of one or more
stages of fixed tuned amplifiers. For an
AM radio the frequency of the IF ampli-
fier is normally about 465kHz whereas,

for FM a higher frequency of 10-7MHz is
chosen.

Having been amplified and filtered in
the IF stages the signal is demodulated to
give the required audio. This is amplified
to a level sufficient to drive the loud-
speaker or headphones.

Radio Circuits

The actual circuits used in transistor
radios will obviously vary from one radio
to the next. This is parficularly true when
ICs are used, because the circuit is totally
dependent on the IC. However, when
discrete transistors are used it is surpris-
ing how similar the circuits can be. This
makes the job of fault-finding very much
easier. It is very useful because it is only
rarely possible to obtain a circuit diagram.
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Figure 2. A fypical seli-oscillating mixer circuit.
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In most AM radios the RF tuning, mixer
and local oscillator functions are performed
by one transistor operating as a self-oscil-
lating mixer. A typical circuit is shown in
Figure 2. In this circuit the signal is picked
up by the ferrite rod aerial which is tuned
by the combination of VC; and L;, the coil
also acting as the pick-up coil for the
ferrite rod. Normally there is a fapping on
the coil so that the impedance is low for
driving the transistor The circuit oscillates
at a frequency determined by VCz and La.
The two coupling coils Ls and Ly provide
the feedback path which enables the cir-
cuit to oscillate.

The signals from the aerial are made to
heat with the oscillator signal fo produce
a new signal at the intermediate fre-
guency. This is developed across the
tuned IF transformer T; and then fed into
the IF amplifier.

In virtually all circuits the RF and oscil-
lator tuning capacitors VC; and VC; are
ganged. This enables the circuits to 'track’
together so that the resonant frequency of
the RF tuning and the frequency of the
oscillator always differ by the value of
the IF. In this way the maximum level of
the wanted signal is received and the
maximum attenuation of image and
unwanted signals are obtained.

Figure 3 shows a typical IF amplifier
stage. Most radios have one or more
stages which are virtually identical. I is
fairly straightforward in its design. The

December 1984 Electronics — The Maplin Magazins

Contact cleaner and degreasing solvent.

signal comes in via an IF transformer.
Again, this is tapped off part way down
the coil. This is because transisiors have.
low input and output impedances, and
by using a tap they do not load the tuned
circuit too much.

Once the signal reaches the transistorit
is amplified and presented to the next IF
transformer. Normally the transformers
are funed on at least the input side, the
adjustment normally being made by a
single core.

The bias ammangements for the fransistor
are complicated slightly by the presence
of an automatic gain conirol (AGC). This
is required to keep the gain of the radio
almost constant despite varying signal
levels if the radio is moved or stations with
different levels are tuned in. [t also serves
to help prevent very strong signals from
overloading the receiver.

The action of the AGC is quite simple;
the detector on the output of the IF ampili-
fier generates a voltage dependent on the
signal level. This voltage is then applied
to the bias circuitry on each [F amplifier
so that the level of bias and hence the gain
is reduced for sirong signals and
increased for weak ones.

Many radios these days have both AM
and FM wavebands. In these cases each
IF amplifier stage will be made to operate
on both. This is done by miodifying the
basic amplifier as shown in Figure 4. This
arrangement operates quite safisfactorily
because the resonant frequencies of the
two IF transformers are sufficiently far
apart. When the circuit is used on AM at
455kHz the effect of 10-7MHz FM frans-
former is negligible and the signals pass
straight through it. Similarly when the
circuit is used on FM the AM transformer
will not affect the FM one.

The next stage is the demodulator. For
AM signals this is done quite simply using
a diode as shown in Figure 5. Here the last
IF transformer is connected directly to the
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diode which rectifies the signal. The
capacitor C, is used to remove any RF
signals which will be present, and then the
audio which remains is generally pre-
sented directly onfo the volume control as
shown.

The AGC voltage is also generated in

the detector stage. This takes the DC level
of the rectified signal and uses a capaci-
tor larger than C- to remove the modula-
tion from the carrier This DC level is
proporiional to the signal strength and can
be used to control the gain of the previous
IF amplifier stages.

Demodulation of FM is more compli-
cated than that of AM. Many Hi-Fi tuners
use an integrated circuit for this, but many
transistor radios use a matio detector circuit
like the one shown in Figure 6. However,
whatever design is used its function is
exacily the same. With a signal exactly on
the centre frequency, the output from the
circuit is zero, but as the valtage varies up
and down, the voltage varies as shown in
Figure 7. As FM transmissions vary by
=75kHz the demodulator must be able to
cope with a range in excess of this.

Omnce the audio signal has been recov-
ered from the radio frequency one, it is
then amplified to the correct level for the
loudspeaker or headphones. If discrete
transistors are used the circuit will gener-
ally use a push-pull or form of comple-
mentary ouiput stage. Often this will be
driven by two ar three transistors which
are used to amplify the signal to the
required level for it. A typical circuit is
shown in Figure 8.

Next month, practical fault-finding
techniques are explained and applied. [

There 2re more temific projects and fea-
tures heading your way in next month'’s
super issue-of Eleamonics — The Moplin
Magazine, including:

THE NEWTON VALVE

PREAMPLIFIER

Fallowing on from the success of the
Milleninum valve amplifier. A superb
medular stereo valve preamplifier pro-
ect. From what we heard at Live '04,
this is what cveryvone has been waiting
for, and & again set to tum the HeF

| world upside down.

RECORD PLAYBACK

MODULE
This Record Plavback module uses
non-volatile analogue EEPROM tech-

nology, 2nd allows 16 seconds of

| speech 1o be wrinen directly min the
| ==lls of a single special IC without A-to-
D or P-io-A conversion!

VHF CROSSED
DIPOLE AERIAL

The essential companien for the
MapSar2 weather Sarellite Receiver is
presented in this issue; what's more it’s
edsy o buiid wo!

2M RF POWER
AMPLIFIER

Tywo kits combined into ane project for
the radio amateur; to boost the power
output of 3 handie-talkie for use in the
car or at home.

FEATURES

Special feamres mclude an inforomarve
look at LEDs and Their Application’,
*Video Termination®, “Fuzzy Logic,
“MapSat2 Satellite Recerver Review”’, 2
thought provoking look at light polla-
tion at night and lots, Jots more.

Al this, plus all your favourite
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Mind My Mains!

My deseription, in Issus 79 of this magazne,
of the rather hairy approach to powering the
PC abode from a 1kW generator dunng power
cuts, elicited an interesting lefter fom G. C. of
Staffordshire. He recommended that PC should
fit an ELCB, or RCCB (residual current Gircuit
breaker a5 it 5 now called) to his genemtor—a
sensibie siep which had, in fact, occumred to PC
soon afier witing the said pisce. | locked for one
in the September 1994 — August 1995 Maplin
Catalogus; and found three on page 554!

As it happened, | already had one anway, as |
always use one when culting the hedge, or any
ather job nesding a poriable power tool. So,
that RCCB (another one protects the supply
to my electronics Iaboratory bench) now Ives
permanently plugged into the output socket

of the generator when not othenise in use.

G. C.'s interesting letier goes on to describe
his own moves in the direction of electric power
autonomy during the spate of power cuts dunng
the Blectnicity strikes of 1974. Having obtained
his generator, he contacted the local Customer
Senice Depanment of the electricity board for
advice. They were ‘co-operation itself’, fora
reason which soon became apparent. They
recommended a changeover switch to transfer
the house winng to the senerator cutput in the
event of a mains failure — it sounds as though
a contactor with changeover contacts, with its
coil energised from the mains, would fill the
bill — tegether with an RCCB for the generaton
This is not only a safe and sound way from the
customers point of view, it also ssfeguards Fred
the Faultsman’, as he reconnacts the ends of
a mains cable that the Gas Board, cable TV
cabie-laver or whoaver has acoidentslly dug
through. Othenwisa, poor old Fred may find the
{suppaosadly) dead downstream end of the cable

4 star inthe Ambulance
Z starinthe Dec...
Oh and/ stick some oil vnder

his drm p!'f.‘S' p’e‘gg.g mafe.

he s working on suddenly becomss Ive in his
hands! Of course, readers of this magazine
would automatically isolaie their house winng
from the mains supply before powering up

a generator, it only to protect the Istter from
the mains supply when it suddenly reappears
without waming. But, apparently there are a lot
of very non-technical pecple out there who have
gone out and bought generators, to whom this
thought (let alone Fred's safety) just never ocours.
Hence the electricity board's eagerness to help
G. C., and any other enquirers, to get it nght.

(and Everywhere)
The Gaman Govemment has approved the
construction of what is claimed will be the
world's first commercial magnetic levitation
train. It will run between Berdin and Hamburg
at up to 400kmnour, cutting the present 34
hour joumey time 1o just one hour. There will,
doubtless, be a lot of sophisticated elecironics
(not to mention software) to contral it all,
ensuring absolute safety — one hopes. After all,
with BR's all stesl coaches, trevellers have a
falr chance of sunviving a 3l crash involng
present-day conventional trains. But, a smash
at 250miph does not bear thinking about, and
rall crashes are by no means confined © this
courrry. Still, there is a financial hurdle to be
overcome before the project has any chance of
coming to fruition. Over 8 billion DM will need
1o be found for the joint private-public venture,
assuming patiiamentary approval s forthcoming,
The day after the-announcement of
the ahove project, there was an intrisuing
announcement from surgeons at the Hotel-Dieu
de Montreal Hospital, in Quebec, [t seems that
a robot that they operated from another room
had successiully camied out three gall bladder

4z

g Iy

by Point \C{ntﬂi\

operations. A robotic arm in the operating
theatre, with a tiny TV camea and a
laparoscope attached to it, was controlied by a
the technigue could be especially useful in nural
hospitals, penniting an cperation to be camied
out by remotie confrol where there was no
surgeon available locally with the necessary skill
1o camy out the operation. One hopes that there
will always be a handy back-up link via radio or
satellite — it could be rather awkward if halfvay
through an operstion the telephone fine went
dead dus toran inconsideraie free falling across it

In November 1833, NASA, in Washington,
D.C., announced that it had completed the first
phase of a programme to build a supersonic
airfiner which could replace Concorde, and that
it would begin the second phase. The first phase
had evaluated environmenial considerstions,
and the second would develop the airframe,
proputsion, and system technologies over a
seven year timeframe, and at a cost of 1-2
billion US dollars. Plannsd to enter sendce “early
in the next century’, the plane will camy twice as
many passengers as Concorde and have double
its 5,600km rangs - if it ever happens.

W

PC does not number numismatics among
his many hobbies but, when an impecunious
student, was always on the lookout for ways to
“tum an honest penny’. About that time, in the
1850s (long before decimalisation was thought
of), the withdrawal from circulation of ‘bun
pennies’ (pennies beanng Queen Victonia's head,
with her hair done up in a bun) was imminent,
and somehow, PC had come across the fact
that very very few had been minted in 1863.
Cur Mechanics of Machines lecturer (in
those days, all engineering undergraduates —
except the chemicals and the aeros — ook the
same first year course) was a real down-to-eanth
engineer. On hearing of some of our dificulties
with the maths syilabus, he advised us not to
worry, as maths was all abstractions anyway.
In the real world, 2 + 2 did not really equal
4 but, for example, in the case of a couple of
mechanical piece parts, 3-999-- inches, or two
tenths of a thou' over, or whatever. PC, being
well into Logic and Philosophy at the time,
jumped to his feet announcing that that was
only because the two piece parnts were not
themsehes both exactly two inches in the first
piace, and that undoubtedly 2 and 2 made
exactly 4. “All right,” said our lecturer, “give us
an eample!”. “Er — * followed by a bit of quick
thinking, “twopence and twopence make exactly
fourpence.™ “Very good — ~ conceded tie
lecturer, but he was intermrupted by "Smithie’ (or
was it Smorthit? — | forget which) expostulating
“But, BUT —that's the man wha only yesterday
was offering anyone one shilling ard threepence
gach for any 1863 pennies!”™ Well, every nile
has to have its exceptions, | suppose.

Doint
The opinions expressed by the atthor are not necessany

thase of the publsher or the edior.
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by Robert Kirsch
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HEADLAMP
AND TAIL-
LAMP CONTROL

AUTOMATIC
LOOP CONTROL

TRACK CIRCUITING

This article describes several circuits that may be added to a
layout which uses the Maplin digital control system, described in
Issue 71. These circuits have been in use on the author's 00
gauge indoor layout for some time and have been found to
greatly improve the realism and enjoyment of the railway layout.

ended locomotives to enable the head-
lamps to light only in the direction of travel,
or to a complete train that is to operate in
both directons, for example a High-Spesd
Train (HST) set, providing white lights at
the front and red ights st the rear, depend-
ing on which way the &rain happens to be
moving.

HEADLAMP AND TAIL-
LAMP CONTROL

This circuit enables the head- and
tail-lamps to be automatically operated
from the receiver unit fitted in the
locomaotive, and controlled by the direction
of travel. This unit may be fitted to dual

The drcuit is fed from the cutput of the
decoder in the receiver module.

When 3 receiver is selected by the
control unit, and the speed control is
advanced, pulses appear at one of thetwo
outputs of the decoder, with the number
of pulses being dependent on the spesd
setting. These pulses are fad via R1 and
D1 (see Faure 1) to C1, causing it to
charge rapidly. It is prevented from
discharging when the input goes low by D1
being reverse biased.

The voltage dévelopead across C1 is usad
to tum on TR1, via R2, and in so doing,
causes current to flow through the lamp
in the collector circuit. R3 reduces the
voltage to enable a 12V lamp to be used.
The lamp and the LED are effectively in
series, across tha supply, so that whan TR1
is on, the LED is extinguishad, and whean
it is ofT, the LED will light via the resistance
of the bulb filament. The lamp will not light
because the LED only draws about 10mA
(because it is in series with R4).

Installation

Examples of installation for various appli-
cations are shown in Figures 2 and 3. ttwill
be sean that, to control headlamps at both
ends of a locomotive, two conirol circuits
will be neaded. In the case of a complete
train, it is necessary to elecirically couple
all vehicles together. This is ussful, as i
enables saveral rack picloups to be made
along the length of the train, also making
cammage lighting possible.

Three wires are requirad to enable head-
lamp control. A bridge rectifier and control
circuit are required at the non-driving end
of the train, with the pulse signals being
fed on the third wire. A very flexible type
of wire should be usad betwesn carriages,
and the wire used in telephons cords has
bean found suitable for 00 gauge applica-
tions. Encugh slack must be left to allow
for negotistion of sharp curves. A single
lamp may be used for the headlamps, and
a fiexible light guide (XR56L) can be used
to transfer the light to the front of the
vehicle. The ends of the light guide may be
shaped into a lens by holding it near to a
heat source, and allowing the plastic to
melt, forming 2 small dome. Two LEDs
may be used, if required, by connecting.
them in series, although it may be necess-
ary to try several | EDs before installation
to ensure they are both of the same
brightness.
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Figure 1. Train lamp conirol circult diagram.

Figure 2. Typical locomotive installation.

48

Electronics — The Mapln Magazine December 1994



Small piece of

copper clad board

2;.':2 = Connect to
/ lcop control
legic
Gold wirs
-~ [xe00a]
Small gaop Cisorance
Flgure 3. Installation in an HST set. Figure 5. Track sensor detail.
From
controller Lesp Falarity
=+ = cantral control
logic relay

T S |
i Truck eirsuit §

| detector |

- ef mqutr&d L

Al

\'«

Ssnsor 4

Figure 4. Automatic loop control schematic.

rail joiners

. Sensor 1
Senzor 3
Insulated N, A Sensor 2

This length of track
must be graater than
the longest train.

RLA ]
220R| I :
Coil 5 S
e D1 R3 1DOnF =L 100uF TN4148
- % —1 — PinY 4 =
D2 IC1 10k IC1 RE
E R4 IC1 L.
_ 2 ' :}—D—r} o TR
Sensors< D2 1 10k BC337
S Lic I Pin 7
Lk : A
D4 =0 =
u u
4 x 1N4148 RLA O
+
From e
controller To
o ioop
[C1=4011BE RLA=5A Mains relay [YX98G] o‘\a——-

Figure 6. Automatic loop control circuit diagram.

December 1894 Electronics — The Maplin Magazing




AUTOMATIC LOOP
CONTROL

Loops on medel railway systems present
a problem, due to the confiicion of track
polarity whean entering or leaving the lcop.
The system describad here automatically
detects when a train is entering or leaving
a loop, and sets the polarity accordingly.
The receivers used in locomotives are fad
from a bridge rectifier, and are, therefore,
not affected by the change in polarity of
the track; hence, there is no pause during

Figure 4 shows a typical loop amange-
meant with the four sensors; two have
been placed st each end of the loop. These
sensors are simply made from gold plated
wire, and arranged so that the wheal
flanges of the train make contact between
one running rail and the sensor wire, as
shown in Figure 5. This armrangement has
been very reliable in practice, and may be
used in other applcations where acanrate
irain positien detaction is required.

