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PLANET JUPITER RECEIVER 
i  An easy-to-build radio astronomy project
i  Listen in to Jupiter and the Sun
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Building and powering this exceptional amp
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Everyday Practical Electronics Magazine has been publishing a series of popular kits by the acclaimed Silicon
Chip Magazine Australia. These projects are 'bullet proof' and already tested down under. 
All Jaycar kits are supplied with specified board components, quality fibreglass tinned 
PCBs and have clear English instructions. Watch this space for future featured kits.

KC-5414 £11.75 plus postage & packing
Lead acid batteries are very common in modern life, and
are a very versatile power source. Unfortunately, the
chemical reaction inside the cells can be the very thing
leading it to a premature death. This simple circuit is
designed to produce bursts of high-energy pulses to help
reverse the damaging effects of sulphation in wet lead
acid cells. This is particularly useful when a battery has
been sitting for a period of time without use. The effects
are dependant of the battery's
condition and type, but
the results can be quite
good indeed. 

• Kit supplied with case,
silk screened lid, leads, inductors,
and all electronic components.

Featured in EPE July 2007

LEAD-ACID BATTERY ZAPPER KIT

KC-5470 £27.75 plus postage 
& packing
This ultra low distortion amplifier
module uses the new ThermalTrak
power transistors and is
largely based on the high-
performance Class-A amplifier
which was featured in SILICON
CHIP during 2007. This improved
circuit has no need for a quiescent
current adjustment or a Vbe multiplier transistor and has
an exceptionally low distortion figure. Kit supplied with
PCB and all electronic components. Heat sink and power
supply not included.

Output Power: 135WRMS into 8 ohms 
and 200WRMS into 4 ohms
Frequency Response at 1W: 4Hz to 50kHz
Harmonic Distortion: <0.008% from 20Hz to 20kHz

Also available:
Power Supply Kit for Ultra-LD Mk2 200W Amplifier 
(KC-5470) - KC-5471 ₤16.25

Featured in this issue of EPE

ULTRA-LOW DISTORTION 135WRMS
AMPLIFIER MODULE

KC-5392 £6.00 plus postage & packing
Many modern cars feature a time delay on the interior
light. It still allows you time to buckle
up and get organised before the
light dims and finally
goes out. This kit
provides that
feature for cars
which don't already
provide it. It has a soft
fade out after a set time has elapsed, and features 
much simpler universal wiring than previous models 
we have had. 

• Kit supplied with PCB with overlay, 
and all electronic components.

• Suitable for circuits switching ground or +12V or 24VDC
(car & truck with negative chassis.)

• PCB: 78 x 46mm

Featured in EPE February 2007

COURTESY INTERIOR LIGHT DELAY KIT

KC-5424 £6.75 plus postage & packing
This versatile kit will allow you to monitor the battery
voltage, the airflow meter or oxygen sensor in your car.
The kit features 10 LEDs that illuminate in response to
the measured voltage, preset 9-16V, 0-5V or 0-1V ranges,
complete with a fast response time, high
input impedance and auto
dimming for night time
driving. Kit includes PCB
with overlay, LED bar
graph and all electronic
components. 

• 12VDC
• Recommended box: UB5 use HB-6015 ₤0.83

Featured in EPE November 2007

VOLTAGE MONITOR KIT

KC-5463 £5.25 plus postage & packing
A handy regulator to run a variety of devices such as CD or MP3 players from your car cigarette
lighter sockets or even powered speakers from the power supply inside your PC. It will supply
either 3V, 5V, 6V, 9V, 12V or 15V and (when used with an appropriate input voltage and heatsink)
deliver up to four amps at the selected output voltage. Kit includes screen printed PCB and all
specified components. Heatsink not included.

• PCB: 108 x 37mm

Featured in this issue of EPE

IMPROVED LOW VOLTAGE ADAPTOR KIT

September 2010

Freecal l  order:  0800 032 7241

FEATURED KITS
RFID SECURITY MODULE RECEIVER KIT

KC-5393 £28.95 plus postage & packing
Radio Frequency Identity (RFID) is a contact-less
method of controlling an event such as a door strike
or alarm etc. An "RFID Tag" transmits a unique code
when energised by the receiver's magnetic field. As
long as a pre-programmed tag is recognised by
the receiver, access is granted.

This module provides normally
open and normally
closed relay contacts
for flexibility. It
works with all EM-4001
compliant RFID tags. Kit
supplied with PCB, tag, and
all electronic components.

Featured in EPE August 2007

HIGH CURRENT MOTOR
SPEED CONTROLLER KIT

KC-5465 £26.25 plus postage & packing
Controls a 12 or 24VDC
motor at up to 40A
continuous and
features automatic
soft-start, fast switch-
off and a 4-digit display
to show settings. Speed
regulation is 
maintained even under
heavy loads and the system 
includes an overload warning buzzer and a
low battery alarm. Kit contains PCB and all specified
electronic components.

Featured in EPE December 09/January 10

PROGRAMMABLE HIGH 
ENERGY IGNITION KIT

HIGH PERFORMANCE 
12V STEREO AMPLIFIER KIT

KC-5442 £27.75 plus postage & packing
This advanced and versatile ignition system is suited for
both two & four stroke engines. Used to modify the factory
ignition timing or as the  basis for a stand-alone ignition
system with variable ignition timing, electronic coil control
and anti-knock sensing.

• Timing retard & advance
over a wide range

• Suitable for single
coil systems

• Dwell adjustment
• Single or dual mapping

ranges
• Max & min RPM adjustment

Featured in EPE September/October/November 2009

KC-5495 £13.25 plus postage & packing
An ideal project for anyone
wanting a compact and
portable stereo amp
where 12V power is
available. No mains
voltages, so it's
safe as a schoolie's
project or as a beginner's
first amp. Performance is
excellent with 20WRMS per
channel at 14.4V into 4 ohms and THD of less than
0.03%. Shortform kit only. Recommended heatsink 
Cat. HH-8570 ₤2.00

• PCB: 95 x 78mm
• 12VDC

LOW COST PROGRAMMABLE INTERVAL TIMER KIT

KC-5464 £10.25 plus postage & packing
Here's a new and completely updated version of the very popular low cost 12VDC
electronic timer. It is link programmed for either a single ON, or continuous
ON/OFF cycling for up to 48 on/off time periods. Selectable periods are from
1 to 80 seconds, minutes, or hours and it can be restarted at any time. 
Kit includes PCB and all specified electronic components.

• PCB: 102 x 42mm

Featured in this issue of EPE

FEATURED
THIS MONTH

FEATURED
THIS MONTH

FEATURED
THIS MONTH
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HOW TO ORDERPOST & PACKING CHARGES

jaycarelectronics.co.ukOrder onl ine:  www.jaycarelectronics .co.uk

Note: Products are
despatched from Australia,
so local customs duty &
taxes may apply.

Prices valid until
30/09/2010

Max weight 12lb (5kg)

Heavier parcels POA

Minimum order £10

Order Value Cost
£10 - £49.99 £5
£50 - £99.99 £10
£100 - £199.99 £20
£200 - £499.99 £30
£500+ £40

• All pricing in 
Pounds Sterling

• Minimum order £10

WEB: www.jaycarelectronics.co.uk
PHONE: 0800 032 7241*
FAX: +61 2 8832 3118*
EMAIL: techstore@jaycarelectronics.co.uk
POST: P.O. Box 107, Rydalmere NSW 2116 Australia 

*Australian Eastern Standard Time 
(Monday - Friday 09.00 to 17.30 GMT + 10 hours)

Expect 10-14 days for air parcel delivery

NEW SOLAR
KITS!

KC-5434 £5.00 plus postage & packing
An extremely useful and versatile kit that enables you to
use a tiny trigger current - as low as 400μA at
12V to switch up to 30A at 50VDC. It has an
isolated input, and is suitable for a
variety of triggering options. The
kit includes PCB with overlay
and all electronic components
with clear English instructions.

Emergency 12V Lighting Controller
KC-5456 £20.50 plus postage & packing
Automatically supplies
power for 12V
emergency lighting
during a blackout.
The system has its
own 7.5Ah SLA
battery which is maintained via
an external smart charger. Includes manual override and
over-discharge protection for the battery. Kit supplied with
all electronic components, screen printed PCB, front panel
and case. Charger and SLA battery available separately.

Battery Zapper Mk III
KC-5479 £23.25 plus
postage & packing
The popular battery
zapper kit has gone
through a couple of
upgrades and this is the
latest easier-to-build version. Like the original project
from 2005, it attacks a common cause of failure in lead
acid batteries: sulphation, which can send a battery to
an early grave. The circuit produces short bursts of high
levels of energy to reverse the sulphation effect. The
battery condition checker is no longer included and the
circuit has been updated and revamped to provide more
reliable, long-term operation. It still includes test points
for a DMM and binding posts for a battery charger.

• Not recommended for use with gel batteries
• PCB with solder mask and overlay 
• Components
• Screen printed machined case
• 6, 12 & 24VDC

SLA Battery Health Checker Kit
KC-5482 £23.25 plus postage &
packing
The first versions of the battery
zapper included a checker circuit. The
Mk III battery zapper (KC-5479) has a
separate checker circuit - and this is
it. It checks the health of SLA
batteries prior to charging or zapping
with a simple LED condition indication
of fair, poor, good etc.

• Overlay PCB and electronic components
• Case with machined and silk-screened front panel
• PCB: 185 x 101mm

Fast Ni-MH Battery Charger Kit
KC-5453 £12.50 plus postage & packing
Capable of handling up to 15 of the same type of Ni-MH
or Ni-Cd cells. Build it to suit any size cells or cell
capacity and set your own fast or trickle charge rate. It
also has overcharge protection including temperature
sensing. Kit includes solder
mask & overlay PCB,
programmed micro and all
specified electronic
components. Case,
heatsink and battery
holder not included.

• PCB: 98 x 53mm

3V to 9V DC to DC Converter Kit
KC-5391 £4.75 plus postage & packing
This great little converter allows you to use regular Ni-Cd
or Ni-MH 1.2V cells, or Alkaline 1.5V cells for 9V
applications. Using low cost, high capacity rechargeable
cells, the kit will pay for itself in no-time! You can use any
1.2-1.5V cells you desire. Kit supplied with PCB, and all
electronic components.

• PCB: 59 x 29mm

Motor and Lamp Controller
AA-0347 £15.50 plus postage & packing
Continuously controls the speed of 12VAC motors
and can also be used as a dimmer for
incandescent lamps. With the
addition of a rectifier, it can also
be used to control DC motors
and if you add a 100k or
200k pot, you can control 24
or 48V devices. Suitable for
iron core transformers only. 

• Mode of operation: Phase control
• Control range: approx. 0 - 90 %
• Loading capacity: for resistive or 

inductive loads up to 10A max
• Dimensions: approx. 87(L) x 60(W) x 32(H)mm

3-In-1 Solar Robot Kit
KJ-8928 £7.25 plus postage & packing

A 3-in-1 solar robot kit that easily

transforms
into three
intergalactic
robotic designs.
See how solar
power drives the
motor forcing
three robots to
make different movements. On a cloudy

day, have some indoor fun and use a 50W

halogen light. Projects include a tank, robot and a

scorpion.

DC RELAY SWITCH KITBATTERY KITS

POWER KITS

KC-5377 £9.75 plus postage & packing
This is a universal module
which can be adapted to suit
a range of different
applications. It will trip a
relay when a preset voltage
is reached. It can be
configured to trip with a rising or falling voltage, so it is
suitable for a wide variety of voltage outputting devices
eg., throttle position sensor, air flow sensor, EGO sensor. It
also features adjustable hysteresis (the difference between
trigger on/off voltage), making it extremely versatile. You
could use it to trigger an extra fuel pump under high
boost, anti-lag wastegate shutoff, and much more. Kit
supplied with PCB, and all electronic components.

• PCB Dimensions: 105 x 60mm

UNIVERSAL VOLTAGE SWITCH

KC-5490 £23.25 plus postage & packing
This kit intercepts and alters the signal from engine
sensors that supply a voltage signal to
the engine control unit (ECU).
Restore correct air/fuel ratios after
engine modifications, prevent engine
boost cuts or alter sensor signals for
improved driveability. Requires hand
controller for programming, RS-232
cable and a suitable input
signal. Kit includes PCB, case
and electronic components.

• 12VDC
• PCB, case and components

VOLTAGE MODIFIER KIT

AA-0364 £10.25 plus 
postage & packing
A versatile and useful timer
module that can be set for periods
of 2 seconds to 10 minutes. If you
add a 500k pot you can extend
the time period to 30 minutes. The
start and stop functions are controlled by
simple switch inputs and the relay output
can control a device of up to 3A.

• Operating voltage: 12V
• Current consumption: 20mA
• Time adjustment: 30 sec to 10 min
• Dimensions: 60(L) x 45(W) x 20(H)mm

12V 3A TIMER MODULE

Solar Powered Planetarium
KJ-8927 £7.25 plus postage & packing

Young astronomers will love this mini solar kit.

With real solar energy, the planets

orbit around the solar panelled sun.

Easy to build and loads of

fun, take it outside and

under direct sunlight

then watch the Solar

system come to life. May

also be operated by a 50W

halogen bulb. 

Kit Includes:
• 6 colours of opaque

acrylic paints and paint brush

• Planets including Earth, Mars and Jupiter

• Solar panel with motor

• Detailed instruction manual

Suitable for
ages 10+

FREE
JAYCAR 2010

Log in for your 
free copy

www.jaycarelectronics.co.uk/catalogue

OVER 480
PAGES

UK CATALOGUE
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Easily programmed, low-cost 
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Don’t be scared of maths!

Circuit Surgery is consistently one of the most popular and 

commented on sections in EPE. It is well written, relevant, practical 

and directly responds to reader enquiries. Like the other regular 

EPE authors, Ian Bell manages to provide useful advice without 

resorting to complicated mathematics or obscure physical 

phenomena. However, this month’s article is a little different. In it, 

Ian tackles an important concept in amplifier design – total harmonic 

distortion, or THD for short. THD is one of the most oft-quoted 

figures when describing the quality of an amplifier, and is a firm 

favourite of commercial hifi manufacturers when they want to show 

off their new shiny boxes – but how do we explain its meaning?

Well, it turns out that describing THD without a little 

mathematics would involve leaving out some pretty important ideas. 

Therefore, Ian has taken the decision to include equations that 

at first sight are perhaps more challenging than you might expect 

to see in this magazine. Please do not be put off! – or worry that 

EPE is about to become an academic journal, it isn’t. For those of 

you who see yourselves as not particularly comfortable with maths, 

do give Ian the benefit of the doubt and give the article a good 

read. The maths is actually not as daunting as it first looks, and if 

you get real intellectual satisfaction from solving a tricky circuit 

design problem, then you are also likely to get the same ‘buzz’ from 

mastering an equation or two.

EPE is definitely not going to turn into a equation-heavy design 

publication. However, it is occasionally worth seeing how some of 

the more mathematical aspects of our fascinating hobby work. 

Plus, I hope that for some of you, it will stimulate enough interest 

to pursue this side of electronics a little 

further, because a little maths goes a long 

way in electronics!
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Switch off moves to the slow lane By Barry Fox

The new UK government has now dis-
tanced itself from the unrealistic 2015 date 

for switching off analogue radio – and made 
it clear that the date came from the broadcast 
industry. I have questioned ed Vaizey, minister 
for culture, communications and creative in-
dustries, on this topic three times recently, and 
it was quickly clear that he is a rare species – a 
politician who likes to find out facts for himself, 
rather than rely on what advisers tell him.

On the first occasion, Vaizey was at Digital 
UK’s update on the digital TV 
switchover.

‘In an attempt to make my-
self the most unpopular min-
ister in government, I intend 
to press ahead with digital ra-
dio switchover’ he said. ‘We 
need to address the myths 
that surround switchover’.

I asked Vaizey when he 
would set out a realistic plan 
for digital radio switchover, 
which consumers would not 
mock and thus ignore, as they have been 
mocking and ignoring the 2015 fantasy.

‘Thursday’, said ed Vaizey, unequivocally. 
‘I will set out a plan this Thursday. But I can’t 
stop the public mocking it.’

Thursday came, and Vaizey spoke at the 
Intellect conference in London. ‘2015 is the 
target that the industry thinks is achievable’ 
he said. ‘That date is not set in stone. It will 
have to be driven by listeners.’

‘We agree that 2015 is appropriate if, and it’s 
a big if, consumers are supporting it. We will 
only consider that date when more than 50% of 
listening is digital – in other words analogue is 
in the minority’.

‘I realised quickly that this could turn into 
a major row. So I can say clearly that we will 
not switch off until the vast majority of listen-
ers have voluntarily switched over.’

‘2015 remains a target date to aspire to that 
the industry came up with. There is a lot more 
work to be done before we can support it. Lis-
teners are passionate about radio. We got a 
glimpse of that with the furore that followed the 
BBC’s announcement – now reversed – that it 
would close the Radio 6 digital music station.’

Acknowledging the challenge of persuad-
ing car manufacturers to factory-fit digital 
radios, and convert the many millions of 
existing cars with only analogue FM radios 
and aerials, Vaizey pledged to meet all the car 
manufacturers ‘soon’.

I suggested Vaizey try for himself using 
a Pure highway DAB converter and hunt in 
vain for free FM frequencies in urban areas to 
use for FM re-broadcast to an analogue dash 
radio.

A Digital Radio UK (DRUK) spokes-
woman had previously brushed aside 
my concern that the few gaps between 
broadcast stations are swamped by  

pirate stations. She had no trouble find-
ing frequencies where she lived, she as-
sured; but it turned out she drove in rural  
Scotland.

My third encounter with ed Vaizey was at 
a social event at the house of Commons. he 
told me he was paying halfords £100 to have 
a highway fitted to his car.

So now someone at policy level will final-
ly understand why ‘analogue vehicles’ are 
the main reason analogue radio cannot end 

in 2015. There will still be a 
legacy of around 20 million 
on the road.

At the Intellect event 
DRUK was distributing leaf-
lets, which state baldly that 
‘the motor industry has com-
mitted to ensuring that all cars 
are digitally enabled from 
2013’. This is what DRUK 
had told me in late June, along 
with talk of a scheme to con-
vert cars to DAB for under 

£100 during routine service or MOT.
But when I checked with the Soci-

ety of Motor Manufacturers and Traders 
(SMMT), which is a member of DRUK, 
the SMMT flatly renounced the sub-£100 
price and carefully qualified that new car 
DAB fitting ‘may not necessarily be as 
standard.’

The SMMT has now confirmed that it 
was ‘not aware of the leaflet... and will con-
tact DRUK to discuss the details.’

If the trade body tasked with turning the 
UK onto digital radio cannot agree on key 
facts, it will have a hard time winning sup-
port from ed Vaizey.

University reaches 20 million downloads on iTunes U

The Open University (OU) has reached 
a milestone as the first university to hit 

20 million downloaded tracks on iTunes 
U, a dedicated area within the iTunes 
Store (www.itunes.com). With an average 
of over a quarter of a million downloads 
per week, the OU’s popularity has soared 
since its content was first made available 
on iTunes U in June 2008.

Most people downloading OU’s tracks 
do so to continue their own education, with 
96% of respondents to an OU audience  

survey saying that they use the materials 
for learning. An upsurge in people access-
ing OU student websites on their mobile 
devices reinforces the increasing popular-
ity of more flexible content like the materi-
als on iTunes U. 

In June 2008, when The Open University 
on iTunes U was launched, 1,370 students 
accessed the OU’s student websites via 
their mobile devices – in May 2010, this 
had risen massively to over 11,000 unique 
student visitors in that month alone.

Over 4.5 million downloads from The 
Open University on iTunes U in the past 
year relate to tracks in science, technology, 
engineering and maths (STeM) subjects – 
accounting for 28% of the total downloads 
in that time.

Anyone can download OU tracks from 
iTunes U for free, and the most popular 
collections from The Open University on 
iTunes U have been languages and arts 
with the most downloaded to date being 
Beginner’s French.
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A ground-breaking pain man-
agement device featuring technology 

similar to that found in the iPhone and Wii 
remotes has been implanted into a patient 
for the first time in the uk by doctors at 
guy’s and St Thomas’ hospital.

The neurostimulator will treat chronic 
back pain using ‘spinal cord stimulation’ 
(SCS). This is where mild electrical pulses 
are delivered to the spinal cord to mask the 
body’s pain signals and replace them with a 
tingling sensation.

The neurostimulator is the first in the world 
to use motion-sensing technology similar 
to the spirit level function in iPhone or Wii 
remotes. it senses a change in the patient’s 
body position or activity level and automati-
cally adjusts how much pain relieving stimu-
lation to deliver. For example, if the patient is 
lying on their back then a lower stimulation 
will be delivered, but if they are lying on their 
front then a higher-dose will be delivered.

until now, patients have only been able 
to use devices that deliver pre-set levels of 
constant stimulation, which meant they had 
to frequently change their pain-relief settings 
manually whenever they changed position or 
activity. This often led to spinal cord stimula-
tion users experiencing broken sleep due to 
inadequate pain relieving stimulation.

The device, called a restoreSensor, was 
designed in the uS and features technology 
that uses the force and direction of the earth’s 
gravity to sense the patient’s position. it also 
houses its own ‘black box’ which records 
and stores the frequency of the posture and 
activity changes. This data, available for the 
first time in an SCS device, helps the clini-
cian know whether the patient’s activity level 
and individual stimulation requirements are 
changing over time.

dr adnan al-kaisy, one of the world’s 
leading pain management consultants, 
carried out the first procedure using the 
restoreSensor. He said: ‘This is a very 
significant improvement on traditional 
spinal cord stimulation implants because 
for the first time it will automatically in-
crease or reduce the pain relief the patient 
receives – particularly during the night. 
i’ve been working in this field for 15 years 
and this is the technology we have always 
dreamt of.

‘We expect it to be used with some patients 
who suffer from severe leg or back pain, or 
post-surgery problems, who have not re-
sponded to traditional therapy or medication. 
When successful, it reduces pain by around 
80%, and patient satisfaction and quality of 
life will be very high.’

Neurostimulator implant

‘Star Wars’ becomes a reality

Mouse sensor

Black silicon

World’s smallest transistor

IT SoundS like technology from a sci-
ence fiction film, a raytheon-u.S. navy 

team has demonstrated a high power, solid-
state laser combined with a Phalanx close-in 
weapon system to shoot down four unmanned 
aerial vehicles (uaV) off San nicolas island 
near California.

Powered by electricity, the system offers 
an affordable and near-infinite amount of 
‘ammunition’ to stop incoming threats. once 
development is completed, the Laser area 
Weapon System will give the warfighter a 
speed-of-light solution for defeating rockets, 
mortars, uaVs and other targets.

raytheon aims to be a major play-
er in the uS army’s Common infrared  

Countermeasures competition. raytheon 
Missile Systems has developed a system 
known as Scorpion that will feature the 
company’s directed infrared countermea-
sures turret and a rugged quantum cascade 
laser (QCL). Scorpion is intended to be a 
be a light-weight, low-cost, highly reliable, 
laser-based infrared countermeasures solu-
tion against current and the threat of future 
ir guided missiles.

‘directed energy essentially gives warfight-
ers an unlimited magazine. as long as they have 
electricity they have photons, and as long as 
they have photons they have bullets’, said Mike 
booen, raytheon’s vice president of advanced 
Security and directed energy Systems.

ParaLLax has announced the Paral-
lax Mouse Sensor, a module in kit form, 

which when assembled, provides the tracking 
functions of an optical mouse. The two-wire 
serial interface is directly compatible with the 
Parallax baSiC Stamp family, the Parallax 
Propeller, and other microcontrollers.

This kit has a distinct advantage for experi-
menters over off-the-shelf computer mice, in 
that the mechanical parts are more hacker-
friendly, and the programming does not rely 
on interfacing to (or bypassing) a uSb or 
PS/2 connection. Features include:
•  Compact module, including illumination, 

optics, and custom laser-cut base
•   ‘Close-to-the-metal’ register-based serial 

interface for maximum flexibility
•   Holes for mounting to other equipment
•   Compatible with any bS2-family baSiC 

Stamp, the Sx, and the Parallax Propeller
•   accommodation for single/dual three-wire 

(servo-type) interface cables (included)
For more details, visit: www.parallax.com.

Sionyx inc, in collaboration with the 
united States army research office, 

has demonstrated pixel-scale detectors with 
room temperature ‘detectivity’ ten-times 
better than traditional silicon detectors.

Sionyx is developing a new semiconduc-
tor processing technique to produce smaller, 
cheaper, high-performing silicon photonic 
devices. based on a novel laser implant meth-
od first discovered at Harvard and commonly 
referred to as ‘black Silicon,’ Sionyx’s semi-
conductor process dramatically enhances the 
performance of light-sensing devices in the 
consumer, industrial, medical and defence 
industries.

SCienTiSTS from the university of new 
South Wales Centre and the university 

of Wisconsin-Madison have taken a leap into 
a new era of computing power by making the 
world’s smallest precision-built transistor of 
just seven atoms in a single silicon crystal. 

despite its incredibly tiny size – a mere 
four billionths of a metre long – the ‘quan-
tum dot’ is a functioning electronic device, 
the world’s first created deliberately by 
placing individual atoms.

it can be used to regulate and control 
electrical current flow like a commercial 
transistor, but it represents a key step into a 
new age of atomic-scale miniaturisation and 
super-fast, super-powerful computers.
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MENTION the term ‘radio as-
tronomy’ to most people, and 

they’ll either look completely blank or 
visualise huge steerable dishes – like 
the one at Jodrell Bank in Cheshire. 
While a lot of radio astronomy is done 
nowadays using huge ‘valley sized’ 
antennas like the one at Aricebo in 

Puerto Rico, or big arrays of smaller 
antennas, it’s still possible to do in-
teresting observations using much 
simpler antennas and equipment, at 
‘decametric’ frequencies (8-30MHz) 
in the HF radio band.

In fact, a NASA-sponsored project 
called ‘Radio Jove’ has been promoting 

this type of radio astronomy for the 
last 10 years as a science project for 
high-school students and interested 
hobbyists. Over 1000 simple receiver 
kits have been sold, for 20.1MHz re-
ception of noise bursts from the planet 
Jupiter, the Sun and other objects in 
the Milky Way galaxy.

A low-cost, easy-to-build
Planet Jupiter Receiver
How would you like to try some basic radio astronomy – listening 
to the bursts of noise originating from the planet Jupiter, or from 

the Sun? You don’t need a lot of fancy equipment to do this, 
just the simple shortwave receiver described here. It’s hooked 
up to a basic dipole antenna (which we describe as well) and 
to the sound card in your PC, so that you can print out ‘chart 

recordings’ of the noise signals.

By JIM ROWE
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These require no alignment. The 
local oscillator circuit inside IC1 is 
brought out to pins 3 and 4, to which 
we connect frequency-determining 
components L3 and VC3, together with 
22pF and 39pF capacitors. Together, 
these components allow the local os-
cillator to be tuned manually over the 
range 25.75MHz to 28.0MHz, which is 

5.5MHz above the input signal range 
of interest (20.25-22.5MHz).

The use of a 5.5MHz IF means that 
the receiver’s image frequency will be 
11MHz above the wanted frequency 
– giving a good image rejection ratio.

The input of IC1’s mixer stage is 
tuned to the centre of the wanted 
frequency band (ie, about 21MHz) by 

 
Main Features

The  receiver  is  a  single-conversion  superhet  design,  tuning  from  about 
20.25MHz to 22.5MHz, with a sensitivity of approximately 1mV for a 10dB signal-
to-noise ratio. Only three controls are provided: RF gain, tuning and audio gain.
All components are mounted directly on a small PC board measuring only 
117mm × 102mm, which can either be used ‘naked’ or housed in a standard 
low-profile ABS instrument case (140mm × 110mm × 35mm).
The receiver can be powered from either a 12V battery or a mains plugpack 
supply delivering between 15V to 18V DC. The current drain is typically between 
55mA and 75mA.
There are two audio outputs from the receiver: 1) a line output suitable for 
connection to the line-level input of a PC sound card, and 2) a low-impedance 
output capable of driving external headphones or a small 8W speaker. Both 
outputs can be used at the same time.

There’s only one problem with the 
US-designed Radio Jove receiver as far 
as non-US students and hobbyists have 
been concerned: the receiver kits cost 
US$155 each, plus shipping from the 
States, so it will set you back quite a 
lot to have one sent to you. This has 
discouraged more than a handful of 
people from radio astronomy.

To encourage more students and 
hobbyists to have a go, we have de-
veloped our own low-cost receiver 
project. And that’s the background 
to the new receiver described in this 
article. You’ll find its basic specifica-
tions summarised in the ‘Main Fea-
tures’ panel, but the bottom line is 
that it’s quite suitable for basic radio 
astronomy at decametric frequencies 
around 21MHz. This makes it fine for 
receiving noise bursts from Jupiter, the 
Sun or other sources in the Milky Way.

We estimate that it will cost you 
around £50 for the basic receiver 
module, plus a ‘fiver’ if you decide to 
house it in an ABS instrument box. In 
other words, less than half the cost of 
the Radio Jove receiver. We also think 
it is a much better design, by the way.

How it works
The complete circuit for the re-

ceiver is shown in Fig.1. The heart of 
the circuit is IC1, an SA605D single-
chip receiver IC that includes a local 
oscillator, an RF mixer, a high-gain IF 
amplifier and an IF limiting amplifier, 
plus a quadrature detector for FM 
signal demodulation.

We are not using the last of these 
sections here, because we’re using the 
SA605 in a slightly unusual way – for 
AM signal demodulation. We do this 
by taking advantage of the chip’s RSSI 
(received signal strength indicator) 
output from pin 7.

This works because associated with 
the high-gain IF amplifier and limiter 
stages inside the SA605 are a number 
of signal level detectors, whose out-
puts are combined to provide a DC out-
put current from pin 7. This DC output 
current is logarithmically proportional 
to the incoming signal strength, so it is 
essentially an AM detector output. We 
convert it into a voltage signal by pass-
ing the current through a 91kW load 
resistor, shunted by a 470pF capacitor 
for low-pass filtering.

The centre intermediate frequency 
(IF) of the receiver is set at 5.5MHz 
using ceramic filters CF1 and CF2. 

The parts for the Jupiter Receiver are all mounted on a double-sided PC 
board. The top groundplane pattern is necessary to ensure stability.
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means of inductor L2 and trimmer ca-
pacitor VC2. The ‘Q’ of this circuit is 
fairly low, so that the receiver’s sensi-
tivity is reasonably constant over the 
2MHz-wide tuning band. As a result, 
tuning is achieved purely by adjusting 
the local oscillator frequency.

Although the SA605 IC does provide 
a great deal of gain in the IF amplifier 
and limiter sections, we have included 

an RF amplifier stage ahead of the IC to 
ensure that the receiver has adequate 
sensitivity. As you can see, this RF 
stage uses a BF998 dual-gate MOSFET 
(Q1), with the second gate (G2) voltage 
adjusted via VR1 to allow easy control 
of RF gain.

The RF input signal from the an-
tenna enters the receiver via CON1, 
and is fed into the input tuned circuit 

(L1/VC1) via an impedance-matching 
tap on inductor L1. As before, the ‘Q’ 
of this circuit is kept relatively low, so 
once it’s tuned to about 21MHz it does 
not need to be changed.

From the RSSI output of IC1, 
the demodulated audio signals are 
passed through op amp IC2a (half of 
an LM358) which is connected as a 
voltage follower for buffering. They 
then pass through a simple low-pass 
RC filter (the 1kW resistor and 10nF 
capacitor) before being fed to IC2b. 
This is the other half of the LM358 
and is configured as an audio amplifier 
with a gain of ×5.7, as set by the 47kW 
and 10kW feedback resistors.

From IC2b, the signals pass through 
a 470nF coupling capacitor to VR2, 
the volume/audio gain control. They 
are then fed through IC3, an LM386N 
audio amplifier configured here to 
provide a gain of about ×40. The 
amplified audio signals are then cou-
pled via a 330mF output capacitor to 
speaker output jack CON3, and also 
to line output socket CON2 via a 1kW 
isolating resistor.

Notice that the buffered RSSI signal 
from the output of IC2a is also fed to 
transistor Q2, which is used to drive 
LED2, the RSSI/overload indicator. 
Because Q2 does not conduct until 
the output voltage from IC2a reaches 
a level of around +2.65V, this means 
that LED1 really only lights when a 
very strong signal is being received 
– ie, when the receiver is tuned to a 
shortwave radio transmission or some 
other strong terrestrial signal source. 
So the main purpose of LED2 is to 
help you tune away from such signals, 
rather than to them.

Power supply
The receiver’s power supply is very 

straightforward. Most of the circuitry 
operates from +12V, which can come 
directly from a battery if you wish. In 
this case regulator REG1 is not used, 
but is instead replaced by a 10W re-
sistor. The 2200mF capacitor is also 
replaced by a 16V 1W Zener diode, to 
protect the circuit from damage in case 
of higher-voltage transients (when the 
battery is being charged, for example).

On the other hand, if you wish to 
operate the receiver from a 15V to 18V 
DC source such as a mains plugpack 
supply, then this is very easy to do. In 
this case, REG1 is fitted to regulate the 
supply down to +12V, while a 2200mF 

Parts List – Planet Jupiter Receiver

1 double-sided PC board, code 
771, available from the EPE 
PCB Service, size 117mm × 
102mm 

1 plastic case, 140mm × 110mm 
× 35mm (optional)

2 Murata 5.5MHz ceramic filters 
(CF1, CF2)

3 mini RF coil formers (Jaycar 
LF-1227 or similar) (L1 to L3)

1 300m length of 0.25mm 
enamelled copper wire

1 47mH RF choke (RFC1)
1 68mH RF choke (RFC2)
2 trimmer capacitors, 6.3pF to 

30pF (green) (VC1, VC2)
1 10pF to 120pF miniature 

‘transistor radio’ tuning 
capacitor, with edgewise knob 
(VC3) (Jaycar RV-5728)

1 50kW 16mm rotary PC-mount 
linear pot (VR1)

1 50kW 16mm rotary PC-mount 
log pot (VR2)

2 16mm-diameter control knobs
1 8-pin DIL socket (for IC2)
2 PC-mount RCA phono sockets 

(CON1, CON2)
1 3.5mm PC-mount stereo jack 

(CON3)
1 2.5mm PC-mount concentric DC 

power socket (CON4)
1 TO-220/6093B finned heatsink
4 M3 × 10mm tapped spacers
5 M3 × 6mm machine screws
5 M3 nuts (two used as spacers 

for VC1)
2 M2.5 × 5mm machine screws 

(for VC1)
1 15 × 7mm copper sheet or 

tinplate (for IC1 shield)
1 14 × 10mm copper sheet or 

tinplate (for Q1 shield)
1 3.5mm mono jack plug to 

3.5mm mono jack plug audio 
cable

Semiconductors
1 SA605D surface-mount single-

chip receiver IC (IC1)
1 LM358 dual op amp (IC2)
1 LM386 audio amplifier (IC3)
1 7812 +12V voltage reg.(REG1)
1 78L05 +5V voltage reg. (REG2)
1 BF998 dual-gate MOSFET (Q1)
1 PN100 NPN transistor (Q2)
1 3mm green LED (LED1)
1 3mm red LED (LED2)
1 1N4004 diode (D1)
1 16V 1W Zener diode (optional)

Capacitors
1 2200mF 16V radial electrolytic
1 470mF 25V radial electrolytic
1 330mF 16V radial electrolytic
1 22mF 16V tag tantalum
4 10mF 16V radial electrolytic
1 470nF MKT metallised polyester
8 100nF monolithic ceramic
1 47nF MKT metallised polyester
6 10nF monolithic ceramic
7 2.2nF disc ceramic
1 470pF disc ceramic
2 39pF NPO disc ceramic
1 22pF NPO disc ceramic
2 18pF NPO disc ceramic

Resistors (0.25W 1%)
2 220kW	 2 1.5kW
1 150kW	 5 1kW
1 110kW	 1 820W
1 100kW	 1 360W
1 91kW	 1 300W
2 47kW	 1 220W
1 22kW	 1 100W
1 10kW	 1 47W
1 2.2kW	 2 10W
1 1.8kW

Antenna Parts
1 UB5 plastic box, 83 × 54 × 31mm
1 35 × 21 × 13mm ferrite toroid 

(Jaycar LO-1238 or similar)
50-ohm coaxial cable plus RCA 

phono plug for downlead
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capacitor is also fitted to provide the 
necessary filtering.