Figure 6 shows the drouit of the auto-
matic loop control, and it can be sean that
a positive input from any of the track
sensors will cause the bistable, formed
by gates 1 and 2 of the IC, to change to
one state or the other, depending upon
the sensor activated. The inputs from
ihe sensors are decoupled by C1 and C2
to prevent false operation due to the
inevitable voltage spikes found on model
railway systems.

Installation

Refer to Figure 4 as a guida whan instaling
the system, but do not worry at this stage
about "the polarity of the connectons to
the loop section. When the sensors are in
position, check their operation by shorting
them to the appropriate running rail with
a scrawdriver blade. Ensure that sensors
1 and 2 operate the relay, and sensors 3
and 4 cause it to be released.

The polarity can now be testad by
driving a train into the loop; if the

protecton drcuit on the controller trips as
soon as the train enters the isolated
saction, then the conneciions to the loop
must be reversed. Camry out a furthertast
to ensure that all is now comrect. it will be
noted that the distance between the two
inner sensors must be greater than the
longest train that is likely to use the loop
to prevent both sets of sensors from being
activated at the same time.

TRACK CIRCUITING

The circuit shown in Figure 7 provides
a means of detectng when a 1ain is on
a particular section of the track. This
information may be used to provide an
indication on a track layout diagram,
or may be interfaced with signalling
equipment.

The individual sections of track, to be
equippad, must be isolaised at both ends,
on the positive rail only, and fed by the
commeaon supply from the controller via the
detector drouit. A single wire feeds from

To .
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Track Track
circuit 1 12V | cireuit 2®12V
occupled occupied
[wL755] Main+V
+
2l Supply
Track supply
from 220R 220R to, foyout
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Figure 7. Track circulting circuft diagram.
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Figure 8. Tail-lamp circult disgram.

each detecior, and is connected viaa 12V
bulb to the negative supply (EARTH). The
lamp Mluminates when current is drawn
from the track due to TR1 being tumed on
by the voltage drop across D1 and D2. The
two diodes only allow a reduction of about
1-4V, and do not affect the cparation of the
system. |t should be notead that only
vehicles which draw current through
their wheeals will be dstected by the track
dreuiting, and so it is necessary to provida
track pickups at both ends of the train.
This may be accomplished by connecting
a resistor of about 470L) betwesn both
wheels on an axle of the last vehicle, ora
tal-lamp may be provided using the drcuit
shown in Figure B. E]
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~Getting to
know

PART 5

Counters
and Signal
Sources

e

e

EQUIPMENT

amplifier and conditioner block, which accepts an/input
signal from a wide range of sources, and conditions them
to a pulse-type form which the digital counter block can
directly count. Waveforms at various points around the
counter are also shown.

In this part, we look at two of the most important types
of test equipment. Counters and signal sources are used,
almost nonchalantly, by engineers in the laboratory or
workshop, often without regard to the equpment and its
capabilities. This is:a pity, because both counters and sig-
nal sources are often capable of far more complicated
measurements, and uses, than they are given immediate
recognition for:

Counters can measure frequency, time, and events
relating to measurands. Sometimes, because they have so
many uses, they are given the name universal counter
timers (UCTs), Counters are, generally, digital in oper-
ation, and so have a digital display (usually LED, LCD,
vacuumn fluorescent or similar) similar to digital meters
(see last month's issue),

Operation of all counters depends upon the principle
of 'gating' a signal over a time period, whilst counting the
number of pulses of the signal during that period. Figure
24 illustrates the principle, where a signal of unknown fre-
quency is gated for a specified time period, during which
a number of pulses of the signal are counted and dis-
played. If, say, the signal is of a frequency of 500Hz, and
the gating period is | second, then the counted and dis-
played result will be 500Hz.

It does not take long to figure out that the gating period
is quite critical. If; say, the gating period in this example is
I:1s (adifference of 10%), then the displayed result will
be 550Hz; an error of 10%. In direct gated counters, the
gating period is normally achieved by dividing down the
output signal of a stable high-frequency reference oscilla-
tor; sometimes called the timebase, or clack, as shown in
the block diagram of Figure 25, to give accurately con-
trolled time periods. Also shown in Figure 25 are a signal
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High-Frequency Measurement

Direct gated counters are very accurate within the
limitations of the method. They are particularly useful for
the measurement of reasonably high-frequency signals or
events — direct gated counters measuring signals over
500MHz are common — and, indeed, the upper limit of
measurement depends upon the speed of the logic circuits
in the digital counter; not/on the accuracy, of the gating
period. For even higher frequencies; however, the direct
gating method may be adapted in a number of ways. First,
prescalers can be included, as shown in Figure 26, either
within the counter or; normally, as an extra add-on device,
They divide down the input signal frequency to a fre-
quency which the direct gated counter can measure,
Prescalers are simple dividing circuits and, as such, do nat
have the high-frequency limitations of digital counters. In
use, the gating period of the counter must be made longer,
by the same factor that the prescaler divides the input
signal.

Another method of adapting direct gated counters to
measure higher frequencies is by mixing or heterodyning
the input signal down to a lower frequency, much as a
higher radio-frequency signal is heterodyned down to a
lower one in a radio receiver; as illustrated in Figure 27,
The resultant signal is counted during a gating period
which is dependent on the heterodyning signal, and then
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is displayed as usual, Heterodyne counters are much more |

complex than other types, but have the advantage that
they can measure input signal frequencies of over 20GHz.
Even higher frequencies may be measured using an
adaptation of the heterodyne counter; the synthesised
heterodyne counter; which uses a microprocessor to
form a synthesised oscillator timebase, and control the
measurement procedures, The resultant test equipment
will measure up to about 40GHz and is highly specialised,

Low-Frequency Measurements

Although direct gated counters can measure reasonably
high-frequency signals, they are not so useful for low-fre-
quency measurements, where accuracy depends, largely,
upo the length of time that the user s prepared to wait
for counting and display to take place. A frequency of

10Kz, for example, needs to be counted over a period of |

100s for an accuracy of +19%.

Low-frequencies can, in fact, be measured using the
same principle but with one major, extremely clever, yet
beautifully simple adaptation: by gating the timebase with
the input signal, as shown in the block diagram of Figure
28, An input frequency of, say, |Hz, gates the timebase
frequency for a 0:5s interval every second. So, with a
timebase frequency of, say, 2MHz, a count of |,000,000
pulses is made, The reciprocal of this count is calculated
by an arithmetic unit, and the result, 0:000001, is dis-
played ona MHz scale, Nowy, 0:00000 | MHz is, of course,
I Hz. Counters of this type are called reciprocating gated
counters.

Another method of measuring low-frequency events is
with the inclusion of a phase-locked loop circuit to mult-
ply the frequency of the inputsignal, before gating, count-
ing, and displaying the result. A block diagram of a
multiplying counter using a phase-locked loop multiplier
is shown in Figure 29. The voltage controlled oscillator’s
output frequency is equal to the input signal frequency
multiplied by the divider circuit’s division ratio;

Equipment and Operation

Most counters are not formed by just one of the previ-
ous counting methods, but are, generally, a combination
of two or mere. General-purpose counters are typically
able to measure frequencies from DC through to about

500MHz, and so are combinations of the direct gated and | |

either the reciprocating gated, or multiplying: methods,
Counters which are able to measure higher frequencies
will usually maintain this combination, merely adding a
third, or even a fourth method. Front panel controls
determine which measurement method is in operation,
although higher. frequency measurements are accom-
plished by using a totally different input terminal from the
lower frequency measurement input.

So far; we have been looking at the counter’s ability to
count and display a measurement of input signal frequency.
Counters are, however; capable of much more than this.
Typically, a counter has two general-purpose input chan-
nels, each with its own input terminals, normally marked
Channel A and Channel B. These channels are identical in
performance and operation, and frequency measure-
ments of input signals can be made using either channel,
Various switches or controls allow user-control of signal
conditioning; in particular; signal attenuation and trigger
level — these are much like the same controls of an oscil-

Input signal 4

of unknown
frequency Caontrol
gate

Control signal
to open gate

loscope (see Part 2 of this series in Issue 81). The dircuits
corresponding to channels A and B are, generally, direct
gated counters, combined with reciprocal gated or mul-
tiplying counters, so that either channel may be used to
measure frequencies from DC to a maximum of, say,
S00MHaz. If the counter is capable of measuring higher fre-
quencies, a third circuit, Channel C, is included, which
operates using one of the higher frequency adaptations of
the direct gated counter Channel C is used to measure
input signal frequencies of, say, 100MHz through to the
counter’s maximum, Usually, though not necessarily, chan-
nel Cis physically separate from the other two channels
within the counter — this allows the equipment manufac-
turer to provide adequate screening against the possir
bility of high-frequency interference

In frequency measurements, the counter gate is con-
trolled automatically by the internal timebase. By alloy-
ing the gate to be controlled externally, and counting the
number of imebase signal pulses, a measurement and dis-
play of the time interval between the opening and closing
of the gate can be made. This is illustrated in Figure 30. If,
say, the start and stop control signals are |s apart, and the

| timebase is |MHz, then a count of 1,000,000 is made.

Below: A IGHz universal
counter timer
(Stock Code GL47B).

Digital
counter

Digital display

l=-Timing period

Above; Figure 24, The direct
gated counter principle.
Left: A Low Distortion AF
Signal Generator

(Stock Code GL46A).
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Top left: Figure 25. Using a

high-frequency reference
oscillator and divider.

Top right: Figure 26.

A prescaler can be used to
measure high-frequency
signals.

Above left: Figure 27.
A heterodyne counter.

Above right: Figure 28B.
A reciprocating gated
counter.

Below left: Figure 29.
A phase-locked loop
multiplying counter.

Bottom left: Figure 30,
Measuring the time interval
between pulses at a
counter’s inputs.

Below right: An AM/FM
Modulated Function
Generator

(Stock Code XM32K),

Simply by positioning the display’s decimal point cor-
rectly, a display of |1-:000000 shows the time interval be-
tyveen start and stop signals to be Is, In s@art-stop time
measurements of this kind, a received pulse to Channel
Als used to open the gate, and a received pulse to Channe!
B closes the gate — hence the importance of
two identical input channels.

Finally, event counting is accomplished by opening the
counter gate, manually with a front panel control, or
remotely with a pulse input, and letting the counter sim-
ply add the received signal pulses to Channel A. A received
pulse to Channel B closes the gate, and the counter dis-
plays the number of pulses received at Channel A during
the period between opening and dosing the gate. The
timebase jtself is neither counted nor used to gate the
counter in this mode.

Signal Sources

The term signal source is quite a loose term really and,
more by default than by design, signal sources are gener- |
ally categorised into two areas; audio frequency and radio |
frequency sources. Again, by default, those sources which ‘
produce audio frequency signals are usually called low-
frequency oscillators, and those which produce radio
frequency signals are usually called signal generators.
However, there is no logical reason for all of this and, quite |
often, all types of signal sources are called signal genera-
tors or even sig-gens, for short.
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Signal sources are generally used to produce signals
wyhich are applied to circuits to test their performance dur-
ing the design, manufacture, and service stages of their
lives. It follows that the signal source used to test any par-
ticular circuit must be of the right type; for example, an
audio amplifier could not be tested with a radio frequency
signal — rather obvious, but it needs stating. This, of course,
is why the main categorisation of signal sources into audio
and radio frequencies came about. Generally, it is the low-
frequency type of signal generator which is of interest to
us here.

Low-Frequency Oscillators

The oscillator circuits traditionally used in low-frequency
oscillator test equipment are harmonic oscillators, that is,
they produce sinusoidal output signals. In strict electronic
terms, an harmonic oscillator is an amplifier which derives
its input from its own output. Only part of the output sig-
nal is fed back to the input; the remainder is available as
an output signal to following equipment. Figure 3 [ illus-
trates the basic principle of an oscillator: For the osdillator:
to function, two main criteria must be fulfilled, First, at
some frequency fo, the total phase shift caused by the
amplifierand the feedback network must be zero. Second,
at the frequency fo, the amplifier gain must be
sufficient to just compensate for the loss caused by the
feedback circuit.

All practical harmonic oscillators fulfil these criteria. At




frequencies other than fo, however, one or other of the
criteria is not fulfilled so that oscillation cannet occur — in
othen words, the oscillator only oscillates at a particular
frequency, fo, A resistor-capacitor network, whose phase
shift and attenuation is dependent on frequency, is used
as the feedback circuit which, togethen with an amplifier;
forms the oscillator: Three main types of resistor-capaci-
ton networks are used in low-frequency harmonic oscil-
lators: the Wien bridge network; the phase shift network;
and the byidged-T network (see Figures 32a, b, and c). The
Wien bridge type of oscillator is the most common. By
using a ganged potentiometer for the resistances of the
feedback network, the oscillator frequency can be tuned
over a limited range and, by switching a number of capaci-
tors into and out of circuit, different ranges of frequency
are obtained,

Typical distortion of harmonic oscillator test equipment
is around 0:19, but specialist equipment with distortion
of only 0-00196 is available,

Function Generators

In' low-frequency. oscillator: test equipment of a more
modem design, relaxation oscillators are common. A relax-
ation oscillator is one in \which one or more voltages or
currents changes suddenly during each cycle of the oscil-
lation. There are a number of circuit possibilities, common
examples being the astable multvibrator and the unijunc-
tion transistor oscillator; but the design which is now most
regularly used in'low-frequency oscillator test equipment
is known as the function generator, a block diagram of
which is shown in Figure 33. The heart of the function gen-
erator is a voltage controlled squarewave oscillator which
produces a squarewave signal at the required frequency.
An integrator produces a triangular waveform from this
squarewave signal, and a sinewave-shaping circuit pro-
duces a sinusoidal-type waveform from the triangulan

waveform. This sinewave-shaping circuit can only approxi-
mate a true sinusoidal waveform, however, and distortion

of around |:5% is common. Some high-quality function

generators are also capable of producing sawtooth wave-
forms and pulse waveforms.

54

' FR Qumcv
~The inH
Sea
Siemals 25 30
Generstor
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175

Suare ’:mé-.
KX X100 > ik
| | j §

Voltage
controlled
square wave

CO'ilfgl !
oscillator

In a practical drcuit, the squarewaye oscillator and the
integraton are not truly separate blocks because they
closely interact. For example, the value of the integraton
capacitor also determines the basic frequency range of the
squarewave oscillator: So, by switching different capacitor
values into and out of the circuit, different frequency
ranges can be covered by the function generator. A typi-
cal frequency range covered by function generators is
from about 0:01 Hz to 2MHz

Fine tning of the function generator’'s signal frequency
is accomplished by varying the voltage at the voltage con-
trolled squarewave oscillator’s control input. Further, as
frequency is yoltage controlled, it is a simple step to pro-
vide a second oscillator circuit within the equipment to
sweep the osdillator frequency within a chosen range, A
high quality function generator’s second oscillator will have
a controllable frequency, and amplitude, allowing the user
to control the sweep range and speed. Medium quality
generators only have a fixed-speed second oscillator; and

harmonic oscillator principle.

Left: A Wien bridge signal
generator
(Stock Code YBSIC),

Triongular wave

AVAYAN

Sine wave

Sguare wava

U

Above: Figure 33, The
» function generator principle.

Below: A digital sweep
function generator (not
available from Maplin),
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to—anclogue

convertor

Figure 34, Using sampled
waveforms stored in ROM to
digitally synthesise required
output waveforms,

cheaper function generators merely have a sweep input
terminal which allows the user to connect an external lowy-
frequency oscillator for this purpose,

Digital Low-Frequency Oscillators

Some of the most modern (and expensive) low-frequency
signal sources use digital microprocessor-controlled tech-
niques. In test equipment of this type, an analogue wave-
form output signal is synthesised from stored digital
information. The digital information corresponding to the
required analogue waveform is stored in a ROM deyice,
and is read out, step-by-step, before being converted to
an analogue form by a D-to-A converter. The principle of
operation is shown in Figure 34. Waveforms of, literally,
any type (for example, squarewaves and triangular waves)
may be stored in the ROM and read out as' required. The
digital information is initally stored in the ROM after sam-
pling accurate examples of each of the required wave-
forms, and making an A-to-D conversion of each sample.

Choosing which waveform to be output from the dig-
ially synthesised oscillator is simply a matter of reading the
corresponding ROM locations of each waveform. The
microprocessor accesses that part of ROM which contains
the chosen waveform, and one location at a time is read
in sequence with each clock cyde. Signal frequency is,
therefore, determined by the frequency of the clock; if
there are, say, |00 stored data words for each cycle of the
waveform, then the signal frequency is equal to the clock
frequency divided by 100,

THREE MINI MODEL TRAIN PROJECTS — Continued from page 50.

This method of signal generation has a number of
advantages. First, the clock can be frequency locked to a
submultiple of a crystal reference oscillator; so thar an
oscillaton output signal of accurately fixed frequency is
obtained — accuracies of £0:000596 are possible, Second,
the dlock frequency may be voltage controlled, allowing
extensive sweep facilities with little extra cost, Third,
amplitude stability is exremely good due to the digital gen-
eration techniques.

A disadvantage, on the other hand, is distortion, which
is around |90, and is due, mainly, to quantization in the
A-to-D and D-t0-A processes. This can be reduced in
two ways: by increasing the number of quantization steps,
and by using low-pass filters in the output stage to filter
out distortion components. High-quality (and hence,
expensive) synthesised low-frequency oscillators have
typical distortion figures of less than 0:196

Output

Output level amplitude of a signal source must be accu-
rately maintained. Automatic level control systems, con-
stantly monitoring output level and adjusting accordingly
in a feedback loop, are usual in quality equipment.
Cheaper equipment may use simple switched resistor-
network attenuators. Generally, output level stages are
alibrated so the user can choose an accurately main-
tained signal level.

Some way of metering the output signal level and fre-
quency is useful, and analogue meters can be used for this
purpose but, in the case of most oscillators, particularly
of the microprocessor-controlled kind, it is a relatively
simple task to provide a digital metering display.

Two further requirements of output stages of signal
generators are; good screening of attenuator stages to
prevent interference from higher level signals elsewhere
in the equipment, and reverse power protection, that is,
protection against damage by signals generated in othen
equipment connected to the signal generator,

PARTS LISTS c: 401 18E t Qo
TR1 BC337 1 (QB58Y)
TRAIN LAMP CONTROL e e
RESISTORS: All 0-6W Metal Film RLA SA Mains Rel y YX98G)
R13 1000 2 QV100R) e e ASR 5
R2 10k 1 M10K) bl . a e OR00R)
R4 4K7 1 VidKD
TRACK CIRCUITING
CAPACITOR RESISTORS: All 0-6W Metal Film
Ci 10UF Radial Electrolytic 1 (FFO4E) 1k 1 MK
2200 1 MMZ220R)
SEMICONDUCTORS 220 1 vi22R)
DA 1N4148 1 (QLBOB)
LDA 5Smm Read LED 1 WL27E) SEMICONDUCTORS
TR1 BC548 i (QB730) 1N4001 2 QL7730
WO005 Bridge Rectifier 1 (QL3T7S) BC327 1 @QB&6W)
MISCELL ANEQUS MISCELI ANEQUS
LP1 Tubular LES Bulb 1 (WLT5S) Tubular LES Bulb 1 gWL?SS)
AUTOMATIC LOOP CONTROL TAIL-LAMP CIRCUIT
RESISTORS: All 0-6W Metal Film RESISTORS: All 0-6W Metal Film
Ri1.2 1k 2 M1KD 4KT 1 aKD
R3,46 10k 3 M10KD
R5 2200 1 MV2Z20R) SEMICONDUCTORS
1N4148 < (QLB0B)
CAPACITORS 5mm Red LED 1 WL27E)
ci,.z2 1UF Radia! Electrolytic 2 (FFO1B)
3 100nF Caramic Disc i EBX03D) ; : — 2
= The Maplin ‘Get-You-Working' Service is not available
C4 100uF Radial Electrolytic 1 (FF11MD for these projects
SEMICONDUCTORS The above items are not avallable as a kits.
Bl-4 1N4148 5 (QLB0B)
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Text by Alan Williamson This module has been especially

and Dean Hodgkins BEng (Hons)  designed to complement the
K4005 400W amplifier (see Issue

83), and the AMP200, but it can
be used for almost any in-car
amplifier requiring a +35V DC
supply. The PSU makes extensive
use of decoupling to provide

a very ‘clean’ output, which
guarantees that your amplifier
will ‘pump out’' stunning high
quality sound.

Right: The 400W
Mono/Stereo Amplifier.

Far right: The maiching
powsr supply for in-car use.

PROJECT
RATING

Photo 1. The
assembled In-car

_ e | FEATURES
T * Especially designed for

M use with K4005/AMP200

\ | * Ground Isolated Output

# Attractive modern casing

#* 300W power output
g * Switched by 12V DC
Specification remote control
Input voltage: 10 to 15V DC * Ready-built version
30A maximum; :
Output voliage: issvmm}w) also available
(unregulaied)
Maximum
ouipul power: 300W
Efficlency: 90% maxdmum
Dimensions: 210 x 84 x 50mm
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HERE are two main advaniages

of having a separate amplifier

and PSU: First, the PSU can be
located near o the vehlicle’s bailery
and, therefore, ihe power leads can
be kept as short as possible, reducing
power losses lo a minimum. The other
advanlage is thal the amplifier can
be placed near o ihe speakers; this
helps fo maintain an optimal lsvel
of damping, resulting in a beiler
repreduction of bass sounds,

The P5U is housed in aslesk, black
melal case, very similar {o the K4005
400W amplifier, and a ready-built
'Gold Ling' version of the PSU, the
SPS200, is also available (VFA7B).

Construction is reasonably

sirgightforward; the component
count is fairly low, and no elaborate

Power Supply PCB positioned in its
heaisink/case.

Photo 2. The assembled In-car Amplifier

+ve—|  PSU Input

Protection &

On/Off (Standby)

oy (]‘ Electronic Switch
|
—0 +V
— Fower Rectification
SWPS % A 2 0O
O;"’:Illp:' 3 Switching q.’tglta?:j“ & ——o0 OV
scillato Stage Stagl iy Switching 2

Figure 1. Block Diagram of the In-car Amplifier PSU.

iest equipment {s required for setfing
up the completed mcdule.

Note thai this module is only
suitable for negaiive earih vehicles.

Circuit Description

As an aid to understanding the
circuit's operatiion, refer to the block
diagram of Figure 1 and the circuit
diagram, presented in Figure 2.

Af the heart of the PSU's voltage

conversion system, thereisa
dedicated swilch-mode power supply
(SMPS) IC (I€1), which preduces a
sguare wave ouiput. The frequency
of this wave is delermined by
components R11 and C1 - in this
case, it has been set io approximately
53kHz. Capaciiors €4 and C12
provide high- and low-frequency
decoupling, thus ensuring thai the
IC has a nolse free power supply.

The ouipul pins (11 and 14) of the

1C conirol the switching action of the

MOSFET power transisiors (T3 and T4),
which form a push-pull stage to drive
the transformer (strictly speaking, it is
a pull-pull circuit).

The transiormer steps up ihe high-
frequency switched input o a higher
polential; the output waveform is
then reciified (diodes D1 & D2 for the
paositive (+) rail, and D3 & D4 for the
negative (—) rail) and smoolhed,
with the aid of capacitors C8, C9
& C5 for the posiiive (1) rail, and
C10, C11 & Cé for ine negaiive (—)
rail, Resistors R12 and R13 simply
limit the current flow through LEDs
LDI and LDZ.

- Fuse F1 provides protection ior the
circuit in the event of wrong polarity
connection; the diode (D5) will'
conduci, creaiing ashori circult.
across ihe batiery which will blow ihe-

“fuse. This meihod is preferred over a

diode being connected in series with
the supply rail because there is no
valtage drop acress the dlode (a
diode connecied in series would
cause a small (approximately

1-1V) voliage drop), and this is

7 1o

- J_ ] o0 +Y
=CB 17X,
o 02 100uF 1 /%
@‘ z wsC5
v \, 100nF
4 P
@( co —~| Rz
D3 \\/ D1 1CGJ:T 27
=1 - ] 1 20
T4 f=Tegls R13
1oR RFFE140 = Q0uF 2‘,;7D
o IRFP150 T !
3 BUKA435 =C8
- BUZ345 == 100nF

Figure 2. Circuit Diagram of the In-car Amplifier PSU-
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D1..D4: SF52

| VAl A A S A

Figure 3. Mounting the diodes and LEDs,

imporiant when batieries are involved:

energy and efficiency are at a
premium.

Batiery power is further saved by
the ‘on/off’ ierminal; when 12V DC is
applied fo this termingl, iransistor T1
turns on, pulling the base of transistor
T2 low. Hence, T2 furns on, and
power is supplied io the IC. If T2 is off,
praciically no current is drawn from
the battery; only the leakage current
through C13 flows. Capacitor C3
provides decoupling for T1; Cl3 is
the main decoupling capacitor in
the circuit.

Noie that, when in the ‘off' staie,
potential is siill present on the
iransisiors; the circuit is not

isolated from the power supply and
is, therefore, really in a standby
mode, raiher than being 'off’,

Construction

Consiruction is straightiorward, wiih
all of the componenis being mounied
on a single-sided PCB (ses Photo 1).
Removal of a misplaced component
is, however, quite difficult, so
double-check each component's
type and value (and polarity where
appropriate) before soldering! If you
reguire any additional information
about soldering and assembly
techniques, they can be found in
the Consiruciors’ Guide (XH79L). The

Yaks

Coil former

Figure 4. Transformer assembly.

PCB

4mm M3

L:..-——"Smm Spacer
i -

-—|ock washer

LAY,

Bmm M3

Important Safety Warning
Belore stariing installation work, consult ine
vehicle’'s manual regarding any spacial
precotions that apply. Take every possibls
precaution o preveni accidental short
circuiis ecourring since a lead-acid baitery is
capabls of delivering extremely high
current. Remove all ilsms of metal jewellary,
waiches, eic., before starting work. Dis-
connect the vehicle's bailery before
connecling the meduile fo the vehicie’s
electrical system. Pleaze nole that some
vehicles wiih electronic engine manage-
meni systems will require reprogramming by
a main dealsr after disconnecting the
batisry.

Assuming a negative earth vehicls, dis-
connect ihe battery by removing the (=)
ground connectlion first; this will prevent
accidental shorting of the (+) lerminalic the
bodywork or engine. It {s sssential o use a
suliably rated fuss in the supply to this
projact. For the elecirical connections, use
suitably rated wire able o carnry the required
current. It in any doubt as to The comect way
0 procesd. consult a qualitied qulomotive
electrician.

Transistor

Figure 5. Assembling the hardware on the heaisink.

Figure 6. Power fransistor lead forming.

17
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, aTel
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| 1N

PCB

Figure 7. Positioning the power transistors on the heatsink.
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Holder

3 Bolt

M3 Nut
Lock washer

Insulatar

Figure 8. Aftaching the power fransistors to the heatsink.

PCB has a prinied legend fo assist you
in correclly positioning each item.

The order in which the components
are mounied is imporiani, and is
described below; the general rule
being: begin with the smallest
componenis firsi, working up in size fo
ihe largest. Note that any component
offcuis can be used {o {orm the wire
jumpers.

First, it the five wire jumpers. Naxi,
fit the Y4W resistors (R1 {o 11), followed
by the larger 1W resistors (R12 and 13).
Take care to ensure that the resistors
are lying {lat on the PCB.

The dicdes (D1 o 5) come nsxl.
Care must be iaken {o fit the diodes
the righi way around; the cathode
is indicated by a grey band on the
bedy of the diode, and this must

F3 =
Min. 2.Smme 2
— 1} Mir. 7 Smm
—ii +\.I'|]’ / \: +4
Fower Supply =
na
K3508 c.n’ ==GHND
Power Amplifier
U K200S or Amp20o =
+ CN_/DFF“ -‘.'!l /;:1—\‘
i .,
Min. 1.5mm>
Min, 2.5mm?
Antenna &
Fower
A Car Rodio
e =
Min. 2.5mm<
Min. T.Smm?2
A
F ya f
- + ( / \: +Y
Power Supply ' —
K3=a
Lo G[T —cno
Fawar Amglifisr
¥3005 or .‘-‘:'1—4.—.21:(3 ===
+U o!u‘cwl; —‘-Jﬂ\ _/:_.-,-
i Y
; - Win 1 Smme
Min. 25mm™
1
B CONTAST
Min. ZSmm* 5
i, 1.5mm
-
+V I ;"I \-: +V
Power Supply £ —
¢330
Kaon8 On' \:G&{B
= Powser Amplifier —
K4005 or AMpZ00
L4 G'J/OF—F[_ -'U'[L /=—v
< o Mis. {.Smme
“ Min: 2.8mm®  ON/OFF

Figure 9. Wiring Diagrams: (a) connecting the module to a car radio antenna supply
ouilet; (b) conneciing the module to a car ignition contact; (¢) connecting the module

via an independent switch.
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face the thick while band con the PCB
legend. When mounting the dicdes,

it is very imporiani 1o leave a space
of 15mm between the PCB and the
top of the diode, as shown in Figure 3.

Mouni the IC DIL socket nexi,
followed by capacitors C1 to Cé. Now,
fit ihe transistors TR1 and TRZ, iaking
care {o ensure that the flat side of the
device maiches the siraight edge on
{he PCB legend. Try noi lo kesp the
soldering iron in contact with the
device leads ior longsr than two
seconds.

Mounti the polarised capacitors
(C7 to Ci2) nex, taking care to insert
the devices correcily — the negative
lead is identified by a black band and
(=) symkols on ihe capacitor's body.
Finally. mount the largest capacitor,
C13, again iaking care with polarity,

Fit the LEDs nexi, making sure that
the ‘flat on the LED's body (indicating
the cathode lead) corresponds fo the
siraighi line on the PCB legend. Noie
that not all LEDs have a {lai side, and
i that is the case, the cathede can
be taken as the shorier of the two
leads. The tip of the LED should bs
approximgiely 20mm from the PCB,
as shown in Figure 3.

Now, mount the male blade
connectors, followed by ihe six PFCB
pins, ensuring that they are pushad
{from the componeni side) as fully as
possible inio the board. Nexi, mount
and solder the fussholder (as closely
as possible {o the PCB), and {it the use.

The nexi step involves the assembly
of the fransformer. Referring to the
assembly diagram of Figure 4,
inseri both 'core’ sections into the
core former, and fit ihe metal
yokes, ensuring ihat they hold the
iransformer securely logether. Once
assembiled, mount the iransformer
onte the PCB, taking care that the
pins maich ihe legend.

Findlly, solder a lmm diametar
wire along dll of the tinned tracks on
ihe PCB, and build up the irgcks wiih
solder. This is very imporiant-because
these tracks must be able o conduct
currenis of up io 30A.

This compleies the assembly of the
PCB. Thoroughly check your work for
errors, such as misplaced components,
solder bridges, and dry jointis, ic.
Clean any flux off the PCB using a
suitfable solvent.

Module Assembly

During assembly, you may find it
useful to refer to Pholo 2, which shows
the completed project.

Fix the threaded spacer over the
hole which is locaied at 20mm from
the edge of the heaisink by using
a leck washer and a émm M3 boli.
Nexd, siide the PCB into the largest
slot in the heaisink, posiiioning the
PCB so that the hole ai one end aligns
with the spacer, and secure it inlo
place with a 4mm M3 bolt, as shown
in Figure 5.

Use a pair of pliers io carefully
bend ihe leads of the power
transisiors (T3 and T4) until they are
at right angles to the transisior body
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The complete power supply ready for installation and use.

(sea Figure &). Smear some thermally
conductive pasie (included) on to

the surtace of the transisior which will
be in contact with the heaisink, and
place an insulating mica over the
paste, Apply a small amount of pasie
io ihe mica, and placs the iransisior
in the correci position on ihe heqaisink
(refer io Figure 7). Fix the transisiors in
place by siiding an M3 bolt (supplied)
imto the other hole in the heaisink
(shown in Figure 8). Place a metal
refainer plate over ihe fransistors

(ihe bolt must pass through the hole
in ihe cenire of ihe plaie), and secure
the reiainer by using a lecking
washer and nut. It is imporiant io
ensure thai the transisior connection
leads do not come into confact with
the metal plate. Finally, carefully
bend the ransistor leads again,

so that they make coniact with the
appropriaie PCB pins, and solder

inio placs.

Findally, insert the IC, making ceriain
ihat all the pins go into the socket,
and that the pin 1 marker is ai the
noiched end. Remember {0 cbserve
the stundard antisiaiic precautions

efore you handle the IC—ensure
that you touch an 'earthed’ conduclor
(domestic water pipes, for example)
io remove any static charge which
you may have accumulaied.

This completes the assembly of
ihe module,

Testing

The only equipment required for
{esting the module is a multimeier
and a regulaied (and preferably
current limited) PSU.

Connect a 12V 20W lamp between
the positive (+) ierminal on the PSU
and the positive (+) input of the
module, and connect a lead beitween
the negative (-) terminal of the PSU
and the negative input of the module.
Set the PSU to 12V DC, and swilch it
on. The lamp will only luminate if
there is a fauli (the lamp also limiis
{he current flowing through the
module).

&

leaving the previous connections
in place, connect a lead between the
positive (+) terminal of the PSU and
ihe ‘on/oif’ input of the medule, This
will cause both LEDs io filuminate,
but the 20W lamp will remain
extinguished unless there is a fauit.

Using a muliimeter (set to measure
up to 100V DC), measure the vollage
acrcss the module’s posiiive (+) ouiput
and the OV ouiput, iollowed by the
voliage acreoss {he module's negaiive
(-) cuiput and OV; readings of +35V
DC and -35V DC respectively should
be obiained. Remember {o iake
exira care with polariiy if you use
an analogue meter!

To correcily load iest the module,
you will require the complementary
K4005 4000W amplifier.

Final Construction and
Installation

Waming: Every care must be iaken

to prevent a short circuit occurring
across your vehicle’s batlery. Car.
baiieries are capable of delivering
very high currenis which could cause
severs bums. Reier (o the saisly
warning again before procesding
any further.