The only part of the receiver which 
does not operate directly from the 
+12V line is IC1, which needs a supply 
of +6V. This is provided by REG2, a 
low-power 5V regulator arranged here 
to provide an output of +6V by means 
of the 300W/47W resistive divider 
across its output.

LED1 is connected to the +12V sup-
ply via a 2.2kW series resistor to pro-
vide power indication, while diode D1 
is in series with the DC input to protect 
against reverse-polarity damage.

Construction
As you can see from the photos, all 

of the receiver’s parts are mounted on 
a small double-sided PC board measur-
ing 117mm × 102mm and coded 771. 
This board is available from the EPE 
PCB Service. The printed circuit board 
component layout is shown in Fig.2.

As the double-sided PCB is not a 
plated through hole type, constructors 
will have to take extreme care when 
soldering components in position on 
the board – especially around IC1, a 
surface-mount device, where a sound 
‘earth plane’ is essential for stability. 

Some components will need soldering 
on both sides.

The two black dots by the left side 
of IC1 are where its ‘shield’ leads are 
soldered to both sides of the board – 
see text. You will also need a vertical 
shield for MOSFET Q1. Other spare 
holes on the board need to be ‘pinned’ 
through to the underside tracks.

All the input-output connectors 
are mounted along the rear edge of 
the board, while the controls and two 
indicator LEDs are mounted along the 
front edge. Note that tuning capacitor 
VC3 (a standard mini ‘transistor radio’ 
tuning gang with only one section 
used) is mounted upside down on 
the top of the board, with its edgewise 
tuning knob fitted under the board.

Two 3mm nuts are used as standoffs 
between the tuning capacitor body and 
the top of the board, to bring the knob 
up closer to the board. This is impor-
tant if you want to fit the receiver into 
a low profile instrument case, because 
the knob will otherwise interfere with 
the bottom of the case.

All the components mount on the 
top of the board, including IC1 and Q1, 
which are both SMDs (surface-mount 
devices).

Although you need to be espe-
cially careful when fitting IC1 and 
Q1, building the receiver should be 
quite straightforward if you work 
carefully and use the board overlay 
diagram (Fig.2) and the photos as a 
guide. Here is the suggested order 
of assembly:
1)  Fit connectors CON1 to CON4 

along the rear of the board.
2)  Fit the resistors, taking care to fit 

the correct values in each position.
3)  Fit the 8-pin socket for IC2, orien-

tating it as shown to guide you in 
plugging in the IC later. Note that 
a socket is not used for IC3, as 
the LM386N is more stable when 
soldered directly into the board.

4)  Now fit IC1 and Q1 to the board, 
taking the usual precautions with 
these SMDs. Use an earthed solder-
ing iron with a fine chisel-shaped 
tip (very clean) and hold each 
device in position with a wooden 
toothpick or similar while you 
apply a tiny drop of solder (tack 
solder) to the diagonal end pins of 
the device, to hold it in position 
while you solder all of the remain-
ing pins.

Fig.2: install the parts on the PC 
board as shown on this overlay 
diagram and the accompanying 
photo. Make sure that all polarised 
parts are correctly orientated.
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 o   No.   Value   4-Band Code (1%)   5-Band Code (1%)
  o   2   220kW   red red yellow brown   red red black orange brown
  o   1   150kW   brown green yellow brown   brown green black orange brown
  o   1   110kW   brown brown yellow brown   brown brown black orange brown
  o   1   100kW   brown black yellow brown   brown black black orange brown
  o   1   91kW   white brown orange brown   white brown black red brown
  o   2   47kW   yellow violet orange brown   yellow violet black red brown
  o   1   22kW   red red orange brown   red red black red brown
  o   1   10kW   brown black orange brown   brown black black red brown
  o   1   2.2kW   red red red brown   red red black brown brown
  o   1   1.8kW   brown grey red brown   brown grey black brown brown
  o   2   1.5kW   brown green red brown   brown green black brown brown
  o   5   1kW   brown black red brown   brown black black brown brown
  o   1   820W   grey red brown brown   grey red black black brown
  o   1   360W   orange blue brown brown   orange blue black black brown
  o   1   300W   orange black brown brown   orange black black black brown
  o   1   220W   red red brown brown   red red black black brown
  o   1   100W   brown black brown brown   brown black black black brown
  o   1   47W   yellow violet black brown   yellow violet black gold brown
  o   1   10W   brown black black brown   brown black black gold brown

Table 1: Resistor Colour Codes

The idea is to make each joint 
quickly and carefully, using a bare 
minimum of solder so you don’t 
accidentally bridge between ad-
joining pins. Also make sure you 
orientate Q1 correctly; this 4-pin 
device is very tiny, but its source (S) 
pin is wider than the other three. 
Orientate the device so that this 
pin is at lower left, and tack-solder 
this pin first if possible.

5)  Next, fit trimmer capacitors VC1 
and VC2, making sure their flat 
sides face the centre of the board.

6)  After these, fit all the smaller fixed 
capacitors. These are not polarised 
apart from the 22mF tantalum 

capacitor, which fits between the 
1kW and 91kW resistors, just to 
the right of IC1. This capacitor is 
polarised, so make sure its posi-
tive lead is towards the front of 
the board.

Radio Jove is a radio astronomy education project sponsored 
by NASA – the US government’s National Aeronautics and 
Space Administration. Other organisations involved in the 
project are the University of Florida’s Department of Astro-
physics, the University of Hawaii, Kochi National College 
of Technology, the INSPIRE Project and companies such as 
Raytheon, RF Associates and Radio-Sky Publishing.
The goal of Radio Jove is to promote science education by 
observing and analysing radio signals emanating from the 

planet Jupiter, the Sun and our Milky Way galaxy. The 
project is directed primarily at high-school science 
classes, both in the US and internationally, but in-
terested hobbyists and radio amateurs are welcome 
to participate.

The Radio Jove project has an office at NASA’s 
Goddard Space Flight Center and also has its own 
website at http://radiojove.gsfc.nasa.gov.

On this site there are a wide range of resources 
and reference materials, including observing guides and 

links to useful secondary sites.
Radio Jove also sells kits for a simple radio receiver suitable 
for reception of ‘decametric’ noise signals from Jupiter or 
the Sun, around 20.1MHz (14.915m). The kits cost US$155.00 
each plus shipping (from Greenbelt in Maryland). An assembly 
manual for the receiver can be downloaded from the Radio 
Jove website.

What Is Radio Jove?
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L1 L2 L3

3. WITH L1, WIND 4 TURNS THEN
LOOP OUT AND TWIST AS
SHOWN TO MAKE 'TAP'. THEN
WIND REMAINING TURNS.

5. REMOVE ENAMEL FROM OUTER
END OF L1'S TWISTED LOOP 'TAP',
THEN TIN  SO IT CAN BE SOLDERED
TO PAD ON PC BOARD WHEN
COIL IS FITTED TO BOARD.

4. WHEN ALL TURNS HAVE BEEN
WOUND, CUT WIRE ABOUT 13mm
FROM END OF LAST TURN. THEN
REMOVE ENAMEL FROM LAST 5mm
OF WIRE, TIN AND BRING DOWN
TO WRAP AROUND TOP OF
SECOND PIN (B) ON UNDERSIDE
OF FORMER. THEN SOLDER.

1. BEFORE WINDING EACH COIL, REMOVE
ENAMEL FROM END OF WIRE (5mm).
THEN TIN AND WRAP IT AROUND
TOP OF ONE PIN (A) ON UNDERSIDE
OF FORMER. THEN SOLDER.

A A A

2. THEN WIND WIRE TIGHTLY AROUND
FORMER FROM BOTTOM, WITH
TURNS CLOSELY WOUND.

B B B

16T

20T 15T

4T

TAP

1

15 x 7mm RECTANGLE
OF COPPER FOIL OR

TINPLATE ON
TOP OF IC1

WIRES SOLDERED
IN EARTH VIAS

NEAR PIN 1 END
OF IC1

SHIELDING PLATE FOR IC1

VERTICAL SHIELDING PLATE FOR Q1

14 x 10mm RECTANGLE
OF COPPER FOIL OR

TINPLATE OVER CENTRE
LINE OF Q1

WIRES SOLDERED TO VIAS
IN Q1 SOURCE COPPER,

AT EACH END OF Q1S

7)	 	Now	fit	the	remaining	electrolytic	
capacitors,	which	are	again	all	po-
larised.	The	correct	orientation	of	
each	electrolytic	capacitor	is	shown	
clearly	in	the	overlay	diagram.

8)	 	Next,	fit	RF	chokes	RFC1	and	RFC2,	
which	should	both	be	about	2mm	
above	the	PC	board.

9)	 	Now	fit	the	two	ceramic	filters	CF1	
and	CF2,	which	are	not	polarised.

10)		Follow	with	 transistor	Q2,	diode	
D1,	REG2	and	LED1	and	LED2.	Note	
that	the	green	LED	is	used	for	LED1	
and	the	red	LED	for	LED2.
LED1	is	fitted	first,	with	its	leads	

bent	down	by	90°	about	8mm	from	
the	 body.	 It’s	 mounted	 with	 its	
body	6mm	above	the	board	surface.	
LED2	is	then	fitted	with	its	leads	
bent	down	about	14mm	from	the	
body,	 so	 that	 it	 sits	 about	 14mm	
above	the	PC	board.

11)		Fit	REG1,	if	you	are	using	it,	noting	
that	it	is	mounted	on	a	small	6093B	
type	finned	heatsink.	The	regulator	
leads	 are	 bent	 down	 at	 90°	 6mm	
away	from	the	device	itself,	so	they	
can	pass	down	through	the	matching	
board	holes.	The	device	and	its	heat-
sink	are	then	fastened	to	the	board	
using	an	M3	×	6mm	screw	and	nut,	
after	which	the	leads	are	soldered	to	
the	pads	under	the	board.

12)		Fit	IC3	directly	on	the	board,	orien-
tating	it	carefully	as	shown	in	the	
overlay	diagram	Fig.2.

13)		Next,	fit	tuning	capacitor	VC3.	As	
noted	earlier,	this	fits	upside	down	
on	 the	 top	 of	 the	 board	 at	 centre	
front,	with	M3	nuts	used	as	stand-
offs.	 The	 capacitor’s	 tuning	 knob	
must	be	removed	from	the	spindle	
before	it	is	mounted,	and	only	refit-
ted	once	the	capacitor’s	leads	have	
been	soldered	under	the	board.

14)		Fit	VR1	and	VR2	(the	RF	and	audio	
gain	 rotary	 control	 pots).	 These	
should	 first	 have	 their	 spindles	
cut	to	10mm	long	and	any	burrs	re-
moved	with	a	small	file.	Then	each	
pot	is	fitted	to	the	board,	making	
sure	that	you	fit	the	linear	(B50k)	
pot	in	the	VR1	position,	and	the	
log	(A50k)	pot	in	the	VR2	position.	
Pass	their	pins	carefully	through	
the	board	holes	as	far	as	they’ll	go	

comfortably	 (ie,	 without	 undue	
strain)	 and	 then	 solder	 them	 to	
the	 pads	 underneath.	 Then	 you	
can	fit	the	control	knobs	to	the	pot	
spindles.

Tuning coils
15)		Wind	the	three	tuning	coils	L1	to	
L3.	As	you	can	see	from	the	data	
box	 in	 Fig.1,	 all	 three	 coils	 are	
wound	 on	 3mm	 diameter	 mini	
coil	 formers	 (Jaycar	 LF-1227,	 or	
similar),	using	0.25mm	enamelled	
copper	wire.	In	each	case,	the	coils	
are	close-wound	at	the	bottom	of	
the	former,	as	shown	in	the	small	
diagram	of	Fig.3.
Oscillator	coil	L3	has	15	turns,	

while	the	other	two	have	20	turns	
each.	 The	 difference	 between	 L1	
and	L2	is	that	L1	has	a	‘tap’	four	
turns	from	the	bottom.	
This	tap	is	formed	from	a	loop	

of	 the	winding	wire,	 twisted	and	
tinned	at	the	end	so	that	it	can	be	
soldered	to	the	appropriate	pad	on	
the	 PC	 board	 (just	 below	 CON1)	
when	the	coil	is	fitted.	It’s	a	good	
idea	 to	 apply	 a	 small	 amount	 of	
clear	nail	varnish	to	the	upper	part	
of	each	coil,	to	hold	it	in	place.

16)		When	 the	 three	 coils	 are	 com-
pleted,	 they	 can	 be	 fitted	 to	 the	
board.	When	doing	so,	make	sure	
you	orientate	each	coil	so	that	its	
‘A’	 pin	 (connected	 to	 the	 bottom	
of	the	coil)	mates	with	the	earthy	
or	‘colder’	pad	on	the	board.	The	
board	overlay	diagram	has	a	small	
‘A’	next	to	each	coil,	to	guide	you	
in	this	regard.

Shield plates
17)		Next,	you	need	to	make	a	couple	
of	copper	shield	plates	for	IC1	and	
transistor	 Q1	 to	 ensure	 stability.	

Fig.3: follow these instructions to 
wind coils L1 to L3.

Fig.4: here’s how to make and fit 
the shield plates for IC1 and Q1.

These two photos show the shield plates 
for IC1 (above) and transistor Q1 (right). 
You can make the shield plates from 
either copper or tinplate.
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Fig.4 and the photos show how 
these plates are made and fitted 
(note: if you are unable to obtain 
copper foil, you can use tinplate 
or a piece of blank PC board).

Both shields are attached using 
short pieces of tinned copper wire 
which go into adjacent holes in the 
PC board.

18)   Last, plug IC2 (LM358) into its 
socket, the notched end nearer IC1.

Your Jupiter Receiver board should 
now be complete and ready for switch-
on and set-up.

Setting up
Before applying DC power to the 

board via CON4, turn both VR1 and 
VR2 to their fully anticlockwise posi-
tion. Then plug a small loudspeaker 
(8W) or a pair of stereo headphones 
into CON3, so you’ll be able to moni-
tor the receiver’s operation audibly. 
When you then apply power, very 
little should happen initially, apart 
from LED1 beginning to glow.

If LED1 doesn’t light, odds are that 
you’ve connected the DC supply to 
the board with the polarity reversed.

Now try turning VR2 (Audio Gain) 
clockwise slowly. You should begin 
to hear a gentle hissing sound in the 
speaker or one of the ’phones. If you 
have a DMM (digital multimeter), meas-
ure the voltage at pin 8 of IC2. It should 
measure very close to +12V if you’re us-
ing REG1, or +11.4V if you are powering 
the receiver from a 12V battery. Now 
measure the voltage at the rear end of 
RFC2 (ie, the end nearer REG2) which 
should be very close to +6V.

Finally, measure the voltage at pin 
1 of IC2; this should be quite low – a 
few tens of millivolts. If you then turn 
VR1 (RF Gain) clockwise, this volt-
age should steadily rise due to noise 
being amplified by Q1, as its gain is 
increased. The hissing sound in the 
speaker or ’phone should increase at 
the same time.

If all is well so far, your receiver is 
very likely to be working as it should 
and you’ll be ready for setting it up. 
This mainly involves adjusting trim-
mer capacitors VC1 and VC2 so that 
the input and output circuits of the 
RF stage are tuned to around 21MHz.

The easiest way to do this is if you 
have access to an RF oscillator or signal 

generator, able to deliver an amplitude 
modulated RF signal of 21MHz to the 
receiver’s input. The generator’s output 
is set to a level of about 100mV at first. 
Then you should turn up both VR1 and 
VR2 to about the centre of their ranges 
(‘12 o’clock’), after which you can 
slowly turn the knob of tuning capaci-
tor VC3 up from its lowest setting, until 
you hear a 400Hz or 1kHz tone (the 
generator’s modulation signal).

Now fine-tune VC3 carefully back 
and forth with your thumb, to achieve 
the loudest signal. If the sound becomes 
too loud or LED2 (the RSSI indicator) 
begins glowing, turn down VR2 and/or 
VR1 to reduce the gain. And if the signal 
is still too loud, try reducing the output 
level from the RF generator.

Once you are sure that the oscilla-
tor is correctly tuned for reception at 
21MHz, the next step is to carefully 
adjust trimmer VC2 with a small align-
ment tool, to again find the correct 
position for maximum signal. You may 
again need to reduce the generator’s 
output level, to prevent overload when 
you do achieve a peak.

Once the correct tuning position for 
VC2 has been found, the last step is 

The PC board fits inside 
a standard plastic case 
measuring 140mm × 110mm 
× 35mm. Note how the two 
LEDs are bent forwards, to 
go through their holes in the 
front panel.

Reproduced by arrangement  
with SILICON CHIP 

magazine 2010.
www.siliconchip.com.au
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to adjust VC1 in the same way. In this 
case, you will almost certainly have 
to reduce the output level from the 
generator to prevent overload.

In fact, by the time the tuning 
procedure is finished, the generator’s 
output should be wound down to a 
mere 1mV or so.

No RF generator
If you don’t have access to an RF 

generator, you’ll have to delay this 
tuning operation until you have 
built the receiver’s antenna, erected it 
outside in a suitable position and con-
nected it to the receiver’s input so that 

it can provide you with some sort of 
signal – either a shortwave broadcasting 
station somewhere in the 20.25MHz 
to 22.5MHz range, or just some atmos-
pheric noise. More about this shortly, 
after we’ve talked about antennas.

Antennas for 21MHz
For reception of noise burst signals 

from Jupiter or the Sun in the northern 
hemisphere, the Radio Jove people 
recommend the use of a twin-dipole 
antenna array in which two half-wave 
dipoles are each aligned in an east-west 
direction and spaced about one half-
wave apart, and with both suspended 

at least 3.6m above ground. The out-
puts of the two dipoles are combined 
using a phasing cable arrangement, to 
tilt the antenna’s main receiving lobe 
towards the south – because currently, 
Jupiter’s orbit is inclined somewhat 
south of the equator.

In fact, the ‘declination’ of its high-
est point (‘transit’) in moving over the 
sky varies, but it is currently (summer 
2010) rising steadily, and will continue 
to do so for several years.

However, with our circuit it should be 
quite feasible to use a basic single-dipole 
antenna for reception of Jupiter’s noise 
bursts. Accordingly, we have produced 
and tested the very simple antenna 
design shown in Fig.5. It consists of 
a single length of multi-strand copper 
wire (we used one side of a length of 
figure-8 speaker cable), cut to a length 
of 6960mm (6.96 metres) to make it 
resonant at very close to 21MHz.

This antenna should be suspended 
at least 3.6m above the ground and 
aligned as closely as possible to a north-
south direction. I did this by taping it to 
a 6m length of nylon clothesline rope, 
which was then run between a high 
point on the gable of my house and the 
top of a 3m mast, attached to the side 
of a workshop in the backyard.

To couple signals from the antenna 
to a cable running back to the receiver’s  
input, I made up a 1:1 balun (balanced to 

6960mm

35mm OD x 13mm
thick L15 toroidONE END OF SECONDARY

CONNECTED TO CENTRE
CONDUCTOR OF COAX,

OTHER END TO SHIELD BRAID

(COAXIAL DOWNLEAD
TO RECEIVER)

CENTRE OF ANTENNA WIRE LOOPED THROUGH TOROID 6 TIMES, TO FORM PRIMARY OF BALUN.
SIX LOOPS OF SAME WIRE PASSED THROUGH TOROID TO FORM SECONDARY WINDING.

FOR BEST RESULTS SUSPEND ANTENNA AS HIGH AS POSSIBLE (>3.6m ABOVE GROUND),
AWAY FROM METAL OBJECTS AND WITH A ROUGHLY NORTH-SOUTH ORIENTATION.

Fig.5: this simple single-dipole antenna can be used with the Jupiter Receiver 
to receive Jupiter’s noise bursts. The dipole is cut to a length of 6960mm to 
make it resonant at close to 21MHz and is coupled to a coaxial downlead 
using a simple 1:1 balun made from a ferrite ring toroid.

The antenna should be suspended as high as possible above 
the ground with a north-south orientation. This can be done by 
taping it to nylon clothesline rope and running this between two 
high fixing points (eg, between a house gable and a mast). The 
balun and its connections are made waterproof by housing it in 
a UB5-size plastic box – see inset.
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unbalanced transformer) using a small 
ferrite toroid as shown. This toroid uses 
L15 material and is 35mm outside diam-
eter, with a thickness of 13mm (Jaycar 
LO-1238 or similar). The centre of the 
antenna wire itself is looped through 
the toroid six times to form the primary 
winding of the balun, while a short 
length of the same type of wire is also 
looped through the toroid six times to 
form the secondary winding.

To make the balun weatherproof 
and secure, it was housed in a little 
UB5-size plastic box (83 × 54 × 31mm), 
with the two ends of the antenna wire 
brought out through a 3mm hole on 
each side near the top. A BNC socket 
was then fitted to the lower end of 
the box, with the ends of the balun 
secondary winding connected to the 
socket inside. The downlead cable was 
connected to the socket on the outside, 
after the box lid had been screwed on.

The whole thing was then hauled 
up on the nylon rope (it’s very light 
in weight). I used short strips of gaffer 
tape to attach the antenna wire and 
balun to the rope, but nylon cable ties 
would also be suitable.

A twin dipole antenna?
So how do you choose between a 

single or twin dipole antenna? There 
is no question that the single dipole is 
easier to make and install; on the other 
hand, the twin is more sensitive. Taking 
everything into account, it is definitely 
worth starting off with a single dipole 
version as described here. However, 
if you are feeling ambitious, then the 
twin dipole makes a good addition to 
this project. 

Rather than repeat NASA’s Radio 
Jove material, readers interested in 
this superior but more complicated 
approach should go to: http://radiojove.
gsfc.nasa.gov/telescope/ant_manual.
pdf for a full account of the twin dipole 
design. It also provides useful material 
on how the declination of Jupiter varies 
for antennas placed in southern Britain 
(approx 50˚ N, and with a little interpo-
lation it is not difficult to estimate it for 
the rest of Britain, up to approx 55˚ N.

No-generator tune-up
As mentioned earlier, if you don’t 

have access to an RF oscillator or sig-
nal generator it’s still possible to tune 
up the receiver reasonably well once 
you have an antenna to provide it with 
some signals in the vicinity of 21MHz. 

The way to do this is to connect the 
antenna, apply power to the receiver 
and set both VR1 and VR2 to their mid-
range (12 o’clock) positions, so you 
can hear a reasonable level of noise.

Now try adjusting tuning control 
VC3 very slowly, to see if you can 
find a shortwave broadcasting station. 
I found a Chinese station at about 
21.68MHz, for example – about two-
thirds of the way up the tuning range.

If you do find a station, leave VC3 
set to the position for clearest recep-
tion and then try adjusting trimmer 
VC2 very slowly and carefully with a 
small alignment tool. You should find 
a position which gives a peak in the 
signal’s reception, but you may need 
to turn down gain controls VR2 and/or 
VR1 to lower the volume and prevent 
overload, so you can accurately find 
this peak.

Once you are confident that VC2 has 
been set correctly, leave both VC2 and 
VC3 with their current settings and turn 
your attention to VC1, the input circuit 
trimmer. Again, it’s a matter of adjusting 
this very slowly and carefully until you 
achieve a signal peak, turning down 
VR2 and VR1 if necessary to prevent 
overload and distortion.

What if you can’t find a shortwave 
station to use in the tuning procedure? 
That needn’t be a complete disaster, 
because if you have a DMM it’s pos-
sible to use a similar procedure using 
just the decametric ‘cosmic noise’ be-
ing picked up by the antenna.

To do the tuning this way, set your 
DMM to a low DC voltage range (say 
0V to 2V) and connect it to the receiver 
to monitor the voltage at pin 1 of IC2. 
Next, set tuning capacitor VC3 to the 
centre of its range and gain pots VR1 

  Decametric Radio Astronomy
Back in 1955, US radio astronomers Bernard Burke and kenneth Franklin 

discovered that the planet Jupiter was a strong source of ‘noise burst’ radio 
signals in the frequency range between about 8MHz and 40MHz – where the 
radio wavelength is in tens of metres (hence the term ‘decametric’). They were 
using a ‘Mills cross’ antenna array, the design of which had been pioneered by 
australian radio astronomer Bernard Mills of cSiRO’s Division of Radiophysics. 
The first Mills cross had been built at Fleurs (about 40km west-south-west of 
Sydney) the previous year.
it was soon discovered that the Sun itself is also a source of noise bursts during 
periods of sunspot activity and ‘coronal mass ejections’ (cMEs). These solar 
noise bursts extend from the decametric range up to around 80MHz.
The relative ease of receiving noise bursts from Jupiter and the Sun in the 
decametric frequency range using low-cost equipment seems to be why the 
Radio Jove project selected this range (rather than in the UHF or microwave 
regions). it should be noted though that because the signals are broadband 
in nature, the specific frequency used to receive the signals is not critical. The 
main requirement is to avoid frequencies occupied by international broadcast-
ers and other terrestrial sources of radio signals.

Useful websites
a great deal of useful information on Jovian and Solar decametric radio as-
tronomy – both theory and practice – can be found on the following websites:
http://radiojove.gsfc.nasa.gov/
http://ufro1.astro.ufl.edu/dec-contents.htm
http://www.jupiterradio.com/
http://www.radiosky.com/
The last of these sites is the source of the Radio-Skypipe software, which runs 
on a Windows Pc and allows you to record noise data from a Radio Jove or 
similar receiver and print out ‘chart recordings’ of them. There is a freeware 
version of the software that can be downloaded from this site.
a useful source of skycharts and information on the rising and setting times for 
Jupiter (as well as many other astronomical bodies) in any specific location is: 
http://www.heavens-above.com.
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and VR2 to the centre of their ranges 
as well. When you apply power to the 
receiver, you should get a reading of 
100mV to 200mV or so on the DMM, 
as well as hearing the received noise 
in the speaker or ’phone.

Now try adjusting VC2 slowly, first in 
one direction and then the other, to see 
if you can increase the DMM reading. 
Keep turning slowly in that direction, 
until the meter reading reaches a peak 
and then begins to drop again. Now 
return to the position where the reading 
peaks and leave VC2 in that position.

If the DMM reading rises above about 
800mV, lower the RF gain by turning 
potentiometer VR1 anticlockwise, to 

bring the reading down again to 200mV. 
This will make it easier to see the peak 
reading on the DMM as you adjust VC2.

After VC2 has been set to produce a 
peak in this way, leave it as before and 
follow the same procedure with VC1. 
Again turn down VR1 if necessary to 
prevent the DMM reading from rising 
above about 800mV.

Once VC2 and VC1 have been set, 
your Radio Jupiter receiver should 
be tuned up about as well as possible 
without access to a generator.

Fitting it to a case
The PC board is designed to fit in-

side a low-profile plastic instrument 

case measuring 140mm × 110mm × 
35mm. First, you will have to drill 
holes in the front and rear panels. 
Fig.9 and Fig.10 show the front and 
rear panel artworks, and these can be 
photocopied and taped to the panels 
and used as drilling templates.

The board is secured to the two 
corner pillars at the back of the case 
using self-tapping screws, while the 
front of the board is secured to the 
front panel via the pot shafts and their 
nuts. Note that the board sits slightly 
proud of the front pillars in the case. 
Don’t attempt to screw the board down 
to these pillars (otherwise the board 
could crack).

Fig.6: this recording chart covers almost the full period (about 11 hours) of Jupiter’s pass on the night of 11 June 2008, 
but shows very little evidence of signal bursts from Jupiter. Things were quiet around Jupiter that night!

There are just three controls on the front panel: an RF gain control, a tuning thumbwheel and an audio gain control. 
The RSSI (received signal strength indicator) LED lights when there is a signal overload (see text).
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Testing with Radio-Skypipe
To try out the new receiver and the ba-

sic home-brew dipole antenna described 
earlier, I decided to download a copy of 
the ‘Radio-Skypipe’ software, which is 
recommended by the Radio Jove people. 
This is a data-logging application which 
runs under Windows 95/98/NT/2000/
XP and can be configured to log data 
signals via either the ADC (analogue-to-
digital converter) in a standard 16-bit PC 
sound card or an external ADC.

There’s a free-download version for 
non-commercial and non-government 
users and a Pro Edition with extra bells 
and whistles available for US$39.95, 
for commercial and serious users.

I had no trouble installing the Radio-
Skypipe software on my old Win98 work-
shop PC and I was soon using it to take 
samples of the Jupiter Receiver’s audio 
signal twice every second. It was then left 
running so that it would log a complete 
pass of Jupiter over the following night.

When I stopped the logging at 7.00am 
the next morning, I then saved the log 
file to the hard disk and was also able 

to print it out as a pseudo-strip chart 
recording – see Fig.6.

As you can see, the recording covers 
almost the full period of Jupiter’s pass 
that night (June 11, 2008), because it 
rose at about 7pm, reached full transit 
at 2:07am and set again at around 9am 
the next morning. But the sky was very 
overcast that night, so perhaps that’s 
why there’s very little evidence of any 
bursts of signal from Jupiter. Either 
that, or things were pretty quiet around 
Jupiter that night.

Looking around for some more in-
formation, I discovered that there are 
two different kinds of decametric noise 
burst from Jupiter: ‘L’ or long bursts 
and ‘S’ or short bursts. Both seem to be 
controlled by various factors, including 
which side of Jupiter is facing our way 
at the time and also the orbital position 
of Jupiter’s principal moon, Io.

Sunspot and storm activity on the 
Sun also seem to play a role. They af-
fect the way the Sun sends out streams 
of charged particles which can spiral 
around in Jupiter’s magnetic field.

So it seems that there probably 
wasn’t much happening around Jupi-
ter the night of my first logging run. 
The only way to find out is to keep 
trying, I guess. How about giving it a go 
yourself?                                              EPE

Fig.7 (above): this screen 
grab from the Radio-
Skypipe software shows 
a recording chart of 
the 21MHz signal for a 
10-minute period.

Fig.8 (left): the Radio-
Skypipe software has 
lots of logging options, 
including start and 
logging duration times. 

Fig.9: these artworks can be photocopied 
and used as drilling templates for the 
case panels.
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Summer is traditionally the silly season for the press, so it’s only right that Mark 
should go with the flow. Not all of his stories are daft though, even if it sounds as if 

he’s taking the proverbial mickey.  

Mark Nelson
Silly Season

certainly green in this respect, generating 
only water and oxygen over and above 
electricity, although heaven only knows 
what the environmental cost of producing 
cola drinks is. The battery itself is attached 
to the back of the handset, which is a bit 
awkward, and refilling it looks a bit of a hit 
and miss affair in the published photographs. 

According to Sky News, Nokia now 
considers the phone charging system ‘too 
advanced for immediate development’ and 
has given up on the original idea of bringing 
out a product within the next two years. 
Nevertheless, within the next five years, 
bio-batteries may well be available on the 
market, as development continues around 
the world.

Pressure power
As I’ve said before, some of the most 

interesting stories get little coverage in 
the news. Putting this to rights, here’s a 
remarkable tale of a pioneering power 
plant that in theory at least, is emission-
free, renewable and works in all weather 
conditions (no sun or wind required). The 
prototype has been quietly in operation since 
last November and although it currently (no 
pun intended) generates only enough to heat 
a large electric kettle (4kW), the aim is to 
produce enough electricity to light and heat 
a small town within five years. 

The Norwegian organisation that con-
structed this ultra-green generator is Stak-
raft, Europe’s largest renewable energy 
company. The group develops and generates 
hydropower, wind power, gas power, solar 
power and district heating, and is a major 
player on the European power exchanges. 
Its innovative power plant is located at Tofte, 
outside Oslo, and exploits the commonplace 
natural mechanism known as ‘osmosis’.

In osmosis, water passes through a semi-
permeable membrane, which is how plants 
absorb moisture through their leaves – and 
prevent it from leaking out. When fresh 
water meets salt water (for instance where a 
river runs into the sea), enormous amounts 
of energy are released. This energy can be 
utilized for the generation of mechanical 
power through osmosis. 

At the osmotic power plant in Tofte, 
fresh water and salt water are guided into 
separate chambers, divided by an artificial 
membrane. The salt molecules in the sea 
water pull the freshwater through the 
membrane, increasing the pressure on the 
sea water side. The pressure is equivalent 
to that of a 120 metre water column, or a 
significant waterfall, which can be used in 
a power generating turbine. 

Research ahead
Statkraft CEO, Bård Mikkelsen declares: 

‘In an era of major climate change and an 
increasing need for clean energy, we are 
proud to be presenting a renewable energy 
source which has never been harnessed until 
now.’ 

Maybe we should be asking why it has not 
been exploited before and there is certainly 
plenty of research yet to be done. A major 
task is creating a membrane of exactly the 
right thickness, capable of withstanding huge 
pressures that does not constantly get clogged 
up with salt. 

Right now, the efficiency of the trial 
set-up is less than 1W/m2, but they plan 
to install membranes that can deliver 2 to  
3W/m2 after they have run the plant for a 
while and then reach 5W/m2. The prototype 
station will be in operation for 2 to 3 years. 
After this the capacity will be increased in 
stages until ultimately a full-scale osmotic 
power plant could be built in 2015. At this 
point, a plant the size of a football stadium 
could have a capacity of 25MW, enough to 
supply 30,000 European households.

Statkraft concedes the viability of this 
technology is unclear, so is osmosis the 
answer to a maiden’s prayer (and everybody 
else’s)? Possibly, the BBC notes that 
protagonists say the technology has almost 
unlimited potential, needing just a coastline. 
Detractors on the other hand claim osmotic 
power is likely to be prohibitively expensive 
and argue that tidal power is far more 
promising as a possible solution for the 
world’s energy problems.