Atftach the front panel stickers to the
heaisink Tid’, and cut out the holes in
the siicker using a craft knife. Slide
ihe lid into posiiion, and secure ii inio
place using {he screws supplied.

The PSU module should ke installed
as close o the vehicle's batlery as
possible. However, the PSU casing is
not weaiherproof and, thersiore, il is
noi advisable io mount ii under ine
bonnet.

The module can be secured info
position by using M4 hexagonal bolis.
which slide into the groove running
along ihe sides of ihe heaisink.
Allernadively, a homemade brackst
could be used, if preferred.

Connect the PSU's positive
and negative terminals {o the
corresponding terminals on the
vehicle'’s batiery by means of exira
heavy duly power cable (2-5mm?

minimum) and the blade recepiacles
provided.

Use heavy duly power cable
(1-5mm?® minimum) io connect ihe
+V, =V, and 'OV ouipuls on the PSU
module {o the corresponding inpuis
on the K4005 amplifier module.

Audiophiles may be inieresisd
io noie thai Maplin siock special
high-quality cable which has been
especially designed o supply power
to in-car entertainment systems, along
with gold-plaied cable conneciors,
fuse blocks, and fuses; see the
Cables section oi ihe curreni Maplin
Catalegue for iuriner deiails,

We also recommend thai, for exira
safely, vou install an sxira fuse in
the power cabling; this will provide
additional protection against short
circuits. Suitable fuseholders can be
found in the Enieriainmenis and
Leisure seciion of the Maplin
Catalogue.

The ‘on/ofi’ swiich connection
can be made using any cne ef the
following meihods:

Car Radio Connection

Connect the 'on/ofi’ contact to your
vehicle’s radio antenna supply

outlel, as shown in Figure 2a. Only
thin connection wire (0-3 o Imm?)

is necessary. Note thal ceriain
auiomotive enieriainment systems
may not supply power {o the antenna
suppiy outlet whilst a cassetie or CD is

playing.

Ignition Contact Connection

Connect the 'on/off’ contact ic a point
‘which provides power as soon as

ihe ignifion key is turned, such as

the primary contact on the ignition
swilch, or the accessory power line,
as shown in Figure 9b.

Independent Connection

The ‘on/off’ contact may be connecied,
via g swiich, o the batiery’s positive
ferminal, as shown in Figure 9c. Bl
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IN-CAR AMPLIFIER POWER SUPPLY PARTS LIST
RESISTORS: All 0-25W (Unless specified)
R1-3 10Q 3
R4-7 1k 4
R8-10 10k 3
R11 27k 1
RIZ2-13 2k7 (IW) 2
CAPACITORS
Cl 1nF 1
C2-6 100nF 5
Cc7 242F 50V Miniature
Elecirolytic 1
Ce-11 100uF 63V Elecirolyiic 4
Cl2 470uF 16V Electrolytic 1
Cl13 2200uF 25V Elecirolviic 1
SEMICONDUCTORS
D1-4 SF52 4
D5 &AL 1
Tl BC547 1
T2 BC327 1
T3, T4 IRFP150/BUKA436/ 2
IRFP140/BUZ345
LD1, LD2 5mm Red LED 2
IC1 SG35254 1
MISCELLANEOUS
16-pin DIL socksti 1
Spade Conneciors 6-
Spade Posis 6
PCB Pins 6
PCB 1
Fl 30A Fuse 1
Fussholder 1
TRI Transformer 1
Yoks 2
Core 2

Coll Former 1

Case 1

Front Pane! Labels 2

Insulating Micas 2

M3xémm bolt 1

M3x4mm boli 1

M3x18mm boit i

M3 Nut 1

M3 Locking Washer 2

M3x5mm Spacer 1

Metal Retainer Plate 1

Thermal Pasle 1
OPTIONAL (Not in Kif)
Black High Current Wire AsReq. (XR57M)
Red High Current Wira AsReq. (XR59P)
Car Audio Puseholder 1 (BZ95D)
30A Fuse _ Rt (CK32K)
10A Toggle Switch SPST 1 (JE250)
Red Car Power Cable 4 AsReq.  (BZ92A)
Black Car Power Cable As Req. (BZ93B)
Red Power Conneciion Cable AsReq.  (XR36P)
Black Power Connection Cable AsReq. (MR32K)
Green Power Connection Cabls AsReq. (XR358)

The Maplin ‘GetYou-Working' Service is available for

this project, see Consiruciors’ Guide or current
Maplin Catalogue for detalls.
The above items (excluding Optional) are
available in kit form only.
Order As VF38R (In-car Amplifier Power Supply)
Price £66.99H0

Please Note: Some parts, which are specific io this
projeci (e.g., PCB), are not available ssparaiely.

SEETRAX CAE - RANGER - PCB DESIGN

Rangerl £100

* Schemati¢ capture linked to PCB

* Parts and wiring list entry

* Qutline (footprint) library editor

* Manual board layout

* Full design rule checker

* Back annotation (linked to schematic)

* Power, memory and signal autorouter - £50

All systems upward compatible. Trade-in deals available.
Call Seetrax CAE for further information\demo packs.

Tel 0705 591037 Fax 0705 599036
Seetrax CAE, Hinton Daubnay House, Broadway Lane,
Lovedean ‘Hampnshis (BORNSEG
All trademarks acknowledged.
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. * Hierarchical or flat schefatic
*Unlimited design size
. * Any-shapedpad =~
. * Split power planes

- . % NC Drill Excellon, Sieb & Meyer
X AuloCADDXF* * * * - -

£ “‘Ranger2 £599

Al the features of Ranger1 pliss = -
* Gate & pin Swapping (linked o schemaltic).

% Track highlighting _ Sass

* Auto track necking. o =

““*Eopper flood fil* * °

~ * Power planes (heai-relief & anti-pads) ~ -~
* Rip-up & retry auforouter: -« - -« - :

" Ranger3  £3500

-Alllﬁe-featﬁrg_é;_of Ranger2 plus—

- * UNIX or DOS versions - £9C
» *:1:Mieron resolution and anglesto 1/10th degree

_* Optional on-line DRC -+ «

=X EU(]_% rip-up & retry, puéh—&--shbve-a_mdmmer
. i1 . Outputs to: -

} 5%, 8[9 and 24 pin-dot-matrix priﬁiers: :

% HP-Desk/Laser Jet, Carion Blet, Postscript (R3 only)

* HP-GL., Houston Instruments plotiers
~Gerter pliotopiotters ; :




Digital Filters

Digital filters are constructed using the three
building blocks shown in Figure 10. The delay
block can be thought of as a one stage shift
register. [f x is the input at time n—1, it will be
output-at time n. The initial content of the
delay block is assumed to be zero,

Figure 11 shows a simple low-pass filter,
called a two term moving averager. The out-
putisthe average of the presentand lastinput,
ylnl = 0.5(xIn] + xIn-1]). A rapidly changing
input such as {0,100} will produce the output
{0,50}. This has halved the value of the slope.
While a slowly changing input such as {1,3}
will produce little change, {0.5,2}.

Impulse Response

The systems in this series are Linear Time
Imvariant systems. Ifan input x1 causes an out-
put y1 and an input X2 causes an output y2
then, if the system is linear, the input x1+x2
will produce the output y1+y2. If x;=x2 then
the output will be 2y1. From this itfollows that
an inputax1 will produce and output ay1, ais
a constant. If an input x applied to a time
invariant system at time T1 causes an output
y, then it will produce the same output if the
input is applied at time T2

The sequence x{n}=1 if n=0
=0 else

{ie. {1,0,0,..}) is known as the unit impulse
sequence. We have worked out the frequency

Addition block

axb Multipfication black

xfn]_{'g_fr»x[n—t] Delay Biock

Figure 10. Filter building blocks.

05  \Jos
o [~

Figure 11, A simple digital low-pass filter.
&

Part Two by Jason Sharpe AN INTRODUCTION TO
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DIGITAL S|GNAL PROCESSING

This month, we take a look at various types of filter response.

5110111011001 ))))

—

ime

Frequency

Figure 12. Unit impulse and frequency spectrum.

components of a square wave, as the width of
the wave is reduced, the frequency specrum
spreads out. An infinitely thin square wave has
a totally flat spectrum, as shown in Figure 12.

When an impulse is input into a system, the
output produced is called the impulse
response (IR). A system’s impulse response can
be used to predic the response of the system
to any input sequence. From the scaling prop-
erty, described above, it is obvious that if the
impulse response (the output caused by the
impulse sequence) is known, the output
caused by a sequence {a,0,0,...} will be
a{yl0L,yi1],.....}. Asthe system is time invariant,
each element of the sequence can be thought
of as a scaled impulse, as shown in Figures
13(a) to (e), each producing a scaled impulse
response. Due to the linearity property, these
outputs can be added to produce the final fil-
tered signal.

Step Response

A unit step input is defined as xin]=0 if n<0
=1 ekse

(i.e. {1,1,1,..1. ltis also useful for examining

asystems behaviour and will be discussed later.

Frequency Response

Normally the most important characteristic of
a filter is its frequency response — how much
various frequencies are attenuated or ampli-
fied. As an impulse has a flat spectrum, plot-
ting the frequency components of the IR results
in the frequency response of the filter. The fre-
quency components can be found using a
Discrete Time Fourier Transiorm (DFT). Finding
the frequency respanse analytically will be
discussed later.

DSP Workbench

Program 2 can be used to experiment with the
effects of various filters. Note: This program
joins the discrete outputs with lines for dlarity
only; they do not represent a final analogue
output.

Next month, the program will be used to
examine various filters and their responses.

x[r;] ~—- Origingl -=ignal
] 1 Sampled signal
3 (=)
5,
] i
n
o ) P~
ig Fliiar output
11 Filter imput
&)
=
] { Filter cutput
Ly | Filter input
(€)
|
”I-';l Fiiter output
= T Filter input
td)
|
n
*[r] T Sumi of scoled impulses
=
/T -
-4 a\\
]
N

Figure 13. A system's impulse response: each
element of the sequence can be regarded as a

scaled impulse, each producing a scaled
impulse response, These may be added to

produce the final filtered signal.
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Satellte-Based Networking Overvie

W

-

Image Retrieval

Corporate
Communications

FACTORY SALES OFFICE MAJOR CUSTOMER REGIONAL HQ
Security/Eneray, Order Entry, Order Entry, OFFICE/WAREHOUSE Host, Video Studio,
Order Receipt, Image Scanning, (On line), Image Retrieval, Security/Maintenance,
Inventory Status, Video Training/ EDI _File Download, 3rd Party Financial

Order Summoaries

Service Providers

Figure 1. Typical VSAT environment.

emerged from modest beginnings

in the early 1980s to become a
mainstream wide area communications
solution for corporations throughout
the world. Very Small Aperture Terminal
(VSAT) nerworks are now regarded as
the most flexible pladorm in the
communications marketplace, allowing
many remote locations o communicate
with a centralised computing facility.

The star configuration of a VSAT

network provides an efficient, cost-
effective method for distributing data,
video, audio, voice and fax through a
widely dispersed organisation, while
mainfaining the same level of performance
at each site regardless of location. It has
proved an ideal way of linking retailers
with their customers, automobile
manufacturers with their dealers, and
bank headquarters with their branch
offices. It allows for such typical

£

S.—\TELLI‘IF—H&SED netwaorking has

applications as point-of-sale updates.
credit and cheque authorisation, order
entry, claims processing, Elecironic Data
Interchange (EDI), video training, in-store
music and more (see Figure 1). This
article intends to describe satellite-based
networking, and address such questions
as whether VSAT networks are being
accepted in the marketplace; how they
waork; whart the advantages are over
terrestrial networks: what business
applications best fit a VSAT network; and
what the future holds for this technology.

The Current State of
VSAT

The world-wide marker for VSAT
cquipment and services is currentdy
estimated to be worth some

$350 million per year. The industry has
been experiencing tremendous growth
since the late 1980s and market analysis

estimates it will smbilise at 20% growth
per annum through the 1990s. As of
today, there are in excess of 100,000
VSATS installed or on order world-wide
(see Figure 2), Much of this growth can
be attributed to a high level of customer
satisfaction. Indeed many users have
credited their VSAT networks with
increasing network availability, containing
staff growth, and improving control over
communications costs within their
CoOmpanies.

Future market growth will be driven by
traditional dial-up nerwork users adopting
VSAT, having an increasing demand
for the improved services of on-line
communications due to “mission critical’
applications. A VSAT network will be
able to respond 1o higher capacity, more
volatile traffic, with increased bandwidtch
and more stringent response time and
availability. Key industry sectors, who are
expected to make this transition, will be
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Figure 2. World-wide VSAT market (cumulative).
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Figure 3. Dial users in transition.

supermarkets, petrol stations, insurance
agents, retail speciality outlets and fast
food chains (see Figure 3).

A growing movement towards
deregulation and privatisation of
communications services world-wide
is another factor driving the market
growth for VSATS. Great strides towards
deregulation are being made in Latin
America, the Pacific Rim and Western
Europe. Then there is the demand
for a high quality communications
infrastructure in developing countrics.
Countries like Indonesia, Chile and
the Philippines are namral locations for
satellite communications, because they
have geographical difficulties that impede
the use of terrestrial alternatives. Regions
such as Eastern Europe and Latin America
are VSAT growth areas as well because
of their almost complete lack of a

land-based communications infrastructure.
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What is VSAT?

A VSAT netwark comprises a central
master earth station or ‘huby’, and
geographically dispersed VSATS (see Figure
). The hub consists of a satellitc antenna
(5 10 9 mewres), Radio Frequency (RF) and
Intermediate Frequency (IF) equipment,

a Network Contral System (NCS) and a
switching element that connects to a
user’s mainframe computer(s). The
switching element is at the heart of

the hub, and it provides the necessary
capabilities to route data from any point
in the network to any other point. The
NCS pemmits the network operator to
configure, download, monitor and
troubleshoot the entire network from
other central hub location.

The geographically dispersed VSATS
consist of small, easily installed antennas
(between one to two meires in diameter),
an OutDoor RF Unit (ODU), and an

Indoor Digital processing Unit (IDU).

A single cable connects the ODU with

the IDU, which is typically installed in
the location’s back office. The IDU is
responsible for communications functions
related to transmining and receiving data.
It typically features two 1o four RS232
ports on its back panel, and supports up
to three protocols simultaneously. This
enables the user 1o connect a variety of
dam terminal equipment to the network.

A remote VSAT installation is a simple
three step process. First, 4 local ordinance
review is performed to determine the local
permit and licensing requirements, and a
site visit is made to verily site conditions
and to plan the installation. Presence
of the landlord or similar authority may
be desirable during the survey 1o ensure
approval of the antenna location and
mounting approach. Second, the antenna
is installed and positioned for a clear
line of sight to the satellite. Third,
communications are established berween
the hub and the user’s computer to verify
proper operation of the VSAT.

In order to send and receive daa
between the hub and the remote VSATS,
information is transmitted to a Ku- or
C-band geosynchronous satellite. Since
geosynchronous satellites orbirt at the
same angular velocity as the earth, they
maintain a constant position relative o
a network’s antenna dishes, eliminating
any neced for repositioning.

A private VSAT nerwork is ideally suited
for companies with more than 200 remote
sites. The same technology, however, is
also affordable 1o companies with as few
as 10 remote sites through shared hub
services. Providers of shared hub services
offer their customers access to a centrally-
located hub that can be shared with
several users. The communication
between the shared hub site and the
user’s computer centre is achieved
through a terrestrial, microwave or
satellite connection. By utilising a shared
hub, users eliminare the significant capital
investment of a private hub while gaining
all the advantages of high performance,
satellite-based nerworking. In addition,
network operations are managed by the
shared hub provider, reducing the user’s
costs associated with network operations
personnel and training.

Once a company reaches the 200 site
threshold it can realise significant savings
by owning a private hub, while gaining
the added security that comes from
maintaining complete ownership and
control. Private networks can be operated
by the user or managed by the network
vendor through a variety of network
operations services, ranging from full-time,
on-site facilities management to part-time
remote monitoring during off peak hours.

VSAT in Action
VSAT networks offer many advantages not
found in terrestrial netwaorks: lower cost;
Aexibility; reliability; speed: and simplicity.
Lower cost. Unlike land-based networks,
VSAT networks arc insensitive to distance.
Transmission costs remain fixed regardless
of distance. and network costs can be
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Figure 4. VSAT network architecture.
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Figure 5. Key cost drivers to competing networking technologies.

fixed for several years. Transmission costs
for land-based networks, on the other
hand, increase as distance increases.
Land-based networks are also vulnerable
to changing tariffs, which can increase
communications costs (see Figure 5).
Since most VSAT costs are fixed, new
applications and services can be added

e
i

with only incremental increases

in monthiy operating expenses. Not

so with distance-sensitive, terrestrial
networks, when the addition of new
services ofien requires larger, more
expensive communications lines (for
more bandwidth) at substantially higher
monthly costs. Adding high volume

applications such as imaging and
supermarket or store-wide price changes
from headquarters can quickly drive up
cosls.