Finally
Going back to the introduction, some 

people called Michael occasionally take 
offence at the expression ‘taking the mick’ 
or ‘taking the Michael’, without realising 
the saying has an entirely different origin.  
According to the BBC website, and many 
other normally reliable sources, it’s an 
abbreviation of ‘taking the micturition’. 
Micturition is a medical word and you 
will probably not be very surprised when 
you look up its meaning in a dictionary. 

Wikipedia has an alternative derivation, 
from Cockney rhyming slang, ‘taking the 
Mickey Bliss’. The oddest thing is that the 
Oxford English Dictionary traces ‘taking 
the mike’ back to 1935, whereas the 
cruder ‘taking the ****’ does not appear 
in print until 1945. However, this may be 
simply because past generations (like me) 
were too polite to use four-letter words in 
print.

Regular readers of this column 
will know I have a weakness for 
alternative energy sources, from 

the serious to the sublime. A memorable 
example of the latter was the NoPoPo (no 
pollution power) Aqua battery, a reusable 
AAA or AA-size cell that you activate with 
beer, apple juice or human urine. 

Now a less embarrassing, but equally 
personal product is the Power Welly. 
Wearing a pair of ‘power wellies’, your 
mobile phone will never die on you, thanks 
to power-generating soles that convert 
heat from your feet into electrical current 
for charging your cellphone tucked into 
a charging pocket on the thigh part of the 
boot; apparently.

Wellie-tricity
Twelve hours of aggressive walking is 

claimed to generate one hour of phone use. 
The more you exert your feet, the hotter 
they get, producing more energy. So, power 
wellies will be fine for farmers and dancers 
at music festivals, but less beneficial to 
leisure gardeners. The funny footwear is a 
product of the amusingly named renewable 
energy company GotWind (www.gotwind.
org), where you can see these wacky wellies 
that were produced in association with 
mobile phone company Orange.

Andrew Pearcey, Orange UK’s head 
of sponsorship is enthusiastic about this 
product, which he thought made an ideal 
fit with the green ethos of the Glastonbury  
music festival, declaring: ‘The Orange Power 
Wellies use clean and renewable energy to 
create valuable electricity, ensuring festival 
goers can text and phone their mates for 
the duration of the weekend.’  Festival-goer 
Rachel Stone from Southampton endorsed 
the product, saying: ‘These new boots are 
exactly what I need – my phone never lasts 
four days.’ 

Cola-powered phone
An equally way-out British innovation, 

supported by mobile manufacturer Nokia, is 
the ‘greenphone’ designed by Daizi Zheng. 
Daizi, a graduate of Central St Martin’s 
College in London developed the idea as her 
final year project: a mobile phone powered 
by Coca-Cola.

Liquid-infused batteries are by no means 
new, but this one is alleged to be more 
effective than previous versions. In fact, it 
is capable of lasting up to four times longer 
than a regular lithium-ion battery from a 
single charge of the drink that ‘things’ go 
better with. It generates electricity by using 
enzymes to catalyse sugar in the drink. It’s 
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This new 200w audio amplifier 
module gives superlative perform-

ance – better than any of our previous 
class-AB amplifiers. That’s been made 
possible by the use of On semiconduc-
tor’s new ThermalTrak power trans- 
istors, a circuit based largely on our 
high-performance Class-A Amplifier 
(published in 2008/09) and a new 
double-sided PC board.

As mentioned last month, the 
double-sided PC board is critical to 
the performance of this amplifier mod-
ule. it not only simplifies the supply 

wiring, but has also been designed 
to largely cancel the magnetic fields 
produced by the asymmetric currents 
drawn by each half of the class-B 
output stage.

The assembly is really quite straight-
forward, although there’s a fair bit of 
work involved to do the job properly. 
when building a high-power amplifier 
module like this, it’s important to take 
your time, do a neat job and check your 
work carefully at each assembly stage. 
After all, blowing up expensive output 
transistors can be a real pain.

Transistor quality
we’ll begin the assembly details 

shortly, but first a word about the 
transistors used in this module.

To ensure published performance, 
the nJL3281D and nJL1302D power 
transistors must be On semiconductor 
branded parts, while the 2sA970 low-
noise devices must be from Toshiba. 
Be wary of counterfeit parts (although 
it’s probably too early for counterfeit 
versions of the power output devices).

we recommend that all other tran-
sistors used in this project be from 

Ultra-LD 200W Power 
Amplifier

Last month, we introduced our new Ultra-LD 200W Amplifier 
module and described the circuit. This month, we give the 
assembly details and describe a suitable power supply.

All the assembly details plus 
building a power supply
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pre-tinned copper wires. Some com-
ponents need soldering on both sides 
of the PCB. Fig.9 shows the assembly 
details. Begin by installing the tinned 
copper wire feed-throughs to the pads 
of each group of five vias. It’s simply 
a matter of pushing a wire through 
each via and soldering it on one side. 
When you do this, the solder should 
run inside the via and onto the solder 
pad on the other side of the board.

If not, solder it on the other side of 
the board as well, then cut the wire 
off short on both sides of the board.

Note that it isn’t really necessary 
to fit feed-throughs to the vias imme-
diately below the fuseholders, since 
the fuseholder pins themselves act as 
feed-throughs. However, they can be 
installed if you wish. Don’t forget the 
via that sits under the two 0.1W resis-
tors at top left.

Once the feed-throughs are in, install 
the two 1N4148 diodes (D1 and D2), fol-
lowed by the resistors (but not the 5W 
types) and the capacitors. The resistor 
colour codes are shown in Table 1, but 
we strongly advise that you also check 
each value using a digital multimeter 
before it is installed. Mount them so 
that they all face in the same direction, 
to facilitate checking later on.

Make sure that the diodes and 
electrolytic capacitors are all installed 
with the correct polarity. If you make 
a mistake, it’s not as easy to remove a 
component from a double-sided board  
as it is from a single-sided board. It can 

reputable manufacturers, such as 
Philips (NXP Semiconductors), On 
Semiconductor and ST Microelec-
tronics. This applies particularly to 
the MJE15030 and MJE15031 output 
driver transistors.

Circuit board
Fig.9 shows the parts layout on the 

amplifier double-sided PC board. This 
board is coded 767 (Amp) and meas-
ures 135mm × 115mm. It is available 
from the EPE PCB Service. The orange 
tracks and pads show the copper on 

WARNING!
High AC and DC voltages are 
present on the power supply and 
power amplifier modules when 
power is applied. In particular, make 
sure you don’t come in contact across 
the two 40V AC input terminals on the 
power supply. The 40V AC transformer 
windings that connect to these terminals 
are wired in series, so there’s 80V AC 
between them.
Similarly, note that there is 110V DC 
between the +55V and –55V supply 
rails, both on the power supply 
module and the amplifier module. 
Do not touch any of this AC or 
DC supply wiring (including the 
fuseholders) when the amplifier 
is operating, otherwise you could 
get a very nasty shock which could 
even prove fatal.

Part 2: By JOHN CLARKE  
and GREG SWAIN

the top of the board, while the blue-
grey tracks are on the underside of 
the board.

The first thing to note is that the 
PC pattern differs slightly from that 
used for the prototype module. That’s 
because we subsequently decided 
to increase the number of vias used 
to link the top and bottom supply 
rail tracks. Up to 4.5A peak can flow 
through each output transistor when 
the module is operated into a 4W load, 
so it’s important to ensure sufficient 
current-carrying capability.

However, the main reason for in-
creasing the number of vias was to 
make sure that a fault in the output 
stage would not cause the vias to fuse, 
instead of the 5A fuses blowing. If that 
happened, the board would be difficult 
to repair, as the solder mask goes right 
up to the edges of the vias.

As a result, we’ve increased the 
number of parallel vias in the high-
current paths, generally grouping them 
together in patterns of five or more 
(so that they look like the face of a 

dice). Note, that unlike the outer 
vias, the middle via of each group 
of five has a solder pad on both 

sides of the board. This allows a 
tinned copper wire ‘feed-through’ to 
be fitted to each of these middle vias 
and soldered in place.

These tinned copper wire feed-
throughs ensure that the vias cannot 
possibly fuse in the event of an output 
stage fault. They also ensure very low 
resistance between the top and bottom 
track sections.

We’ve also added extra vias to con-
nect the low-current signal tracks on 
both sides of the PC board, in the in-
terests of redundancy. This is a ‘belts 
‘n braces’ measure, but it is still good 
practice.

Finally, a 390W 1W resistor was 
added to the board to provide the head- 
phone output. As part of this change, 
CON3 was changed from a 2-way ter-
minal block to a 3-way terminal block 
to give the ‘Phones Out’ terminal (note: 
these changes are not shown on the 
photos). A few minor changes were 
also made to improve component fit.

Board assembly
All spare holes on the double-sided 

power amp PCB need to be ‘pinned’ 
through to the underside to achieve 
connections on both sides. You can 
use off cuts from component leads or 
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be done, although you usually have to 
sacrifice the part – see the panel headed 
‘Removing parts from the PC board’ for 
details on removing components.

We suggest that you leave the two 
1000mF electrolytic capacitors off 
the board for the time being, as this 
makes it easier to secure transis-
tors Q10 and Q11 to the heatsink 
later on. Even with the capacitors 
in place, you still have good screw-
driver access to these transistors. 
However, there’s a risk that one of 

these capacitors could be damaged 
if the screwdriver slips while doing 
up the mounting screws.

Note that the 100pF capacitor on the 
collector of transistor Q9 should be rated 
at 100V. Alternatively, use a 3kV type.

Now install the four 0.1W 5W resis-
tors. These have their leads bent down 
through 90° some 5mm from their 
bodies, and should be mounted about 
1.5mm above the surface of the PC 
board to allow air to circulate beneath 
them for cooling.

The easiest way to do this is to use 
a strip of cardboard about 20mm wide 
and 1.5mm thick as a spacer. You sim-
ply push the resistor all the way down 
onto the cardboard, solder the leads, 
then pull the cardboard back out.

Mount the 5W resistors with their 
values all facing up and reading in the 
same direction. Again, this makes it 
easier to check them later on.

The fuse clips are next on the list. 
Note the each fuse clip has a little lug 
on one end which stops the fuse from 
moving lengthways. If you install the 
clips the wrong way round, those lugs 
will stop you from fitting the fuses.

It’s a good idea to use sticky tape to 
hold the fuse clips in place while you 
solder their leads. This same trick is 
also useful when it comes to mounting 
some of the other parts, such as the 
screw terminal blocks.

Small signal transistors
The small-signal (TO-92 pack-

age) transistors (2SA970s, BC546s, 
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The leads of the TO-92 transistors should be cranked to fit their mounting 
holes in the PC board using a pair of needle-nose pliers. Here’s how it’s done. 

Fig.9: follow this component layout diagram and the instructions in the text to build the  
Ultra-LD Amplifier module. Note that you should install a tinned copper wire feed-through 
wherever there’s a via with a solder pad, typically in the middle of each group of five vias.
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BC556s and BC639) can now go in. 
As supplied, these transistors usu-
ally have their leads in a straight 
line, although the centre lead may 
sometimes be cranked out. These 
leads should be splayed outwards 
and cranked to fit nicely into their 
allocated holes.

The best way to do this is as follows: 
first, grip the three leads adjacent to 
the transistor body using a pair of 
needle-nose pliers and bend the cen-
tre lead back and up by about 70° (if 
it hasn’t already been cranked). That 
done, grip each of the two outer leads 
in turn and bend them outwards and 

up by about 70°. Finally, grip each 
lead in turn at the end of the pliers 
and bend it downwards again – see 
photos.

Install each transistor after dress-
ing its leads. If the leads are dressed  
correctly, the transistors will each sit 
about 4mm proud of the PC board. Note 
that transistor pairs Q1 and Q2, Q3 and 
Q4, and Q5 and Q6 are installed with 
their flat sides facing each other.

Make sure that you don’t install 
these transistors in the wrong posi-
tions. Inadvertently swapping 2SA-
970s for BC556s will cause problems 
(even though they are both PNP types) 

because their pinouts are different. 
Similarly, swapping BC546 NPN tran-
sistors for BC556 or 2SA970 PNP types 
could cause serious damage when the 
amplifier is powered up. You have 
been warned!

The TO-126 package transistors, 
Q7 and Q9, are fitted to TO-220 
U-shaped mini finned heatsinks 
before they are soldered to the PC 
board. The best approach is to first 
loosely attach one transistor to the 
inside face of its heatsink using an 
M3 × 10mm screw, nut and two flat 
washers – see Fig.10. The assembly 
is then fitted in position and pushed 

This prototype module differs slightly from the version shown in Fig.9. Take care to ensure that all transistors go in 
their correct locations and are correctly orientated. It’s a good idea to slightly splay the bottom fins of the heatsinks 
fitted to Q7 and Q9, to increase the clearance to the solder pads of the adjacent 6.2kW and 2.2kW resistors. 
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Fig.10: follow this diagram to attach 
the BF469 and BF470 transistors 
to their respective heatsinks. 
The silicone insulating washer is 
optional, but it’s not a bad idea 
to isolate the heatsinks from the 
transistor collectors to prevent 
accidents when testing.

6021 TYPE
TO-220 HEATSINK

PC BOARD

M3 x 10mm
SCREW

FLAT
WASHER

FLAT
WASHER

M3
NUT

SILICONE
INSULATING

WASHER
BF469/470
TRANSISTOR

all the way down until the heatsink 
contacts the PC board.

That done, the transistor’s leads 
are soldered and the heatsink mount-
ing screw tightened. As with the fuse 
clips, you can use some sticky tape to 
hold the assembly in place while the 
leads are soldered. It’s best to lightly 
solder one lead first and then make 
any adjustments that may be necessary 
before soldering the other two leads.

Repeat this procedure for the other 
transistor. Be sure to use a BF470 
(PNP) transistor for Q7 and a BF469 
(NPN) for Q9. Don’t get them mixed 
up, otherwise the smoke will get out 
when you apply power!

It’s important to centre these heat-
sinks so that their fins cannot contact 
the solder pads of the adjacent 6.2kW 

 

 o  No.  Value  4-Band Code (1%)  5-Band Code (1%)
  o   1   1MW   brown black green brown   brown black black yellow brown
  o   1   22kW   red red orange brown   red red black red brown
  o   2   12kW   brown red orange brown   brown red black red brown
  o  1   6.8kW 1W 5%  blue grey red gold   not applicable
  o   2   6.2kW   blue red red brown   blue red black brown brown
  o   3   2.2kW   red red red brown   red red black brown brown
  o   1   510W   green brown brown brown   green brown black black brown
  o   1   390W   orange white brown brown   orange white black black brown
  o   8   100W   brown black brown brown   brown black black black brown
  o   2   68W   blue grey black brown   blue grey black gold brown
  o   1   47W   yellow violet black brown   yellow violet black gold brown
  o   1   6.8W 1W 5%  blue grey gold gold   not applicable
  o   1   10W   brown black black brown   brown black black gold brown
  o   1   10W 1W 5%  brown black black gold   not applicable
  o   4   0.1W   not applicable   not applicable
  o   2   0W black  black

Table 1: Resistor Colour Codes

and 2.2kW resistors (splay the bottom 
fins of each heatsink slightly if neces-
sary). If you’re cautious, you can fit 
TO-126 silicone insulating washers 
to isolate the collectors of the transis-
tors from the heatsinks (we did this 
to avoid accidents with test probes 
while testing the prototype). However, 
provided you centre the heatsinks cor-
rectly, it’s not really necessary.

Winding the choke
The next step is to wind the 6.8mH 

inductor (L1). This is done by close-
winding about 1.5m of 1mm-diameter 
enamelled copper wire onto a plastic 
bobbin Jaycar LF-1062). This bobbin can 
have an inside diameter of either 10mm 
or 11.8mm (OD = 20mm or 21mm).

It order to do a neat job, it’s neces-
sary to make a small winding jig to 
hold the bobbin. This jig not only pre-
vents the bobbin from being damaged, 
but also makes the job much easier. 
The accompanying panel (‘Making A 
Winding Jig For The 6.8mH Inductor’) 
shows how the winding jig is made.

Once you have the jig, begin the 
winding by feeding about 40mm of the 
wire through one of the bobbin slots 
and the exit hole in the jig (loosen the 
handle if necessary to do this). Bend 
this end back through 180° to secure it, 
then tighten the handle and wind on 
25.5 turns as evenly and tightly as pos-
sible. Finish by bending the remaining 
wire length through 90° so that it exits 
down through the opposite slot.

The windings are now secured us-
ing a couple of layers of insulation 
tape and the bobbin removed from 

the jig. That done, cut off the excess 
leads at each end, leaving about 10mm 
protruding.

Finally, complete the inductor by fit-
ting some 20mm-diameter (9mm wide) 
heatshrink tubing over the windings. 
Be careful when shrinking it down 
with a hot-air gun though – too much 
heat will damage the bobbin.

You can now test fit the finished 
inductor on the PC board, bending 
its leads as necessary to get the bob-
bin to sit down flush on the board. 
It’s then just a matter of stripping 
the enamel from the wire ends and 
‘tinning’ them before soldering the 
inductor in place.

Heatsink transistor mounting
As shown in the photos, the driver 

and output transistors (Q10 to Q15) are 
all mounted on a large finned heatsink 
measuring 200 × 75 × 48mm (L × H × 
D); eg, Jaycar HH-8546.

You’ve got two choices when it 
comes to mounting these transistors: 
(1) drill 3mm holes right through the 
back of the heatsink and attach the 
transistors using M3 screws, nuts and 
washers; or (2) drill and tap mounting 
holes and attach the transistors using 
M3 screws and washers.

Drilling the holes right through the 
heatsink is the easiest option, but note 
that you will have to offset the module 
horizontally by 10mm towards one 
end so that the holes go between the 
heatsink fins. Alternatively, if you 
elect to tap the heatsink, the module 
can be centred horizontally. This 
method also makes it easier to install 
the mounting screws.
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The winding jig consists of an M5 
× 70mm bolt, two M5 nuts, an M5 flat 
washer, a piece of scrap PC board 
material (40 × 50mm approx.) and 
a scrap piece of timber (140 × 45 × 
20mm approx.) for the handle.

In use, the flat washer goes against 
the head of the bolt, after which a collar 
is fitted over the bolt to take the bobbin. 
This collar should have a width that’s 
slightly less than the width (height) of 

the bobbin and can be wound on using 
insulation tape.

Wind on sufficient tape so that the 
bobbin fits snugly over this collar 
without being too tight.

Next, drill a 5mm hole through the 
centre of the scrap PC board material, 
followed by a 1.5mm exit hole about 
8mm away that will align with one of 
the slots in the bobbin. The bobbin 
can be slipped over the collar, after 

➊

➌

These photos show how the winding jig is used to make 
the 6.8mH inductor. First, the bobbin is slipped over the 
collar on the bolt (1), then an end cheek is attached and 
the wire threaded through the exit slot (2). The handle 
is then attached and the coil tightly wound onto the 
bobbin using 25.5 turns of 1mm-diameter enamelled 
copper wire (3). The finished coil (4) is secured using 
a couple of layers of insulation tape and a band of 
heatshrink tubing.

which the scrap PC board ‘end cheek’ 
is slipped over the bolt (ie, the bobbin 
is sandwiched into position between 
the washer and the scrap PC board).

Align the bobbin so that one of its 
slots lines up with the exit hole in the 
end cheek, then install the first nut 
and secure it tightly. The handle can 
then be fitted by drilling a 5mm hole 
through one end, then slipping it over 
the bolt and installing the second nut.

➋

➍

mounting details for these devices.
Note that they must each be electri-

cally insulated from the heatsink using 
a TO-220 silicone insulating washer 
and insulating bush. However, because 
Q10 and Q11 are quite close together, 
it’s necessary to trim about 1mm off 
the adjacent sides of each insulating 
washer so that they don’t overlap.

Use an MJE15030 for Q10 and an 
MJE15031 for Q11 – don’t get them 
mixed up. Both devices are secured 
using an M3 × 6mm screw and an 

The heatsink drilling details are 
shown in Fig.11. You should also refer 
to the accompanying panel for informa-
tion on drilling and tapping aluminium, 
since there are some special techniques 
to be followed if the job is to be a success.

We’ll assume here that you’ve 
tapped the heatsink, ie, by drilling 
and tapping the white holes marked 
‘A’ on Fig.11.

Begin the heatsink assembly by 
attaching the two driver transistors, 
Q10 and Q11. Fig.12 (A) shows the 

insulating bush. Do the screws all the 
way up, but don’t tighten them yet.

Next, fit a 10mm spacer to each of 
the four corner mounting positions on 
the PC board. When they’re on, sit the 
board assembly on a flat surface and 
then lower the heatsink assembly into 
position so that Q10 and Q11’s leads 
go through their mounting holes.

Power transistor mounting
The four output devices (Q12 to 

Q15) can now be fitted. As shown in 

mMaking A Winding Jig For The 6.8mH Inductor
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Fig.12 (B), these devices must also be 
insulated from the heatsink by using 
silicone insulating washers.

Start by fitting Q12. The procedure 
here is to push its leads into their PC 
mounting holes, then lean the device 
back, feed through the mounting screw, 
hang the insulating washer off the end 
of the screw and finally, loosely screw 
the assembly to the heatsink.

The remaining three devices are 
installed the same way, taking care to 
fit the correct transistor type at each 
location. Once they’re in, push the 
board down so that all four spacers are 
in contact with the benchtop – this au-
tomatically adjusts the transistor lead 
lengths and ensures that the bottom of 
the board sits exactly 10mm above the 
bottom edge of the heatsink.

Now adjust the PC board assem-
bly horizontally so that each side is 
32.5mm in from its adjacent heatsink 
end, then do up the transistor mount-
ing screws while keeping the insulat-
ing washers correctly aligned.

The next step is to lightly solder 
the outside leads of Q12 and Q15 to 
their pads on the top of the board. The 
assembly is then turned upside down 
and the remaining heatsink transistor 
leads soldered.

Before soldering the leads though, 
it’s important to prop the front edge 
of the board up so that the board sits 
at right-angles to the heatsink. If you 
don’t do this, it will sag under its own 
weight and will remain in this condi-
tion after the leads have been soldered.

Complete the soldering, then turn 
the board right way up again and 
tighten down the transistor mounting 
screws. They should be tight to ensure 
good thermal coupling between the 
devices and the heatsink.

Checking device isolation
Now check that each device is indeed 

electrically isolated from the heatsink. 
That’s done by switching your multime-
ter to a high ohms range and checking for 
shorts between the heatsink mounting 
surface and the collectors of the heatsink 
transistors (note: the collector of each de-
vice is connected to its metal face or tab).

In practice, it’s simply a matter of 
checking between the fuse-clips closest 
to the heatsink and the heatsink itself. 
That’s because the device collectors in 
each half of the output stage are con-
nected together and run to their respec-
tive fuseholder.

 Drilling and tapping the aluminium heatsink

FIG.11 (above) shows the heatsink drilling details. The white holes are drilled 
if you intend tapping the holes, while the blue holes are drilled if you want to 

drill right through the heatsink (ie, between the fins).
If you intend drilling right through the heatsink, simply mark out the blue hole 

locations using a sharp pencil, then accurately drill the holes using a drill press. 
Use a pilot drill to begin with – the holes have to go between the fins so it’s vital 
to accurately position them.

Be sure to use a suitable lubricant when drilling the holes. Kerosene is 
the recommended lubricant for aluminium, but we found that light machine oil 
(eg, Singer) also works well for jobs like this.
Don’t try drilling the holes in one go. When drilling aluminium, it’s important 

to regularly remove the bit from the hole and clear away the metal swarf.  
If you don’t do this, the aluminium has a habit of migrating onto the drill bit and 
ruining it.
Don’t even think of using a hand-drill for this job by the way. There’s no way 

you’ll get the holes perfectly perpendicular to the mounting face.
Once the holes have been drilled, deburr them using an oversize drill to remove 

any metal swarf from the mounting surface. This is vital to prevent punch-through 
of the insulating washers.
Finally, the heatsink should be thoroughly scrubbed cleaned using water and 

detergent and allowed to dry.

Drilling and tapping
Alternatively, if you want to centre the module horizontally on the heatsink, you 

will have to drill and tap holes to accept M3 screws in the locations shown (ie, 
the white holes). This method is more time-consuming than drilling right through, 
but it does make it easier to mount the transistors when it’s done.
To do the job, you will need a 2.5mm drill, an M3 intermediate (or starting) tap 

and an M3 finishing tap. If you are unable to obtain a finishing tap, you can make 
one by grinding most of the tapered end off an intermediate tap.
The first step is to mark out and drill the mounting holes to a depth of exactly 

7mm using a 2.5mm drill. As before, be sure to regularly clear the hole and 
the drill bit of any metal swarf and keep the drill bit well-lubricated.
Once the holes have been drilled, tap each one in turn, starting with the M3 

intermediate tap and then finishing with the M3 finishing tap. The trick here is to 
take it nice and slowly. Keep the lubricant up and regularly wind the tap out 
to clear the metal swarf from the hole.
You will know when you’re coming to the end of the hole by the increased 

resistance to turning the tap handle. Do not at any stage apply undue force to 
the tap. It’s easy to break a tap in half and if the break occurs at or below the 
heatsink’s face, you can scratch both the tap and the heatsink (and about £15).
As before, deburr the holes using an oversize drill and scrub the heatsink 

clean using water and detergent. Make sure that the mounting surface is per-
fectly smooth before installing the heatsink transistors.
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30
41
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60

11
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A
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A AB B

B

B

B

B

HOLES A: DRILL 2.5mm DIAMETER, TAP FOR M3 SCREW HOLES B: DRILL 3.5mm DIAMETER (SCALE 1/2)

Fig.11: this half-size diagram shows the drilling details for the heatsink. For 
tapped holes, mark out and drill the white holes marked ‘A’ to a depth of 7mm 
(2.5mm drill, M3 tap). Alternatively, if you intend drilling right through the 
heatsink, drill the blue holes marked ‘B’ (3.5mm drill). 

UltraLD AmplifierPt2 0908. (FROM MATT)indd.indd   30 29/07/2010   12:51:33



Constructional Project

Everyday Practical Electronics, September 2010 31

Constructional Project

NJL3281D OR
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M3 SCREW
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(HEATSINK
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PC BOARD
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In each case, you should get an 
open-circuit reading. If you do find a 
short, undo each transistor mounting 
screw in turn until the short disap-
pears. It’s then simply a matter of 
locating the cause of the problem and 
remounting the offending transistor.

Be sure to replace the insulating 
washer if it has been damaged in any 
way (eg, punched through).

Completing the assembly
The assembly can now be completed 

by installing the two 1000mF 63V cap-
acitors and the three screw terminal 
blocks (CON1 to CON3). Take care 
when installing the latter – the access 
holes must face outwards.

You should also remove the two 
support spacers from the edge of the 
board adjacent to the heatsink. In fact, 
it’s quite important that the rear edge 
of the board be supported only by 
the heatsink transistor leads. Basi-
cally, this avoids the risk of eventu-
ally cracking the PC tracks and pads 
around the heatsink transistors due to 
thermal expansion and contraction of 
their leads as they heat up and cool 
down.

In short, the rear spacers are in-
stalled only while you install the 
heatsink transistors and must then be 
removed. They play no part in secur-
ing the module. Instead, this edge of 
the module is secured by bolting the 
heatsink itself to the chassis.

This can be done by tapping M3 or 
M4 holes into the main plate on the 
underside of the heatsink or by using 
right-angle brackets. The front of the 
board can be secured using the two M3 
× 10mm spacers fitted earlier.

That completes the assembly of the 
power amplifier module. The next step 
is to build the power supply module.

Power supply module
As noted last month, this design dis-

penses with a regulated power supply. 
Instead, it is powered using unregu-
lated +55V and –55V supply tails.

Fig.13 shows the circuit details 
of the power supply. It’s based on 
a centre-tapped (toroidal) mains 
transformer (T1) with two 40V 
windings and two 15V windings.

As shown, the two 40V windings 
are connected together to give 80V AC 
centre-tapped, and this arrangement 
drives bridge rectifier BR1. This in 
turn feeds six 4700mF 63V electrolytic 

capacitors (ie, 14,100mF on each side) 
to provide balanced ±55V DC supply 
rails to power the amplifier.

In addition, two LEDs are connected 
in series with 3.3kW 5W current-lim-
iting resistors across the ±55V supply 
rails. These serve two purposes: (1) 
they provide a handy indication that 
power is present on the supply rails; 
and (2) they (slowly) discharge the 
filter capacitors when the power is 
switched off (see warning panel).

The two 15V windings are also con-
nected together (to provide 30V AC 
centre-tapped) and these drive bridge 
rectifier D1-D4 and two 2200mF filter 
capacitors to derive unregulated rails 
of about ±20V. These rails are then 
fed to 3-terminal regulators REG1 and 
REG2 to derive regulated ±15V supply 
rails to power a preamplifier module.

In addition, the +20V DC rail is also 
made available as an output, along with 
a 30V AC output. The +20V rail can be 
used to power the Universal Speaker 
Protector and Muting Module (EPE, Dec 
’08), while the 30V AC output is con-
nected to the ‘AC Sense’ input of this 
module (it’s used to quickly disconnect 
the speaker when the power goes off, 
to avoid switch-off thumps).

By the way, if you’re looking for a 
preamplifier to use with the Ultra-LD 
Amplifier, the preamplifier module 
described in EPE, Dec ’08 (and used in 
the Class-A Stereo Amplifier) is ideal.

Note, however, that 3-terminal 
regulators REG1 and REG2 on that 
preamplifier board must be replaced 
by wire links if powering it from the 
power supply described here. These 
links are connected between what 
were the IN and OUT pads for each 
regulator on the preamplifier board.

Power supply assembly
Fig.15 shows the parts layout for 

the Power Supply board. This board 
is coded 768 (PSU) and carries all the 
parts following the transformer except 
for 35A bridge rectifier BR1, which 
must be mounted on a metal chassis 
to ensure adequate heatsinking.

Begin by installing diodes D1-D4, 
the two LEDs and 3-terminal regula-
tors REG1 and REG2. Make sure these 
parts are all orientated correctly and 
don’t get REG1 and REG2 mixed up.

Both regulators are mounted with their 
metal tabs flat against the PC board. To 
install them, first bend their centre leads 
down through 90° about 5mm from their 
bodies, then bend their outer leads down 
through 90° about 7mm from the bodies. 
The regulators can then be fitted to the 
PC board and secured using M3 × 6mm 
screws, flat washers and nuts.

Tighten the screws firmly before 
soldering the device leads.

Note that there’s enough room on 
the PC board to fit mini-heatsinks to 
the regulators. This will depend on 

Fig.12: this diagram shows the mounting details for the TO-220 driver transistors 
(A) and the four output transistors (B). After mounting these transistors, use your 
multimeter to confirm that they are properly isolated from the heatsink – see text.
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L

the current drawn by the preamplifier 
you elect to use, but should not be 
necessary in most cases.

The three Quick-Connect male spade 
terminals (TERMINAL1 to TERMINAL3) 
are next on the list. These are used to 
terminate the connections from bridge 
rectifier BR1 and the centre-tap of the 
40V transformer windings. They are 
each secured in place using an M4 × 
10mm screw, nut, flat washer and star 
washer – see Fig.14.

The trick here is to use a Phillips-
head screwdriver to hold the M4 screw 
stationary while you do up the nut with 
a ratchet-driven socket.

Once all the Quick-Connect termi-
nals have been tightly secured to the 
PC board, you can then install the re-
maining parts. These include the two 
3.3kW 5W resistors, the electrolytic ca-

pacitors and the screw terminal blocks. 
Note that the two 5W resistors should 
be stood off the board by 1-2mm, to 
allow the air to circulate beneath them 
for cooling (use a cardboard spacer).

Be sure to install the electrolytic 
capacitors with the correct orientation. 
These things have a nasty habit of ex-
ploding if they’re installed the wrong 
way round – so double-check them.

Be sure also to dovetail connectors 
CON3 and CON5 together (to form 
a 5-way connector) before installing 
them on the PC board. If you solder one 
connector to the board first, you may 
not be able to dovetail them. The same 
goes for connectors CON4 and CON2.

Putting it in a case
The completed amplifier module 

and its power supply must be housed 

in an earthed metal case, but we’ll 
leave the details of this up to you. 
However, don’t get involved in mains 
wiring unless you are experienced 
and know exactly what you are doing.

Fig.16 shows the suggested wiring 
layout (but without a speaker protec-
tor or preamplifier). Make sure that 
the chassis is securely earthed via 

QUICK CONNECT

M4 x 10mm
SCREW & NUT

M4 FLAT
WASHER

M4 STAR
WASHER

PC BOARD

Fig.13: the power supply is based on a toroidal transformer (T1) with two 40V windings and two 15V windings. The 
two 40V windings are connected in series and drive bridge rectifier BR1 and six 4700mF filter capacitors to produce 
the ±55V rails. Similarly, the 15V windings drive a bridge rectifier based on diodes D1 to D4. This feeds 3-terminal 
regulators REG1 and REG2 to produce ±15V rails for a preamplifier. The +20V rail, derived from the output of D1 to 
D4, is used to power the loudspeaker protector.

Fig.14: here’s how the single-ended 
male Quick Connects are secured to 
the Power Supply module PC board.
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Fig.15: install the parts on the power supply board as shown here, taking care to ensure that all the electrolytic 
capacitors are mounted with the correct polarity. Be sure also to use the correct regulator at each location. The two 
LEDs indicate when power is applied and remain lit until the 4700mF capacitors discharge after switch-off.

We modified the power supply PC board after this prototype was produced, so that heatsinks could be fitted to the 
two 3-terminal regulators if necessary. This will depend on the current drawn by the preamplifier you elect to use.
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the mains and be sure to insulate all 
exposed mains terminals.

Note that you will have to use a pig-
gyback female spade connector to termi-
nate the commoned 40V and 0V connec-
tions from the toroidal transformer. This 
connector plugs into the 0V terminal 
(TERMINAL 2) on the power supply 
module. The female spade connector 
fitted to the green earth lead is then 
plugged into the back of this connector.

The other end of this earth lead is 
crimped to an earth lug. Similarly, 
the mains earth lead (green/yellow) 
is crimped to a second earth lug and 
the two earth lugs are securely bolted 
to the chassis.

Once the assembly is complete, 
check your wiring very carefully. In 
particular, make sure that BR1’s posi-
tive and negative terminals connect 
to the correct terminals on the power 
supply board.

You should also use a multimeter 
to confirm that the chassis is correctly 
earthed. Do that by checking for con-
tinuity between the earth terminal of 
the IEC socket and the chassis.

Testing the power supply
It’s now time to check that the 

power supply is functioning correctly, 
but first a warning: You must avoid 
contact with the ±55V rails, both on 
the power supply module and on 
the amplifier module. There’s 110V 
between them and getting across the 
two rails simultaneously could have 
serious consequences.

The same goes for the transformer 
secondary windings – make sure that 
you don’t ‘bridge’ across either of the 
two 40V AC windings or the 80V AC 
that’s applied to bridge rectifier BR1.

You must also allow the 4700mF filter 
capacitors on the power supply module 

Ultra-LD Mk.2 Amplifier power
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to discharge down to a couple of volts 
before attempting to work on this mod-
ule. Don’t just rely on the LED indicators 
– use your multimeter to confirm that 
the supply rails have indeed dropped 
to a low value before touching them.

Similarly, make sure these capaci-
tors have discharged before connect-
ing the power supply to the amplifier 
module or disconnecting it (otherwise 
you could damage the amplifier).

To check the power supply, first 
make sure that the supply wiring 
is disconnected from the amplifier. 
That done, apply power to the power 
supply board and check the various 
DC outputs. You should be able to 
measure close to ±55V on CON1, +20V 
on CON4, ±15V on CON2 and 30V AC 
on CON5.

If you don’t get the correct voltages, 
switch off immediately and check for 
wiring and component errors.

Fig.16: here’s how to wire the completed power amplifier and power supply boards into a metal case. The mains 
wiring at right would be typical of most installations, but ensure that all exposed terminals are fully insulated.
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The 68W 5W test resistors are soldered to the 
fuse-clip pads on the underside of the PC board.

Parts List –  
Power Supply 

PC Board Module
1 PC board, code 768 (PSU), 

available from the EPE PCB 
Service, size 126mm × 96mm

3 3-way PC-mount terminal 
blocks, 5mm pitch (CON1-
CON3)

2 2-way PC-mount terminal 
blocks, 5mm pitch (CON4-
CON5)

3 chassis-mount single-ended 
Quick Connect (spade) 
terminals (TERM1-TERM3) 
(Jaycar PT-4910 or equivalent)

3 M4 × 10 screws
3 M4 a 10mm nuts
3 M4 flat washers
3 M4 shakeproof washers
4 M3 × 9mm tapped nylon 

spacers
6 M3 × 6mm screws
6 M3 nuts
2 M3 shakeproof washers

Semiconductors
4 1N4004 diodes (D1-D4)
1 7815 15V regulator (REG1)
1 7915 –15V regulator (REG2)
2 3mm red LEDs (LED1,LED2)

Capacitors
6 4700mF 63V radial electrolytic 
2 2200mF 25V radial electrolytic 
2 100mF 16V radial electrolytic

Resistors
2 3.3kW 5W

Additional Parts
1 300VA transformer with 2 × 

40V AC 300VA windings and 
2 × 15V AC 7.5VA windings

1 35A 400V bridge rectifier (BR1)
1 chassis-mount IEC male socket 

with fuseholder (eg, Jaycar 
PP-4004)

1 DPST mains switch (S1)
1 M205 5A fuse

Miscellaneous
Earth crimp lugs, female Quick 
Connectors, 240V AC cable, 
machine screws and nuts

(ie, at the ends furthest away from 
the heatsink). You should get +55V 
at FUSE1 (with respect to the 0V rail) 
and –55V at CON2.

STEP 5: check the voltage across each 
68W 5W resistor. This should be in the 
range from 9V to 14V (depending on 
the supply rails and the exact value of 
the 68W test resistors).

Switch off immediately and go to the 
troubleshooting procedure if you get 
a value that’s much higher than 14V.

STEP 6: check the voltage at the loud-
speaker terminals. You should get a 
reading of ±30mV or less.

STEP 7: check the voltage across each 
of the 0.1W 5W emitter resistors in the 
output stage. This voltage should be 
between 7mV to 10mV. This equates 
to a current of 70-100mA through each 
output transistor, which means that 
the total output stage quiescent current 
is in the range of 140mA to 200mA.

Be careful not to short a resistor lead 
to the adjacent +55V and –55V tracks 
on the top of the board when making 
these voltage checks.

If the voltage across the 0.1W 5W 
emitter resistors exceeds 10mV, in-
crease the 47W resistor between the 
supply rail and Q7’s emitter to 56W, 
or even to 68W if necessary to bring 
the voltage back into the 7mV to10mV 
range. This resistor is located on the 
far lefthand side of the PC board, im-
mediately below a 100nF capacitor.

Do not reduce Q7’s emitter resistor 
to less than 47W.

Testing the power amplifier
Assuming you do get the correct 

voltages, switch the power supply off 
and follow this step-by-step procedure 
to check the power amplifier module:
STEP 1: remove the fuses from the am-
plifier module and install two 68W 5W 
resistors in their place. The best way 
to do this is to tack solder the resistors 
across the fuseholder pads on the un-
derside of the PC board. They should 
be mounted about 5mm away from 
the edge of the board, to prevent heat 
damage during testing – see photo.

The 68W resistors are there to limit 
the current through the output stage to 
about 800mA if there is a fault in the 
amplifier that turns the output transis-
tors hard on. This protects the output 
transistors from damage, but note that 
the 68W resistors will quickly burn out 
under such circumstances (since they 
will be dissipating over 40W).
STEP 2: use your multimeter to again 
check that the heatsink transistors are 
all isolated from the heatsink. If one 
of these is shorted, its corresponding 
68W 5W resistor will again quickly 
burn out if power is applied. 
STEP 3: check that the power supply is 
off and that the filter capacitors are dis-
charged, then connect the +55V, 0V and 
–55V supply leads to the amplifier at 
CON2. Make sure these are connected 
correctly, otherwise the amplifier will 
be damaged when power is applied.

STEP 4: apply power and check the 
supply voltages at the fuseholders 
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STEP 8: check the voltages marked on 
the circuit diagram (Fig.1) last month. 
These should all be close to the indi-
cated values.
STEP 9: if everything is correct, switch 
off and allow the power supply filter 
capacitors to discharge to a low level 
(2V or less). When they reach this 
level, disconnect the power supply, 
remove the 68W 5W resistors from 
the amplifier module and install the 
5A fuses.
STEP 10: connect an audio signal 
source and a loudspeaker (prefer-
ably via a loudspeaker protector 
module), then re-apply power and 
test the amplifier module with 
music.

Troubleshooting
If the voltage across the 68W test 

resistors is much greater than 14V (eg, 
close to the supply rail), switch off 
immediately (note: the resistors may 
burn out before you do this).

The first thing to check is that 
the heatsink transistors are all cor-
rectly isolated from the heatsink. 
If this checks out, apply power to 
the amplifier without the fuses or 
test resistors in place – ie, so that 
the output stage (Q10 to Q15) is left 
unpowered.

Now check the voltage between 
the bases of transistors Q10 and 
Q11. This should be close to 2.2V. 
If it’s much higher than 2.2V, this 
indicates that the DQ12 to DQ15 
diode string is open circuit. This 
could be due to an open-circuit track 
on the PC board or more likely, a 
missed solder connection on one of 
the output transistor leads (ie, the 
‘A’ and ‘K’ diode leads).

If the voltage across the diode string 
is correct, check the base-emitter volt-
age of each transistor in the amplifier. 

In each case, you should get a read-
ing of 0.6V to 0.7V if the transistor 
is working correctly. Check that the 
correct transistor has been used at 
each location.

Loudspeaker protection
Finally, be sure to use this module 

with a loudspeaker protector, as a 
fault in the output stage can quickly 
burn out an expensive loudspeaker 
system (and maybe even start a fire due 
to a red-hot voice-coil). The recom-
mended unit is the Universal Speaker 
Protector and Muting Module (see EPE, 
Dec ’08).                                        EPE

 
Removing parts from the PC board

If you need to remove components such 
as resistors or transistors from this double-
sided board, the easiest way to do it is to 
first remove as much solder as you can 
from each pad using a solder sucker. Next, 
you clip away the body of the component 
using small side-cutters, then grab each 
lead with needle-nose pliers on the top of 
the board while you heat up its copper pad 

underneath. The lead can then be pulled 
out from the top.

 You then use solder-wick (or desoldering 
braid) to remove any residual solder. Be care-
ful not to overheat the PC pads, as they may 
detach themselves from the board. Often, it 
will be necessary to drill out the holes to clear 
the solder, so that you can install the new 
component’s leads.
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PLEASE TAKE NOTE

Ultra-LD 200W Power Amplifier – 
Pt.1 (Aug ’10)

Page 36, Fig.1. Unfortunately, 
the register of the circuit diagram 
shifted during the final processing 
of the page for printing and the top, 
power supply line, of the circuit is 
missing. We have reproduced the 
top section, including the positive 
supply line, opposite. We apologise 
for this error.

EPE PCB Service (Aug ’10)
Page 70. There is a misprint in the 

Aug ’10 section. The entry for the 
Ultra-LD 200W Power Amplifier PCB 
showed the wrong price.

This board is a double-sided PCB.
The correct price is given in this 
month’s PCB Service entry.

Reproduced by arrangement  
with SILICON CHIP 

magazine 2010.
www.silicon chip.com.au
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SP172 4 x Standard slide switches
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SP174 20 x 22/25V radial elect caps
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SP177 10 x 1A 20mm quick blow fuses
SP178 10 x 2A 20mm quick blow fuses
SP181 5 x Phono plugs - assorted colours
SP182 20 x 4.7/63V radial elect caps
SP183 20 x BC547B transistors
SP186 8 x 1M horizontal trimpots
SP189 4 x 4 metres solid core wire 
SP192 3 x Cmos 4066
SP195 3 x 10mm Yellow Leds
SP197 6 x 20 pin DIL sockets
SP198 5 x 24 pin DIL sockets
SP199 4 x 2.5mm mono jack plugs
SP200 4 x 2.5mm mono jack sockets
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Need to operate a CD, DVD or MP3 player from the cigarette 
lighter socket in your car? Or perhaps run a digital still or video 
camera or some powered speakers from the power supply inside 

your PC? This Low-Voltage Adjustable Regulator will step the 
voltage down to what’s needed. It has jumper shunts to select one 
of six common output voltages (from 3V to 15V) and depending 

on the input voltage and the heatsink(s) you use, it can deliver an 
output current of just over 4A.

By JIM ROWE

CONSIDERING the price of batter-
ies and the ever-growing array 

of small items of electronic gear de-
signed to run from low-voltage battery  
power, it’s not surprising that one of 
the most common requests from read-
ers is for an adaptor so this kind of 
equipment can be run from either the 
power supply inside a PC or a cigarette 
lighter socket in a motor vehicle.

Most of the battery-operated equip-
ment we’re talking about is designed 
to operate at 3V, 6V or 9V, whereas 
the voltages available from vehicle 
batteries or PC power supplies are 
rather more restricted. For example, 
there’s usually only either 12V or 24V 
available from vehicle batteries, while 
most PC power supplies only have 5V 
and 12V supplies readily available.

In addition, the voltage available 
from a vehicle battery can vary over 
a fairly wide range, depending on 
whether the engine is running, the 
battery is being charged and whether 
the lights and/or air conditioning are 
on. This sort of voltage variation can 
cause problems for electronic circuits, 
as these generally perform much better 
and more reliably when operated from 
a regulated power supply.

This Low-Voltage Adjustable Regula-
tor has been designed for use in virtually 
any of these common DC voltage step-
down applications. It can be connected 
to any convenient source of input volt-
age up to about 28V and is ‘programmed’ 
using a push-on jumper shunt to deliver 
one of six output voltages: 3V, 5V, 6V, 
9V, 12V or 15V. In each case, the output 

voltage is well regulated, remaining very 
close to the selected voltage despite 
broad changes in both input voltage and 
load current level.

Circuit description
The full circuit is shown in Fig.1. 

The heart of the adaptor is an LM317T 
adjustable 3-terminal regulator, which 
comes in a TO-220 package.

The LM317 is designed to maintain 
the voltage between its output (OUT) 
and adjustment (ADJ) terminals at 
close to 1.25V. At the same time, the 
current level through its ADJ terminal 
is maintained at a very low level (typi-
cally 50mA) and varies by less than 5mA 
over the full rated load current range 
(10mA – 1.5A) and the input-output 
voltage range of 3V to 40V.

Low-Voltage 
Adjustable Regulator
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HIGH CURRENT ADJUSTABLE REGULATOR

REG1, boosting the total output cur
rent capacity.

The function of the 470mF capaci
tor across the adaptor’s input is to 
provide a degree of smoothing and 
filtering, to minimise the effect of 
any alternator noise or power sup
ply ripple that may be present on 
the input voltage. Further filtering 
is provided by the 10mF capaci
tor, which is connected between 
the LM317’s ADJ terminal and the 
negative voltage rail, and also by the 
100nF and 10mF capacitors across 
the output.

The LM317’s actual regulated out
put voltage can be varied over a wide 
range using a simple resistive volt
age divider. As shown in Fig.1, the 
divider’s top resistor is connected 
between the OUT and ADJ terminals 
of REG1, while the bottom resistor is 
connected between the ADJ terminal 
and the negative voltage rail.

Since the LM317 maintains the volt
age across the upper resistor at 1.25V, 
the total output voltage can be set for 
virtually any voltage above this level 
simply by adjusting the value of the 
lower divider resistor. The value of 
the lower resistor is found by taking 
into account that it needs to drop the 
desired output voltage minus 1.25V, 
while carrying the current passing 
through the upper resistor, plus an ad
ditional 50mA (from the ADJ terminal).

In our circuit, the upper divider 
resistor is 120W, giving a nominal 
current of 1.25/120 = 10.42mA. Hence 
the current through the lower divider 
resistor is 10.42 + 0.05 = 10.47mA.

The value of the lower divider resist
ance is varied using the jumper shunt 
to link one of the six ‘voltage select’ 
pin pairs. For example, when the shunt 
is fitted in the 3V position, the lower 
divider resistor is 160W. Similarly, 
when it’s fitted in the 6V position the 
lower resistor value is set to (160 + 180 
+ 18 + 91) = 449W.

The resistor values selected by each 
of the jumper shunt positions have 
been calculated to give LM317 output 
voltages as close as possible to the 
marked values, using standard resistor 
tolerance values.

Current boost
So that is how we set the output 

voltage. However, since the LM317 
can only cope comfortably with cur
rents up to around 1.5A, it needs a 
boost if the adaptor is to supply higher 
currents. In our circuit, this boost is 
provided by Q1, a BDX54C/BD650 
PNP Darlington power transistor.

Q1 has its emitter and base con
nected across the 22W resistor in series 
with the LM317’s input. As a result, 
the voltage developed across the 22W 
resistor when the LM317 draws cur
rent provides Q1 with forward bias.

When the current drawn by the 
load through the LM317 rises to 
about 55mA, the voltage drop across 
the 22W resistor will be around 1.2V. 
This is enough to forward bias Q1 

into conduction. As the load current 
rises above this 55mA level, Q1 gradu
ally takes over from the LM317 and  
handles more and more of the load cur
rent. The higher the load current, the 
greater the proportion that’s handled 
by Q1.

The current boost provided by Q1 
doesn’t degrade the voltage regulation 
performance of the LM317. The regu
lator still controls the output voltage 
level closely in the normal way and 
varies the current passing through 
Q1 by varying its own current. In 
effect, Q1 acts purely as a slave to 

Fig.1: the circuit is based on an LM317 adustable regulator and a PNP 
Darlington transistor (Q1) to boost the output current capability. The output 
voltage is set by the resistive voltage divider string on the regulator’s OUT 
and ADJ terminals and depends on the jumper shunt installed.

  Specifications

•  Selectable output voltage: 3V, 5V, 6V, 9V, 12V or 15V DC within ±3%

• Output voltage regulation: typically better than 0.5% up to 500mA; 
better than 1% for output currents up to 1A

• DC Input voltage: up to 24V battery

• Output current: up to 4.25A – see Table 1.
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Table 1: Voltage Adaptor Output Current Ratings

Input
Volts

Output
Volts Vin – Vout

Maximum output current

With HH-8502
heatsink (on board)

With HH-8511
heatsink (on board)

With Q1 on HH-8566
heatsink, off board

6V 3V

3V

5V

6V

9V

3V

5V

6V

9V

12V

15V

3V

9V

7V

6V

3V

21V

19V

18V

15V

12V

9V

12V

24V

830mA 2A 2.8A

275mA 660mA 940mA

350mA 850mA 1.2A

415mA 1A 1.4A

830mA 2A 2.8A

115mA 280mA 400mA

130mA 310mA 440mA

470mA

560mA

700mA

940mA

330mA

400mA

500mA

660mA275mA

200mA

160mA

135mA

Current, power and  
heatsinking

Before we turn to the construction 
of the adaptor, it’s important to under-
stand how the amount of load current 
is determined by two factors:
1)  The difference between the input 

voltage and selected output voltage.
2)  The amount of heatsinking fitted to 

current booster Q1 (and to a lesser 
extent, regulator REG1).

These things are all linked together 
because the main limitation on the 
adaptor’s maximum output current is 
the heat dissipation in both Q1 and 
REG1. Q1 can only dissipate a little 
over 20W for case temperatures up 
to 100°C, while REG1 has internal 
over-current and over-temperature 
protection, which limits its power 
dissipation to less than about 15W.

These limits control the adap-
tor’s output current because the case  

temperatures of Q1 and REG1 are pro-
portional to the power they have to dis-
sipate, and their power dissipation is 
determined in turn by the voltage they 
have to drop (ie, the difference between 
the adaptor’s output and input voltages) 
multiplied by the output current.

We can express this mathematically 
using the following equation:

P(tot) = I(load) x (Vin – Vout)
where P(tot) is the total power dis-
sipation in watts, I(load) is the load 
current in amps and Vin and Vout are 
the adaptor input and output voltages 
respectively.

So, the important point to grasp is 
that the larger the voltage difference 
(Vin – Vout), the smaller the maximum 
load current that the adaptor can 
handle.

Just how hot Q1 and REG1 actu-
ally get for a given amount of power 
dissipation depends on the heatsink 
size. To be precise, the temperature 

rise for each device is determined 
by the power being dissipated and 
the ‘thermal resistance’ between its 
internal junction and the surrounding 
‘ambient’, as follows:

T(case – ambient) = P(tot) x R(j-a)
where T(case – ambient) is the case 
temperature rise above ambient and 
R(j-a) is the thermal resistance between 
the junction and ambient. The latter is 
made up from two thermal resistances 
in series; the junction to case thermal 
resistance and the thermal resistance 
from case to ambient:

R(j-a) = R(j-c) + R(c-a)
where R(j-c) is the internal thermal 
resistance from junction to case, which 
is around 4°C per watt for TO-220 
devices like Q1 or REG1. R(c-a) is the 
thermal resistance from case to ambi-
ent, which we can lower by fitting the 
device with a heatsink.

For example, the thermal resistance 
R(c-a) of a TO-220 device like Q1 with-
out any heatsink at all is around 46°C/
watt, so its temperature will rise above 
ambient by about (4 + 46) = 50°C for 
every watt of power it must dissipate.

If we fit it with even a small heat-
sink, like the Jaycar HH-8502, this 
drops R(c-a) to 20°C/watt, lowering the 
total temperature rise above ambient to  
(4 + 20) = 24°C for each watt of power 
dissipated. So, fitting this small heat-
sink on Q1 will roughly double the 
adaptor’s power dissipation ability.

We can do much better if we fit Q1 
with a larger heatsink, like the Jaycar 
HH-8511 (which can be shared with 
REG1 as the latter doesn’t dissipate 
much power). The larger heatsink 
reduces R(c-a) to 6°C/watt, resulting 
in a total temperature rise of only (4 
+ 6) = 10°C for each watt dissipated.

It is possible to reduce the value of 
R(c-a) even further by fitting Q1 with 
an even larger heatsink, to allow it to 

  Table 2: Resistor Colour Codes

 o  No.  Value  4-Band Code (1%)  5-Band Code (1%)
 o     2   300W   orange black brown brown   orange black black black brown
 o     1   270W   red violet brown brown   red violet black black brown
 o     1   180W   brown grey brown brown   brown grey black black brown
 o     1   160W   brown blue brown brown   brown blue black black brown
 o     1   120W   brown red brown brown   brown red black black brown
 o     1   91W   white brown black brown   white brown black gold brown
 o     1   22W   red red black brown   red red black gold brown
 o     1   18W   brown grey black brown   brown grey black gold brown
 o     1   5.6W   green blue gold brown   green blue black silver brown

Table 1: use this table to select the heatsink necessary to suit the required output 
current from the regulator board. Note that you also have to consider the difference 
between the input and output voltages when making this selection.
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dissipate even more power. However 
this involves mounting Q1 off the 
adaptor’s PC board.

To summarise, if you want the 
adaptor to supply as much current as 
possible, you must limit (Vin – Vout) 
by reducing Vin. However, Vin must 
be at least 3V higher than Vout for the 
adaptor to work correctly.

If you’re stuck with a particular 
input voltage (say 12V), the only way 
to increase the adaptor’s output cur-
rent capability is to provide Q1 with 
a larger heatsink, as just discussed.

Example
Let’s say you want to use the adaptor 

to power a portable CD player from the 
cigarette lighter socket in your car and 
the CD player needs 3V DC. So Vin is 
12V and the adaptor will have to drop 
12 – 3 = 9V.

Now let’s assume that Q1 is fitted 
with just a small HH-8502 heatsink. 
What current will it be able to deliver 
to the CD player at ambient tempera-
tures up to 40°C?

From what we’ve seen earlier, the 
total R(j-a) for Q1 with this small 
heatsink is around 24°C/watt, so if 
we want its temperature to rise by 
no more than 60°C above an ambient 
of 40°C (ie, to 100°C maximum), the 
maximum power that Q1 should be 
called upon to dissipate is 60/24 = 
2.5W. If the adaptor will be dropping 
9V, this corresponds to a maximum 
load current of 2.5/9, or about 275mA 
(power = voltage × current, so current 
= power/voltage).

If the CD player needs to draw more 
current than this, you’ll have to fit Q1 
with a larger heatsink like the HH-
8511 which allow it to deliver 6/9A, 
or about 660mA.

If this current rating seems pretty 
low, consider that this example is for 
a very demanding situation where it is 
being called upon to deliver the lowest 
selectable output voltage but from a 
fairly high input voltage.

For an easier example, let’s say you 
want to provide a radio or some other 
equipment with 9V, but still want to 
run the adaptor from 12V. This will 
mean that Q1 will only have to drop 
(12 – 9 = 3V). So, with the smaller 
HH-8502 heatsink it would be able 
to deliver up to 2.5/3 or 830mA. Al-
ternatively, with the larger HH-8511 
heatsink, it would be able to supply 
6/3 or 2A.

To make it easier to choose which 
size of heatsink you need for your ap-
plication, refer to Table 1 for the most 
likely combinations of input voltage 
and output voltage. Note that only 
practical combinations are shown – ie, 
where the input is at least 3V higher 
than the output, so that the unit can 
operate correctly.

Construction
All the parts used in the adaptor 

mount on a small PC board measuring 
107 × 39mm. This board is available 
from the EPE PCB Service code 769. 

The component overlay diagram 
is shown in Fig.2. Begin assembly 
by fitting the four PC board terminal 
pins (to the external wiring points) 
and the 6×2 length of DIL jumper 
strip used for the output voltage 
programming. Follow these with the 

11105081
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HS1 (HH-8502)

180�

120� 22�

18�

160�

300�

270�

91�

5.6�

300�

470 F�

+

10 F�

10 F�100nF

(HH-8511 SHARED HEATSINK)

3.0V
5.0V
6.0V
9.0V
12V
15V

+

– +INPUT

OUTPUT +–
+

REG1
LM317T

Q1
BDX54C

OUTPUT– +

– +
INPUT FROM PC

POWER SUPPLY OR
VEHICLE BATTERY

POSITION
JUMPER
SHUNT

FOR
DESIRED
OUTPUT
VOLTS

USE SMALL
HEATSINK

FOR LOWER
CURRENT

USE, LARGER
SHARED

HEATSINK
FOR HIGHER

CURRENT
USE

Fig.2: install the parts on the PC board 
as shown here. The output voltage is 
set by installing a jumper shunt in 
one of the link positions.

Parts List 
1	 PC	board,	code	769,	available	
from	the	EPE	PCB	Service,	
size	107	×	39mm

1	 HH-8502	19mm	square		
TO-220	heatsink,	OR

1	 HH-8511	61	×	36	×	30mm	
U-shaped	heatsink

2	TO-220	silicone	washers
1	 6x2	length	of	DIL	jumper	strip
1	 jumper	shunt
2	 M3	×	6mm	machine	screws
2	 M3	nuts
4	 PC	board	terminal	pins,	1mm	
diameter

Semiconductors
1	 LM317T	regulator	(REG1)
1	 BDX54C	or	BD650	PNP	
power	Darlington	(Q1)

Capacitors
1	 470mF	35V	radial	electrolytic
2	 10mF	16V	radial	electrolytic
1	 100nF	MKT	metallised	
polyester

Resistors (0.25W,	1%	metal	film)
2	 300W	 1	 91W
1	 270W	 1	 22W
1	 180W	 1	 18W
1	 160W	 1	 5.6W
1	 120W

Where to buy a kit
This	 project	 was	 developed	 by	
Jaycar	Electronics	and	they	own	
the	copyright	on	the	PC	board.	Kits	
will	be	available	exclusively	 from	
Jaycar	 retail	 outlets	 and	 dealers	
(Cat.	KC-5463)	and	will	be	supplied	
with	the	HH-8502	heatsink.

single wire link that goes just below 
the 120W resistor.

Next, fit the 10 resistors to the board, 
taking care to place each one in its 
correct position. Table 2 shows the 
resistor colour codes, but you should 
also check each resistor using a DMM 
before soldering it in, as some of the 
colours can be difficult to decipher.

After the resistors, you can install 
the capacitors, starting with the un-
polarised 100nF MKT capacitor up at 
the top/output end. Follow this with 
the three electrolytic capacitors, taking 
care to fit each of these the correct way 
around because they are polarised.

The next step is to fit the heatsink 
(either the HH-8502 or the larger  
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HH-8511 – see Table 1), along with 
REG1 and Q1. Each of the latter two 
devices is mounted ‘flat’ with its leads 
bent down by 90° about 6mm from its 
case, so they pass through the relevant 
holes in the PC board.

If you’re just using the small HH-
8502 heatsink for Q1, REG1 can be 
fitted directly to the board (ie, no 
heatsink) and its metal tab secured 
using an M3 × 6mm machine screw 
and nut. The machine screw and 
nut also provide REG1 with a small 
amount of incidental heatsinking, in 
conjunction with the copper square 
underneath.

Once you’ve secured its tab, its 
leads can be soldered to the copper 
pads under the board. Don’t solder 
the leads before bolting down the tab 
– you could stress and crack the solder 
joints if you do.

Q1 is mounted on the top of its 
heatsink, using a thermal conducting 
washer or a smear of thermal com-
pound to ensure a good thermal bond. 
An M3 × 6mm screw and nut are then 
used to secure the assembly in place, 
before soldering Q1’s leads to their 
pads underneath.

Alternatively, both Q1 and REG1 
can be mounted on the larger HH-
8511 U-shaped heatsink, again using 
either thermal conducting washers 
or smears of thermal compound 
to ensure good thermal bonds. As 
before, bolt the assembly to the PC 
board before soldering the device 
leads.

Voltage on the heatsink
It is not really necessary to elec-

trically isolate the metal tabs of Q1 
and REG1 from each other (or from 
the heatsink), since they both sit at 
the output voltage (ie, Q1’s tab is its 
collector and REG1’s tab is its output 
terminal). It does mean, however, 
that the heatsink also operates at the 
output voltage when power is applied, 
so make sure it doesn’t short against 
other equipment.

This is also an important considera-
tion if you mount Q1 off the board on 
a large external heatsink. In that case, 
you might want to electrically isolate 
Q1 from the heatsink using a TO- 
220 insulation kit (ie, thermal insula-
tion washer plus insulating bush for 
the mounting screw). That way, the 
heatsink can then be earthed to other 
equipment.

Voltage selection
The next step is to fit the voltage 

selection jumper shunt to select 
the required output voltage. That 
done, connect a DC power source 
(it must provide at least 3V more 
than the output voltage you want), 
then check the output voltage with 
your digital multimeter. It should 
be within ±3%.

If you are going to be sourcing the 
adaptor input voltage from your car 
or truck battery, the input lead can be 
fitted with a cigarette lighter plug at 
the far end to mate with the vehicle’s 
cigarette lighter socket. 

Similarly, if you intend sourcing 
the adaptor’s input voltage from a PC 
power supply, the input lead can be 
fitted with a 4-way plug (as used on 
the rear of hard disk drives), to mate 
with a spare power connector inside 
the PC. Again, Jaycar can provide two 
versions of these plugs: the PP-0743 or 
the PP-0744.

Fig.3 shows the connections for us-
ing this type of plug to provide a 12V 
supply for the regulator board. Note, 
however, that this input voltage will 
only be suitable for output voltages 
up to 9V.

Output connector
The adaptor’s output lead can be 

fitted with a power connector to suit 
the device or devices you’re going to 
be powering. In many cases, this is 
likely to be a concentric low-voltage 
DC connector.

Finally, when mounting the adaptor 
inside a case, make sure it has adequate 
ventilation to dissipate the likely heat 
it will produce.                                 EPE

Fig.3: a hard disk drive power 
connector (eg, Jaycar PP-0743) can 
be used to connect the input of the 
regulator board to the 12V output 
from a PC power supply. 
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Professional audio gear 
invariably has balanced inputs 

and outputs. However, what if you 
want to connect standard audio equip-
ment that has unbalanced outputs to 
equipment that has balanced inputs? 
alternatively, what if you want to 
connect a balanced output signal to 
an unbalanced input? either way, 
this Balanced/Unbalanced Converter 
project can do the job.

The reason professional audio 
equip ment utilises balanced inputs 
and outputs is quite simple. it’s done 
so that audio connections can be made 
over quite long distances without add-
ing extra noise to the signal. These 
balanced connections use 3-pin Xlr 

plugs and sockets and screened twin-
core cable.

Basic arrangement
The basic arrangement for convert-

ing an unbalanced input signal to 
a balanced signal and back again is 
shown in fig.1. Basically, the audio 
output signal is coupled to two sepa-
rate amplifiers and these drive the two 
signal leads in the cable in anti-phase 
(ie, the signals have opposite phases). 
in this case, amplifier 1 has an output 
signal that’s in phase with the input, 
while amplifier 2 has an output that’s 
opposite in phase with the input.

The output impedance of each ampli-
fier is the same and the twin-core cable 

carries the signal to the equipment at the 
other end. However, in some cheaper 

balanced line drivers, one core does 
not carry any signal but is grounded 

instead. so in this case, amplifier 
2 is left out and the lefthand side 
of resistor r2 is grounded.

in operation, there will be 
some noise and hum pickup 

over the length of the cable even 
though the cable is shielded. How-

ever, because the cores in the cable are 
close together, any signal that is picked 
up will be common to both.

at the receiving end, the signal in 
each of the two cores is subtracted to 
produce the original audio signal. at 
the same time, this also removes most 
of the noise and hum that was picked 
up in the leads, since the same noise 
signal is present in both.

if one of the cores is grounded, as 
in the cheaper type of balanced driver, 
then the signal level after subtraction 
will be the same as the signal in the 
main core. alternatively, if anti-phase 
signals are applied to both cores, the 
subtraction process produces an audio 
signal level that’s twice the level in the 
individual cores.

as well as increased signal level at 
the receiving end, using two anti-phase 
signals gives a better result than using 
a balanced line driver with an earthed 
line. There are several reasons for this.

first, when using two anti-phase 
signals, the two amplifiers that drive 
them are similar and basically follow 
the same impedance variations over 
the audio frequency range. second, 
with the full anti-phase (or differential) 
lines, the electromagnetic field due to 
the signal in each is theoretically zero 
and so crosstalk into adjacent cables is 
minimised. and third, the cable will 

By JOHN CLARKE

Balanced/Unbalanced 
Converter for audio work

If you work in the professional audio field, you 
need to use balanced lines for long signal runs to 
prevent hum and noise pick-up. This Balanced/
Unbalanced Converter is really two projects 
in one. It can convert an unbalanced input to 
balanced outputs and vice versa.
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still supply signal should one of the 
cores be shorted due to a wiring fault 
(or damage).

How it works
Refer now to Fig.2 for the full circuit 

details. As can be seen, it’s based on 
three LM833 op amps (IC1-IC3).

Op amps IC1a, IC1b and IC2a make 
up the ‘balanced input to unbalanced 
output converter’ section. As shown, 
the balanced input signal is fed in via 
pins 3 and 2 of the XLR socket. These 
inputs are each tied to ground using a 
100kW resistor to prevent the signal lines 
from ‘floating’ with no input connected.

From there, the audio signals are 
coupled via 10mF non-polarised (NP) 
electrolytic capacitors to pins 3 and 5 
of op amps IC1a and IC1b respectively. 
The 220pF capacitor between the two 
inputs and the 100pF capacitors at 
pins 3 and 5 are included to filter RF 
(radio frequency) signals.

In addition, pins 3 and 5 are each 
tied to ground via a 10kW resistor to 
set the DC bias for IC1a and IC1b. 
These 10kW resistors either connect to 
the signal ground or to a half-supply 
ground, depending on the power sup-
ply configuration used.

IC1a and IC1b both operate as non-
inverting amplifiers with a gain of 1, as 
set by their 10kW feedback resistors and 

resistor R1 (20kW). A 100pF capacitor 
across each 10kW feedback resistor 
rolls off high-frequency signals above 
about 160kHz.

The outputs from IC1a and IC1b ap-
pear at pins 1 and 7 respectively, and 
are summed in differential amplifier 
stage IC2a. For signals from IC1a, IC2a 
functions as an inverting amplifier – ie, 
it operates with a gain of –1. Conversely, 
for signals on its pin 3 input, it operates 
as a non-inverting amplifier with a gain 
of 2. Because of this, the signals from 
IC1b are divided by two using a 10kW 
resistive divider before being fed to IC2a.

This means that each signal path has 
overall unity gain through IC2a. How-
ever, IC2a inverts the signals from IC1a 
so that they are now in-phase with the 
signals from IC1b; as a result, both sig-
nals add to provide an overall gain of 2.

The resulting unbalanced signal ap-
pears at pin 1 of IC2a and is AC-coupled 
to the output via a 22mF NP capacitor and 
a 150W resistor. The 100kW resistor from 
the 22mF capacitor to ground ensures that 
the output signal swings above and below 
ground with no DC bias.

Unbalanced to balanced stage
A single LM833 dual op amp (IC3) 

is used for the ‘unbalanced input to 
balanced output’ stage. As shown, the 
audio input signal is AC-coupled via a 

  Specifications

•  Signal-to-noise ratio: –100dB with respect to 1V output, 4.7kW input load.
•  Frequency response: –3dB at 2Hz and 200kHz.
•  Total harmonic distortion: less than 0.001% from 20Hz to 20kHz with a 
1V input.