Flexibility. This is another key VSAT
advanrage. Dasa, video, audio, voice and
fax can all man simultianeously on the
same VSAT nerwork platform. Adding
a new location takes less than a week,
and enhancing services requires the
addition or modification of software
ar headquarters. With a VSAT nerwork,
projects such as adding a new application
or reconfiguring the network can be
managed and implemented easily.

By comparison, modifying a terrestrial
network is much more difficult. The
typical network of today has to be
re-engineered as new services and
locations are added. Indeed, this
process can take months to perform
and ecan involve many vendors.

Reliability. Terrestrial ‘outages’ (power
or communication breaks) do occur, and
major outages can overwhelm even the
most advanced terrestrial networks. But
VSAT nerworks are off the ground and,
therefore, not susceptible o problems on
the ground such as poor guality telephone
lines. VSAT networks provide uniform,
clear communications to all sites,
regardless of their location. VSATS also
offer numerous backup systems, including
disaster recovery services and other failsafe
systems that automatically re-route
communications in the event of a failure.
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Speed. VSAT nerworks are fuster
than most dial-up and leased-line
networks. The increased speed permits
instantaneous on-line communications,
which is a prime requisite for such
applicitions as electronic payment
systems. Additional bandwiddh can be
added incrementally, enabling the addition
of high bandwidth broadcast applications
such as video, data and audio.

Simplicity. VSAT networks are claimed
to be easier 10 manage and operate than
their terrestrial counterparis. Compare
a VSAT network’s three components —

a satellite, central hub and remote VSATS
— 10 a terrestrial network with its multiple
communications lines. These land lines
may be shared by multiple sites and
managed by several vendors. Because
there age fewer elements in a VSAT
network, there is less to monitor and
less to go wrong. The network can

be monitored and controlled by the
customér at headquarters, or the day-
to-day operations can be outsourced
completely or partially 1o the satellite
networking vendor.

Three industries — retail, automotive
and financial - account for over 75% of
the current VSAT market. Each uiilises a
VSAT networking solution to address its
own distinctive competitive pressures
and communications requirements. Other
industries that are using VSAT technology
include manufacturing, travel services,
energy, distribution and transportation
(see Figure 6).

HEADQUARTERS

Video Studio, Marketing, Host,
3rd Party Financial Service Providers,
Security /Maintenance,
‘Specialised Database (e.9. Pharmacy)

Authorisation, Cash Management,

Inventory/Pos, Pharmacy Applications,
Video Buying/Merchandising

REMOTE STORES
Credit Verification, Chegue

EDI, Security/Energy,

Fignre 7. Retail network diagram.
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Retailing. In the retail industry,
organisations use VSATS to gather and
process financial data from each store .
on a daily basis. Point of Sale (POS) and 1'
credit card verification are the leading
applications in this market. Daily pricing
information is fed to electronic checkout
systems in each store. In return, the POS
systems feed merchandise movement,
inventory and accounting data back to the
host computer system. The use of video
and audio over the network is also
becoming popular in the retil market.
Advertising and programming can be
broadcast over the network and into
the store 1o reach consumers right at the
point of purchase. Video is also widely
used for training. remote buying and
corporate communications (Figure 7).

Antomotive. Until recently; the
communications focus of the automotive
industry has been an such back office
processing applications as inventory
control, general ledger and payroll, and |
remote computing service applications
such as accounting time-sharing, credit
check and finance company access,
However, this focus has shifted to
interactive dealer-to-manufacturer
communications, which include on-line
warranty, order entry; credit check
authorisation and the locating of vehicle
parts. There has also been an increased
demand for manufacturer-to-dealer
communications, such as video training
for sales and service persannel, new car
introductions and in-dealership music.
VSAT technology is seen as the ideal
platform for these broadcast applications
(see Figure B).

Financial services. Competitive
pressures in the financial industry
have lead banks 1o develop several key
communications requirements. The
industry’s growing proliferation of
products and services and the rise in
fraudulent acts are pushing banks o
handle multiple applications per branch
and enhance data security measures. The
need to support high volume Automatic
Teller Machine (ATM) tansactions has also
accelerated the need [or an on-ling, VSAT
based communications network.

The Future

As to the future of VSAT technology, a
number of factors are coming together
to ensure an increasingly important role
for VSATS. The emergence of Local Area
Networks (LANs) and their associated
internerworking requirements are
opening up opportunities for VSATS to
support a company’s LAN traffic over a
wide area network. There is a growing
requirement for dedicated bandwidth
links, available *on demand’ 1o support
database updates, imaging, file transfers
and multimedia applications in a LAN
environment. VSAT networks can meet
this requirement, because they are able o
allocaie bandwidth dynamically, allowing
users to pay for bandwidth only as
required (see Figure 9). VSATS are also
playing an important role in hybrid
networks supporting terrestrial links in
the same wide area network. Multinational |

8

i
SERVICE BAY

Remote Dicgnostic Softwars
Downlead, On—Lins Waorronty,
E—Magil Service Bulleti
Echematic Downlgoding (. i
Maonuol), Videa Service Trainin

Cradit Caord Verification

e, On—Line Access to
eighbouring Dagler

BUSINESS OFFICE ;
Elsctronic Crder Entry/Inquiry. Video Training, On—Lline

_ Eredit Checking/Authorisation, Order Entry Stotus,
‘On-Lins Ihformation, 3rd Forly Electronic Mail

* | Acccunting| Timeshare, Financs
Company Accéss, Denler Video Comms

Figure 8. Automotive network diagram.

ON=LINE NETWORK INTERNETWORKING

Transport
Networks

Data Terminal Bridge, Router
Equipment or Comms Server
« Centralised Applications « Centralised and DBistributed Applications
e Intergctive ond Batch » Interactive, Batch and Lon to Lan

s Light To Moderate Dota Troffic e Moderate to Heawy Datal Traffic

Figure 9. Transition (o an internetworking environment.

corporations are beginning to look 1o | for retailers, suppliers, manufacrurers and
VSATS in their global nerworking strategies, financial institutions around the world.
linking their locations around the world With the expansion of nerworks to include
into a single network solution. darta, video, audio, voice and fax, VSATs

Thus the case for VSATS is considered have shown themselves to be a flexible
strong. They have emerged as a communications platform for today’s
mainstream networking rechnology industries.
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J. M. Woodgate B.Sc.(Eng,), C.Eng.,, M.LE.E., M.AA.E.S,, FInst.S.C.E.

This month, the concepts and practicalities of designing
band-pass and band-stop filters are examined.

N Parts 1 and 2, we looked at low-pass

and high-pass filters, and we saw that

we can take the low-pass filler as the
basis for designing high-pass filters (we
could take the high-pass filter as basic
instead. but that is slightly more compli-
cated). We also saw that analysis and design
can be much simplified by the process of
‘normalization’. This means reducing every
input value that can be so reduced without
introducing errors, to a value of 1, by scal-
ing processes and, after analysis, rescaling
the results.

There was a fairly modest venture into
the mathematical basis of modern filter
design, which showed how various filter
response shapes can be produced, and
how they are related. To reduce the num-
ber of possible cases of passive filters to a
practical minimum, we have concenirated
on those fed from a very low impedance
into a specified resistive load impedance, a
condition which is usually fairly easy to
achieve. For active filters, there are not such
strict limitations on source and load imped-
ance, although the principle of low source
impedance and high load impedance still
applies. However, there are infinitely many
possible active filter configurations, so we
are mostly concentrating on the ‘unity-gain,
single feedback’ or Sallen and Key type,
which will do all that is normally required
in home constructor projects.

Band-pass and Band-stop
Filters

We now go on to look at band-pass and
band-stop filters, and these, too, can be
derived from a basic low-pass filter.
However, if the required bandwidth iswide,
another approach is more useful. To decide
what "wide’ means in this context, we take
the ratio of the upper corner frequency to
the lower corner frequency. The corner
frequency is the frequency at which the
filter first begins, clearly, to attenuate the
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signal as we move from the pass-band to
the stop-band. Itis usually taken as the hali-
power point, the frequency at which the
response is —3dB, referred to the response
in the centre of the pass-band. If the upper
corner frequency is lwo or more times the
lower corner frequency, we have a wide-
band filter, and we make a band-pass filter
simply by caseading a low-pass and a high-
pass filter. The high-pass corner frequency

Figure 26. Wide-band filter structures:
(a) band-pass filter; (b) band-stop filter.
Figure 27. Wide-band active band-pass

abviously has to be lower than the low-pass
corner frequency, otherwise we get an ‘all-
stop’ filter, which is only useful on 1 April!
We get a band-stop filter by paralleling a
low-pass and a high-pass filter; we can
usually do this directly at their inputs, but at
the outputs we may need a summing ampli-
fier. With our approach to passive filters,
restricted to filters working from a very low
source impedance, we usually have to
include a buffer amplifier or follower
between the lyo parts of a band-pass filter
(Figure 26). When using passive high- and
low-pass sections in cascade, it is usually
better for the high-pass section to precede
the low-pass section. These restrictions do
not apply to active filters, at least of the tpe
we have looked at, which are built round a
follower — an amplifier with 100% negative
feedback, giving a gain of L

One consequence of building a wide-
band filter from two separate filters is that
the nwoends’ of the response can have very
different shapes, simply by using difierent
types and orders of filter at each end. Most
CD players have filtering of this type: a
(possibly not clearly defined) high-pass
filier with some corner frequency below
20Hz (since the response does not go right
down to DCY), and a verv well defined and
very steep-slope phase-corrected recon-
struction filter with corner frequency
near 20kHz.

Small Economy-size
Wide-band Filters

It is possible, if the ratio of the caorner
frequencies is large enough, o build hoth
filters in active form around one op amp,
and an example was given in my series on
audio frequency induction loop systems, in
Issues 39 to 43 of Electronics. This circuit
(Figure 27), part of a magnetic field-strength
meter, has —3dB frequencies of 630Hz and
5kHz. In this case, the low-pass section

filter using only one op amp. comes first, because the impedances of the
Buffer
a) Input— High—pass Low—pass — Qutput
Band—pass
filter
High—pass Adder
b) Input Output
Low—pass .
Band-—stop
Figure 26. filter
47nF  47nF A7k 47k TLOBY
: 5k6 1n2F B £70pF
tnput 27 n2F oo 470pF B
Lo, 0
Figure 27.




series capacitors are low at the high-
frequency end of the pass-band, whereas
the series resistors are not of negligible
impedance at the low-frequency end and,
therefore, they have 1o be inside the feed-
back loop of the low-pass filter. A small
amount of ‘tweaking’ of component values
may be required in order 1o get precisely
the desired response shape, but some
tweaking is always necessary unless, by
chance, the required component values
correspond exactly with preferred values
tand preferred values which are actually
obtainable; things like 8-2nF and 12nF
capacitors can be elusivel.

A Practical Example

As you might expect, wide-band band-stop
filters are not very often required, and 1
cannot readily think of an excuse for one,
so we shall look at a band-pass filter for
simulating ‘telephone speech’, which has a
response restricled from 300Hz to 3-4kHz
(—3dB poinisl. We will assume that the low
end response should fall at 12dB/octave and
the high end response should fall at
18dB/octave. The low frequencies involved
suggest that inductor values would be
quite high, leading to difficulties in supply
and cost, so we choose active filters —
Butterworth (maximallv-flat! responses are
quite suitable for this application. The steps
are shown in Figure 28, and follow the
design procedures given in Parts 1 and 2.

Narrow-band Filters

These are designed by first looking at a low-
pass filier, whose characteristics can be
derived from those of the required filter.
In principle, there is a one-step process
from this low-pass filter to the band-pass
filter, but it a band-stop filter is required

we should use a two-step process. This
means going from the low-pass filter to a
high-pass and from there to the band-stop
but, with praetice, the iwo proeesses can be
combined.

To recap from earlier parts of the series,
we analyse filters by looking at their
transier functions (ratio of output voltage to
input voltagel, expressed in terms of a
variable s = ¢ + jo. which incorporates
both frequency and power loss aspects. We
usuallv make the analvsis as simple as
possible by normalization, sowe look at the
transfer function of a filter which has a
corner frequency @of 1 rad’s (= 121 Hz),
and has (in our restricted case! a source
resistance of zero and a load resistance
of 10). (To consider all the possibilities,
we would have to deal also with cases
where the source resistance was 10 and
the load resistance was either 1Q or zero.)

The transfer function T.(5) of a
Butterworth (maximalbk~-flat) second order
low-pass filter is:

T8 = ms+a

We transtormied this to a high-pass filter
transfer function T4(s) by the substitution
of 1/5 for 8, leading, after algebraic simpli-
fication, to the transier function:

Tsl=—— S
S T

We can transform the low-pass filter
to a band-pass filter by the substitution
of s + Vs for 8. This gives the band-pass
transfer function Tz=(S):

S:

Te=18 = = =
& S+ 25° + 35 + 25+ 1

The s°in the numerator tells us that, like
the high-pass filter, the band-pass filter has

i
0
o
CZ2 C3
i.S_EFT 3.2024FT
0 + o]
Normalized second order Mormalized third—order
high—pass filter low—pass filter
R1
i
B v
100nF | 100nF ELTE ‘
r——)
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Figure 28. The fiiters coscaded

a double zero at § = 0, and if we divide the
top and bottam of the right-hand side by 57,
we find that the denominator becomes:
S+ 3 +3+2 4+ L

S 5°
which is symmetrical in § and 1/5. This
means that the frequency response curve
is symmeirical on a logarithmic frequency
axis. Also, sinee the denominator contains
only even powers of §, the response is sym-
meltrical about @ = 0. There is a response
for negative irequencies of exactly the same
shape as that for positive frequencies.
Luckily, we almost never have to bother
with negative frequencies; thev do not have
any effect, or cause any problems.

It can be shown that the transfer function
has four poles, which are symmetrically
placed about the lines jo = =1 in the
complex plane. They all have the same
value of ¢, negative, of course, because we
are not dealing with an oscillator. The
calculation of the precise co-ordinates of
the poles is tedious and, luckily, unnecess-
ary for our present purposes.

To plot the actual frequency respanses,
we substitute § = jw and rationalise the
resulting equation for Tije) (see Part 1) to
get | Tije)|?, and then plot —10 times the
logarithm of this to get the response in deci-
bels. Using decibels means that we do not
have to find the sguare root in the ration-
alisation process, which avoids much
complication.

Time (Out) for ¢

The resulis of all this manoeuvring are
shown in Figure 29a. The centre of the
pass-band of this filter isat @ = 1 rad/s, and
the half-power points are at the interesting
values of @ = 1-618 and 0:618, so the —3dB
bandwidth of the filter is 1 rad’s as well.
Mathematicians know thaose values of @
as [ and Vf respectively, and 1/t is called
the ‘golden ratio’. tis another of those
numbers, like © and & which seem to
occur naturally in the universe, and were
discovered rather than invented. foceurs in
nature, in nautilus shells and sunflower
seed heads, and in many geometric figures
and art forms, vet here it turns up, unin-
vited, in electronics! As vou may expect,
the value 1-618 is an approximation of
an endless decimal. but budding mathe-
maticians will have already twigged that is
a bit less absiractthan © or g in thatitisa
solution of the algebraic equation | Tljw)|*
= 2. ltis, therefore, fat mostl an irrational
number, unlike © and &, which are trans-
cendental numbers and cannot be found
as a root of any finite algebraic equa-
tion. However, since our equation for fisa
quartic in @, 1 will spare vou the wouble
of solving it and say thati =[5 + 112. You
may have noticed another property
of { suggesied by the numerical values,
which is that { = 1 + V/tand, in fact, this
is the basic 'golden ratio’ equation which
generates it. Trv it on vour calculator!

I have to admit that, however interesting
fis as pure mathematics, vou do not need
to take it into account during the filter
design process. The correct answers come
ouf without its presence being obvious.

Figure 28, Wide-band band-pass filier using
(Vo op amps,
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What Does the Graph
Tell Us?

There are some special things to note about
the band-pass filter response, as shown in
Figure 29b. Like the low-pass and high-pass
filters, we can draw straight ‘semi-infinite
approximation’ lines which converge with
the actual filter response at high attenu-
ations. But for the band-pass filter, these
lines lie below the actual response, and start
at @ = 1, not from the corner frequency.
The other major peculiarity is that, whereas
the stop-band responses of the low-pass
and high-pass filters tend to be straight
lines at high allenuations, on a normal
graph with logarithmic frequency axis and
altenuation in decibels, the flanks of the
band-pass response are distinctly curved. If
the response was plotted with a special
form of logarithmic frequency axis which
extends both ways from an unattainable
‘log of zero’ pointat @ = 1, which few com-
puter graph packages will do, the flanks do
trend to straight lines. In other words, we
plot the frequency difference from @ = 1
logarithmically. We may come across this
type of graph again in a later Part, if I can
find a sensible way of producing it!