•  Signal handling: supply dependent; requires 30V DC or ±15V for 9V 
RMS signal handling.

Parts List – 
Balanced/
Unbalanced 
Converter

1 PC board, code 770, available 
from the EPE PCB Service, 
size 103 × 85mm

3  8-pin IC sockets
1 2.5mm PC-mount DC socket
2 3-way screw terminal blocks 
(5.08mm or 5mm spacing)

4 2-way screw terminal blocks 
(5.08mm or 5mm spacing)

4 M3 x 6.3mm tapped standoffs 
4 M3 x 6mm screws
2 2-way pin headers (2.54mm 
spacing)

1 3-way pin header (2.54mm 
spacing)

3 jumper shunts
1 60mm length of 0.8mm tinned 
copper wire

Semiconductors
3 LM833 dual op amps (IC1-IC3)
2 15V 1W Zener diodes 
(ZD1,ZD2)

2 IN4004 1A diodes (D1,D2)

Capacitors
2 470mF 25V PC electrolytic
1 100mF 25V PC electrolytic
3 22mF NP electrolytic
1 10mF 16V PC electrolytic
3 10mF NP electrolytic
3 100nF MKT polyester
1 220pF ceramic
7 100pF ceramic

Resistors (0.25W, 1%)
6 100kW  1 4.7kW
1 20kW  4 150W
13 10kW  2 33W 0.5W

Fig.1: the basic arrangement for converting an unbalanced audio input signal 
to a balanced signal and back again.
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BALANCED/UNBALANCED CONVERTER

Table 1: Link 
SUPPLY LK1 LK2 LK3 LK4 POWER INPUT

±9-15V DC OUT IN OUT OUT + 0V –

7-12V AC OUT IN OUT IN + 0V

9-30V DC IN OUT IN OUT + 0V

Note: install LK4 for an AC supply only

Fig.2: the circuit can be split into three sections: 1) a balanced input to unbalanced output converter (top); 2) an unbalanced 
input to balanced output converter (centre); and 3) the power supply circuit (bottom). 

Reproduced by arrangement  
with SILICON CHIP 

magazine 2010.
www.siliconchip.com.au
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10mF NP capacitor to the non-inverting 
input (pin 3) of IC3a. A 100pF capaci-
tor shunts any RF signal to ground, 
while the associated 10kW resistor sets 
the DC bias for IC3a.

Note that this 10kW resistor either 
connects to the signal ground or to a 
half-supply ground, depending on the 
power supply configuration used (this is 
the reason for the different earth symbol 
at the bottom of this resistor). The 100kW 
resistor at the input ties the input line 
to ground when no signal is connected.

IC3a is wired as a unity-gain buffer 
stage and so its pin 1 output follows 
the signal input. The non-inverting (+) 
component for the balanced signal is 
then AC-coupled via a 22mF NP capaci-
tor and a 150W resistor to pin 2 of the 
XLR output socket.

The 150W resistor isolates IC3a’s 
output from external capacitive loads, 
to ensure stability. The 100kW resistor 
on the output side of the 22mF capaci-
tor ensures that the signal swings sym-
metrically above and below ground.

The out-of-phase signal is derived 
using IC3b. This stage is also fed from 
pin 1 of IC3a and functions as an invert-
ing amplifier with a gain of –1, as set by 
its 10kW feedback resistor. As before, 
a 100pF capacitor across the feedback 
resistor shunts any frequencies above 
160kHz to prevent amplifier oscillation.

IC3b’s output at pin 7 is inverted 
compared to IC3a’s output. It drives pin 
3 of the XLR socket via another 22mF ca-
pacitor and 150W resistor combination.

Note that the pin assignments on the 
XLR socket follow standard practice. 
Pin 1 is the ground, while pin 2 is for 
the ‘hot’ or non-inverted (+) signal and 
pin 3 is for the ‘cold’ or inverted signal.

Power supply
Power for the circuit can come from 

a 9V to 30V DC source, a ±9V to 15V 
DC source or a 7V to 20V AC source. 
The current requirements are quite 
modest at just 30mA.

The simplest supply arrangement is 
to use a ±9V to 15V DC source (this type 
of supply can often be found in existing 
equipment). The positive rail is simply 
connected to the ‘+’ supply input, the 
negative rail to the ‘–’ input and the 
ground to 0V. Diodes D1 and D2 provide 
reverse polarity protection, while two 
470mF capacitors filter the supply rails.

Zener diodes ZD1 and ZD2 protect 
the op amps by conducting if the  
input voltage rails exceed ±15V. A 33W 

resistor in series with each supply 
line limits the current through ZD1 
and ZD2 when they conduct, but note 
that voltages above ±18V may destroy 
these Zener diodes.

With this supply arrangement, the 
two different grounds on the circuit 
are tied together using link LK2 (see 
Table 1). This biases the op amp inputs 
at 0V so that the signal swings above 
and below ground.

AC supply
A 7V to 12V AC supply can also be 

used to derive positive and negative 
supply rails. In this case, the ‘+’ and 
‘–’ inputs are connected together using 
link LK4 and the supply is connected 
between either of these two inputs and 
the 0V (ground) terminal.

With this supply configuration, di-
odes D1 and D2 function as half-wave 
rectifiers, with filtering provided by 
two 470mF capacitors. D1 conducts on 
the positive half-cycles to derive the 
positive rail, while D2 conducts on 
the negative half-cycles to derive the 
negative rail.

As before, the two grounds are con-
nected using link LK2.

Complication
The circuit is a little more com-

plicated for a 9V to 30V DC supply. 

That’s because the signal can no longer 
swing below the 0V rail, since there’s 
no negative supply. As a result, the op 
amps must be biased to a mid-supply 
voltage, so that the signal can swing 
symmetrically about this voltage.

This mid-supply voltage is pro-
duced using a voltage divider consist-
ing of two 10kW resistors between the 
V+ rail and ground. A 100mF capacitor 
filters this half-supply rail, which is 
then fed to IC2b pin 5.

Op amp IC2b is wired as a unity-gain 
buffer stage. Its pin 7 output drives a 
10mF capacitor via a 150W decoupling 
resistor to produce the Vcc/2 half-
supply rail to bias the op amps in the 
converter stages.

In this case, links LK1 and LK3 are in-
stalled. Link LK1 connects the Vcc/2 rail 
to the junction of the 10kW bias resistors 
on the pin 3 and pin 5 inputs of IC1a and 
IC1b. It also connects the Vcc/2 rail to 
the pin 3 input of IC3b via another 10kW 
resistor. Link LK3 connects the negative 
supply pins for the op amps to ground.

Finally, the AC coupling capacitors 
at the inputs and outputs of the various 
op amps remove any DC component 
from the signal.

Building it
The assembly is straightforward with 

all the parts installed on a PC board 
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Fig.3: install the parts on the PC board as shown in this parts layout 
diagram. Table 1 (facing page) shows how to install links LK1-LK4 to suit 
the selected power supply.
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coded 770. This board is available from 
the EPE PCB Service. The printed cir-
cuit board component layout is shown 
in Fig.3. The board also carries screw 
terminal blocks for the audio input and 
output connections, plus a DC socket 
for the power supply connections (de-
pending on the supply used).

Begin construction by checking the 
board for any defects such as shorted 
tracks or breaks in the tracks. Check 
also that the hole sizes for the DC 
socket and screw terminal blocks are 
correct by test fitting these parts and 
check that the four corner mounting 
holes are drilled to 3mm.

Install the two wire links first, fol-
lowed by the resistors. Table 2 shows 
the resistor colour codes, but you should 
also check each resistor using a DMM 
before soldering it in place, as some 
colours can be difficult to decipher.

The diodes and Zener diodes can go 
in next, followed by the three IC sock-
ets. Take care to ensure that these parts 

are all oriented correctly and be sure to 
use the correct diode at each location. 
We recommend that you use IC sockets 
and leave the ICs out until you have 
completed the supply voltage checks.

The capacitors are next on the list. 
Take care with the electrolytic types, 
as they must all be fitted with the cor-
rect polarity. The two 470mF capaci-
tors are mounted on their sides, with 
their leads bent down through 90° so 
that they pass through the holes in 
the board.

Finally, install the pin headers (for 
the links), the DC socket and the screw 
terminal blocks. The 4-way screw 
terminal blocks are made by sliding 
two 2-way terminals together, using 
the dovetail mouldings on either side.

Installation
As mentioned earlier, there are sev-

eral supply options for the Balanced/
Unbalanced Converter. The current 
requirements are quite low at 30mA 

maximum when each output is driving 
a 1V signal into 600W.

Installation is basically a matter of 
deciding which type of supply you 
want to use and then choosing the 
linking options – see Table 1. Note 
that link LK4 is installed only for an 
AC supply.

A 9V to 30V DC supply can be con-
nected either via the DC socket or via 
the ‘+’ and 0V terminals on the ‘Power 
Input’ screw terminal block. An AC 
supply is connected in exactly the 
same manner (ie, via the DC socket 
or between the ‘+’ and 0V terminals).

For the ±9V to 15V DC supply op-
tion, connect the positive lead to the 
‘+’ terminal, the negative lead to the 
‘–’ terminal and the 0V lead to the 0V 
terminal. Again, make sure the links 
are correct – see Table 1.

Apply power and check that close 
to the supply voltage appears between 
pins 8 and 4 of the ICs. If the supply is 
12V DC, for example, then the pin 8 to 
pin 4 voltage should be close to 10.3V 
(after allowing for a 1.7V drop across D1 
and its series 33W resistor). The Vcc/2 
supply, as measured at pin 6 of IC2b 
and at the pin 1 and pin 7 outputs of 
the other op amps, should be close to 
10.3V/2 or 5.15V.

For an AC supply, the pin 8 volt-
age should be positive with respect to 
ground, and the pin 4 voltage negative. 
The actual voltages should be about 
1.414 times the AC voltage, minus about 
1.7V for the diode and resistor drop.

Thus, for a 9V AC supply, the volt-
age should be about 12.7V – 1.7V = 
11V DC. This means that there should 
be +11V with respect to ground on 
pin 8 of each IC, and –11V on pin 4 
of each IC.

Finally, for a ±9V to 15V DC supply, 
the pin 8 and pin 4 voltages should 
be about 1.7V less than the input 
voltages. For example, if the supply 
is ±12V DC, there should be about 
+10.3V on pin 8 of each IC and –10.3V 
on pin 4 of each IC                                EPE

  Table 2: Resistor Colour Codes
 o  No.  Value  4-Band Code (1%)  5-Band Code (1%)
 o   6   100kW   brown black yellow brown   brown black black orange brown
 o   1   20kW   red black orange brown   red black black red brown
 o  13   10kW   brown black orange brown   brown black black red brown
 o   1   4.7kW   yellow violet red brown   yellow violet black brown brown
 o   4   150W   brown green brown brown   brown green black black brown
 o   2   33W   orange orange black brown   orange orange black gold brown

This view shows the fully-assembled PC board. Take care to ensure that 
the semiconductors and electrolytic capacitors are correctly installed.
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Total harmonic distortion (THD)

Circuit Surgery
Regular Clinic by Ian Bell

Frequent	 EPE	 Chat Zone contributor	
741,	recently	posted	the	following	question	

about	 measuring	 total	 harmonic	 distortion	
(tHD)	and	observing	a	signal’s	spectrum	using	
a	fast	Fourier	transform	(FFt).

(1) Inspired by an article I read, I’m 
interested in building a Wien-bridge oscillator, 
measuring the distortion, then trying to 
minimise the distortion. Does anyone know a 
way to accurately measure THD using normal 
workshop instruments (scope, multimeter)?

(2) Related question: On LT Spice I placed 
an ideal sine generator, then chose View/FFT. 
I noticed the wide ‘skirts’ leading up to the 
peak at the sine frequency. I wondered what 
determines the sharpness of the peak.

In	 order	 to	 answer	 these	 questions,	 it	
is	 useful	 first	 to	 look	 at	 exactly	 what	 we	
mean	 by	 ‘total	 harmonic	 distortion’	 (tHD).	
this	 inevitably	 depends	 on	 some	 advanced	
mathematics,	for	which	we	will	include	quite	
a	 few	 of	 the	 relevant	 equations,	 however	 it	
should	be	possible	 to	follow	the	bulk	of	 this	
article	 even	 if	 you	 are	 not	 familiar	 with	 (or	
have	forgotten)	the	more	advanced	maths.

Distortion
Distortion	 is	 an	 unwanted	 effect	 which	

causes	the	shape	of	the	waveform	at	the	output	
of	a	linear	circuit	to	be	different	from	what	it	
ideally	 should	 be.	the	 word	 linear	 is	 critical	
here.	A	linear	circuit	is	one	in	which	the	output	
is	related	to	the	input	by	multiplying	by	a	simple	
scaling	factor	G

1
.	So,	for	an	input	signal,	v

in
,	we	

could	write	the	output	signal,	v
out

,	as:

may	 be	 very	 difficult,	 and	 may	 produce	 an	
equation	which	is	too	unwieldy	to	work	with.	
It	 would	 also	 only	 be	 applicable	 to	 the	 one	
circuit	we	had	analysed,	and	we	would	have	to	
start	again	from	scratch	for	each	new	circuit.	

In theory
We	need	something	which	is	more	general	

and	can	represent	 the	output	of	any	circuit	
producing	distortion.	Our	answer	is	provided	
by	taylor’s	 theorem,	 which	 was	 published	
in	 1715	 by	 english	 mathematician	 Brook	
taylor,	although	the	Scottish	mathematician	
James	Gregory	had	actually	discovered	the	
same	thing	back	in	1671.	

Put	 in	 simple	 terms,	 the	 theorem	 states	
that	 any	 a	 smooth	 mathematic	 function	 can	
be	approximated	by	a	polynomial	(know	as	a	
taylor	series).	By	smooth	function	we	mean	
something	for	which	we	can	draw	a	smooth	
curve	 on	 a	 graph.	 the	 full	 definition	 and	
conditions	for	taylor’s	theorem	are,	of	course,	
more	rigorous	and	specific	and	can	be	found	in	
appropriate	maths	textbooks	and	internet	sites.

A	polynomial	is	an	equation	formed	from	
a	sum	of	powers	of	our	variable	of	interest	(in	
this	case	vin

).	By	powers	we	mean	the	original	
v

in
	(power	1),	v

in
	squared	(power	2),	v

in
	cubed	

(power	3),	v
in
	to	the	power	4,	and	so	on.	each	

power	 is	 scaled	 by	 a	 different	 amount	 (G
1
,	

G
2
,	G

3
	etc)	in	which	the	numerical	subscript	

refers	 to	 the	 relevant	power	of	v
in
.	We	may	

also	include	a	DC	offset	G
0
.	this	leads	to	a	

completely	 general	 output	 equation	 for	 our	
amplifier	 output	 with	 distortion,	 which	 is	 a	
natural	extension	of	the	ideal	linear	amplifier	
equation	given	above.
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Frequent Contributor EPE Chatzone contributor 741, recently posted the following 
question about measuring Total Harmonic Distortion (THD) and observing a signal’s 
spectrum using a Fast Fourier Transform (FFT). 

(1) Inspired by an article I read, I'm interested in building a Wien-bridge oscillator, 
measuring the distortion, then trying to minimise the distortion. Does anyone know a way to 
accurately measure THD using normal workshop instruments (scope, multimeter)? 
(2) Related question: On LT Spice I placed an ideal sine generator, then chose View/FFT. I 
noticed the wide 'skirts' leading up to the peak at the sine frequency. I wondered what 
determines the sharpness of the peak. 
In order to answer these questions it useful first to look at exactly what we mean by Total 
Harmonic Distortion This inevitably depends on some advanced mathematics, for which we 
will include quite a few of the relevant equations, however it should be possible to follow the 
bulk of this article even if you are not familiar with (or have forgotten) the more advanced 
maths. 

Distortion is an unwanted effect which causes the shape of the waveform at the output 
of a linear circuit to be different from what it ideally should be. The word linear is critical 
here. A linear circuit is one in which the output is related to the input by multiplying by a 
simple scaling factor, G1, so for an input signal, vin, we could write the output signal, vout, as 

inout vGv 1

If G1 is greater than 1 we refer to the circuit as an amplifier with a gain of G1. The term linear 
makes sense if plot a graph of this relationship between vin, and vout; it is a perfect straight 
line going through the origin, as shown in figure 1. Any circuit for which the input-output 
graph is not a straight line is non-linear and will introduce distortion. 
 The question from 741 actually referred to an oscillator, which does not have an input 
in the conventional sense, although it is an amplifier in a feedback loop. However it does 
have ideal output waveform shape and therefore it is possible to measure the distortion with 
respect to this ideal. For the purpose of defining THD though it is easier to develop ideas in 
terms of amplifiers. 

 Returning to our ideal linear amplifier: vout = G1vin, we may find that a real circuit has 
a reasonably good linear response, but there is a DC offset (or DC error) on the output. We 
would then write the equation as 

inout vGGv 10 

where G0 is the offset. Although this “changes the shape of the output waveform” it is not of 
primary concern when considering distortion. The graph is still straight line, although it no 
longer goes through the origin. 

 There are a number of reasons why an amplifier might not have a completely linear 
response, but perhaps the most obvious is that its output signal level is limited. This limit will 
typically depend on the supply voltage. The input-output relationship for a real amplifier with 

If	G
1
	 is	 greater	 than	1,	we	 refer	 to	 the	

circuit	 as	 an	amplifier	with	a	gain	of	G
1
.	

the	 term	 linear	 makes	 sense	 if	 you	 plot	
a	 graph	 of	 this	 relationship	 between	 v

in
,	

and	 v
out

;	 it	 is	 a	 perfect	 straight	 line	 (red	
graph)	going	through	the	origin,	as	shown	
in	Fig.1.	Any	circuit	for	which	the	input-
output	graph	is	not	a	straight	line	is	non-
linear	and	will	introduce	distortion.

the	question	from	741	actually	referred	to	
an	oscillator,	which	does	not	have	an	input	
in	the	conventional	sense,	although	it	 is	an	
amplifier	 in	 a	 feedback	 loop.	 However,	 it	
does	have	an	ideal	output	waveform	shape,	
and	 therefore	 it	 is	 possible	 to	 measure	 the	
distortion	with	respect	to	this	ideal.	For	the	
purpose	of	defining	tHD	though,	it	is	easier	
to	develop	ideas	in	terms	of	amplifiers.

returning	to	our	ideal	linear	amplifier:	v
out

	
=	G

1
v

in
,	we	may	find	that	a	real	circuit	has	a	

reasonably	good	linear	response,	but	there	is	
a	DC	offset	(or	DC	error)	on	the	output.	We	
would	then	write	the	equation	as:
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Fig.1. Input/output (red) relationship for 
an idealised linear circuit – no distortion. 
Example of a nonlinear input/output 
(blue) relationship graph of a real amp 
– with some distortion from large input 
signals
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where G0 is the offset. Although this “changes the shape of the output waveform” it is not of 
primary concern when considering distortion. The graph is still straight line, although it no 
longer goes through the origin. 

 There are a number of reasons why an amplifier might not have a completely linear 
response, but perhaps the most obvious is that its output signal level is limited. This limit will 
typically depend on the supply voltage. The input-output relationship for a real amplifier with 

where	 G
0
	 is	 the	 offset.	 Although	

this	 ‘changes	 the	 shape	 of	 the	 output	
waveform’	 it	 is	 not	 of	 primary	 concern	
when	considering	distortion.	the	graph	is	
still	 a	 straight	 line,	although	 it	no	 longer	
goes	through	the	origin.

Clipping
there	 are	 a	 number	 of	 reasons	 why	 an	

amplifier	might	not	have	a	completely	linear	
response,	but	perhaps	the	most	obvious	is	that	
its	output	signal	level	is	limited.	this	limit	will	
typically	 depend	 on	 the	 supply	 voltage.	the	
input-output	 relationship	 for	 a	 real	 amplifier	
with	 finite	 maximum	 output	 is	 also	 shown	
in	 Fig.1	 (blue	 curved	 graph).	 the	 effect	 on	
an	 input	 waveform	 is	 shown	 in	 Fig.2	 and	
referred	to	as	clipping;	 it	may	also	be	called	
compression,	particularly	where	the	limiting	is	
‘softer’	or	more	specifically	controlled.

For	 an	 amplifier	 with	 limited	 output,	 the	
input-output	relationship	may	be	very	close	to	
a	straight	line	if	the	input	signals	remain	small.	
For	this	reason,	circuits	which	have	to	produce	
large	output	signals,	such	as	power	amplifiers,	
are	more	 likely	 to	 exhibit	 high	distortion,	 at	
least	due	to	clipping	or	compression.

If	 our	 amplifier	 does	 not	 have	 a	 straight-
line	 input-output	 relationship	 then	 we	 are	
presented	with	the	problem	of	how	we	might	
represent	 the	output	mathematically	 in	order	
to	determine	how	much	distortion	is	present.	
We	 could	 proceed	 with	 a	 very	 detailed	
analysis	of	the	circuit,	taking	into	account	the	
characteristics	of	all	the	components,	but	this	
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Fig.2. This shows the distorting ef-
fect of an input-output relationship like 
that shown in Fig.1. The ideal output is 
shown by the dotted line; the actual out-
put (solid line) is clipped or compressed
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The G values are referred to as coefficients 
and the items which we are adding up, eg 
G

1
v

in
 and G

1
v2

in
, are referred to as terms. In 

principle there could be a very large number 
of terms, but in practice the values of the 
coefficients get very small for higher powers 
of v

in
 and we are unlikely to need anything 

beyond the G
5
 term to calculate THD.

Now we can separate v
out

 into three 
components: the offset, the ideal output signal 
and the distortion; these are:

If the amplifier introduces any distortion 
then the output wave shape will no longer 
be a perfect sinewave and therefore must 
contain additional constituent sinewaves at 
frequencies other than the input frequency. 

Fourier analysis will reveal these 
frequencies in the output spectrum. This allows 
us to separate the ideal and distorted parts of 
the signal, just as we did in the generalised 
equation above (this is illustrated in Fig.4). 
However, now we have a practical way of 
doing this, assuming we have instruments 
or simulation tools which can find a signal’s 
spectrum for us; which of course we do.

Now we have selected v
in
 as a sinewave, 

we can proceed with using our general output 
equation to calculate the distortion. To keep 
things simple, initially we will assume that 
the only distortion term present in our output 
is the v

in
 squared term, G

1
v2

in
. We will also 

ignore the DC error. We will use a cosine input 
signal, as this is a bit more convenient in terms 
of the calculations than a sine, but the basic 
properties in terms of spectra are the same.

So we have:

finite maximum output is shown in figure 2. The effect on an input waveform is shown in 
figure 3 and referred to as clipping; it may also be called compression, particularly where the 
limiting is “softer” or more specifically controlled. 

 For amplifier with limited output the input-output relationship may be very close to a 
straight line if the input signals remain small. For this reason, circuits which have to produce 
large output signals, such as power amplifiers, are more likely to exhibit high distortion, at 
least due to clipping or compression. 

 If our amplifier does not have a straight-line input-output relationship then we are 
presented with the problem of how we might represent the output mathematically in order to 
determine how much distortion is present. We could proceed with a very detailed analysis of 
the circuit taking into account the characteristics of the all the components, but this may be 
very difficult, and may produce an equation which is too unwieldy to work with. It would 
also only be applicable to the one circuit we had analysed, and we would have to start again 
from scratch for each new circuit.  

We need something which is more general and can represent the output of any circuit 
producing distortion. Our answer is provided by Taylor's theorem, which was published in 
1715 by English mathematician Brook Taylor, although the Scottish mathematician James 
Gregory had actually discovered the same thing back in 1671. Put in simple terms, the 
theorem states that any a smooth mathematic function can be approximated by a polynomial 
(know as a Taylor series). By smooth function we mean something for which we can draw a 
smooth curve on a graph. The full definition and conditions for Taylor's theorem are of 
course more rigorous and specific and can found in appropriate maths textbooks and internet 
sites.

A polynomial is an equation formed from a sum of powers of our variable of interest 
(in this case vin). By powers we mean the original vin (power 1), vin squared (power 2), vin
cubed (power 3), vin to the power 4, and so on. Each power is scaled by a different amount 
(G1, G2, G3 etc) in which the numerical subscript refers to the relevant power of vin. We may 
also include a DC offset G0. This leads to completely general output equation for our 
amplifier output with distortion, which is a natural extension of the ideal linear amplifier 
equation given above. 

...4
4

3
3

2
210  ininininout vGvGvGvGGv
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Now we can separate vout into three components: the offset, the ideal output signal and 
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  DC offset 0G
  Ideal output invG1

  Distortion ...4
4

3
3

2
2  ininin vGvGvG

If we knew vin and all the coefficients we could work out the relative level of ideal signal and 
distortion and so find the percentage of distortion in the whole output signal. This leads us 
immediately to a couple of problems: we have not defined vin and we do not know the 
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If we knew vin and all the coefficients we could work out the relative level of ideal signal and 
distortion and so find the percentage of distortion in the whole output signal. This leads us 
immediately to a couple of problems: we have not defined vin and we do not know the 
coefficients.  

If we knew v
in
 and all the coefficients, 

we could work out the relative level of 
ideal signal and distortion and so find the 
percentage of distortion in the whole output 
signal. This leads us immediately to a 
couple of problems: we have not defined v

in 
and we do not know the coefficients. 

We are likely to want to compare different 
circuits to see which design produces least 
distortion. This is only meaningful if it can 
be done in a consistent way; it therefore 
makes sense to use the same type of signal 
for v

in
 in such a comparison, and indeed for 

all distortion figures. The special properties 
of sinewaves make them the perfect choice 
as the basis of distortion measurement. 

Adding at set sinewaves of the same	
frequency produces another sinewave at that 
frequency, even if the phases (relative time shift) 
of the sinewaves are not equal. This is not true 
for any other periodic (repeating) waveform. 
Furthermore, any waveform can be formed by 
adding together a set of sinewaves of various 
frequencies and different amplitudes. This 
‘sum of sinewaves’ is known as a Fourier series 
and was developed by Jean Baptiste Joseph 
Fourier (1768–1830), a French mathematician 
and physicist, while researching mathematical 
modelling of heat transfer. 

For example, a square wave may be described 
as being at 1kHz, but this is just the fundamental	
frequency; there are other frequencies present 
too. For the 1kHz square wave the sinewaves 
which can be added together to form it are 
approximately (first figure is amplitude) 1.27 at 
1kHz, 0.42 at 3kHz, 0.25 at 5kHz, 0.18 at 7kHz 
and so on to infinity

Spectrum analysis
Looking at this the other way round, we can 
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figures. The special properties of sine waves make them the perfect choice for basis of 
distortion measurement.  

Adding at set sine waves of the same frequency produces another sine wave at that 
frequency, even if the phases (relative time shift) of the sine waves are not equal. This is not 
true for any other periodic (repeating) waveform. Furthermore, any waveform can be formed 
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“sum of sine waves” is known as a Fourier series and was developed by Jean Baptiste Joseph 
Fourier (1768–1830), a French mathematician and physicist, while the studying mathematical 
modelling of heat transfer.  

For example, a square wave may be described as being at 1 kHz, but this is just the 
fundamental frequency; there are other frequencies present too. For the 1 kHz square wave 
the sine waves which can be added together to form it are approximately (first figure is 
amplitude) 1.27 at 1 kHz, 0.42 at 3 kHz, 0.25 at 5 kHz, 0.18 at 7 kHz and so on to infinity. 

 Looking at this the other way round, we can break any waveform down into its 
constituent sine waves, finding the amplitude of each one. Doing so is called Fourier analysis 
and one technique for achieving this is the Fast Fourier Transform, mentioned by 741 in the 
second part of his question. If we plot a graph of the amplitude of the constituent sine waves 
along a frequency axis we have the spectrum of the waveform. Part of the spectrum of a 
square wave is shown in figure 4. 

 If we apply a sine wave input to a perfect linear amplifier we will get a sine wave of 
the same frequency at the output. The spectrum of both input and output will contain a single 
frequency component. If the amplifier introduces any distortion then the output wave-shape 
will no longer be a perfect sine wave and therefore must contain additional constituent sine 
waves at frequencies other than the input frequency. Fourier analysis will reveal these 
frequencies in the output spectrum. This allows us to separate the ideal and distorted parts of 
the signal, just as we did in the generalised equation above (this is illustrated in figure 5), 
however now we have a practical way of doing this, assuming we have instruments or 
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 Now we have selected vin as a sine wave we can proceed with using our general 
output equation to calculate the distortion. To keep things simple initially we will assume that 
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terms of the calculations than a sine, but the basic properties in terms of spectra etc are the 
same. 

So we have 
2

21 ininout vGvGv 

and

)cos( tVv min 

Where Vm is the peak amplitude of the cosine input wave, ω is its frequency in radians per 
second and t is time. Substituting the vin expression into the vout equation gives 

 We are likely to want to compare different circuits to see which design produces least 
distortion. This is only meaningful if it can be done in a consistent way; it therefore makes 
sense to use the same type of signal for vin in such a comparison, and indeed for all distortion 
figures. The special properties of sine waves make them the perfect choice for basis of 
distortion measurement.  

Adding at set sine waves of the same frequency produces another sine wave at that 
frequency, even if the phases (relative time shift) of the sine waves are not equal. This is not 
true for any other periodic (repeating) waveform. Furthermore, any waveform can be formed 
by adding together a set of sine waves of various frequencies and different amplitudes. This 
“sum of sine waves” is known as a Fourier series and was developed by Jean Baptiste Joseph 
Fourier (1768–1830), a French mathematician and physicist, while the studying mathematical 
modelling of heat transfer.  

For example, a square wave may be described as being at 1 kHz, but this is just the 
fundamental frequency; there are other frequencies present too. For the 1 kHz square wave 
the sine waves which can be added together to form it are approximately (first figure is 
amplitude) 1.27 at 1 kHz, 0.42 at 3 kHz, 0.25 at 5 kHz, 0.18 at 7 kHz and so on to infinity. 

 Looking at this the other way round, we can break any waveform down into its 
constituent sine waves, finding the amplitude of each one. Doing so is called Fourier analysis 
and one technique for achieving this is the Fast Fourier Transform, mentioned by 741 in the 
second part of his question. If we plot a graph of the amplitude of the constituent sine waves 
along a frequency axis we have the spectrum of the waveform. Part of the spectrum of a 
square wave is shown in figure 4. 

 If we apply a sine wave input to a perfect linear amplifier we will get a sine wave of 
the same frequency at the output. The spectrum of both input and output will contain a single 
frequency component. If the amplifier introduces any distortion then the output wave-shape 
will no longer be a perfect sine wave and therefore must contain additional constituent sine 
waves at frequencies other than the input frequency. Fourier analysis will reveal these 
frequencies in the output spectrum. This allows us to separate the ideal and distorted parts of 
the signal, just as we did in the generalised equation above (this is illustrated in figure 5), 
however now we have a practical way of doing this, assuming we have instruments or 
simulation tools which can find a signal’s spectrum for us; which of course we do. 

 Now we have selected vin as a sine wave we can proceed with using our general 
output equation to calculate the distortion. To keep things simple initially we will assume that 
the only distortion term present in our output is the vin squared term, G1v2

in. We will also 
ignore the DC error. We will use a cosine input signal, as this is a bit more convenient in 
terms of the calculations than a sine, but the basic properties in terms of spectra etc are the 
same. 

So we have 
2

21 ininout vGvGv 

and

)cos( tVv min 

Where Vm is the peak amplitude of the cosine input wave, ω is its frequency in radians per 
second and t is time. Substituting the vin expression into the vout equation gives 

and

Where V
m
 is the peak amplitude of the 

cosine input wave,  is its frequency in 
radians per second and t is time. Substituting 
the v

in
 expression into the v

out
 equation gives:

)(cos)cos( 2
21 tVGtVGv mmout  

To deal with the cos2 term we use one of the basic trigonometric identities known as the 
double angle formulae, which are related to Pythagoras' theorem. Again details of the maths 
can be found in suitable texts or maths internet sites under “double angle” or “compound 
angle” formulae. Specifically we need to use 
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In this ½G2Vm is a DC voltage (there is no cosine or other frequency dependent value in this 
term). This will add to any existing DC offset (which we ignored earlier). Of more interest is 
the term ½G2Vmcos(2ωt), which represents a signal at twice the original frequency (2ω).

As we are looking for general equations the details of the coefficients such as ½G2Vm
are not of particular interest at the moment and we can tidy up the equation using B2 = 
½G2Vm, and similarly for other terms. 
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 To obtain this equation we started with a simplified version of our distorted output 
signal in which we only included the G1v2

in term from the distortion. If we include more 
distortion terms the calculation proceeds in the same way – we use relevant trigonometric 
identities to deal with the various powers of cosine. There is a lot more work to do as the 
equations get bigger, but the result comes out in a well structured form: 
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Remember this is the output from a distorting amplifier with a single sine wave 
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twice (2ω), three times (3ω), four times (4ω), and so on, times the input frequencies. 
Frequencies which are whole-number multiples of a particular frequency are called 
harmonics of that fundamental frequency. This result shows us that for a sine wave input the 
distortion is entirely due to harmonics of the input signal, which is why we use the term 
harmonic distortion.
 If our input signal is more complex than a single sine wave then the distortion will 
contain frequencies other than the harmonics. For example, if the input signal contains two 
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term). This will add to any existing DC offset (which we ignored earlier). Of more interest is 
the term ½G2Vmcos(2ωt), which represents a signal at twice the original frequency (2ω).

As we are looking for general equations the details of the coefficients such as ½G2Vm
are not of particular interest at the moment and we can tidy up the equation using B2 = 
½G2Vm, and similarly for other terms. 
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 We see that the distortion consists of a set of sine waves (cosines) at frequencies of 
twice (2ω), three times (3ω), four times (4ω), and so on, times the input frequencies. 
Frequencies which are whole-number multiples of a particular frequency are called 
harmonics of that fundamental frequency. This result shows us that for a sine wave input the 
distortion is entirely due to harmonics of the input signal, which is why we use the term 
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Frequencies which are whole-number multiples of a particular frequency are called 
harmonics of that fundamental frequency. This result shows us that for a sine wave input the 
distortion is entirely due to harmonics of the input signal, which is why we use the term 
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 If our input signal is more complex than a single sine wave then the distortion will 
contain frequencies other than the harmonics. For example, if the input signal contains two 

sine waves of different frequencies (ω1 and ω2) the distortion will include, in addition to the 
harmonics of both frequencies, the sum (ω1 + ω2) and difference (ω1 - ω2) frequencies, and 
other combination frequencies. This is known as intermodulation distortion. Intermodulation 
distortion is of particular importance in radio receiver circuits. 