Form an Orderly Q

In Part 2, we found a distinction between
the Qofa filter and the Qs of the capacitors
or (more notably) inductors. For band-pass
and band-stop filters, we have to accepl yet
another sort of Q. This is the ratio of the
centre frequency to the —3dB bandwidth,
and is 1 for the normalized filter. However,
for a filter whose centre frequency is 1kHz,
and whose —3dB bandwidth is 20Hz, as
might be useful for CW reception, the
band-pass Q is 50. It is quite difficult to
achieve such high values with passive
filters, since the component Qs must be
much higher still; perhaps 500 in this case.
The necessary component Q depends on
the type and order of the filter. Bessel filters
Isee Part 2) are the least demanding but are
not very often used. Butterworth filters up
to 4th order require minimum component
Qs of the order of 10, unless the values are
tweaked or ‘pre-distorted’ to compensate
for losses. This can be done by designing
the filter with the poles shifted towards the
Jw axis (less loss), so that the component
losses move them back to the correct posi-
tions, but this process requires computer-
aided design or reference lo extensive
tables of normalized component values,
found in books on filter design.

If the band-pass Qis high enough, we do
not have to be too concerned that the
response shape is symmetrical on a logar-
ithmic frequency scale, and is, therefore,
strictly not symmetrical on a linear seale.
This is helpful, because filter specifications
are often written with linear symmetry
implied, as in the following example:

Band-pass filter, centre frequency 800Hz;
—3dB at 700Hz and S00Hz.

Here, the pass-band is 200Hz wide, sa the
band-pass Qis 800/200 = 4. The geometric
cenire frequency lwhich, euriously, is what
vou get from logarithmic symmetry} is
1700 X 900 = 793-7Hz, which is close
enough! However, it is as well to remember
that vou may have to tweak the centre fre-
quency a hit in some cases. You might find
even that the specification is nol svmmetri-
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cal at all. For example, the —3dB points
might be 750Hz and 900Hz, giving a geo-
meiric centre frequency of 821-6Hz. This
might well lead to unacceptable attenu-
ation at 800Hz, so it would be betier to
design on the basis of the specified eenire
frequency and the closer —3dB point. ie.
800Hz and 750Hz. The upper —3dB point
would then be at 8007750 = 853Hz, and the
attenuation at 800Hz would be more than
3dB. If this is unacceplable, more complex
design methods have to be used. One of
the simpler of these is to use two filters in
cascade, with different centre-frequencies.
Alternatively, the attenuation at 800Hz can
be reduced, while keeping the same —3dB
points, by using a filter with a sharper
corner; either a higher order Butterwarth
filter or one of a different family, which we
shall meet later.

Components in Passive
Band-pass Filters

Itis all very well to transform equations by
changing sto s+ 1/s, but what does that do
to the components? Well, the impedance of
an inductor L in the low-pass filter is
simply sL, so replacing shy s + 1/s gives
an impedance SL + L/s. This is a series
combination of an inductor L and a capaci-
tor whose value is 1/L, forming a series
resonant circuit, resonating at @ = 1.
Similarly, we can show that each capacitor
Cin the low-pass filter is transformed into
a parallel resonant eircuit containing
capacitor C and an inductor of value 1/C.

Figure 28. Frequency respanse of the
normalized Butterworth second-order band-
pass filier: (a) response plotted on a linear
frequency scale, including negative values;
(b) response ploiied on a logarithmic
requency scale, showing ‘semi-infinite
approximation’ lines.

When we do the scaling operation to
change the centre frequency of the filter
from @ = 1 to the value of @ that we want,
say @y, the component values of the
original low-pass filter stay unchanged, but
the tuning components now resonate them
al @y. The corner frequency of the original
low-pass filter defines the bandwidth (not
the half-bandwidth, as perhaps seems
logicall of the band-pass filter.

A Practical Example

Let us continue with the design of the
band-pass filter mentioned above. The
complete specification might read:

Centre frequency: 800Hz.

Pass-band attenuation: —3dB frequen-
cies 700Hz and 900Hz.

Stop-band attenuation: More than 20dB
at 400Hz and 1,200Hz.

Source impedance; 500

Load impedance: 1k,

Since the ratio of load impedance 1o
source impedance is 20, we are justified in
using our ‘zere source, finite load’ design
values. The response shape data are given
in linear-symmetry form, so we have to
convert to logarithmic symmetry. The

i



geometric cenire frequency is 1700 X 900
= 793-7Hz, and the pass-band bandwidth is
900 — 700 = 200Hz. We next find the [re-
quencies corresponding to each stop-band
data point using logarithmie symmetry:

(700 X 9001400 = 1,575

In this ease, then, the bandwidth of the
filter at the —20dB points would have to be
1,575 — 400 = 1,175Hz=.

(700 % 900V1.200 = 525

In this case, the —20dB bandwidth would
have to be 1,200 — 525 = 675Hz — much
less. Thisis the value we have to lake for the
next step, which is to calculate the shape

factar A, the ratio of the stop-band band-
width to the pass-band bandwidth:

A: = 6757200 = 3375

If we had some more stop-band attenu-
ation data, we should have to design the
filter to satisfy the maost critical of the
requirements.

Using the formula version of the simple
method for finding the required order n of
a Butterworth filter (given descriptively in
Part 2), we express As in octaves (by divid-
ing its log by the log of 2), mulliply by 6 ithe
‘dB/octave’ of a first-order filter), and divide
the result into the stop-band attenuation &

Y2H
Y Y O
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b
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Here, we get 0 = 1-89, so, provided we
use low-loss components, N = 2 should be
OK. In fact, the attenuation at 400Hz will be
quite a bit more than 20dB, because, as we
saw above, lhe altenuation requirement at
1,200Hz imposes a narrower bandwidih.
We could have guessed this from the log
symmeiry property, because 1,200/800 =
1'5 but 800/400 = 2, so 400Hz is further
away, on a log scale, from 800Hz than
1,200Hz is.)

Figure 30 shows the normalized second-
order Butterworth low-pass filter; the filter
being scaled to the pass-band bandwidth of
200Hz, and a load resistance of 1k€ (see
Part 1). The band-pass transformation is
made by tuning each capacitor and induc-
tor to the centre frequency of 793-7Hz.
Since the band-pass Qis 793-7/200 = 3:97,
72

Figure 30, S00Hz band-pass filier.
Figure 31. Frequency response of the S00Hz
band-pass filter.

and we have a Butterworth filter with
modest companent Qrequirements, there
should be no major problems with losses,
even for the inductors, although they must
be ferrite-care tvpes. Figure 31 shows the
computed frequency response of the filter
as designed. The 5002 source resistance and
1kQ load inevitably produce an insertion
loss of 0-42dB, which would be there even
if there was no filter. The response is a
little broader than required: the atienu-
ation at 700Hz and 900Hz is 2-8dB. This can
be corrected by slightly lowering the pass-
band frequency to, sav, 190Hz, which will
also increase the attenuation at 1,200Hz. At

present, this only just meets the 20dB
requirement, whereas the attenuation at
400Hz is much larger, as we predicted. than
the specification requires as a minimum.

Active Narrow-band
Band-pass Filters

These require a large number of op amps,
and are best realised with special filier
chips rather than general-purpose op
amps. | hope to deal with these in a later
Part of the series.

Band-stop or Band-
rejection Filiers
We have already dealt with the seldom-
needed wide-band variety, but now we
have o other ypes to consider. As we saw
above, narrow-band band-reject filters are
derived by transformation from a high-pass
filter, which in turn is derived from a low=
pass filter. Notch filters, however, work hy
having (at leasti two paths from input o
output, and arrange for the two signals
arriving at the output to be equal in vollage
and opposite in phase at the notch fre-
quency, so that they cancel. In theory, this
produces infinite attenuation, with very
steep reduction of attenuation either side of
the notch frequency. You pay a stiff price for
this, however, because the respanse shape
cannot easily be tailored to suit a specifica-
tion, and the notch frequency and “depth’
fattenuation) are critically dependent on
exact and stable componentvalues. For this
reason, notch filiers are often made with a
fairly accessible tuning control, perhaps
mare than one. One common use is in dis-
tortion-factor meters.

We shall not be considering notch filters
further in this Part, so we will press an with
the narrow-band type.

Narrow-band Band-

stop Filters

Ifwe replace sin the transfer function of a
high-pass filter with our old friend s + V5,
we get a band-stop filter. This is equivalent
to replacing 8 in the transfer function of a
low-pass filter by 815" + 1). For our sec-
ond-order Butterworth filter, this gives the
band-stop transfer function Tes:

S'+28 41

Ts=—=— ——
S'+ 28T +35°+ 25+ 1

You can see that there is no zero al § =
0, because of the 1 in the numerator, but
there are two, al § = 0 = jw, which means
infinite attenuation at @ = 1. The denomi-
nator is the same as for the band-stop
filter, so the poles are in the same (boring
to calculate) places.

A Really Practical Example
This example is based on the specification
of a band-stop filter designed for
possible inclusion in the revision of the
international standard-1EC315- for meth-
ods of measurement of FM radio receivers.
This filter is used for removing the 1kiz
modulation signal from the audio output of
the receiver, so that noise and/or distortion
can be measured in the presence of a modu-
lated signal. There is, for example, a very

Continued on page 79.
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This ingenious and compact thermosiat
module will make a useful addition to
vour domestic heating requirements,
for example, you could use it to conirol
your central heating system or
immersion heater. The unit is able

to provide separate temperature
references for daytime and night-time,
with switch-over times between day
and night repeated automatically
every 24 hours once the unit has been
programmed. The ‘program’ can have
up to 19 possible steps, the output
changing state on each successive
step, i.e. from on to off then off to on.

i

The assembled Day/Night
thermostat ready for use,

HERIW (0 YV}

FhEal Ul S

£ Relay output * Only simple AC supply

Text by Nigel Skeels,
Alan Williamson
and Mike Holmes

l

% Low-temperature required

alarm output % Compact wall-mounted
# Mains frequency clock module |
# Sleep’ mode % Superbly finished alloy |
% Selectable hysteresis case and front panel |




Veltage { BsSU indicator indicotor
AC I/P O—— T
sLock diagram showing the — ! ! =1 :
clcmmig'h{ thermostat is Mgins Frea. !-;en:rg on' }—onN/C
shown in Figure 1. The Clock Qeta!;gl:_;-:m;rr—fver —OCOoM
output s in the form of a'single =
pole change-over relay, offering Day
normally open (NO) and normally Temp B e S
closed (NC) configurations for aet | | BMHz
connection. The contacts' side PROCESSOR * | Qschlioter
is isolated from the thermosiat Night
elecironics and connections are sy -
made using PCB mounted screw - Opto Isoloted |—oC
terminal blocks. The contacis are = = -
rated at 250V AC at 10A. but PCB saed 1= Agray Qutput [=0F
connections should not exceed 50V, & Amp [ { _§
50 a second (slave) relay, sultably Sroaran VERTR
rated, will be needed, and will be Remole ;R“E?;;& s
controlled by the thermosiat’s relay. Pragram Thermostat
Control of both daytime and night- sl -
fime iemperaiures may be set using - - -
the easy-fo-use rotary controls. The Maiwens| | S0/50E
‘dayiime’ control has a conventionaily — Nt
sized knob for sasy adjusiment —
during the daytime by the user, while: Figure 1. System block diagram.
ihe ‘night-ime’ conirol Is a ‘preset,
and adjustable only with the aid of
a screwdriver, This avolds confusion 'sleep’ mode. This is a one-hour activaies {f ihe room temperature ialls
beiween ihe two and prevents the sleep funciion, which can be used to below 5°C (41°F). The ouiput s simply
‘night-time’ setting being accidentaily mainiain the day temperature setting an open collector transisior, which
changed. for one hour in rcoms that are only is actually the ouiput side of an
Manual switch-over from day {o used briefly, such as bathreoms, utility optoisolator IC, so that the alarm
night femperature is also possible by rooms, eic, circuil, in whatever form it might
means of a push-button on the end of The thermostai also has a low- iake, is again elecirically isolated
the unit, which is also used fo sslect temperaiure alarm oufput that from ihe thermosiat elecironics,
Circuit Description
T+ : The circuli is based around a single-
Specmccrtlon chip microconiroller, IC2 in the circuit
Memory capcity: 19 steps %’gmi g’igure 21 Eésﬂogﬁ?hkgi
Minimum iime belween twosieps:  4seconds oniGinsik emcaﬁso E R G Aabor
Temperature adjustment range: 5°C (41°F) to 30°C (B&°F) of exiernal l!glllnesc ar mihlcn S
Relay coniacl rating: 10A/80V configurad in various These.
Low-temperaiure alarm threshold: 5°C (41°F) S lCICaOr I o o speciﬁaa}.l“ Y,
Low-temperature alarm ouiput: Open collecior 70V/50mA max. developed for real-world, interactive
Timer accuracy: Mains ireq;ency dependenti uses; for instance, there are Analogue
at 50 or 60Hz:
Manual options: Day, night and 'sleep’ modes L%D-é]gﬂﬂalmcsgnﬁﬁersu{]mm é?nr&wdedl i
Hysieresis: Selectable between =0-2°C (z0-2°F) ) using cryst al X1 (8MH2)
: qud 294 C 07D / . as the clock for the
SUpply: S0 LN AL internal proc&ssor ol IC2,

1 . — - T
Dimensions: 170 x50 x23mm - | '% ‘ The module
' = an exiernal 5!.11:_);::15!r of

The assembled PCB.
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+V1

tles
100nF T'luF

SW3—1 OPEN HYSTERESIS 0.2 DEGREES
SW3—1 CLOSED |HYSTERESIS 0.4 DEGREES
SW3—2 OPEN PROGRAMMABLE THERMOSITAT
SW3—2 CLOSED |REMCTE THERMOSAT
SW3—3 OPEN 50Hz MAINS FREQUENCY
SW3—3 CLOSED|60Hz MAINS FREQUENCY

+V

Figure 2. Thermostiat circuit diagram.
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@ to 12V AC o operate (l.e. an exiernal
mains fransiormer). In the module the
remaining power supply componenis
consist of D4 o D7 forming a bridge
rectifiar, followed by reservoir C10
and HF suppression capacitor Cb.
From here a stabilised voltage of 5V
DC is provided by VR1 and decoupled
by C7 & CB. R13 is used fotap offa
sine wavaiorm from one side of the
rectifier. and ihis signal is converted
into a logic level compatible square
wave with the help of G5, D3, T2 &
RI1, This is the mains frequency
timing signal and is used as the
clock for IC2, at the TIMER' input.

The ambient reom iemperature
is delecled by a temperaiure sensor
identified as 'SENSOR' in Figure 2.
This is a 3-pin LM335Z IC In a TO92
‘package; the Adjust’ input pin is not
used so the device behaves as a
‘basic temperature sensor with a
linear output of 10mV/K. The potential
across the sensor is applied to the
non-inverting input of IC1, used as a
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differential amplifier, with a divider
chain (R1, R8 & RV1) blasing the
inveriing input af IC1 fo cancel out
the fixed DC ofiset, This leaves only
the change in voliage, caused by
iemperature variations, 1o be
ampilified to a suitable level, the gain
being defermined by R14 divided by
R15. The output is passed to an ADC
in the microcontrolier via PBé.

RV2 &RV3 are the front pans!
temperature adjustment
polentiomelers for 'dayiime’ and
‘night-time’. Again these are

LED

_r

12mm
| max

el ]|

¢ T A R
Figure 3. Cormrect height for the LEDs.

conneclied !QADCS in IC2 via PBO
& PB4. In operation IC2 compares
the ouiput voliage of IC1 (room
temperature) with the wiper vollage
of the relevant potentiometer as
indicated by either LD2 (dayiime’) or
D3 (night-time?). R2 & R3 are current-
limiting resistors for the LEDs, If the
rcom temperature level is less than
the reference level, it will cause PAL
(pin 18) of IC2 to become active high,
turning on the fransistor T1 ‘which will
in turn operate the relay RY1 and -
illuminaie the ‘Heaiing On' LED, LDI.
Dicde D1 is present {o protect T1
against induced EMF generated from
the collapse of the magneiic field
when the relay coll is switched off.
SW1 selects manual or autornatic
operation and is exiernally accessible
as the red buiion on the left-hand end
of the finished unit. SW2 is ithe
pregramming butien, and in parallel
with it are the terminals ‘SW' and
‘GND' for remote conirol operation if
required. Both of these switches are

=



normally open, and the fransisior T3
and associaled componenis are used
io debounce the swilch and produce
a positive going pulse for IC2 via PB7.
PA3 (pin 16) of IC2 is the Tow
temperaiure alarm output, which is
oplolsolated with ithe aid of IC3. The
open collecior ouiput can be used {o
{rigger or operate an exiernal alarm,
and for lighiing yellow LED LD1 on
ihe froni panel, if the room
temperaiure falls below 5C (41°F).
This would obviously indicale some
sort of failure in the heating system.
Poris PB1, 2 & 3 (pins 12, 13 & 14)
are used by the microcontrolier for
delermining some basic operaiing
parameiers on start-up. Each can
be linked o ground (OV) to set the
configurations. Pin 12 selecis behween
a hysterssis of 0.2 or 0:4°C; pin 13
selects between g programmable or
remofe thermostal, and pin 14 is used
{o select the mains frequency (50 or
60Hz) used as the timing signal. Most
often these choices can be made by
insialling wire links in ihe relevant
pairs of PCB holes, but the posiiions
and Igyout of the holes allow ior a
6-pin DIL swilch to be fitied, allowing
ine configurations {o be easily
aliered. For this reason the {acility is
referred to as SW3'. Table 1 denoles
the functions and seftings for SW3.