 The term B2cos(2ωt) in the equation above tell us the signal level of the 2nd harmonic 
distortion, but on its own it is not very useful because what we really need to know is how 
large the distortion is in comparison with the ideal output. We therefore define the second 
harmonic distortion, D2, as 
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In this equation the vertical lines around the B terms indicate that we are looking at the 
magnitude of the B values, for example |-4| is just 4, we ignore the sign. We can multiply D2
by 100% to express the second harmonic distortion as a percentage of the ideal output. We 
can also define distortion values for the other harmonics in a similar way: 
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Terms such as B2cos(2ωt) are time dependent and actually show the level of that 
distortion component at each instant of time. When comparing circuits it is more useful to 
know the average distortion over time. The average voltage of a zero-offset sine wave is zero, 
so this will not help. A similar issue exists in terms of finding the average power of an AC 
signal for which we use of Root Mean Square or RMS values. It worth therefore digressing 
from our distortion discussion to recall the definition of RMS signal values and associated 
AC power calculations. 

The power dissipated in a resistor when a constant voltage (DC) is applied is easy to 
calculate. It is  
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Because the voltage, current and resistance are constant in this situation the average power 
dissipation is equal to the power dissipated at any instant. However, when we have any form 
of varying voltage or current (i.e. AC) the situation is more complicated.  The power 
dissipated in resistor driven by an AC wave varies from instant to instant in accordance with 
the equations above, but the formula does not tell us the what average power dissipated over 
a period of time is.  

To work out the power for an arbitrary cyclic waveform we need to add up all the 
contributions for instantaneous power and average them over the cycle. To find the average 
height of a number of people you measure the height of each, add up all the heights and 
divide by the number of people. To find the average of the power if would seem to follow 
that we take V2/R for each instant of the waveform, add them all up and divide by the number 
of instants.  

Unfortunately there are an infinite number of instantaneous power values - the current 
varies continuously, unlike people where there are a finite number of individuals. To solve 
this problem we need to use some calculus, specifically integration, to find our average 
power. The average power dissipated in a resistor, R, for a cyclically varying voltage, v, over 
the cycle time, T, of a waveform is given by the equation below. We integrate (indicated by 
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signal for which we use of Root Mean Square or RMS values. It worth therefore digressing 
from our distortion discussion to recall the definition of RMS signal values and associated 
AC power calculations. 

The power dissipated in a resistor when a constant voltage (DC) is applied is easy to 
calculate. It is  

RVRIIVP 22 
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dissipated in resistor driven by an AC wave varies from instant to instant in accordance with 
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height of a number of people you measure the height of each, add up all the heights and 
divide by the number of people. To find the average of the power if would seem to follow 
that we take V2/R for each instant of the waveform, add them all up and divide by the number 
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varies continuously, unlike people where there are a finite number of individuals. To solve 
this problem we need to use some calculus, specifically integration, to find our average 
power. The average power dissipated in a resistor, R, for a cyclically varying voltage, v, over 
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cos(2t)	 are	 time	

dependent	and	actually	show	the	 level	of	
that	distortion	component	at	each	instant	of	
time.	When	comparing	circuits,	it	is	more	
useful	to	know	the	average	distortion	over	
time.	The	average	voltage	of	a	zero-offset	
sinewave	 is	zero,	so	 this	will	not	help.	A	
similar	issue	exists	in	terms	of	finding	the	
average	power	of	an	AC	signal,	for	which	
we	use	Root Mean Square	or	RMS	values.	
It	 is	worth	digressing	from	our	distortion	
discussion	to	recall	the	definition	of	RMS	
signal	 values	 and	 associated	 AC	 power	
calculations.

Digression
The	power	dissipated	in	a	resistor	when	a	

constant	voltage	(DC)	is	applied	is	easy	to	
calculate.	It	is	

the symbol ) the waveform over one cycle (0 to T) to add up all the instantaneous 
contributions and divide by T (hence 1/T in the equation) to get the average. The dt in the 
equation represents an instant of time (t).
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If we compare this formula with P = V2/R for DC we can find a value of DC current 
which would give the same heating effect (power dissipation) as v averaged over one cycle. 
This is obtained by multiplying the above equation by R and then taking a square root (if this 
is hard to follow, note we would get V if we did the same to V2/R , which is our DC power 
value). The result is 
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This is the RMS value of the AC voltage, for which power P = V2
RMS/R. The voltage is being 

squared (v2 in the equation), averaged by integration (hence mean) and square-rooted (the 
in the equation) - this is where the name comes from. We can define an RMS current in a 
similar way.  

If we have a sine wave then v = Vmsin(2t/T) where t is time and Vm is the peak 
(maximum) instantaneous value of the AC voltage. We have to do some more maths - 
substitute the sinusoidal current into the equation above and perform the integration. We will 
not go into the details here, but we get VRMS = Im/2 or 0.707Im.

We can now return to our distorted signal and consider the power and RMS values. 
The wanted output signal is v1 = B1cos(ωt) so its RMS value is v1,RMS = B1/2. From this we 
can find the power of the ideal output signal, P1:
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Similar we can find the power of the second harmonic output and then ratio of the two 
and hence the second harmonic distortion D2.
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It would be useful to know the total power of the distortion and compare this with the 
wanted signal. We might be tempted to simply go ahead and add up P2, P3, P4 etc. to get the 
total power. A mathematician might object at this point and say that what we can do in terms 
of finding the power of single signal might not work when we have a whole set of them (the 
distortion spectrum). Fortunately it can be shown, using something called Parseval's 
Theorem, that we can add up these power values. Parseval's Theorem shows that we can work 
out the power or energy of a signal using its spectrum (Fourier series) or the original signal 
and get the same answer. 
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We can now return to our distorted signal and consider the power and RMS values. 
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can find the power of the ideal output signal, P1:
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Similar we can find the power of the second harmonic output and then ratio of the two 
and hence the second harmonic distortion D2.
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It would be useful to know the total power of the distortion and compare this with the 
wanted signal. We might be tempted to simply go ahead and add up P2, P3, P4 etc. to get the 
total power. A mathematician might object at this point and say that what we can do in terms 
of finding the power of single signal might not work when we have a whole set of them (the 
distortion spectrum). Fortunately it can be shown, using something called Parseval's 
Theorem, that we can add up these power values. Parseval's Theorem shows that we can work 
out the power or energy of a signal using its spectrum (Fourier series) or the original signal 
and get the same answer. 

If	we	compare	this	formula	with	P	=	V2/R	
for	DC	we	can	find	a	value	of	DC	current	
which	 would	 give	 the	 same heating effect 
(power	 dissipation)	 as	 v	 averaged	 over	
one	cycle.	This	 is	obtained	by	multiplying	
the	above	equation	by	R	and	 then	 taking	a	
square	 root	 (if	 this	 is	 hard	 to	 follow,	 note	
we	would	get	V	if	we	did	the	same	to	V2/R	,	
which	is	our	DC	power	value).	The	result	is:
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mathematician	 might	 object	 at	 this	 point	
and	 say	 that	what	we	 can	do	 in	 terms	of	
finding	the	power	of	a	single	signal	might	
not	work	when	we	have	a	whole	set	of	them	
(the	 distortion	 spectrum).	 Fortunately,	
it	 can	 be	 shown,	 using	 something	 called	
Parseval’s Theorem,	 that	 we	 can	 add	 up	
these	 power	 values.	 Parseval’s	 Theorem	
shows	 that	 we	 can	 work	 out	 the	 power	
or	 energy	 of	 a	 signal	 using	 its	 spectrum	
(Fourier	series)	or	the	original	signal	and	
get	the	same	answer.
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D
	=	P

2 
+	P

3
	+	P

4
	+	...,	is,	therefore:

the symbol ) the waveform over one cycle (0 to T) to add up all the instantaneous 
contributions and divide by T (hence 1/T in the equation) to get the average. The dt in the 
equation represents an instant of time (t).


T

dt
R
v

T
P

0

21

If we compare this formula with P = V2/R for DC we can find a value of DC current 
which would give the same heating effect (power dissipation) as v averaged over one cycle. 
This is obtained by multiplying the above equation by R and then taking a square root (if this 
is hard to follow, note we would get V if we did the same to V2/R , which is our DC power 
value). The result is 
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This is the RMS value of the AC voltage, for which power P = V2
RMS/R. The voltage is being 

squared (v2 in the equation), averaged by integration (hence mean) and square-rooted (the 
in the equation) - this is where the name comes from. We can define an RMS current in a 
similar way.  

If we have a sine wave then v = Vmsin(2t/T) where t is time and Vm is the peak 
(maximum) instantaneous value of the AC voltage. We have to do some more maths - 
substitute the sinusoidal current into the equation above and perform the integration. We will 
not go into the details here, but we get VRMS = Im/2 or 0.707Im.

We can now return to our distorted signal and consider the power and RMS values. 
The wanted output signal is v1 = B1cos(ωt) so its RMS value is v1,RMS = B1/2. From this we 
can find the power of the ideal output signal, P1:
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Similar we can find the power of the second harmonic output and then ratio of the two 
and hence the second harmonic distortion D2.
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It would be useful to know the total power of the distortion and compare this with the 
wanted signal. We might be tempted to simply go ahead and add up P2, P3, P4 etc. to get the 
total power. A mathematician might object at this point and say that what we can do in terms 
of finding the power of single signal might not work when we have a whole set of them (the 
distortion spectrum). Fortunately it can be shown, using something called Parseval's 
Theorem, that we can add up these power values. Parseval's Theorem shows that we can work 
out the power or energy of a signal using its spectrum (Fourier series) or the original signal 
and get the same answer. 

the symbol ) the waveform over one cycle (0 to T) to add up all the instantaneous 
contributions and divide by T (hence 1/T in the equation) to get the average. The dt in the 
equation represents an instant of time (t).
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If we compare this formula with P = V2/R for DC we can find a value of DC current 
which would give the same heating effect (power dissipation) as v averaged over one cycle. 
This is obtained by multiplying the above equation by R and then taking a square root (if this 
is hard to follow, note we would get V if we did the same to V2/R , which is our DC power 
value). The result is 
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This is the RMS value of the AC voltage, for which power P = V2
RMS/R. The voltage is being 

squared (v2 in the equation), averaged by integration (hence mean) and square-rooted (the 
in the equation) - this is where the name comes from. We can define an RMS current in a 
similar way.  

If we have a sine wave then v = Vmsin(2t/T) where t is time and Vm is the peak 
(maximum) instantaneous value of the AC voltage. We have to do some more maths - 
substitute the sinusoidal current into the equation above and perform the integration. We will 
not go into the details here, but we get VRMS = Im/2 or 0.707Im.

We can now return to our distorted signal and consider the power and RMS values. 
The wanted output signal is v1 = B1cos(ωt) so its RMS value is v1,RMS = B1/2. From this we 
can find the power of the ideal output signal, P1:
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Similar we can find the power of the second harmonic output and then ratio of the two 
and hence the second harmonic distortion D2.
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It would be useful to know the total power of the distortion and compare this with the 
wanted signal. We might be tempted to simply go ahead and add up P2, P3, P4 etc. to get the 
total power. A mathematician might object at this point and say that what we can do in terms 
of finding the power of single signal might not work when we have a whole set of them (the 
distortion spectrum). Fortunately it can be shown, using something called Parseval's 
Theorem, that we can add up these power values. Parseval's Theorem shows that we can work 
out the power or energy of a signal using its spectrum (Fourier series) or the original signal 
and get the same answer. 

Dividing	 by	 the	 power	 of	 the	 wanted	
signal	gives:

 The total power of the distortion, PD = P2 + P3 + P4 + ..., is therefore 
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D is the Total Harmonic Distortion and is defined in terms of the individual harmonic 
distortions by 
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As power is proportional to the square of the voltages concerned, we can also write the THD 
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In which the v1 is the amplitude (or RMS) value of the fundamental and v2, v3 etc are the 
amplitudes (or RMS) values of the distortion products.  

Unfortunately this is not the only definition of THD in use. The alternative approach 
is to define D directly as the power ratio PD/P1.

 Next month we will continue to look at further aspects distortion and signal spectra 
and address 741’s questions more directly. 

at	 any	 instant.	 However,	 when	 we	 have	 any	
form	of	varying	voltage	or	 current	 (AC)	 the	
situation	 is	 more	 complicated.	 The	 power	
dissipated	in	a	resistor	driven	by	an	AC	wave	
varies	 from	 instant	 to	 instant	 in	 accordance	
with	the	equations	above,	but	the	formula	does	
not	tell	us	what	the	average	power	dissipated	
over	a	period	of	time	is.

To	 work	 out	 the	 power	 for	 an	 arbitrary	
cyclic	 waveform	 we	 need	 to	 add	 up	 all	 the	
contributions	 for	 instantaneous	 power	 and	
average	 them	 over	 the	 cycle.	 To	 find	 the	
average	 height	 of	 a	 number	 of	 people	 you	
measure	 the	 height	 of	 each,	 add	 up	 all	 the	
heights	and	divide	by	the	number	of	people.	
To	find	the	average	of	the	power	it	would	seem	
to	follow	that	we	take	V2/R	for	each	instant	of	
the	waveform,	add	them	all	up	and	divide	by	
the	number	of	instants.	

Unfortunately,	there	are	an	infinite	number	
of	 instantaneous	 power	 values	 –	 the	 current	
varies	continuously,	unlike	people	where	there	
are	 a	 finite	 number	 of	 individuals.	 To	 solve	
this	 problem	 we	 need	 to	 use	 some	 calculus,	
specifically	 integration,	 to	 find	 our	 average	
power.	 The	 average	 power	 dissipated	 in	 a	
resistor,	R,	for	a	cyclically	varying	voltage,	v,	
over	the	cycle	time,	T,	of	a	waveform	is	given	
by	the	equation	below.	We	integrate	(indicated	
by	 the	 symbol	 )	 the	 waveform	 over	 one	
cycle	(0	to	T)	to	add	up	all	the	instantaneous	
contributions	 and	 divide	 by	 T	 (hence	 1/T	 in	
the	equation)	to	get	the	average.	The	dt	in	the	
equation	represents	an	instant	of	time	(t).

This	is	the	RMS	value	of	the	AC	voltage,	
for	which	power	P	=	V2

RMS
/R.	The	voltage	is	

being	squared	(v2	in	the	equation),	averaged	
by	 integration	 (hence	 mean)	 and	 square-
rooted	 (the	 	 in	 the	 equation)	 –	 this	 is	
where	the	name	comes	from.	We	can	define	
an	RMS	current	in	a	similar	way.	

If	we	have	a	sinewave,	then	v =	V
m
sin(2πt/T)	

where	t	is	time	and	V
m
	is	the	peak	(maximum)	

instantaneous	 value	 of	 the	 AC	 voltage.	 We	
have	to	do	some	more	maths	–	substitute	the	
sinusoidal	current	into	the	equation	above	and	
perform	 the	 integration.	We	will	 not	go	 into	
the	details	here,	but	we	get	V

RMS
	=	V

m
/2	or	

0.707V
m
.

We	can	now	return	to	our	distorted	signal	
and	 consider	 the	 power	 and	 RMS	 values.	
The	wanted	output	signal	is	v

1
	=	B

1
cos(t)	

so	its	RMS	value	is	v
1,RMS

	=	B
1
/	2	.	From	

this	 we	 can	 find	 the	 power	 of	 the	 ideal	
output	signal,	P

1
:

Similarly,	 we	 can	 find	 the	 power	 of	 the	
second	harmonic	output	 and	 then	 the	 ratio	
of	 the	 two	and	hence	 the	second	harmonic	
distortion	D
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Representing	 the	 overall	 distortion	 with	
single	value,	D,	we	can	write:
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D	is	the	total harmonic distortion (THD)	
and	 is	 defined	 in	 terms	 of	 the	 individual	
harmonic	distortions	by:
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As	power	is	proportional	to	the	square	of	
the	 voltages	 concerned,	 we	 can	 also	 write	
the	THD	as:
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In	which	the	v
1
	is	the	amplitude	(or	RMS)	

value	of	 the	fundamental	and	v
2
,	v

3
	etc	are	

the	 amplitudes	 (or	 RMS)	 values	 of	 the	
distortion	products.	

Unfortunately,	this	is	not	the	only	definition	
of	THD	in	use.	The	alternative	approach	is	to	
define	D	directly	as	the	power	ratio	P

D
/P

1
.

Next	 month,	 we	 will	 continue	 to	 look	
at	 further	 aspects	 of	 distortion	 and	 signal	
spectra	 and	 address	 741’s	 questions	 more	
directly.

sine waves of different frequencies (ω1 and ω2) the distortion will include, in addition to the 
harmonics of both frequencies, the sum (ω1 + ω2) and difference (ω1 - ω2) frequencies, and 
other combination frequencies. This is known as intermodulation distortion. Intermodulation 
distortion is of particular importance in radio receiver circuits. 

 The term B2cos(2ωt) in the equation above tell us the signal level of the 2nd harmonic 
distortion, but on its own it is not very useful because what we really need to know is how 
large the distortion is in comparison with the ideal output. We therefore define the second 
harmonic distortion, D2, as 

1

2
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B
D 

In this equation the vertical lines around the B terms indicate that we are looking at the 
magnitude of the B values, for example |-4| is just 4, we ignore the sign. We can multiply D2
by 100% to express the second harmonic distortion as a percentage of the ideal output. We 
can also define distortion values for the other harmonics in a similar way: 
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B
D    and so on. 

Terms such as B2cos(2ωt) are time dependent and actually show the level of that 
distortion component at each instant of time. When comparing circuits it is more useful to 
know the average distortion over time. The average voltage of a zero-offset sine wave is zero, 
so this will not help. A similar issue exists in terms of finding the average power of an AC 
signal for which we use of Root Mean Square or RMS values. It worth therefore digressing 
from our distortion discussion to recall the definition of RMS signal values and associated 
AC power calculations. 

The power dissipated in a resistor when a constant voltage (DC) is applied is easy to 
calculate. It is  

RVRIIVP 22 

Because the voltage, current and resistance are constant in this situation the average power 
dissipation is equal to the power dissipated at any instant. However, when we have any form 
of varying voltage or current (i.e. AC) the situation is more complicated.  The power 
dissipated in resistor driven by an AC wave varies from instant to instant in accordance with 
the equations above, but the formula does not tell us the what average power dissipated over 
a period of time is.  

To work out the power for an arbitrary cyclic waveform we need to add up all the 
contributions for instantaneous power and average them over the cycle. To find the average 
height of a number of people you measure the height of each, add up all the heights and 
divide by the number of people. To find the average of the power if would seem to follow 
that we take V2/R for each instant of the waveform, add them all up and divide by the number 
of instants.  

Unfortunately there are an infinite number of instantaneous power values - the current 
varies continuously, unlike people where there are a finite number of individuals. To solve 
this problem we need to use some calculus, specifically integration, to find our average 
power. The average power dissipated in a resistor, R, for a cyclically varying voltage, v, over 
the cycle time, T, of a waveform is given by the equation below. We integrate (indicated by 

the symbol ) the waveform over one cycle (0 to T) to add up all the instantaneous 
contributions and divide by T (hence 1/T in the equation) to get the average. The dt in the 
equation represents an instant of time (t).
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If we compare this formula with P = V2/R for DC we can find a value of DC current 
which would give the same heating effect (power dissipation) as v averaged over one cycle. 
This is obtained by multiplying the above equation by R and then taking a square root (if this 
is hard to follow, note we would get V if we did the same to V2/R , which is our DC power 
value). The result is 
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This is the RMS value of the AC voltage, for which power P = V2
RMS/R. The voltage is being 

squared (v2 in the equation), averaged by integration (hence mean) and square-rooted (the 
in the equation) - this is where the name comes from. We can define an RMS current in a 
similar way.  

If we have a sine wave then v = Vmsin(2t/T) where t is time and Vm is the peak 
(maximum) instantaneous value of the AC voltage. We have to do some more maths - 
substitute the sinusoidal current into the equation above and perform the integration. We will 
not go into the details here, but we get VRMS = Im/2 or 0.707Im.

We can now return to our distorted signal and consider the power and RMS values. 
The wanted output signal is v1 = B1cos(ωt) so its RMS value is v1,RMS = B1/2. From this we 
can find the power of the ideal output signal, P1:
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Similar we can find the power of the second harmonic output and then ratio of the two 
and hence the second harmonic distortion D2.
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It would be useful to know the total power of the distortion and compare this with the 
wanted signal. We might be tempted to simply go ahead and add up P2, P3, P4 etc. to get the 
total power. A mathematician might object at this point and say that what we can do in terms 
of finding the power of single signal might not work when we have a whole set of them (the 
distortion spectrum). Fortunately it can be shown, using something called Parseval's 
Theorem, that we can add up these power values. Parseval's Theorem shows that we can work 
out the power or energy of a signal using its spectrum (Fourier series) or the original signal 
and get the same answer. 

Because	the	voltage,	current	and	resistance	
are	constant	in	this	situation,	the	average	power	
dissipation	 is	 equal	 to	 the	 power	 dissipated	
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Low cost 5V/12V 
Power Supply

If you have an old PC power supply 
around the place, chances are you 

can make a 5V / 12V bench-top power 
supply for nearly nothing.  Here’s how 
to do it.

Starting point
My starting point was a salvaged ‘Max 

Power’ 200W AT power supply (see 
below). Nearly every discarded PC that 
you find will have a power supply in 
it – and PCs are available for peanuts 
at garage sales, secondhand stores, 
computer fairs and so on.

This type of power supply has a pre-
wired mains-power on/off  pushswitch, 
whereas more recent supplies require 
the PC to tell the power supply that all is 
well before switching on, even after the 
button is pushed. That makes the older 
AT supply much more suitable for this 
type of standalone application.

one way of identifying the AT type 
of supply is to look for the two plugs 
shown in the photo bottom right – 

one’s got P8 on it and the 
other has P9. 

There is a label on the power 
supply I salvaged indicating the 
output voltages and their respective 
wiring colour codes: 

+5V 20A Red
+12V 8A Yellow
–12V 0.5A Blue
–5V 0.5A White

Most power supplies will use these 
same colour codes for the voltages, 
while some power supplies will be able 
to supply even more current than these 
figures. (But always check the voltage 
outputs with a multimeter to confirm 
things are as they should be.)

one of the benefits of using a PC pow-
er supply (besides cost, that is!) is that 
it comes equipped with a built-in fan. 
This particular unit is labelled ‘Smart 
fan’ so we assume that the fan is varied 
in speed as the conditions require it. 

Very 
few off-

the-shelf non-
PC power supplies 

are fan-cooled.
If you salvage a power supply you’ll 

then need to come up with the cord 

Recycle It!
BY JULIAN EDGAR

The author’s Max Power 200W AT power supply rescued from a discarded PC

PC power supply with built-in fan

Look for the annotations P8 and P9

www.julianedgar.com
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that has the IEC plug at one end and 
a mains power plug at the other. You 
should find plenty wherever you got 
your old PC from!

Getting started
The approach that I adopted was to 

make a new ‘snout’, or U-shape face-
plate ‘shroud’ for the power supply box. 
This was folded up from a single piece 
of 2mm thick aluminium. As seen here, 
the sheet is a fraction narrower than the 
power supply – but that is only because 
we had an offcut that size. Normally, 
you’d make the new section the same 
width as the power supply. 

I used a home-made sheet metal folder 
to do the bending, but some blocks of 
wood and a vice could have been used 
to achieve the same end result. The top 
and bottom of the new piece should fit 
snugly against the top and bottom of the 
power supply. You may want to make 
the front extension a little longer than 
the 30mm that I used – in my case things 
got a little snug behind the new face.

You’ll need some binding posts – the 
number to match how many different 
voltage outputs you choose to have, 
plus the ground post. I chose three – 
+12V, +5V and ground. 

Like many binding posts, they need to 
be mounted on an insulated strip if there 
isn’t to be a short-circuit between them 
and the box. A piece of scrap black plastic 
was used for this purpose. Because the 
current that can be carried is fairly large, 
I used two solder lugs on each binding 
post and soldered these together.

A slot was cut into the aluminium 
faceplate so that the rear of the binding 
posts stayed insulated from the box – 
there needs to be clearance between 
the terminals and the box, as well as 

between each terminal. At this stage 
four more holes were also drilled – one 
for a pilot LED and another large one 
for the switch. The two smaller ones 
are for the screws that hold the switch 
in place. Oh yes – and see those other 
two holes at the back? They’re so that 
the upper part of the plate can be at-
tached to the power supply, using the 
two screws that are already there.

Let wiring commence
The next step is to do the wiring. 

This includes the power switch, which 
should now have its cable neatly bun-
dled up so that it will fit behind the 
faceplate – there should be no need to 
cut this cord. 

Note that the back of the switch is at 
mains voltage – the insulation around 
here (arrowed in the photo) should be 
improved with additional heatshrink, 
and great care must be taken to ensure 
that this area is inaccessible and that 
these terminals do not touch the case 
when the power supply is finished. The 
earth lead (green with the eye terminal 
on it) will be connected later – so don’t 
bundle it away.

Power switch cable bundled up to fit be-
hind the faceplate. Note the ‘earth’ lead. 
The switch contacts MUST be insulated 
with additional heatshrink tubing

The U-shaped 2mm thick aluminium 
faceplate

Screw terminal posts mounted on a 
strip of insulating material

The terminal strip mounted on the 
U-shaped faceplate. The two larger 
holes on the right are for the LED and 
mains switch

The multicoloured output voltage 
leads minus their connectors. Gather 
the leads together in colour groups – 
all blacks, all reds, and so on

At this stage, you shouldn’t have 
touched any of the multicoloured 
wiring – the stuff that feeds out those 
output voltages that you want. But cut-
ting is about to begin…

Cut all the plugs off then gather all 
the ‘like’ colour wires into separate 
bundles – so all the blacks together, all 
the reds together, and so on.

Solder all of the wires of each colour 
together, joining them to just two wires 
of the same colour. This step will reduce 
the number of wires from about 30 to six! 

Two wires – rather than one – are 
used on each output to give better cur-
rent carrying capacity. If you expect to 
be using the power supply near to its 
rated maximum a lot, you could use 
three or four wires going to each bind-
ing post, rather than two. 

Note the blue (–12V), white (–5V) 
and orange (‘power good’) wires were 
not used in this design. However, if you 
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want the –5V and –12V supplies, just 
add more binding posts and bring these 
supplies out to the faceplate. 

It’s a good idea to place fuses in the 
supplies. This is as easy as wiring 
in-line fuseholders into the 12V and 
5V supply cables that you’ve just con-
structed. However, the power supply 
itself is protected by a fuse (and some 
supplies also have auto shutdown 
protection), so I didn’t bother – I’ll just 
be careful when I am using the supply!

I decided to use a 10mm red LED as 
the ‘power on’ indicator. Why such a 
large LED? Only because I had it around 
and I like large LEDs! You could use a 
12V pilot lamp if you want, but if you 
use an LED make sure that you put a 
560 resistor in series with it, then wire 
it to the 12V supply, with the long lead 
of the LED going to the positive.

This is what your project should look 
like at this stage – the mains power cord 
tidied up; the 12V, 5V and earth leads 
brought down in number to just a pair 
for each; the white, orange and blue 

Solder together all of the wires of each colour 
group, joining them to just two leads of the same 
colour. Note the blue, white and orange leads 
were not used and are bundled seperately

A 10mm red LED was used 
as the ‘power-on’ indicator. 
If you use anLED, make sure 
you use a 560Ω series bal-
last resistor – see text

Bolting the ‘earth eyelet’ under one 
of the front feet fixings. Make sure it 
contacts the faceplate surface

Wiring to the rear of the new U-shaped 
faceplate, prior to sliding it over the 
PC power supply

leads insulated and bundled away; and 
the LED wired up – see photo top left.

Faceplate wiring
The next step is to bring the faceplate 

up close to the power supply and solder 
the 12V, 5V and earth leads to their ap-
propriate binding posts. Push the LED 
through the front panel and mount the 
mains power switch. Make absolutely 
sure that the rear of the mains power 
switch remains well-insulated, with no 
possibility of the switch terminals touch-
ing the case or being accessible to fingers.

Unfortunately, my mains pushswitch 
had an immediate and unfortunate ac-
cident – the protruding plastic actuator 
broke off. Hmmm.

However, I had another double-pole, 
single-throw mains power switch handy 
so I installed that instead. Don’t change 
the mains switch unless you know ex-
actly what you are doing with mains 
power. High voltages like these can 
kill you!

Down to earth
Remember the earth lead that I men-

tioned earlier? Well, here’s where it 
goes – under the nut on the screw that 
secures one of the front feet. What front 
feet? Oh well, I had some salvaged ones 
around the place…and their screws 
also attach the new snout to the under-
side of the power supply through the 
mounting lugs which are already there.

The openings at each end of the new 
snout were filled with plastic pieces cut 
to size and push-fitted into the open-
ings – some glue will make sure that 
they stay in place. If the power supply 
is to be worked hard, drill some small 
holes in these pieces so that the fan can 

draw air in through the front vents in the 
power supply box. In my case there were 
enough small gaps around the case that 
the fan still flowed sufficient air.

In use
Depending on the PC power supply 

that you have selected, there may be a 
few tricks in actually using it. The one I 
had wasn’t happy if you switched it on 
when a large load was applied – but it 
was as ‘happy as Larry’ if you applied 
that same load after it was turned on. 

Others that I have heard of are the 
opposite – they need to have a small 
load happening before they’ll start to 
work properly. So if you switch on and 
nothing much happens, keep these 
aspects in mind.

Whenever you throw away an old TV (or 
VCR or washing machine or dishwasher or 
printer) do you always think that surely there 
must be some good salvageable components 
inside? Well, this column is for you! (And it’s 
also for people without a lot of dough.) Each 
month we’ll use bits and pieces sourced from 
discards, sometimes in mini-projects and other 
times as an ideas smorgasbord.

And you can contribute as well. If you have a 
use for specific parts which can easily be salvaged 
from goods commonly being thrown away, we’d 
love to hear from you. Perhaps you use the pres-
sure switch from a washing machine to control 
a pump. Or maybe you have a use for the high- 
quality bearings from VCR heads. Or perhaps 
you’ve found how the guts of a cassette player 
can be easily turned into a metal detector. (Well, 
we made the last one up, but you get the idea . . .) 

So, if you have some practical ideas, do 
write in and tell us!

Rat It Before 
You Chuck It!

Recycle It - 12V Power Supply.indd   54 29/07/2010   09:16:33



56	 Everyday	Practical	Electronics,	September	2010

Our regular round-up of readers’ own circuits

WIN A PICO PC-BASED
OSCILLOSCOPE WORTH £799
• 200MHz Analogue Bandwidth Dual Channel Storage Oscilloscope
• Spectrum Analyser
• Frequency Meter
• Multimeter
• USB Interface.
If you have a novel circuit idea which would be of use to other readers then a Pico 
Technology PC-based oscilloscope could be yours.
After every 20 published IU circuits, Pico Technology will be awarding a PicoScope 3206 
digital storage oscilloscope for the best IU submission. In addition a PicoScope 2105 

Handheld ‘Scope worth £199 will be presented to the runner up.

We pay between £10 and £50 for all material published, depending on length and technical merit. We’re looking for novel applications and circuit designs, not simply mechanical, electrical or software ideas. Ideas must be the reader’s own work and must not have been published or submitted for publication elsewhere.
The circuits shown have NOT been proven by us. Ingenuity Unlimited is open to ALL abilities, but items for consideration in this column should be typed or word-processed, with a brief circuit description (between 100 and 500 words maximum) and include a full circuit diagram showing all component values. Please draw all circuit schematics as clearly as possible. Send your circuit ideas to: Ingenuity Unlimited, Wimborne Publishing Ltd., 113 Lynwood Drive, Merley, Wimborne, Dorset BH21 1UU. Email: editorial@epemag.wimborne.co.uk. 

Your ideas could earn you some cash and a prize !

Readers’ Circuits

Water Pump Switch – plant feeder

This circuit was devised to control a pump 
in a garden watering scheme. A header 
tank is filled by a pump from rainwater 

storage butts. The tank is placed at the highest 
part of the garden, and provides a reserve of wa-
ter, which is piped to various points around the 
garden. Two float switches in the tank enable it 
to be refilled automatically.

The circuit (Fig.1) uses a 4011 quad NAND 
gate to provide a latching switch. As the wa-
ter level goes down, first s1 and then s2 close. 
This makes the latch of iC1a and iC1b go high, 
turning on transistor TR1, and hence also the re-
lay and ultimately a water pump. When the full 
water level is reached again, s1 opens thereby 
resetting the latch and turning off the pump. A 
spare gate (iC1c) inverts the input to iC1b so 
that both switches are normally off and operate 
in the same way. The truth table is shown inset 
in Fig.1.

Construction of the circuit is straightforward, 
but it is essential that if a mains-powered pump 
is used, the relay must be mounted separately in 
its own box because of the mains voltage pres-
ent. The switches are horizontal ‘pivot-style’ 
fluid switches in which a float pivots from 
the body of the switch. in the closed position, 
a magnet closes a sealed reed switch. When 
mounted, the switch can be rotated 180° to give 
either a normally-on or a normally-off position.

Tom Armitstead, Nr Haverhill, Suffolk
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Fig.1.Circuit diagram, header tank arrange-
ment and truth table for the Water Pump 
Switch
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Practically Speaking
Robert Penfold looks at the Techniques of Actually Doing it!

Stripboard was probably invented to 
provide professional circuit designers 

with an easy way of building and testing 
prototype electronic gadgets. No doubt it 
did, and still does, fulfil this function very 
well, but stripboard probably had an even 
bigger impact in the world of electronic 
project building. 

Unlike many forms of prototyping 
board, it provided a finished product 
that was reasonably neat, and perhaps of 
more importance, tough enough for use 
in finished units. it was an immediate 
success, as it provided a universal board 
that could be used to construct practically 
any project. Custom printed circuit boards 
now seem to be the standard method of 
construction for the electronics hobbyist, 
but at one time stripboard construction 
was the norm.

although less popular than in the past, 
stripboard has advantages, and it is still 
particularly well suited to relatively 
simple projects where all you have is a 
circuit diagram to work from. designing 
and building a custom printed circuit 
board is not too difficult, but it can be 
quite time consuming, even for a small 
board. it also requires a certain amount 
of additional equipment. With practice, 
it is possible to convert a small circuit 
diagram into a completed circuit on 
stripboard in a matter of minutes using 
nothing more than a soldering iron and 
the other basic tools of electronic project 
construction.

Perfect pitch
Like most good ideas, 

stripboard is basically a very 
simple product. it consists of a 
thin board made from a piece of 
insulating material and drilled 
with a matrix of small holes. 
With modern boards, the holes 
are 1mm in diameter and the 
pitch of the matrix is 2.54mm. 
this arrangement suits the vast 
majority of components, but there 
are obviously a few ‘problem’ 
types that cannot be fitted directly 
to the board. 

Using adaptors or a bit of 
ingenuity it is possible to fit most 
types of component onto standard 
stripboard. With an adaptor for 
example, it is possible to use 
practically any surface-mount chip 
with stripboard.

thin copper strips run along 
rows of holes on what is generally 
considered to be the underside of 
the board. this produces what is 

essentially a normal single-sided printed 
circuit board. Components are mounted on 
the plain (top) side of the board with the 
leadout wires being threaded through the 
holes, trimmed to length on the underside of 
the board, and then soldered to the copper 
strips.

Quick break
on the face of it, there is a major problem 

with stripboard in that each copper strip 
can only carry one set of connections. in 
practice, this limitation is overcome by 
adding breaks in the copper strips so that 
each section can carry a different set of 
interconnections. 

another obvious problem is that the 
copper strips only run horizontally and 
cannot carry connections up or down the 
board. Most stripboard layouts rely on 
a fair number of link-wires, which are 
largely required to compensate for this 
limitation. 

Using breaks in the copper strips and link 
wires it is possible to accommodate most 
circuits using stripboard, but the finished 
board is unlikely to be anything like as 
small and neat as a custom printed circuit 
board. it should do the job well enough for 
most purposes though.

there is another potential problem 
with stripboard, which is the capacitance 
between the copper strips. this can result 
in problems like signals being coupled 
from one strip to another producing 
unwanted feedback. to an extent, it is 

possible to alleviate this problem by 
adding breaks in some strips so that long 
unused sections are isolated from the 
circuit. Having an earthed copper strip 
between two problems strips can be used 
to largely remove any stray coupling from 
one to the other. 

obviously, the most important weapon 
against stray feedback is to design the board 
layout to, as far as possible, keep problem 
parts of the circuit well separated. there are 
some types of circuit where even a cleverly 
designed circuit layout is unlikely to provide 
satisfactory results, and stripboard is not 
really suitable for most radio frequency 
circuits for example.

another slight drawback of stripboard 
is that it is not suitable for circuits that 
carry high currents. With a custom printed 
circuit board you can use a grade of board 
that has a thick copper layer intended for 
high current applications, and (or) the 
tracks can be made wider. as far as i am 
aware there is no high-current version of 
stripboard. 

Most stripboard can handle currents 
of an amp or so without any problems 
arising, but it should not be used with 
higher currents. Sometimes it is possible 
to arrange things so that the main circuit 
running at relatively low currents is 
accommodated by the stripboard, with the 
high currents being carried by the hard-
wiring to off-board components. in general 
though, stripboard is unsuitable for high 
current circuits.

Design rules
it is probably a mistake to design 

a stripboard layout using exactly 
the same set of design rules that 
would be applied when designing 
a custom printed circuit board. in 
particular, with a custom board 
it is normal for a standard lead 
spacing to be used for resistors, 
and for small resistors this would 
typically be 0.4 inches. also, the 
resistors are often arranged in 
regimented rows. 

this looks neat, but it does not 
really work too well when applied 
to stripboard. You tend to end 
up with large and over complex 
boards that have large numbers 
of link wires. With some types 
of component, such as integrated 
circuits and printed circuit 
mounting capacitors, you are 
often stuck with the natural lead 
or pin spacing of the component, 
and the use of link wires is then 
inevitable. 

Stripboard has a matrix of holes with copper strips on one 
side (underside) of the board. It is usually necessary to 
make breaks in some of the strips, either using a special 
tool, or a drill bit of about 5mm in diameter, which does the 
job quite well
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With axial lead components the lead 
spacing is elastic. It makes sense to 
exploit this flexibility, using it to partially 
compensate for the restrictions imposed by 
the stripboard.

On customised boards, the components 
are normally fitted straight up and down 
the board, or from side-to-side, but not 
at odd angles. While it is probably best 
to largely do things the same way with 
stripboard, if one or two components fit 
into the layout more easily at an angle, 
then I would ‘go with the flow’ and fit 
them in this fashion. Axial components 
can be mounted vertically in order to use 
a very small lead spacing, but it is best 
to keep this type of thing to a minimum. 
This method of mounting components 
is physically weak and any slight knock 
to a component can easily damage the 
board.

Making a start
With some circuits, it is possible 

for the stripboard layout to quite 
closely follow the layout of the circuit 
diagram. Unfortunately, with many real-
world circuit diagrams there are large 
differences between the diagram and the 
physical world, but the circuit should 
at least provide a rough guide when 
designing the layout of a stripboard, and 
where appropriate, it can act as a more 
exact guide. It is probably best to start 
with some simple designs. A few designs 
can be drawn up purely as exercises if 
there are no very simple designs you wish 
to construct. 

For the basis of this example, the 
simple Wien audio oscillator design of 
Fig.1 will be used. Although very simple, 
this circuit does pose a few problems, 
with a three-way two-pole switch and an 
awkward component in the form of torch 
bulb LP1.

There are no doubt numerous approaches 
to designing stripboards, but with a circuit 
such as this I always start by deciding 
on the height of the board. Two strips 
are required for the power rails, and four 
more are needed to accommodate the 8-pin 
DIL integrated circuit (IC1). A number 
of additional strips will be needed for the 
mid-rail bias voltage generated by resistors 
R1 and R2, the range capacitors (C3 to 
C8), the negative feedback components, 
and so one. 

As some of the strips can be used to carry 
more than one connection, it is not necessary 
to work on the basis of one strip per set of 
connections. I eventually settled on eight 
additional strips, plus the six essential ones 
specified previously. Of course, you are 
not bound by your initial estimate, and a 
quick redesign of the board can be used if 
it becomes apparent that the selected figure 
is impractically small or far larger than is 
really required.

Board mounting
Unless the board will be mounted using 

guide rails, it will be necessary to have 
some additional strips for the mounting 
holes. A couple of mounting holes on one 
side are adequate with small and light 
boards, and are all I included here. Three 
additional strips were therefore added to 
the height of the board to provide space 

for these. With larger 
boards, a minimum 
of something like 
a mounting hole at 
each corner will be 
required, and extra 
strips then have to be 
included above and 
below the main part of 
the board. Most plastic 
standoffs do not work 
well with stripboard 
as they do not clip into 
the board reliably. It is 
advisable to use either 
mounting bolts and 
spacers, or standoffs of 
a type that are bolted 
to the board. 

Stripboard is often 
made from a material 
that is quite brittle, 
and the matrix of small 
holes further reduces 
its strength. Make sure 
the mounting holes in 
the case are positioned 
to accurately match 
those in the board, or the board might 
buckle and crack when it is fixed in 
place. Also, be very careful when cutting 
stripboard down to the required size.

Lateral thinking
Having settled on a height for the board, 

there is no need to worry about the width. 
It can be allowed to grow horizontally as 
far as necessary. The obvious starting point 
for the design is to add the on/off switch 
(S2) and the battery (B1). Unless there is 
good reason to do otherwise, the bottom 
strip is used to take the 0V supply and 
the top strip (ignoring any extra strips to 
accommodate the mounting holes) is used 
for the positive supply. Next, I added R1, 
R2 and C2, which provide a mid-supply 
bias voltage. Three of the frequency 
selection capacitors (C3 to C5) connect to 
this mid-supply voltage, so I added them 
next, together with solder pins for the 
connections to the off-board frequency 
selection switch S1 – see Fig.2.

Resistor R3 also connects to this bias 
voltage, and it was added at this stage. 
This resistor connects to pin 3 of IC1, so in 
order to add this component it is necessary 
to decide on the vertical positioning of 
IC1. 

The original intention was to have it placed 
at the mid-point, with five strips above and 
five beneath it. However, I decided to move 
it up a couple of strips to take it away from 
what was likely to become a rather congested 
lower section of the board. The design at this 
stage is shown in Fig.2. 

It is considered good practice to have 
connections to the off-board components 
near an edge of the board, which means 
that with stripboard the bottom two or three 
strips will be used for most connections of 
this type. In this case, the second strip from 
the bottom is used for the connections to C3 
to C5, which are printed circuit mounting 
components that all have the same pitch. 
This has necessitated breaks in the copper 
strips, which have been marked using 
crosses.

Fig.1. Although it is not entirely ‘plain sailing’, a simple circuit such as this Wien 
oscillator is easily turned into a working circuit built on stripboard.

Fig.2. The early stages of the design. It is preferable for the 
connections to off-board components to be positioned near 
the edge of the board. Breaks in the underside copper strip 
are indicated by an ‘X’. The three dots are the solder pins
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Referring to Fig.3, IC1 was added to the 
right of C3 to C5, and frequency selection 
capacitors C6 to C8 to the right of this. Link 
wires were added to connect the supply 
lines to the appropriate pins of IC1, and the 
connection from pin 3 of IC1 to the poles of 
S1 was added. From there on it was a matter 
of adding the remaining components into 
any convenient gaps on the board until the 
finished design was produced. 

LP1 represented a minor problem because 
the only available holders for a torch bulb 
were not directly compatible with stripboard, 
or any other type of printed circuit board come 
to that. However, a holder having solder tags 
was available, and anything of this type can 
usually be connected to a circuit board via 
solder pins. This ploy worked well here.

To complete the lower arm of the negative 
feedback loop, capacitor C9 was added in a 
vacant area beneath IC1, and a link wire was 
added to connect it to LP1. The other arm 
(R4) cannot be added until the positions of 
transistors TR1 and TR2 have been decided. 
The obvious place for TR1 is with its collector 
(C) on the positive supply rail and the base 
(B) and emitter (E) terminals on the two strips 
beneath this. There is a lot of empty space 
in the upper part of the board, so the exact 
horizontal positioning is unimportant. 

In a similar vein, TR2 could fit onto the 
bottom three strips, but this part of the board 
is quite crowded. I therefore connected its 
collector to the strip that carries the 0V supply 
to IC1, with the base and emitter going to the 
two strips beneath this. A link wire (to the left 
of R1) is then needed to connect the emitters 
of TR1 and TR2, and R4 can then be added 
between the two appropriate copper strips.

Missing links
At this stage, the circuit is largely in place, 

and it is just a matter of adding the missing 

link wires and components. The bases of TR1 
and TR2 must be connected to the output of 
IC1 for example, and R5 must be added. It 
is then a matter of checking the design for 
errors, and in this case I 
have omitted a break in 
the copper strip between 
pin 6 of IC1 and the 
negative lead of C10. In 
most cases it is possible 
to adjust the layout to 
make it neater, but try to 
avoid the classic mistake 
of turning a rough but 
working layout into one 
that is neat but full of 
mistakes!

Most projects have 
more than one stage, 
but it is then a matter of 
taking things one stage 
at a time, making sure 
that the connections for 
one stage are properly 
isolated from the next 
stage, and that any links 
from one to the next are 
included. With some 
circuits it can be useful 
to set aside some extra 
strips near the top of the 
board specifically for 
the connections between 
stages. 

With some logic 
circuits the approach 
of working along the 
board from left to right 
does not work too 
well. When busses and 
numerous other lines 
have to run here, there, 
and everywhere, it can 
be better to take a more 

vertical approach to the layout. Unfortunately, 
there is a limit to how far you can take this 
approach, because stripboard is not available in 
sizes more than about 50 or 60 strips high.

To aid construction, you can mark 
your stripboard with letters of the  
alphabet for copper strips and num-
bers for holes.

By cross-referencing the letter with a 
hole number this will help identify the 
component position on the board

X = Break in Track
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Fig.3. The finished design ready for checking. it is usually possible to make an initial layout neater with a little editing, but 
try not to introduce errors into a working design. (note: there is a missing break in a track! – see text)
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EPE IS PLEASED TO BE ABLE TO OFFER YOU THESE

ELECTRONICS CD-ROMS

Hobbyist/Student  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . £45    inc VAT
Institutional (Schools/HE/FE/Industry)   .  .  .  .  .  .  .  .  .  .  .  . £99  plus VAT
Institutional 10 user (Network Licence)  .  .  .  .  .  .  .  .  .  .  .  . £249  plus VAT
Site licence  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . £499  plus VAT

PRICES
Prices for each of the CD-ROMs above are:

(Order form on third page)

(UK and EU customers add VAT at 17.5% to ‘plus VAT’ prices)

Case study of the Milford 
Instruments Spider

Robotics and Mechatronics is designed to 
enable hobbyists/students with little previous 
experience of electronics to design and 
build electromechanical systems. The CD-
ROM deals with all aspects of robotics from 
the control systems used, the transducers 
available, motors/actuators and the 
circuits to drive them. Case study material 
(including the NASA Mars Rover, the Milford 
Spider and  the Furby) is used to show how 
practical robotic systems are designed. The 
result is a highly stimulating resource that 
will make learning, and building robotics and 
mechatronic systems easier. The Institutional 
versions have additional worksheets and 
multiple choice questions.

• Interactive Virtual Laboratories

• Little previous knowledge required

• Mathematics is kept to a minimum and 
        all calculations are explained

• Clear circuit simulations

ROBOTICS &
MECHATRONICS

Electronic Projects is split into two main sections: Building Electronic Projects 
contains comprehensive information about the components, tools and techniques used 
in developing projects from initial concept through to final circuit board production. 
Extensive use is made of video presentations showing soldering and construction 
techniques. The second section contains a set of ten projects for students to build, 
ranging from simple sensor circuits through to power amplifiers. A shareware version of 
Matrix’s CADPACK schematic capture, circuit simulation and p .c .b . design software 
is included.
The projects on the CD-ROM are: Logic Probe; Light, Heat and Moisture Sensor; 
NE555 Timer; Egg Timer; Dice Machine; Bike Alarm; Stereo Mixer; Power Amplifier; 
Sound Activated Switch; Reaction Tester. Full parts lists, schematics and p.c.b. layouts 
are included on the CD-ROM.

ELECTRONICS PROJECTS

Logic Probe testing

Analogue Electronics is a complete learning resource for this most difficult branch of 
electronics. The CD-ROM includes a host of virtual laboratories, animations, diagrams, 
photographs and text as well as a SPICE electronic circuit simulator with over 50  
pre-designed circuits.
Sections on the CD-ROM include: Fundamentals – Analogue Signals (5 
sections),Transistors (4 sections), Waveshaping Circuits (6 sections). Op Amps – 17 
sections covering everything from Symbols and Signal Connections to Differentiators. 
Amplifiers – Single Stage Amplifiers (8 sections), Multi-stage Amplifiers (3 sections). 
Filters – Passive Filters (10 sections), Phase Shifting Networks (4 sections), Active 
Filters (6 sections). Oscillators – 6 sections from Positive Feedback to Crystal 
Oscillators. Systems – 12 sections from Audio Pre-Amplifiers to 8-Bit ADC plus a 
gallery showing representative p.c.b. photos.

ANALOGUE ELECTRONICS

Complimentary output stage

Analogue Filters is a complete course in designing active and passive filters that 
makes use of highly interactive virtual laboratories and simulations to explain how 
filters are designed. It is split into five chapters: Revision which provides underpinning 
knowledge required for those who need to design filters. Filter Basics which is a course 
in terminology and filter characterization, important classes of filter, filter order, filter 
impedance and impedance matching, and effects of different filter types. Advanced 
Theory which covers the use of filter tables, mathematics behind filter design, and an 
explanation of the design of active filters. Passive Filter Design which includes an 
expert system and filter synthesis tool for the design of low-pass, high-pass, band-pass, 
and band-stop Bessel, Butterworth and Chebyshev ladder filters. Active Filter Design 
which includes an expert system and filter synthesis tool for the design of low-pass, high-
pass, band-pass, and band-stop Bessel, Butterworth and Chebyshev op.amp filters. This  
CD-ROM is being discontinued, only the Hobbyist/Student version is now available.

ANALOGUE FILTERS

Filter synthesis

Electronics Circuits & Components V2.0 provides an introduction to the principles and 
application of the most common types of electronic components and shows how they are 
used to form complete circuits. The virtual laboratories, worked examples and pre-designed 
circuits allow students to learn, experiment and check their understanding. Version 2 has 
been considerably expanded in almost every area following a review of major syllabuses 
(GCSE, GNVQ, A level and HNC). It also contains both European and American circuit 
symbols. Sections include: Fundamentals: units and multiples, electricity, electric circuits, 
alternating circuits. Passive Components: resistors, capacitors, inductors, transformers. 
Semiconductors: diodes, transistors, op amps, logic gates. Passive Circuits . Active 
Circuits. The Parts Gallery will help students to recognise common electronic components 
and their corresponding symbols in circuit diagrams.
Included in the Institutional Versions are multiple choice questions, exam style 
questions, fault finding virtual laboratories and investigations/worksheets.

ELECTRONIC CIRCUITS & COMPONENTS V2.0

Circuit simulation screen

Version 2

Digital Electronics builds on the knowledge of logic gates covered in Electronic Circuits 
& Components (above), and takes users through the subject of digital electronics up to 
the operation and architecture of microprocessors. The virtual laboratories allow users 
to operate many circuits on screen.
Covers binary and hexadecimal numbering systems, ASCII, basic logic gates, monostable 
action and circuits, and bistables – including JK and D-type flip-flops. Multiple gate 
circuits, equivalent logic functions and specialised logic functions. Introduces sequential 
logic including clocks and clock circuitry, counters, binary coded decimal and shift 
registers. A/D and D/A converters, traffic light controllers, memories and microprocessors 
– architecture, bus systems and their arithmetic logic units. Sections on Boolean Logic 
and Venn diagrams, displays and chip types have been expanded in Version 2 and new 
sections include shift registers, digital fault finding, programmable logic controllers, and 
microcontrollers and microprocessors. The Institutional versions now also include several 
types of assessment for supervisors, including worksheets, multiple choice tests, fault 
finding exercises and examination questions.

DIGITAL ELECTRONICS V2.0

Virtual laboratory - Traffic Lights

Version 2
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PICmicro TUTORIALS AND PROGRAMMING

VERSION 3 PICmicro MCU 
development board

Suitable for use with the three software packages
listed below.

This flexible development board allows students to learn both 
how to program PICmicro microcontrollers as well as program 
a range of 8, 18, 28 and 40-pin devices from the 12, 16 and 
18 series PICmicro ranges. For experienced programmers 
all programming software is included in the PPP utility that 
comes with the development board. For those who want to 
learn, choose one or all of the packages below to use with the 
Development Board.

• Makes it easier to develop PICmicro projects

• Supports low cost Flash-programmable PICmicro devices

• Fully featured integrated displays – 16 individual LEDs, quad 
  7-segment display and alphanumeric LCD display

• Supports PICmicro microcontrollers with A/D converters

• Fully protected expansion bus for project work

• USB programmable

• Can be powered by USB (no power supply required)

ASSEMBLY FOR PICmicro 
V3

(Formerly PICtutor)
Assembly for PICmicro microcontrollers V3.0 
(previously known as PICtutor) by John Becker 
contains a complete course in programming the 
PIC16F84 PICmicro microcontroller from Arizona 
Microchip. It starts with fundamental concepts 
and extends up to complex programs including 
watchdog timers, interrupts and sleep modes.

The CD makes use of the latest simulation 
techniques which provide a superb tool for 
learning: the Virtual PICmicro microcontroller, this 
is a simulation tool that allows users to write and 
execute MPASM assembler code for the PIC16F84 
microcontroller on-screen. Using this you can 
actually see what happens inside the PICmicro 
MCU as each instruction is executed, which 
enhances understanding.

• Comprehensive instruction through 45 tutorial 
sections • Includes Vlab, a Virtual PICmicro 
microcontroller: a fully functioning simulator • 
Tests, exercises and projects covering a wide 
range of PICmicro MCU applications • Includes 
MPLAB assembler • Visual representation of a 
PICmicro showing architecture and functions • 
Expert system for code entry helps first time users 

• Shows data flow and fetch execute cycle and has 
challenges (washing machine, lift, crossroads etc.) 

• Imports MPASM files.

‘C’ FOR 16 Series PICmicro
Version 4

The C for PICmicro microcontrollers CD-ROM is 
designed for students and professionals who need 
to learn how to program embedded microcontrollers 
in C. The CD-ROM contains a course as well as all 
the software tools needed to create Hex code for a 
wide range of PICmicro devices – including a full 
C compiler for a wide range of PICmicro devices.

Although the course focuses on the use of the 
PICmicro microcontrollers, this CD-ROM will 
provide a good grounding in C programming for 
any microcontroller.

• Complete course in C as well as C 
programming for PICmicro microcontrollers • 
Highly interactive course • Virtual C PICmicro 
improves understanding • Includes a C compiler 
for a wide range of PICmicro devices • Includes 
full Integrated Development Environment • 
Includes MPLAB software • Compatible with most 
PICmicro programmers • Includes a compiler for 
all the PICmicro devices.

FLOWCODE FOR PICmicro 
V4

£158 including VAT and postage, supplied 
with USB cable and programming software

HARDWARE

SOFTWARE

Hobbyist/Student . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . £45 inc VAT
InstItutional (Schools/HE/FE/Industry)  . . . . . . . . . . . . £99  plus VAT
Institutional/Professional 10 user (Network Licence) £350  plus VAT
Site Licence . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . £699  plus VAT
Flowcode Institutional (Schools/HE/FE/Industry). . . . £149  plus VAT
Flowcode 10 user (Network Licence) . . . . . . . . . . . . . . £399  plus VAT
Flowcode Site Licence  . . . . . . . . . . . . . . . . . . . . . . . . . £799  plus VAT

PRICES
Prices for each of the CD-ROMs above are:

(Order form on next page)

(UK and EU customers add VAT at 17.5% to ‘plus VAT’ prices)

Minimum system requirements for these 
items: Pentium PC running, 2000, ME, 
XP; CD-ROM drive; 64MB RAM; 10MB 

hard disk space.
Flowcode will run on XP or later  

operating systems

Flowcode is a very high level language programming 
system based on flowcharts. Flowcode allows you to 
design and simulate complex systems in a matter of 
minutes. A powerful language that uses macros to 
facilitate the control of devices like 7-segment displays, 
motor controllers and LCDs. The use of macros allows 
you to control these devices without getting bogged 
down in understanding the programming. When used 
in conjunction with the Version 3 development board 
this provides a seamless solution that allows you to 
program chips in minutes.

• Requires no programming experience 

•  Allows complex PICmicro applications to be 
designed quickly

• Uses international standard flow chart symbols 

•  Full on-screen simulation allows debugging and 
speeds up the development process.

•  Facilitates learning via a full suite of 
demonstration tutorials 

•  Produces ASM code for a range of 18, 28 and 
40-pin devices 

• 16-bit arithmetic strings and string manipulation 

•  Pulse width modulation 

•  I2C. 
New features of Version 4 include panel 

creator, in circuit debug, virtual networks, C code 
customisation, floating point and new components. 
The Hobbyist/Student version is limited to 4K of 
code (8K on 18F devices)
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Counter project
Digital Works Version 3.0 is a graphical 
design tool that enables you to construct 
digital logic circuits and analyze their 
behaviour. It is so simple to use that it will 
take you less than 10 minutes to make your 
first digital design. It is so powerful that you 
will never outgrow its capability • Software 
for simulating digital logic circuits • Create 
your own macros – highly scalable • Create 
your own circuits, components, and i.c.s • 
Easy-to-use digital interface • Animation 
brings circuits to life • Vast library of logic 
macros and 74 series i.c.s with data sheets 

• Powerful tool for designing and learning.

Hobbyist/Student £45 inc. VAT. 
Institutional £99 plus VAT.
Institutional 10 user £249 plus VAT.
Site Licence £599 plus VAT.

A high quality 
selection of over 
200 jpg images 
of electronic 
components. This 
selection of high 
resolution photos 
can be used to 
enhance projects 
and presentations or to help with training and 
educational material. They are royalty free 
for use in commercial or personal printed 
projects, and can also be used royalty free 
in books, catalogues, magazine articles as 
well as worldwide web pages (subject to 
restrictions – see licence for full details).

Now contains Irfan View image software for 
Windows, with quick-start notes included.

Price £19.95 inc. VAT

DIGITAL WORKS 
3.0

TINA Analogue, Digital, Symbolic, RF, MCU and 
Mixed-Mode Circuit Simulation, Testing and PCB Design
TINA Design Suite is a powerful yet affordable software package for analysing, designing and real time 
testing analogue, digital, MCU, and mixed electronic circuits and their PCB layouts. You can also analyse RF, 
communication, optoelectronic circuits, test and debug microcontroller applications.

Enter any circuit (up to 100 nodes) within minutes with TINA’s easy-to-use schematic editor. Enhance 
your schematics by adding text and graphics. Choose components from the large library containing more 
than 10,000 manufacturer models. Analyse your circuit through more than 20 different analysis modes or with 10 high tech virtual 
instruments. Present your results in TINA’s sophisticated diagram windows, on virtual instruments, or in the live interactive mode where 
you can even edit your circuit during operation.

Customise presentations using TINA’s advanced drawing tools to control text, fonts, axes, line width, colour and layout. You can create, 
and print documents directly inside TINA or cut and paste your results into your favourite word- procesing or DTP package.

TINA includes the following Virtual Instruments: Oscilloscope, Function Generator, Multimeter, Signal Analyser/Bode Plotter, Network 
Analyser, Spectrum Analyser, Logic Analyser, Digital Signal Generator, XY Recorder.

Flowcode V3 (Hobbyist/Student) – For details on Flowcode, see the previous page.

This offer gives you two seperate CD-ROMs – the software will need registering (FREE) with Designsoft (TINA) and Matrix Multimedia 
(Flowcode), details are given within the packages.

Get TINA + Flowcode for a total of just £68, including VAT and postage.

SPECIAL PACKAGE OFFER
TINA Pro V7 (Basic) + Flowcode V3 (Hobbyist/Student)

ELECTRONIC 
COMPONENTS PHOTOS

An interactive CD-ROM to guide you through the process of circuit design. Choose from an 
extensive range of input, process and output modules, including CMOS Logic, Op-Amps, PIC/
PICAXE, Remote Control Modules (IR and Radio), Transistors, Thyristors, Relays and much more.
Click Data for a complete guide to the pin layouts of i.c.s, transistors etc. Click More Information 
for detailed background information with many animated diagrams.
Nearly all the circuits can be instantly simulated in Crocodile Technology* (not included on 
the CD-ROM) and you can customise the designs as required.

WHAT’S INCLUDED
Light Modules, Temperature Modules, Sound Modules, Moisture Modules, Switch 
Modules, Astables including 555, Remote Control (IR & Radio), Transistor Amplifiers, 
Thyristor, Relay, Op-Amp Modules, Logic Modules, 555 Timer, PIC/PICAXE, Output 
Devices, Transistor Drivers, Relay Motor Direction & Speed Control, 7 Segment 
Displays.Data sections with pinouts etc., Example Projects, Full Search Facility, Further 
Background Information and Animated Diagrams.
Runs in Microsoft Internet Explorer
*All circuits can be viewed, but can only be simulated if your computer has Crocodile 
Technoloy version 410 or later. A free trial version of Crocodile Technology can be downloaded from: www.crocodile-clips.com. 
Animated diagrams run without Crocodile Technology.

Single User £39.00 inc. VAT.    
Multiple Educational Users (under 500 students) £59.00 plus VAT. Over 500 students £79.00 plus VAT.

(UK and EU customers add VAT at 17.5% to “plus VAT’’ prices)

PROJECT DESIGN WITH CROCODILE TECHNOLOGY
An Interactive Guide to Circuit Design

Please send me: CD-ROM ORDER FORM
 Electronic Projects
 Electronic Circuits & Components V2.0
 Analogue Electronics    Version required:
 Digital Electronics V2.0    Hobbyist/Student
 Analogue Filters (Hobbyist/Student Only)    Institutional
 Electronics CAD Pack    Institutional/Professional 10 user
 Robotics & Mechatronics   Site licence
 Assembly for PICmicro V3
 ‘C’ for 16 Series PICmicro V4
 Flowcode V4 for PICmicro 
 Digital Works 3.0

 PICmicro Development Board V3 (hardware)

 TINA Pro V7 Basic + Flowcode V3 Hobbyist/Student
 Electronic Components Photos; Version 1.1
 Project Design – Single User
 Project Design – Multiple User (under 500 students)
 Project Design – Multiple User (over 500 students)

Full name: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Address:  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . Post code: . . . . . . . . . . . . . . . . . Tel. No: . . . . . . . . . . . . . . . . . . . 
Signature: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
 I enclose cheque/PO in £ sterling payable to WIMBORNE PUBLISHING LTD for £ . . . . . . . . . 
 Please charge my Visa/Mastercard/Maestro: £ . . . . . . . . . . 
Valid From: . . . . . . . . . . Card expiry date: . . . . . . . . . . . . . 
Card No: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Maestro Issue No.  . . . . . . . . .
Card Security Code . . . . . . . . . . (The last 3 digits on or just under the signature strip)

Note: The software on each version is the 
same, only the licence for use varies.

Minimum system requirements for these CD-ROMs: Pentium PC, CD-ROM drive, 32MB RAM, 10MB hard disk 
space. Windows 2000/ME/XP, mouse, sound card, web browser. 

ORDERING
ALL PRICES INCLUDE UK 

POSTAGE

Student/Single User/Standard Version  price 
includes postage to most countries in the world
EU residents outside the UK add £5 for airmail 

postage per order

Institutional, Multiple User and Deluxe 
Versions – overseas readers add £5 to the 
basic price of each order for airmail postage (do 
not add VAT unless you live in an EU (European 
Union) country, then add 17.5% VAT or provide 
your official VAT registration number).

Send your order to:
Direct Book Service

Wimborne Publishing Ltd
113 Lynwood Drive, Merley, Wimborne, 

Dorset BH21 1UU
To order by phone ring

01202 873872.  Fax: 01202 874562
Goods are normally sent within seven days

E-mail: orders@wimborne.co.uk
Online shop:

www.epemag.com

Over 150 pagesOver 600 images

£68.00
inc. VAT 

and p&p

NEW VERSION
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Surfing The Internet

Net Work
Alan Winstanley

Hitting a tweet spot
Broadband	and	mobile	access	now	beams	the	Internet	straight	into	the	

palm	of	our	hands,	delivering	an	endless	array	of	websites,	e-commerce,	
blogs,	webcams	and	streaming	TV	and	radio	to	our	laptops	and	iPhones.	
I’m	listening	to	Svenska Favoriter Musik	online	through	my	Pure	Internet	
radio,	as	I	type.	Peer-to-peer	(P2P)	and	social	networks	have	brought	to-
gether	legions	of	users	from	every	corner	of	the	globe:	the	Internet	was	pre-
viously	just	a	silo	of	information,	but	social	networking	is	now	de rigeur,	
and	static	websites	and	forums	are	so	yesterday!

The	Internet	has	in	turn	been	the	graveyard	of	many	a	venture	that	has	
crashed	and	burned.	Many	fashionable	new	ideas	peak	naturally	in	their	
popularity	(eg	Friends	Reunited)	before	being	shelved	by	a	userbase	hav-
ing	an	insatiable	appetite	for	something	new.	Some	ideas	hit	a	sweet	spot	
at	the	right	time	and	stick	with	us,	and	one	such	fad	that	shows	no	sign	
of	going	away	is	Twitter,	a	name	that	pops	up	in	regular	usage	almost	as	
much	as	Google,	so	in	this	month’s	Net Work	I’ll	outline	the	rudimentary	
essentials	of	Twitter.

The	Twitter	website	at	www.twitter.com	is	a	free	gift	to	a	texting	gen-
eration	that	craves	effortless	immediacy	and	instant	gratification,	because	
it	simply	involves	broadcasting	a	text	message	of	a	maximum	of	140	char-
acters.	These	messages,	or	‘tweets’,		were	originally	intended	as	a	running	
commentary	of	what	the	‘tweeter’	was	doing	at	that	time,	but	they	have	
evolved	somewhat:	Twitter	users	often	broadcast	snippets	of	news	about	
themselves	or	others,	or	they	send	a	quick	‘heads	up’	radar-blip	of	a	mes-
sage	to	share	with	anyone	who	might	be	interested.

Tweet	 updates	 are	 destined	 for	 friends	 and	 contacts	 (followers)	 who	
have	opted	to	receive	them	in	their	own	Twitter	feeds,	although	you	can	
generate	 public	 tweets	 if	 you	 want.	 Rather	 poorly	 in	 my	 view,	Twitter	
makes	your	posts	public	by	default,	unless	you	deliberately	make	them	
‘private’	in	your	settings.	In	turn,	you	can	subscribe	to	or	follow	other	Twit-
ter	users.	 	What’s	more,	you	can	re-transmit	 tweets	 that	you	receive,	 to	
other	users	(re-tweeting),	also	called	an	RT.	You	can	create	tweets	either	by	
logging	into	www.twitter.com,	or		you	can	post	tweets	via	other	routes		(eg	
Facebook	–	but	that’s	another	story).

When	you	choose	to	follow	other	users,	their	tweets	appear	in	your	own	
Twitter	homepage	as	a	running	timeline,	with	the	latest	 tweets	received	
appearing	first.		You	can	create	and	organise	timelines	using	‘Lists’,	then	
add	your	choice	users	or	businesses	
to	various	lists.

Trivial pursuit
Something	 we	 see	 on	 our	 own	

Chat Zone	forum	(www.chatzones.
co.uk)		is	an	‘@reply’	when	follow-
up	posts	are	addressed	mainly	to	an	
individual	user	rather	than	the	group	
as	a	whole.		In	the	‘tweetosphere’,	a	
reply	to	a	tweet	can	be	addressed	to	
an	individual	user	using	an	@reply.	
It	appears	 in	 the	public	 tweets	and	
also	in	the	individual’s	‘Replies’	sec-
tion	in	their	own	homepage.

Apart	 from	 sending	 and	 receiv-
ing	 tweets	 in	 a	 broadcast-fashion,	
personal	 tweets	 can	 be	 sent	 to	 an	
individual	 user	 –	 Twitter	 calls	 this	
‘direct	 messaging’	 or	 DM.	 This	 is	
slightly	different	 to	an	@reply	and	
there	are	various	ways	to	do	this,	but	

you	can	only	send	a	DM	to	someone	who	is	following	you.	There	are	more	
options	available	when	you	are	using	Twitter	on	your	mobile	phone.

Other	 options	 include	 the	 insertion	 of	 ‘hashtags’	 into	 your	 message,	
such	as	#PICmicro	–	this	shortcut	is	merely	a	way	of	creating	a	search-
able	keyword	that	allows	others	to	find	your	post.		Online	services	such	as	
http://hashtags.org		provide	an	analysis	of	keyword	popularity,	for	those	
wishing	to	track	a	particular	trend.		Such	is	the	hunger	in	some	sectors	to	
gain	market	intelligence	from	tweets	or	manage	their	own	PR	that	services	
like	Cotweet	(www.cotweet.com)	help	businesses	to	track	keywords	or,	
for	example,	engage	with	disgruntled	customers	who	are	tweeting	about	
a	shoddy	service.		How	gratifying	it	must	be,	I	suppose,	to	tweet	about	a	
particularly	bad	buy	or	poor	service	and	then	a	few	moments	later	receive	
a	reply	from	a	customer	services	manager	promising	to	remedy	it.

In	the	event	that	employees	talk	out	of	turn	and	bad-mouth	their	employ-
er	on	Twitter	or	other	social	networks,	Social	Sentry	by	Teneros	(www.
teneros.com)	can	help	bosses	keep	track	of	what	their	workers	are	up	to.	
It	promises	to	‘provide	granular	and	real-time	tracking	(of	employee	activ-
ity)	to	eliminate	significant	corporate	risks.’