Additional
Construction Notes

Full consfruction deiails are provided
with the kit, but ihe following
cbservations may be helpiul.

The actual order in which the
componenis are installed, as lisied in
the leailel, may not be the most ideal.
A beiter sequence might be io fit the
smallest componenis first fcllowed by
successively larger items, and leaving
ihe ICs lasi. ICs are susceptible to
elecirosiatic and heat damage, even
while other componenis are being
soldered.

Begin by mounting the wire links in
the positions marked ', but not ihe
group ‘SW3' yel. Fit all diedes D1 o D7,
ensuring correct polarity, Then fit all
resistors, double-checking their values
and correct placament.

Mount all variable resisiors,
followed by the capaciiors. Note that
the elecirolyiics are polarised; the

K6004 PCB
Component side

SENS

ﬁéﬁ

Butt sensor
up against

edge of PCB _\’/_/

Figure 4. Mounting the temperature
sensor IC.

negative lead, identified by a siripe
and () symbols on ihe body, is
inseried in the hole opposite that
marked as (+) on the PCB legend.

The clock crysial can be installed
nexi, althcugh some care s needed
1o avoid overheating during

soldering. It may be prudent to pauss

for several seconds befwesn making
each soldered joini.

Mount the push-io-make swiiches
SW1 & SW2; ensure that they are
pushed down evenly. Mouni the thres
LEDs ensuring correct polarity. The
shorter of the two leads, adjacent lo
the flat on the base of ihe body, is the
cathode, Colours are LDI, yellow; LD2,
Ted; LD3, green. Maximum height
above the PCB should be 12mm {o
reach the ‘windews' in the front
panel, see Figure 3.

Mount the three transistors T1 o T3.
Align the shape of the body o that of
ihe legend and carefully spread the
legs to insert through the PCB holes
until the base of the plastic body is 4
or Smm above the PCB. Be careful
when soldering as fransistors can be
damaged by overheating. The
regulator VRI is similarly mounted,

HVie—— g qovac/0.1A

+Vi-——

triggering relay to the alarm output.

Gnd —e Chd~e— a_,_mv;cém.m pag ol
SuPPLY | | SUPPLY T
AC|l4@D AC :@i E
Ac||4 Ac||a a7 -
; @ Locd | @! Mains
no (@) g no| @) S
el E () ZQ i Mgins NC =@i 23
coM||s@ Rty o coM||s@|  peloy 0
ouT ouT
_KB004 £CB K6004 PCB
% [ —
Mox L-:- Hax o
50mA/70VDC )Euzzsr ?g{gj -
OC Relay
— 9 —O0
FA FA
SISSIS SISISIS)
Keoos =E—=1= o KE0oDs EZ—oiw A
PCB  GNDSW € E TM PCB GNDSW C E TM

Figure 5: a, connections for AC supply input and output for a mains powered
circulation pump, fan or valve; b, connection for a motor-controlled mixing vailve;
¢, connecting an qudible buzzer to the alarm output; d, connecting an alarm

OPEN Hysleresis'0-2 degrees
SW3-1
CLOSED Hysteresis 0-4 degrees
OPEN Programmable thermosiat
SW3-2
CLOSED Remote thermostat
OFEN S0Hz mains frequency
SW3-3
CLOSED 60Hz mains frequency
Table 1. Link function table (SW3).
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and is in the same size and siyle
body. So also Is the sensor IC, but this
is mounied at right angles to the PCB
by bending the leads and filting as
shown in Figure 4,

The relay, as one of the largest
components, Is fitted last, as are the
PCB mounted terminal blocks. Three
of inese are 2-way and one s 3-way,
used to make up compleie 4-way and
5way terminal blocks for electrical
connections at the L-shaped end of
the PCB.
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Possible
Configurations

The basic operating configuration is
set by eilher filling or leaving out the
wire links marked SW3 1,2 & 3, or
seiling the 3-pole DIP swiich ifone is
fitted.

SW3-1 delermines the 'hysieresis’.
Two rangess of upper and lower
temperature thresholds are possible:
if NO link is fitted the range is =02°C
(=0-4°F); or ii ii is filied then the range
is =0-4°C (=0-7°F). The iemperaiure
must fall below ihe lower limit o
energise the oulput relay, and
increase above the upper limit (o
turn i off.

SW3-2 is for seleciing remotie conirol
mede. However, the exirg hardware is
nol available, so please do not fit this
link.

SW3-3 selects the AC mains
frequency siandard depending on
the location. For a frequency of 50Hz,
as in the UK, do NOT fit this link.

Important Safety Note

Because of the wide range of possible
final consiruction methods, uliimalely
deiermined by the consiructor, full
detalls of wirlng connections are not
shown in this article. However, for
saiely reasons ii is esseniial thai a
suitably rated mains fuse and swiilch
is used Ior the mains supply. Whilst by
no means exhaustive, ihe following
recommendations are made:

The PCB connections are not
sultable for UK mains vollags, levels
shotild not exceed 50V. Class [
construction techniques must be
employed; both the case of the unit
and the metaiwork of the mains
transformer must be earthed.

Other precautions and steps
necessary to comply with published
safely standards must be employed
to ensure saiety of the user and
servicing personnel.

Every possible precaution musi
be taken to avoid the risk of eleciric
shock during mainienance and use
of the final unit. Saie consiruction of
the unii is eniirely dependent on the
skill of ihe consirucior.

For your saisty, ii is imporianit
that insulation is applied o all ihe
exposed mains connections.

On no account must mains power
be connected to the circuit while the

December 1984 Electronics — The Mapin Magazine

Before After

Figure 6. Trimming the locking tabs

from the large conirol knob.

umnit is out of ifs case, as mains voltage
is'potentially lethal. The mains must,
thersfore, always be freaied with the
greaiesi respect.

If in any doubt as to the correct way
to build or use this unit, seek advice
from a suitably gualified engineer.

Testing and
Adjustment

A supply of ¢ to 12V AC at 100mA
maximum isTequired, connecied to
the AC’ screw terminals on ihe PCB.
The DC offset null preset RVI needs
o be set up o calibraie the unit. A
calibration meihod more accuraie
than that described in the kit
instructions is as follows: Turn RVI fully
anticlockwise, then press the manual
operating (red) bution once or twice,
uniil ihe day indicator flashes or is
continuousiy lif. Place a thermometer
near o the sensor.

Adjust the day conirol until the
temperature reading, as it would b2
indicated on the front panel scale,
corresponds 1o the thermomeler
reading. Adjust the trimmer RV] uniil
ihe relay is just energised. This means
thai the thermomeier reading
corresponds o the thermostat scale,
The night-time setiing will follow suif.

Mechaniccl Assembly

The unit is housed in an exiruded
alloy case with a blue/grey finish,
containing slois to hold the edges oi
ihe PCB. The slick-on front panel must
be aitached io the housing ensuring
that the holes correspond. Alloy end
plates cover the ends and retain

the PCB; the one with large holes is

at the left-hand end allowing the
MAN/AUTO' bution and temperature

sensor to profrude through. All inpuis
and ouipuis must be connecied o the
screw {erminais before the PCB is slid
into the case. Figures 5a {o 5d show
the various connecitions. Finally ine
large and small adjusting knobs can
be pushed info place and the end
plate fitted. The large knob for the
day conirol has locking tabs on iis
shaft which are noi required; these
should be carefully cut off with a
sharp knile, as in Figure 6.

The Thermostat in Use

The required day and night
{femperaiures are sef using the
variable resisiors. Al first glance ihis
device may seem difficull fo pregram:
without a display, how could you
possibly sat the time? But really it is
quite simple, all you have o do lo
program the day (o night
temperature change is (o press one
button at the aciual time. Every day
from then on it will swiich over at that
precise time, Of course, you are noi
limited 1o this convention as you can
bypass it manually. The program
butien has (o be operated with a long
thin object, for example, a matchsiick,
inseried through the front panel hole.
This is a precaution o prevent
accidential aiteration: Each time ihe
thermostat is switched over using this
program key, the swilch-over will be
repeaied at the same time each day.

Erasing all Program
Steps

Press and hold the program key until
ihe day and night indicaiors are boih
lit. On releasing the program key the
night indicaior should flash. it is
recommended that this Is done on
instailation when the unit is powered
up icr the first time.

NOTE: All program steps will be lost if

the power is Inierrupied.
Manudal Setting of the
Day/Night and Sleep
Funcitions

Depending on the present condiiion,
prass the push-bution on the side
once or more times fo swilch frorm day
to night or select the sleep position.
‘When the indicaior siaris to fiash the
thermostat will stay in this pesition.
The program will no longer be
followed. When the LED is
continuousiy lif, the program will
again be {oliowed, stariing with the
nexi program siep. If the day LED
is.coniinuously lit and the night
indicaior staris to flash the thermosial
is in the sleep position. Day
femperature will be mainiained for
one hour and then the thermostat will
swiich o night. No program sieps can
be entered in the sleep posiiion. |E}

Parts List printed on page 80.
i



A readers forum for your views and comments.
If you want to contribute, write to:

Endangered Species? |
Dear Sir, |
| hava two points | would fike to share
with fellow readers: |
| really enjoy reading Electronics — l
The Mapiin Magazine but | would find
it more enjoyable if there wasapage. |
purely for readers to print their own
5‘::;'-1 ideas and diagrams, ea.;e;}L if
are quite basic projecis. | think
many people would agree that this is
a good idea and would write in with
interesting
My other point |slha:youamha\mg
less projects in the magazine and |
am sure that readers would enjoy the
magazine a lot more if there were
more projects for them to buiid.
Oliver Lindley, Buckfastieigh,
Davon.

Thank you for your comments about
readers circuits, we already publish
such circuits in Electronics, undsr the
titte Circuit Maker (ses page 30), but
this is on an ‘as and when' basis and
it has been quite some time since the
last Circuit Maker was published. If 1
receive readers’ Simple circuiison a
regular basis, | will ceriainly consider
making them a reguiar featurs.
The R&D tsam are cumrently
looking at ways of developing more
projects svery month, but this is a
considerable task since we don't
Just slap any old idzas togethsr and
publish them. Projects are all fully
deveioped, Ired and tested so we
can guaranies that they are easy

to busid, and thay'll work safely and
consistently well if built as described.
We fry to make projscts as flexible
as possible, so that thay can be
used as building blocks fo form larger
systems. Also we ensure that all of

the componenis are to be
readiy avaiabie for the next few
years, as well. We think this is a

responsible atfitude to our readers
and custorners — quality Is far more
important than sheer quantify as I'm
sure you'll agree. You won't get this
kind of commitment from any oiher
magazins.

Bells and Boilers

an'neNmenmergérssneyou
published an article on a Tel
Bell Repaater. | have required one for
some time but have not had the time
to sit down and make ons, probliem
now solved, well partly. | also nesd
a delay syslem to irigger the answer |
phone. In a large house such as ours |
we cannot gat to the phone before
the answer phone picks up the call,
be it incoming or extemal (we have
a PABX). What is the possibifity of
you preducing a dslay switch for this
purpose so that we could lsave the
machine swilched on but delay the
pick-up for about 40 seconds. | could
do it on tha sysiem ii | had a spare
extension, purely for the answer

=, but none are available.
in the December 94 issus | note
that you are featuring a Day/Night
Themmosiat [see page 73— Ed.|
This is another davica | hava been
planning to maks myseif, and already
have in crude form, as we require to
maintain heating at all times, but lower
at night. | look forward to this article
and kit. Wil you also extend this
and producs a bodler optimiser which
delays boiler firing — accomding to the
various firms now producing such
devices they show savings of at least
20%: on heating bilis.
R. D. Simmons, Uffculme, Devon.

| am pleased to hear that you will find
the Telephone B2l Repeater and
Day/Night Themmostat projects ussful.
A defay unit for an answer phone is a
good idea and quite
simpla, but since it would require
direct connection betwesen the fine
and the answer phone the unit would
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well read it and find out!

STAR LETTE-R

In this issue, Mr J. Connell, of Plean in
Stirling, wins the star letter award of a
lin £5 Gift Token for his letter about. .

1 2. 0. 0. 00000066080 6.6 8¢

Just Jokmg.

Iha\reapro;edma!lhavabaan
thinking about building for some

tims, but never seem to have the time
fo do anything about. It would consist
of a small infra-red remats control
transmitter which would cutput
random vaiid codes. The idea being
to sit in my local pub whilst everyone
was watching football or soms

other rubbish on the TV, swilch the
transmitter on and wait. The sound on
the TV would go up/down, channels
waould change, stc. Ideally it would
be small encugh o hids in an empty
packet of cigarettes (it would also
save ma from being thrown in the canal).
Thanksforad%reatmg a very fast
and efficient n-erysam::eand
innovations such as CashTel Along

with the Bank of Scotland's Home and

1 288002200 ¢¢8.0.6.0.0.¢ 0

require BABT types-approval for it to
be used legally. This unfortunately
rules out 2 Mapin kit being produced.
The answer phona itself will already
have an answer delay oircuit (so it
dﬂ&m‘ranswerhmvedﬂféﬁ-)%gd
the timing compenenis couid
modified to increase the delay, but
sinctly spasking, such a modification
would technically invalidate the
BABT approval on the unit. A typical
amangement would be a bridge
rectifier connected fo an optocoupler,
S0 as fo triggsr a monasiable, if the
nnging signal is still presant after
the monostable has timed out, the
answer phone will answer the call.
Fortunately, boller economissrs

are not subject to BABT approval
requirements! So no

there — would any other readsrs

be interestsd in a project o reduce
heating bills? Silly question really; 11l
pass the idea on to the boys in the Iab! |

Oifice Banking Sesvice, | can sit at my
Amiga, play games, pay my gas bill
and order all my electronics siuff at
the touch of a button (and the wife
doesn't even knowl).

With friends fike you, who needs
enamies? If any of your drinking
males read Electronics wafch out
because you might st end up in the
canal, or worse . . . You'd better hida
this issue from you wife as well
othenwise shelll realise what you're up
to whean she thinks your zapping up
some innocent alien crealuras on
your computer! Your praciical jokes
renmdmeofwhfn!usadrmmmr

apprecite it and usually managed
to get their own back some wayar
anoiner, but that's another story . .

Bright Sparks
Dear Sir,
It was interesting to se= the design for
the Live Wire Game (Juns 94 Issus)
just as | was about to go off to my first
féte with a game of my own design,
also basad around a 555 but witha
diiferent fecounting
Surprisingly, in an age used {o
sopmstm‘tedcempmergarr
sanpledwmsﬂ]lgenerat&s
a lot of interest and fun.
Although 99°: of psople play fair,
there is always a cheat that is worth
knowing about before you start giving
away prizes. If the loop is touched
onto the wire and then rapidly moved
along while still in contact, you can
cheat your way along sections of the
wira. In fact, keep the loop firmly in
contact with the wire and you can
ste the course for the loss of

compt
only ona lifa

A solution, which invalves no changs
o the electronics, s o insulata 5
number of poinis along the wire,
using litit2 rings of heat-shrink
siesving, plastic beads, or simply
dahs of paint or giue. PuILng the loop
along will now generale a senes of
makes and break rather than a steady
contact, and the lost ives will clock up.
For more enterainment value, buikd

a big scale circuit on a baseboard and
operale it with no cover [the project

is exira low voilage gowered so this
is guite safe —Ed\]. Youngsiers will
crowd round to ses how it works, and
wio knows, you may even foster an
interest in electronics. Add excitement
by u&ngmemﬁpmtudnw sifens,

big clicking relays or an electio-
mechanical counter. As the [g

will hava to work for four to five hours
at a strefch, consider using Yuasa
sealed lead-aci batieries as the
POWEr Source — mine uses two 8Y
4Ah types.

M. Ashby, Southgate, London.

Thank you for your comments and
suggestions. ﬁ%mmmr
projects, we exhibisd the Live Wirs
Gzame on the Mapkin stand at the
Eari’s Court Live 94 exhibition in
Seplember— it proved o afiract a
great deal of inferest, often there
would be a queue of people waiting
to have a go! In practice, we found
the Live Wire Game very cheat proof,
and believe me some pretly diverse
Smf;;;jvmadmngndaﬂ ;
(: aven disconnecting
the power whilst wa waran't Jooking!)
Whist in theory, the method of 4
you mention is quite vald, in practice
the surface imperfections in the wirs,
plus the delibarately introduced
bends, ensure that there is sufficient
ecntact bounce lo prevent this cheat
from working. Add the i
secticns by all means, but it really
isn'ta m. For those readers
whocﬁdnfbmfda Live Wire Game
during the summer, the dark evenings
will provide an excellent opportunily to
buiid one ready for next year's féte,
nothing like forward planning eh? | am
sure that it would a'so provide much
family fun during the fesiive season
and come as a walcome refisf from
the nommal repeats on TV,

Dfesel Dilemma

Iwaspleased to see the recent Lamp
Fallure Monitor project, k' made a
change from the run-of-the-mil
automotive projects, not that they
are not all !
Suggsstion for a future project. a
non-contact mgrhod of dellemﬁning 2
engine speed by means of a variab
frequancy strobe light complste with
a meter calibrated in RPM and fiash
frequency. The idea being thal you
increase the strobe fiash frequency
until a dot on a rotating part appears
stationary. ldeal for determining the
speed of dissel enginas or any
rotating objsct.
Publishing an index for Electonics
is a greal idea. | assume that the
editorial department has it stored on
computer. How about seliing copies
of the data on disc? Most applications
can import files so the choice of cufput -
format would not appear too difficult.
It seems superfiucus to say whata
wnmsftenﬂy high standard Elecfronics
= Maplin Magazine maintains.
R. Savage, Hayes, Kent.

Thanks for the pasitive feedback
about the magazine in general, and
car projects. All such
suggsstions ars most welcome.
We will investigaie the possbility of
making the magazing index avallable
on gisk, would other readers find
this ussful? We might even consider
pasting a copy of the index, in several
diffsrent file formats, on an Intemet
itp server or a BBS or even both!
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FILTERS - Confinued from page 72

Re=0  0.667F oF
l_._ll—o—l
0.75H R|=1n[|
I o o—l

Transformed to high—pgass
Change copocitors fo induciors
and vice versoc. New € wvaolue=
1/(old L volue) and vice_versa

Rs=0 555 6nF 1.867uF
=" |
? Ezamﬁg _&19
>

Scoled tc 191Hz carner frequency
and 1k lood resistonce

Bivide L and C values by ZPIEF=1200

Multiply L volues by 7 factor=1000

555.6nF ] 1.667uF ]

rRi=1xa[]

625mH

40.53nF

G

Branches luned to 1kHz

Figura 32

complex effect in FM receivers which
causes the noise output in the presence of
a weak, modulated input signal to be very
much greater than with no signal input.
The filier must not attenuale frequencies
other than 1kHz by very much, and must
accommodate the tolerances on modula-
tion frequency of typical FM signal genera-
tors. In spite of the steep sides of tvpical
passive notch fillers, their band-stop O, is
low: so that there is a very large bandwidth
over which the attenuation is 3dB or more.
This leads to unacceptable attenuation of
the signals to be measured. Also, the un-
certain notch atienuation and centre
frequency of a notch filter can affect
the accuracy of measurements. For these
reasons, a narrow-band band-stop filter
is required: this is best realised as a passive
filter because, like band-pass filters, active
band-stop filters require several ap amps.

A slightly modified version of the specifi-
calion is:

Centre frequency: 1kHz.

Atienuation —1dB maximum at 800Hz
and 1,200Hz.

Attenuation —3dB at 908Hz and 1,110Hz.

Attenuation —60dB minimum at 991Hz
and 1,009Hz.

Attenuation —75dB minimum at 1kHz
ithis affects the O requirements of the com-
ponents).

First of all, we note that there are two
pass-band attenuation requirements, and
two in the stop-band. Of the latter, the limit
at 1kHz is special because it is determined

December 1934 Elecionics — The Mapin Magazine

+1dB-

0dB8— ; -
—1dB-
—3dB—

2L irfy

Response dB relative

—60dB -

—=75dB-

-

[]

208

]
200 800

Figure 33.

] ] T
10089 1200
1000, 1100

]
981 15000

only by the resistive losses in the com-
ponenis, not by the filter shape.

It is most straightforward to base the
design on the —3dB bandwidth and the
—60dB bandwidth, and check the design
afterwards to see if it satisfies the other
requirements. We need to check for
logarithmic symmetry:

7809 X 1,110 = 958995
1991 > 1,009 = 999-96

These are adequately close to each other
and to 1kHz fwhich, yvou may guess, is no
accident).

The shape factor As = pass-band
width/stop-band width, which is:

191718 = 106

So, we need a basic low-pass filter, whose
attenuation o is at least 60dB at 10-6 times
the corner frequency. Using the formula
for the order of filter required:

a*log2 005X«

nz =
6 X log As log A-

= 294

This indicates that, with accurate
component values and low losses, a third-
order Butterworth filter will do. We need
low losses anvway, to meet the attenuation
requirement at 1kHz. However, we have o
checkwhether a third-order filter will meet
the —1dB attenuation limit at 800Hz and
1,200Hz. The attenuation ¢ in decibels of a
third-order Butterworth filter is given by:

=10 % logl1 + &)

Q is the normalized frequency, which is
what we have. For praciical reasons, it is
also called the shape factor. The shape fac-
tor for the 1dB bandwidth is 191/400 =
0-4775, so that attenuation of the third-
order filter is:

o= 10 % logll + 04773") = 0-05dB
which is well within the specification.

We are not given any specification for
load impedance, but the filier will be con-

Figure 32, Practical band-stop filter.
Figure 33. Frequency response limits of the
1kHz band-elimination filier.

nected to the loudspeaker output of a radio
receiver, which presents a very low source
impedance. We, therefore, assume for the
moment a load impedance of 1kQ, which
we can alter by scaling if the filter com-
ponent values prove impracticable. The
design steps are shown in Figure 32, while
the specification of the filter is shown
graphically in Figure 33. It turns out thatwe
do naot need to alter the load impedance,
because all the component values are
practicable.

It remains to check the component Q
requirement in order to meet the specified
attenuation at 1kHz. To do this, we replace
all the tuned circuits by their resonant
impedances, which are pure resistances of
value Q'oC for the parallel circuits and
wl/Qfor the series circuit (Figure 34), Since
the overall attenuation is high (75dB mini-
mum/, we can assume that:

3,927/0 << 95490
and
g95-490@ => 1,000

These assumptions change the problem
of finding Q from solving a cubic equation
to calculating a cube root, which is much
simpler. The circuit breaks into two L-pads,
whose attenuations are:

286-5Q/13,927/Q) = 286-5Q73,927
and
95-490'1,000

5o the overall attenuation is the product
of these, which is 0-00697 Q. We want this
to be at least 75dB, which is 5,623, so:

Q° = 5,623/0-00697 = 807,136
giving
Q=931



This is the minimum value of @, and
requires the use of low-loss capacitors
ipolycarbonate, polypropvlene or poly-
styrene) and adjustable high-Q ferrite pot
cares, bul is quite practicable. The capaci-
tors can be made up from preferred values
in parallel, but the inductors have o he
wound. It is actually practicable to wind
them on a simple hand coilwinder; very
thick or very thin wire is not required, and
there is not a very large number of turns.

When the filter is buill, the tuned circuits
are aligned separately, by adjusting the pot
cores, 0 resonate at 1kHz.

Other Families of Filter
Response

Butterworth filters are very useful, but we
have seen that Bessel filters have betier
phase characteristics, at the expense of a
much more rounded corner on the fre-
quency response curve. We usually want
the opposite: a sharper corner and not so
much attention to phase shift One way of
achieving this is to move all the poles of the
filter closer to the jo axis, by the same
amount. This corresponds to a higher filter
Q: the reactances increase while the load
fand sourcel resistances stay the same. The
poles then lie on an ellipse instead of a
circle, and the frequency response in the
pass-band wriggles lor ripples) between
constant limits. If these limits are small
enough {such as =0-2dB), we may well
accepl them. Such filters are called
Chebyshev filters (or other versions of the

Rs=0 288

5Q 95.49Q

3927/a [] Ry=1kA

e
W

Figure 34.

Figure 34. Equivalent circuit of the
band-stop filter af resonance.

Russian spelling, such as Tchebycheff),
after the mathematician who studied func-
tions that wriggle between constant limits.

It is possible to design Chebyshev filters
using pure mathematics rather than tables
of component values, but it is quite compli-
cated. Tables of values, typically for ripples
of =0-1dB to =1dB, are given in books on
filter design. The corners of filters, with
even 0-1dB ripple, are notably sharper than
those of Butterworth filters of the same
order; but the phase shifts are larger and
less uniform. The demands on component
Q are also considerably increased, and the
response shape is much more sensitive to
changes in component values. For this
reason, the home consiructor is probably
confined to using only active Chebyshev
fillers oflow order and lowvalues of ripple.

Another family of filters has zeroes in the
stop-band, which are very useful if there
are particular unwanted frequencies

which are present at high levels, and thus
need special attention. These are called
elliptical filters (also Cauer filters and
Darlington filters), which has nothing to do
with any physical shape (unlike helical fil-
ters!), but so-called ' elliptic functions’ occur
in their mathematical analysis. Apart from
the filter order, there are two other par-
ameters associated with elliptical filters; the
reflection coefficient and the modular
angle, so a very wide selection of response
shapes is available. The mathematics is
somewhat horrendous, and such filters are
almost always designed from tabled values
or compuier programs. There are ripples
in the pass-band, as for Chehyshev filters.
Some other fypes of filler have been
investigated for the specific application of
loudspeaker dividing networks. I dealt with
Linkwitz-Riley filters, which are simply two
identical Butterwaorth filters in cascade, in
my series on waofer design, but there are
some other types. Quasi-Butterwaorth fillers
are very nearly flat in the pass-band, and
are derived from the normal filter of one
higher order. Sub-Chebyshev filters are
similarly related to Cheb\'shm filters, but
inverse Chebyshev filters wriggle in the
stop-band instead of the pass-band.

Next Time

Subijects siill to come are notch filters and
coupled tuned circuits. Also, [ hope to deal
in due course with ICs specially made for
filter applications, opening up some more
advanced active filter configurations.

DAY/NIGHT THERMOSTAT - Confinued from page 77.

DAY/NIGHT THERMOSTAT PARTS LIST
RESISTORS: All '/.W Carbon (Unless specified) SENS LM335Z 1
R1 2Kk7 1 LD1 S5mm Red LED 1
RZ.3 5600 2 LD2 5mm Yellow LED 1
R4 2K2 1 LD3 Smm Green LED 1
R5 1k8 1 .
R&,7 1k 2 MISCELLANEOUS
RE 1k5 1 8-pin DIL Socket 1
R9-11 47 3 20-pin DIL Sockst 1
R12 3300 1 é-pin DIL Socket 1
R13 47k 1 X1 8MHz Crysial 1
R14 180k 1% Meial Film 1 SWil Righi-angled PCB Click Swiich1
RIS 20k 1% Meial Film 1 sSw2 Low Profile PCB Click Swiich 1
RV1 1k 1 Ji,3.4 2-way PCB Screw Terminal 3
V2,3 5k or 4k7 2 J2 3-way PCB Screw Terminal 1

RY1 SPCO 12V PCB Relay 1
CAPACITORS PCB 1
CI,2 18pF 2 Case 1
c3.4 470pF 2 Large Knob 1
Ch 1uF 1 Small Knob iy
Cé,7 100nF 2 Froni Panel 1
c8e9 1yF Elecirolyiic 2 Leaflet 1
Ci0 220uF Elecirolyiic 1 Component Schedule 1
SEMICONDUCTORS 3 o X - -
D1-3 1N4148 3 The _IvI!crp]n—_L Gal-You-Working Semce_ is available
D4-7 1N40O1 4 for this project, see Constrnuctors’ (.Eutc:e or current
11,2 BCo47 2 The above ffems aro avedlablo tn it form on!
T3 BCSS? 1 ove liems are avi e orm only.
VR1 UAT7ELO5 1 Order As VF36P (Day/Night Thermostat Kit) Price £49.99
IC1 CA3160 1 Plegse Note: Some paris, which are specific o this project
1cC2 ST&4210 1 (e.g., FCB), are nct gvailable separataly.
1C3 CNY17-2 1

8
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These desoripfions ore I'\:j'—_‘.ﬂ"’ short. Pleos enuws lrﬂt you knaw
kit bs ond w carrpme: before

E 390 F £4.45,G 55"4: H 24, éJ

PSYCHEDiLlC WAH WAH PEDAL

Recophsre the dossic soun :1-:5 the 70s with fis supsrh "90s
“-—,rs.:ag,' Wen Weh Peand The kit induses o rn';a:f*.‘-rf.w foct
pedolord i H:Edvx:%t?g ‘i3 ond efher musiend ingrumenis.
Orcer ox: (T43W, £34.99 B3 Deiols n Elacroaizs No. 82,
Ociober 1994 [XARZD)

YOU MISS
THESE
PROJECTS?

INDUCTANCE/CAPACITANCE
METER ADAPTOR

Add indurinnes emd axcocitonce rangss b your basic digital
mufimeter. This dever unlt prodhaces o DC woliogs proporfional 1o
#1a iducionce orcopociones under 54 which eon be megsured
by your exising me. (Cosz not indluded in bt

Qrder 0 RUIBR, £39.95. Defoils in Blecironice No. 82
Ocioger 1994 [?A_’ﬁ"r‘]

Maplin: The Positive Force In Electronics

Al terms whinet 1o owoilobily, Prices inclods VAT

LOUDSPEAKER PROTECTOR
Help profect your valuable Figh-power budiceokes from being
aomaged by DC voliogss produced by o foudly omplifier, This it
o:rmr-'; menitaes fha input S the specier and ‘disconnecsy’ it f
o DC voioge is osleded.

Ordzr ax: V44X, £9.49. Detajls in Elactronics Ne, 82,

Ociober 1994 [XAB2D),

INTELLIGENT CAR INTERIOR
LIGHT CONTROLLER |

Agd the comvenience of this nilipenf dede o yourcor. B
enly ke=os the inferior fight on for 30 seconds ofier hadoor is shut,
bt olsa hums it oF it #e igmiion is switched on hefore 230
seconds siapse:. Pls, it urns off the indesior light ofier ten minutes
o door it O”\_JEI‘E ik open, oveiding drowing fhe bty
[Cass nat inchucied nirn}

Order as: [T65V, £9.99. Details in Elsctranics Mo 82
Ocioker 1994 [XAB2D].

2 METRE FM RECEIVER

An insxpentve 2 Mefre frequency modulation EF.a\! recever Ideal

Pa'—f:.ar._ﬂrrt',,za g o, or for the dadh enthusiod
who wanfs ko meniter o local FrE;JE'x_. whilet kes fﬁg mare

sophisficated equipment free. (Case nat indoded in bt}
Orgze ox: CP21X, £31.95. Details in Fectonics
Monember 1994 [MAB3E)

Mo. B3,

STEAM WHISTLE/ 2-TONE DIESEL HORN

A mest for serices moddl froin entusioss! Thees me
ot allow either or bofh souncs o be ployed Ths kit reafly dose

s sverying - men e whive ord hem sounds ore s

Ordar os: Lré.r £14.99. Details in Hecironics No. 83,
MNevemer 1994 (XAB3E

41 8MH1 ENCODED FM TRANSMITTER

A, DTl opproved fransmifer which ean be sncodd wih ere df oer
4,000 different codss. The Fonamitier con be tiogered by o dos-
ing swikch centod, which con be smply a porh-betion, crarey
B".Gm'l'gﬂ.{ﬂ:lmw“mcéﬁraq ST, £, e Iesapnaﬁ:
Bl Repeater kit, [T87X_ Arghientions indhuds remate coniral, wire-
kst scurity sysisms, poging, help bisiens, ond much more
Order ax: 1T87U, £26.99. Deloils in Electronics Mo.82
Noverrber 1994 (XAB3E)

=]

418Ml-|z ENCODED FM RECEIVER

ADN W/ed racsreer o Use with the A1BMHz Encoded FM
Tronsmiter. The receiver will ondy reépond in a tmnemifr st with
e some code.

Whan o comreclly eaded signal is deteced by fhe receiver, on LD
lighss ond o piero sounder operaias Fifing a relay [nct suppied)
in plozsoh the prezo sounidsdllows the meiver b cprnts oher
elertrical equinrent for remoe el opplicofions. [Case mot
included in kit )

Ordsr os: [T88V, £39.99. Deinils in Flactranics No. 83,
MNovember 1994 (XA835

400W MONO/STEREO AMPLIFIER

Acompoct ond robust ampiier with @ dow harmaonie ddatfondf
nr\,'ﬂ-f'}l."'a‘lEH-r i vy be aonfigired ot sther 0 s
eempiiier produding 1060W rm_pa'duneJ i AL} speahers, o
as-a bridged mono omplifier prodisding 200W rms indo o singls
40) speaier Tobol music outout is 400W. Power weply volioge is
=30 1235V DC for 40 speches ormono, ond 240 1o =45V DC
for B spenkers [Spacker nofinchded in kit

Crder os: VRO, £59.99 H10. Deteds in Factonis No. 83,
Novermioer 1994 [XAB3E]

TELEPHONE BELL REPEATER
-

Retpuining no direct conneciion o the igdaphons sysem, $is i
picks up e ringing sound ond repegts itelsewhere via o remolaly
wired plezn scunder. Alismatialy the repentsr con be tomnacid
o the 41 BMHz Ercodad M Tronsmites ord Receiver, LTR7U andd
LTBBV, o produce o wireless telephons pager. (Box not induded
in bat )

Order as: 1T67X, £10.99. Datoils in Electronics No:. 83,
Mowsmber 1994 [(AB3E}
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