I	mentioned	earlier	how	new	online	trends	invariably	plateau	and	tail	
off,	either	running	out	of	cash,	or	maybe	because	something	else	comes	
along	to	replace	a	technology	showing	signs	of	going	out	of	fashion.		It	
is	hard	to	foretell	how	Twitter	can	evolve	beyond	its	140	character	restric-
tions;	maybe	it	will	become	a	staple	killer-application	for	a	smartphone	or	
iPhone,	or	maybe	people	will	just	tire	of	it.	

Industry	and	commerce	has	quickly	recognised	Twitter’s	potential	val-
ue,	as	it	sought	to	catch	the	tide	of	social	networking.	For	example,	NASA	
has	its	own	Twitter	feed	at	www.twitter.com/nasa,	which	has	466,000	fol-
lowers	and	it	appears	in	Lists	owned	by	20,500	users.	Our	own	feed	is	at	
www.twitter.com/epemag.

Make a start
Hopefully,	this	month’s	Net Work	will	point	readers	in	the	right	direc-

tion	to	getting	started	with	Twitter.	There	is	an	enormous	amount	of	online	
tutorials,	hints	and	FAQs	and	a	quick	Google	search	is	likely	to	fill	in	any	
gaps,	and	there	is,	of	course,	Twitter’s	own	online	Help.	The	next	step	is	
to	visit	www.twitter.com	and	sign	up,	then	go	to	Settings	and	configure	
your	options.	Note	especially	the	tick-box	to	‘Protect	My	Tweets’,	which	

prevents	unwanted	users	from	fol-
lowing	you.		Via	the	‘Mobile’	tab	in	
Settings,	 you	 can	 configure	 using	
Twitter	 from	 your	 mobile	 phone.	
You	can	 then	 try	adding	our	own	
Twitter	feed	–	if	you’re	an	EPE	On-
line	subscriber,	search	for	‘epemag’	
to	 receive	 up-to-date	 news	 about	
the	latest	issue	of	EPE	Online.

Last,	 this	 month,	 a	 brief	 an-
nouncement	of	a	new	independent	
website	 created	 by	 the	 author	 to	
support	 the	 EPE	 reader	 and	 hob-
by	 electronics	 in	 general	 –	 www.
epemag.net	 is	 a	 rolling	 project	
with	more	new	resources	promised	
in	coming	months.

You	 can	 email	 the	 author	 at:	
alan@epemag.demon.co.uk	 or	
share	your	views	with	the	Editor	
at:	 editorial@epemag.wimbo 
rne.co.uk

A typical Twitter feed – this one is from NASA at www.twitter.
com/nasa
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READOUT
Matt Pulzer addresses some of the 
general points readers have raised. 
Have you anything interesting to say?
Drop us a line!

Email: editorial@wimborne.co.uk

All letters quoted here have previously been replied to directly

WIN AN ATLAS LCR ANALYSER WORTH £79

An Atlas LCR Passive Component Analyser, kindly 

donated by Peak Electronic Design Ltd, will be 

awarded to the author of the Letter Of The Month.

The Atlas LCR automatically measures inductance 

from 1mH to 10H, capacitance from 1pF to 

10,000mF and resistance from 1W to 2MW with 

a basic accuracy of 1%. www.peakelec.co.uk

 LETTER OF THE MONTH 
Tell us what you’d like

Dear Editor
First, thank you for asking us for what 

we would like to see in EPE. 
I have been taking the magazine on and 

off since the mid-70s in all its different 
forms, especially in the 80s and 90s, 
when ICs were the latest thing, and have 
built a number of the circuits published.

I have been a programmer and software 
designer for most of my life (specialising 
in human interfacing and ease-of-use 
issues) in Foxpro and Foxprow (the 
Windows version) and spent a lot of time 
soldering up leads in the early days of 
PCs. However, I don’t have an electronics 
background and so have tended to borrow 
(I admit) bits of projects to get them to 
do other things. So for me, Ingenuity	
Unlimited has always been a real source 
of good ideas to try out.

From the letters page, it is clear 
that you have already some excellent 
suggestions for projects coming in, but 
could I add a few brief comments?

1. For me, there is too much PIC-
related content. I do wonder whether 
using assembler in 2010 is really the 
most efficient way of doing things. Most 
of the PIC projects seem to be over-
complicated and over-engineered. 

For some people this is fine – the 
software is complete and ready to go, 

and once you’ve built the project, that’s it. 
The downside is that there is little chance 
of tinkering with it and adding bits, unless 
you have a complete knowledge of the 
particular PIC, plus all the software needed 
to make it work. 

I’m not knocking PICs per	 se, I can 
understand their popularity now that 
Windows no longer provides access to the 
outside world from the PC. But couldn’t 
PICAXE or one of the other easy PIC 
families be pushed to develop a fresh 
alternative? It would give readers access to 
the development of their own ideas, which 
might in turn produce more projects. And a 
higher-level language would be a bit more 
user friendly!

2. Could we see projects using the SD 
memory that is now cheaply available, for 
making remote dataloggers etc. How about 
some test rigs for reading and writing to 
them? This could be quite a new area to 
open up.

3. Your ‘trash-it’ articles are wonderful 
– please keep them coming! Could 
someone also run up a simple IC driver 
for the little positioning stepper motor to 
be found inside the humble single disc 
drive? These are available for virtually 
nothing. I have rescued quite a number 
for projects, but I’m still hunting for an 
interface.

4. My current projects are a repeating 
weathervane, which has a miniature 

stepper-driven version to hang on the wall. 
And a radio-controlled clock, which has 
analogue day, date and month read outs 
– useful for the elderly, who find liquid 
crystal displays almost impossible.

I enjoy the general and news articles, and 
find these valuable. The down under input 
is great and gives a fresh look to the whole 
publication. It is nice to see that Barry 
Fox is still contributing to the magazine 
– he is always good value, and Thomas 
Scarborough always has interesting ideas.

Thank you for asking for our opinions. 
The magazine has been through many 
different versions, but I hope this one is 
around for a long time – it deserves to be! 

All the best with the magazine

Tom Armitstead, via email

Thank	you	for	the	feedback	Tom,	as	always	
much	 appreciated.	 It	 is	 difficult	 to	 get	 the	
balance	right	between	PICs	and	other	devices,	
or	even	just	which	PICs	to	choose.	We	regularly	
keep	an	eye	open	for	what’s	new	and	relevant,	
and	 are	 grateful	 for	 readers’	 suggestions.	
The	PICAXE	certainly	seems	to	be	a	popular	
device	and	I	will	explore	it	further.	

You’re	right,	SD	memory	is	cheap	and	it	
might	be	time	to	look	at	some	projects	built	
around	 it.	 I’m	glad	 you	 like	 the	 recycling	
articles;	they	are	certainly	a	firm	favourite	
of	 mine.	 Good	 luck	 with	 your	 current	
projects	 and	 thank	 you	 again	 for	 your	
comments.

Shiny plastic bag insulator 
conundrum

Dear Editor
I read with interest Godfrey Manning’s 

letter to the editor in the June edition of EPE, 
especially the second half, where he talks 
about anti-static bags.

As a computer technician who has 
handled literally thousands of these bags, I 
too often pondered on how they work and 
have come to the conclusion that they must 
be conductive in order to safely carry out 
their task of protecting their static-sensitive 
contents. Ironically, most plastics are great 
insulators, yet if one rubs plastic with 

something like wool, they can charge up to 
thousands of volts, which could kill static-
sensitive components. In fact, many of 
the traditionally non-conductive materials 
used to package electronic hardware 
(like the cardboard and plastic foam that 
computer motherboards come packed in) 
can generate huge amounts of static in the 
right circumstances, which is why the actual 
motherboard lives in an anti-static bag 
inside the box. 

I originally started thinking about anti-
static bags because often when pulling a 
new motherboard from its anti-static bag, I 
feel the hair on my arm stand up as the bag 
charges up. So why then, don’t the contents 
get damaged?

As I understand it, the object is to channel 
(or ‘wick’) as much as possible of this 
potentially dangerous static electricity away 
from vulnerable components, and anti-static 
bags can only do this by being conductive, 
both inside and out. They use a combination 
of methods for protecting components. First, 
bags redistribute any electrical charge built 
up on them over a wider area and this helps 
minimise overall static charge, especially any 
that reaches the component inside. Second, 
the material the bag is made of discourages 
static from being stored on the bag’s surface; 
any static charge accumulated quickly bleeds 
off into the atmosphere, much in the same 
way that static electricity that builds up on an 
aircraft’s airframe as it flies through the air is 
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bled	off	 into	 the	atmosphere	by	(conductive)	
static	 wicks	 mounted	 on	 the	 trailing	 edges	
of	the	flying	surfaces,	which	prevents	people	
inside	from	being	shocked	should	they	touch	
anything	metal,	like	modern	aircraft	toilet	pans	
for	example	(ouch!).

The	outside	of	many	anti-static	bags	have	
patterns	 of	 conductive	 ‘tracks’	 on	 them	 to	
facilitate	 this	current	flow,	while	 the	insides	
are	 smooth	 to	 prevent	 ‘hot	 spots’	 forming,	
from	which	 static	 could	possibly	discharge.	
Plus,	 should	 any	 static	 charge	 reach	 the	
component	 inside	 the	 bag,	 it	 is	 likely	 to	
be	 spread	 over	 any	 or	 all	 connections	 or	
pins	 touching	 the	 bag,	 some	 of	 which	 are	
earthed	internally,	which	brings	everything	to	
relatively	the	same	potential.	

This	 is	 the	 same	 theory	 as	 the	 way	
conductive	 foam	 essentially	 joins	 all	 pins	
of	a	CMOS	chip	 together,	 tying	them	all	 to	
a	‘common	ground’	so	any	charge	is	applied	
equally	 to	 all	 pins	 at	 the	 same	 time.	 This	
helps	 prevents	 damage	 to	 the	 component,	
except	in	extreme	static	conditions,	though	in	
such	circumstances	the	handler	is	likely	to	be	
zapped	as	well!	

If	 this	 foam	 was	 made	 of	 something	 like	
polystyrene,	 (something	 not	 recommend	
for	 storing	 components	 unless	 covered	 in	
(conductive)	tin-foil	first)	then	it	could	kill	the	
component	as	soon	as	it	touched	it	because	it	
could	retain	considerable	charge.	If,	however,	
the	 foam	 is	 conductive,	 then	 it	 is	 likely	 any	
charge	 won’t	 accumulate	 on	 it	 because,	 just	
like	the	bags,	any	electric	potential	would	soon	
bleed	off	into	the	atmosphere.

That’s	 my	 theory	 anyway.	 It	 does	 make	
some	electrical	sense,	 though	I	will	happily	
re-evaluate	 my	 position	 should	 someone	
more	knowledgeable	than	myself	put	forward	
a	better	explanation.

Thanks	and	keep	up	the	excellent	work.

Dave Thompson
Director, PC Anytime Limited

Christchurch, New Zealand

Dear	Editor
I	 believe	 I	 can	 answer	 the	 ‘shiny	 plastic	

bag	insulator’	conundrum.
The	black	bags	and	foam	are	conductive	

so	as	 to	protect	 the	device	from	static	by	
surrounding	 the	 device	 with	 a	 Faraday	
shield	 in	 the	 case	of	 the	bag,	or	 shorting	
all	 the	 device’s	 leads	 in	 the	 case	 of	 the	
foam.	In	 the	case	of	 the	clear	plastic	bag	
there	 is	 no	 shielding.	 Instead,	 the	 bag	 is	
merely	 ‘antistatic’,	 so	 it	 generates	 little	
or	 no	 static	 itself,	 unlike	 generic	 plastic	
bags.	Often	antistatic	plastic	will	be	a	pink	
colour.

	 The	 best	 protection	 is	 a	 conductive	 bag	
or	 foam,	 but	 it	 is	 more	 expensive	 and	 less	
appealing.

By	 the	 way,	 I	 have	 worked	 for	 several	
years	 in	 ‘quality	 and	 reliability’	 for	
the	 semiconductor	 industry,	 and	 have	
implemented	 ESD	 control	 programs	 in	
manufacturing	and	shipping	areas.

Dan Koellen
Roseville, California USA, by email

Most helpful, thank you to both Dave 
and Dan. While these throries certainly 
make sense, is there any other opinion 
on the ‘shiny plastic bag insulator’ 
conundrum?

EPE solves communication 
problem!

Dear	Editor
I	 found	 your	 article	 on	 USB-to-Serial 

Conversion	 in	 the	 Feb	 ’10	 issue	 of	 EPE	
really	 useful.	 The	 article	 appeared	 at	 just	
at	 the	right	 time,	because	I	was	interested	
in	 trying	an	RS232	boot	 loader	 for	 a	PIC	
(18F2550)	 microprocessor.	 With	 only	
USB	 ports	 on	 my	 PC,	 the	 FT232RL	 chip	
was	ideal,	and	because	it	does	not	need	the	
MAX	232	level	converter	that	is	normally	
used	 to	 connect	 a	 native	 RS232	 port	 to	 a	
PIC	microprocessor.	I	had	no	problems	us-
ing	FT232RL	in	this	context.

The	 maximum	 communication	 speed	 I	
could	 achieve	 with	 Windows	 7	 was	 57600	
baud.	This	was	half	that	claimed	for	a	native	
serial	RS232	port.	 For	 the	project	 I	 used	 an	
FT232RL	chip	mounted	on	a	breakout	board	
by	 sparkfun.com.	 As	 supplied,	 the	 output	
level	control,	VCCIO,	is	set	at	3.3V	by	a	sol-
der	 link.	This	 link	has	 to	be	removed	before	
the	board	can	be	configured	to	give	an	RS232	
signal	with	a	5V	logic	level.

Andrew Cunningham, by email

Glad to be of service! Nothing like the ser-
endipity of having a problem solved in your 
favourite electronics magazine. 

POV hard disk idea

Dear	Editor
I	am	interested	in	building	a	POV	(persis-

tence	of	vision)	display	to	show	a	clock.	This	
means	using	a	fast	DC	motor,	an	encoder	for	
sensing	the	motor	speed,	a	set	of	LEDs	and	
the	 controller,	 which	 will	 be	 mounted	 on	 a	
bracket	attached	to	the	motor	shaft.

One	 idea	I	have	 thought	about	 is	 to	make	
this	 project	 using	 a	 recycled,	 damaged	 hard	
disk.	Although	the	hard	disk	should	be	scrap	
from	a	data	storage	point	of	view,	it	is	impor-
tant	that	the	hard	disk	motor	is	still	functional.

The	hard	disks	incorporate	a	very	fast	mo-
tor,	and	an	ideal	mounting	for	the	LED	strip.	
The	 construction	 of	 the	 POV	 display	 on	 the	
hard-disk	involves	making	a	slot	on	the	disk,	
placing	a	set	of	LEDs	underneath	the	plate	of	
the	hard	disk	and	positioning	an	encoder	at	the	
side	of	the	hard	disk.	By	making	these	three	
main	adjustments,	the	only	remaining	step	is	
the	programming	part	of	 the	microcontroller	
interface	with	the	motor,	sensor	and	LEDs.

Stephen Zahra, Malta, by email

A nice idea Stephen, hard disks are full of 
very high quality mechanical components and 
virtually free if they have stopped functioning. 
The only hitch I can see in your design is cut-
ting the slot in the hard disk. Many of the plat-
ters are essentially sheets of glass, which is, of 
course, not an ideal material for slotting. 

You might avoid this issue by using re-
flection instead of transmission, ie paint a 
matt black line on to the platter and detect 
reflection interrupts. You will also avoid 
straining the bearings by keeping the plat-
ter properly balanced. Do keep us abreast 
of any progress.

LED strip around the
contour of the hard disk

Hall effect sensor
place on plate

Hall effect sensor reader
placed on fixed point

Slot on the plate
of hard disk

IF YOU HAVE A SUBJECT YOU 
WISH TO  

DISCUSS ON THIS PAGE  
PLEASE EMAIL US AT:

editorial@wimborne.
co.uk
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Retro iPod headphones

I	don’t	 know	 about	 you,	 but	 I	 tend	 to	 collect	 all	 sorts	 of	
electronic	‘stuff’,	saying	to	myself	‘I’m	sure	that	this	will	

come	 in	handy	one	day,’	and	 then	 forgetting	all	about	 it.	 In	
the	not-so-distant	past,	for	example,	I	was	rooting	around	in	
my	 office	 when	 I	 ran	 across	 a	 box	 of	 old	 headphones	 I’ve	
acquired	over	the	years.	These	are	all	from	the	late	1920s	and	
early	1930s,	and	some	of	them	are	rather	‘tasty’,	if	you	know	
what	I	mean.

Sad	 to	 relate,	 most	 of	 these	 little	 beauties	 simply	 don’t	
work.	And,	 even	 in	 the	 case	 of	 the	 ones	 that	 do,	 their	 con-
nectors	don’t	fit	into	any	equipment	I	own.	But	they	do	look	
sooooo	 nice!	When	 I	 started	 thinking	 about	 this,	 I	 realized	
that	if	I	didn’t	get	off	my	bottom	and	actually	do	something	
with	 them,	 they	 would	 sit	 in	 this	 box	 for	 decades	 to	 come	
until	I	decide	to	shrug	off	this	mortal	coil	and	head	on	to	new	
adventures	 in	 the	next	plane	of	my	existence.	At	 that	point,	
my	family	will	doubtless	say	something	like:	‘Here’s	another	
box	of	Max’s	rubbish,’	and	throw	my	beautiful	headphones	in	
the	trash.	Bummer!

So	I	decided	to	play	around	a	little.	First	I	searched	through	
my	 ‘collection’	 until	 I	 found	 a	 really	 nice	 pair	 with	 black		
Bakelite	ear	pieces	and	a	wire-frame	headset	(it’s	amazing	how	
many	different	types	of	mechanical	fittings	the	headphone	de-
signers	of	yesteryear	came	up	with).	Next,	I	wandered	down	to	
a	local	store	and	picked	up	a	pair	of	cheap-and-cheerful	iPod	
headphones	(I	think	they	were	around	£7).

When	I	returned	to	my	office,	I	dismantled	the	iPod	phones	
to	get	 at	 their	 inner	 ‘speakers’.	 I	 had	originally	planned	on	
using	old	cables	(well,	modern	equivalents	–	you	can	actually	
buy	really	nice	cloth-wrapped	cables	from	specialty	stores	–	I	
have	some	somewhere	in	my	office),	but	in	the	end	it	proved	

Max’s Cool 
Beans

By	Max	The	Magnificent

easier	 to	 use	 the	 cables	 that	 came	 with	 the	 iPod	 phones.	 I	
simply	cut	these	cables	about	an	inch	from	the	iPod	speakers,	
removed	the	inner	contents	from	the	old	headphones,	and	re-
placed	them	with	their	iPod	equivalents.	Then	I	reassembled	
the	antique	phones	and	attached	the	rest	of	the	iPod	speaker	
cable	to	the	backside	of	their	earpieces.

The	 result	 sounds	 surprisingly	 good.	 Honestly,	 I	 person-
ally	think	that	these	sound	better	than	any	of	my	‘real’	iPod	
earpieces	and/or	headphones.	And	the	big	thing	is	 that	 they	
look	really,	really	cool.	

When	was	the	last	time	someone	commented	on	your	iPod	
headphones?	People	comment	on	mine	all	of	the	time.	When	
I	 showed	 my	 little	 beauties	 to	 a	 couple	 of	 my	 friends,	 for	
example,	 everyone	 started	 jumping	up	 and	down	 (it	wasn’t	
a	 pretty	 sight)	 saying	 that	 they	want	 a	 pair	 of	 their	 own	 ...	
so	I	guess	I	know	what	I’ll	be	doing	for	Christmas	presents	
this	year.

The beast
Do	you	recall	my	‘Man	versus	Woman	Display-O-Meter’	

project?	(See	the	Sept	’09	issue	for	more	details.)	If	not,	just	
to	 bring	 you	 up	 to	 date,	 this	 is	 going	 to	 be	 a	 complicated	
beasty	with	lots	of	switches	and	knobs	and	meters	(Oh	My!)	
that	sits	in	the	corner	humming	along	to	itself,	tempting	you	
to	press	buttons	and	twiddle	with	things.

This	 is	going	 to	be	 implemented	 in	a	 large	antique	 radio	
cabinet.	The	front	panel	 is	going	to	be	brass	and	the	whole	
thing	 is	 going	 to	 be	 realized	 in	 a	 ‘steampunk’	 style,	 which	
means	that	it	would	not	look	out	of	place	in	a	Victorian	set-
ting.	As	part	of	this,	I	decided	that	it	would	be	rather	cool	to	
have	‘The	Beast’	look	as	though	it	was	powered	by	a	small,	
coal-fired	furnace.

Max’s 1930s ‘retro’ black Bakelite earpieces (headphones) and wire-frame headset in which he produced 21st century iPod 
phones – the result sounds surprisingly good!
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In the fine tradition of ‘overkill’, I’ve spent an inordinate 
amount of time constructing this little scamp using 168 light-
emitting diodes (LEDs). These are divided into three main 
groups – 56 red, 56 orange, and 56 yellow. In turn, each 
group of 56 is divided into eight sub-groups of seven LEDs. 
And each of the 24 sub-groups is controlled by its own pulse-
width modulated (PWM) control signal. My old chum Joe 
Farr in the UK designed and built a small PIC-based control 
board to generate these PWM signals, but that’s a tale for 
another day.

The point is, that I know that an individual LED doesn’t 
draw very much current, so in the back of my mind I guess 
I thought that a lot of LEDs would not draw very much cur-
rent. Being a careful man, however, before connecting every-
thing together and powering it up, I first connected all of the 
LEDs to my regulated bench-top power supply and turned 
it on. The current meter immediately slammed over into the 
‘red zone’.

So I powered everything down and started thinking (it had 
to happen one day). As a ‘back of the envelope’ calculation, 
let’s say that an individual LED draws 20mA; so five LEDs 
will draw 100mA; so 50 LEDs will draw 1A; so 150 LEDs will 
draw 3A... Phew! No wonder my poor little old power supply 
(which is rated at less than 2A maximum) is struggling.

Wow! A 30A 5V power supply for only £5!
OK, so I need a bigger power supply. I did a quick search 

on the web and found a variety of offerings ranging from £15 
(which isn’t bad) to ... let’s just say much, much more. But 
I am a man who desires instant gratification. I really want 
to start playing with my furnace trying out different effects 
as soon as possible, so I decided to wander over to my local 
technology recycling centre, which is located only about half 
a mile from my office.

After a cheery greeting (they see a lot of me down there), 
I inquired as to the availability of a 5V, 5A power supply. No 
such luck, I’m afraid. Then one of the guys asked me exactly 
what I wanted it for. When I explained, he said ‘Have you 
thought about using a PC power supply?’ Well, I hadn’t, but 
he pulled one off the shelf and showed it to me – this little 

beauty puts out a collection of 
reasonably well-regulated +5V, 
–5V, +12V, and –12V supplies. 
In the case of the +5V (which 
is what I want), it will max out 
at 30A, so it can easily handle 
my modest demands. (See this 
month's Recycle It! for more 
info on salvaging old PC power 
supplies – Ed.).

‘How much?’ I hear you cry. 
Would you believe only £5? As 
soon as I returned to my office 
I emailed Joe in the UK to tell 
him what I was up to (he likes 
to stay informed), and then I 
plugged my new power supply 
into the wall and clicked the 
power switch ... and nothing 
happened. Give me strength! 
I’m too young for all of this.

When I returned to my 
desk muttering and moan-
ing, I found a response from 
Joe saying: ‘Don‘t forget 
that there’s a safety cutout 
on these things and you have 
to jumper a couple of wires 
to make it work.’ Who would 
have thought? Fortunately, my 
office is in a building where a 

bunch of other guys make their own computers, so I wan-
dered over to their bay and asked if they knew anything 
about this and they immediately responded: ‘Oh yes, you 
have to jumper the green and black wires!’ They even gave 
me a little jumper cable that was lying around. I plugged it 
in and my power supply leapt into life – hurray!

So the next step is to actually power up my ‘furnace’, 
which I intend to do as soon as I finish writing this column. 
Watch this space, and I shall report back further in a future 
article. Until next time, have a good one!

Check out ’The Cool Beans Blog’
at www.epemag.com

Catch up with Max and his up-to-date 
topical discussions

The PC power supply is shown on the left. The back of the furnace with all of the LEDs 
connected to Joe Farr’s PIC-based control board is on the right
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The books listed have been selected by Everyday Practical Electronics 
editorial staff as being of special interest to everyone involved in 
electronics and computing. They are supplied by mail order direct to 
your door. Full ordering details are given on the last book page. 

All prices include UK postage

FOR A FURTHER SELECTION OF BOOKS SEE THE NEXT TWO ISSUES OF EPE

COMPUTERS AND COMPUTING

INTRODUCING ROBOTICS WITH LEGO MINDSTORMS
Robert Penfold
Shows the reader how to build a variety of increasingly 
sophisticated computer controlled robots using the brilliant 
Lego Mindstorms Robotic Invention System (RIS). Initially 
covers fundamental building techniques and mechanics 
needed to construct strong and efficient robots using the 
various “click-together’’ components supplied in the basic 
RIS kit. Then explains in simple terms how the “brain’’ of 
the robot may be programmed on screen using a PC and 
“zapped’’ to the robot over an infra-red link. Also, shows 
how a more sophisticated Windows programming language 
such as Visual BASIC may be used to control the robots.

Detailed building and programming instructions provided, 
including numerous step-by-step photographs.

288 pages - large format Order code BP901 £14.99

MORE ADVANCED ROBOTICS WITH LEGO
MINDSTORMS – Robert Penfold
Shows the reader how to extend the capabilities of the 
brilliant Lego Mindstorms Robotic Invention System (RIS) 
by using lego’s own accessories and some simple home 
constructed units. You will be able to build robots that 
can provide you with ‘waiter service’ when you clap your 
hands, perform tricks, ‘see’ and avoid objects by using 
‘bats radar’, or accurately follow a line marked on the floor. 
Learn to use additional types of sensors including rotation, 
light, temperature, sound and ultrasonic and also explore 
the possibilities provided by using an additional (third) 
motor. For the less experienced, RCX code programs 
accompany most of the featured robots. However, the more 
adventurous reader is also shown how to write programs 
using Microsoft’s VisualBASIC running with the ActiveX 
control (Spirit.OCX) that is provided with the RIS kit.

Detailed building instructions are provided for the featured 
robots, including numerous step-by-step photographs. The 
designs include rover vehicles, a virtual pet, a robot arm, an 
‘intelligent’ sweet dispenser and a colour conscious robot 
that will try to grab objects of a specific colour.

198 pages Order code BP902 £14.99 

ANDROIDS, ROBOTS AND ANIMATRONS
Second Edition – John Iovine 
Build your own working robot or android using both off-the-shelf 
and workshop constructed materials and devices. Computer 
control gives these robots and androids two types of artificial 
intelligence (an expert system and a neural network). A lifelike 
android hand can be built and programmed to function doing 
repetitive tasks. A fully animated robot or android can also be 
built and programmed to perform a wide variety of functions. 

The contents include an Overview of State-of-the-Art 
Robots; Robotic Locomotion; Motors and Power Controllers; All 
Types of Sensors; Tilt; Bump; Road and Wall Detection; Light; 
Speech and Sound Recognition; Robotic Intelligence (Expert 
Type) Using a Single-Board Computer Programmed in BASIC; 
Robotic Intelligence (Neutral Type) Using Simple Neural 
Networks (Insect Intelligence); Making a Lifelike Android Hand; 
A Computer-Controlled Robotic Insect Programmed in BASIC; 
Telepresence Robots With Actual Arcade and Virtual Reality 
Applications; A Computer-Controlled Robotic Arm; Animated 
Robots and Androids; Real-World Robotic Applications. 
224 pages Order code MGH1 £16.99 

BASIC RADIO PRINCIPLES AND TECHNOLOGY 
Ian Poole
Radio technology is becoming increasingly important in 
today’s high technology society. There are the traditional 
uses of radio which include broadcasting and point to point 
radio as well as the new technologies of satellites and 
cellular phones. All of these developments mean there is a 
growing need for radio engineers at all levels. 

Assuming a basic knowledge of electronics, this book 
provides an easy to understand grounding in the topic. 

Chapters in the book: Radio Today, Yesterday, and 
Tomorrow; Radio Waves and Propagation; Capacitors, 
Inductors, and Filters; Modulation; Receivers; Transmitters; 
Antenna Systems; Broadcasting; Satellites; Personal 
Communications; Appendix – Basic Calculations. 

263 pages  Order code NE30 £28.99

PROJECTS FOR RADIO AMATEURS AND S.W.L.S. 
R. A. Penfold
This book describes a number of electronic circuits, most of 
which are quite simple, which can be used to enhance the 
performance of most short wave radio systems. 

The circuits covered include: An aerial tuning unit; A 
simple active aerial; An add-on b.f.o. for portable sets;      

A wavetrap to combat signals on spurious responses; An 
audio notch filter; A parametric equaliser; C.W. and S.S.B. 
audio filters; Simple noise limiters; A speech processor; 
A volume expander. 

Other useful circuits include a crystal oscillator, and 
RTTY/C.W. tone decoder, and a RTTY serial to parallel 
converter. A full range of interesting and useful circuits for 
short wave enthusiasts. 

92 pages  Order code BP304 £4.45

AN INTRODUCTION TO AMATEUR RADIO 
I. D. Poole
Amateur radio is a unique and fascinating hobby which 
has attracted thousands of people since it began at the 
turn of the last century. This book gives the newcomer a 
comprehensive and easy to understand guide through the 
subject so that the reader can gain the most from the hobby. 
It then remains an essential reference volume to be used 
time and again. Topics covered include the basic aspects of 
the hobby, such as operating procedures, jargon and setting 
up a station. Technical topics covered include propagation, 
receivers, transmitters and aerials etc. 

150 pages Order code BP257 £5.49

ELECTRONICS TEACH-IN 2

USING PIC MICROCONTROLLERS 
A PRACTICAL INTRODUCTION
This Teach-In series of articles was 
originally published in EPE in 2008 and, 
following demand from readers, has now been collected 
together in the Electronics Teach-In 2 book.

The series is aimed at those using PIC microcontrollers 
for the first time. Each part of the series includes breadboard 
layouts to aid understanding and a simple programmer 
project is provided.

Also included are 29 PIC N’ Mix articles, also republished 
from EPE. These provide a host of practical programming 
and interfacing information, mainly for those that have 
already got to grips with using PIC microcontrollers.

An extra four part beginners guide to using the C 
programing language for PIC microcontrollers is also 
included.

The free cover-mounted CD-ROM contains all of the 
software for the Teach-In 2 series and PIC N’ Mix articles 
in this book, plus a range of items from Microchip – the 
manufacturers of the PIC microcontrollers. The material 
has been compiled by Wimborne Publishing Ltd. with the 
assistance of Microchip Technology Inc. 

The Microchip items are: MPLAB Integrated 
Development Environment V8.20; Microchip Advance Parts 
Selector V2.32; Treelink; Motor Control Solutions; 16-bit 
Embedded Solutions; 16-bit Tool Solutions; Human Interface 
Solutions; 8-bit PIC Microcontrollers; PIC24 Micrcontrollers; 
PIC32 Microcontroller Family with USB On-The-Go; dsPIC 
Digital Signal Controllers.

BUILD YOUR OWN PC – Fourth Edition
Morris Rosenthal 
More and more people are building their own PCs. They 
get more value for their money, they create exactly the 
machine they want, and the work is highly satisfying and 
actually fun. That is, if they have a unique beginner’s guide 
like this one, which visually demonstrates how to construct 
a computer from start to finish.

Through 150 crisp photographs and clear but minimal 
text, readers will confidently absorb the concepts of 
computer building. The extra-big format makes it easy 
to see what’s going on in the pictures. The author goes 
‘under the hood’ and shows step-by-step how to create 
a Pentium 4 computer or an Athlon 64 or Athlon 64FX, 
covering: What first-time builders need to know; How 
to select and purchase parts; How to assemble the PC; 
How to install Windows XP. The few existing books on 
this subject, although outdated, are in steady demand. 
This one delivers the expertise and new technology that 
fledgling computer builders are looking for. 

224 pages - large format Order code MGH2 £16.99

PROGRAMMING 16-BIT PIC 
MICROCONTROLLERS IN C
– LEARNING TO FLY THE PIC24 Lucio Di Jasio 
(Application Segments Manager, Microchip, USA)
A Microchip insider tells all. Focuses on examples and 
exercises that show how to solve common, real-world 
design problems quickly. Includes handy checklists to 
help readers perform the most common programming 
and debugging tasks. FREE CD-ROM includes source 
code in C, the Microchip C30 compliler, and MPLAB 
SIM software, so that readers gain practical, hands-on 
programming experience.

Until recently, PICs didn’t have the speed and memory 
necessary for use in designs such as video- and audio-
enabled devices. All that changed with the introduction 
of the 16-bit PIC family, the PIC24. This new guide 
teaches readers everything they need to know about 
the architecture of these chips, how to program them, 
how to test them and how to debug them. Lucio’s 
common-sense, practical, hands-on approach starts 
out with basic functions and guides the reader step-by-
step through even the most sophisticated programming 
scenarios.

Experienced PIC users and newcomers alike will benefit 
from the text’s many thorough examples, which demonstrate 
how to nimbly side-step common obstacles and take full 
advantage of all the 16-bit features.

496 pages +CD-ROM Order code NE45 £38.00

FREE 
CD-ROM

DIRECT BOOK SERVICE

3

160 pages + CD-ROM Order code ETI2 £9.50 

    ELECTRONICS   TEACH-IN 2

           PIC N’ MIXA host of practical programming and interfacing informationC FOR PICsA beginners guide  to using the C programming  language to programme  PIC microcontrollers

PLUS

The
M

icrochip
nam

e
and

logo,M
PL

A
B

, PIC
and

dsPIC
are

registered trademarks of Microchip Technology Incorporated in the USA and other countrie
s. ©

2009

M
icr

oc
hi

p
Te

ch
no

lo
gy

In
c.

A
ll

ri
gh

ts
re

se
rv

ed
.I

ss
ue

1.
M

C
C

D
10

16
-0

2.
09

.

Elec
tronics Teach-In 2© Wimborne Publishing Ltd 2009

 All the software for the 
projects/features in the 
Teach-In 2 series and PIC 
N’ Mix in the Electronics 
Teach-In 2 book. Plus PIC 
Project Source Codes and 
PIC Tricks.

 MPLAB®IDE V8.20 (Integrated Development Environment)

 MAPS V2.32 
Latest Treelink
 Motor Control Solutions
16-bit Embedded Solutions
 16-bit Tools & Solutions

 Human Interface Solutions
 8-bit PIC®Microcontrollers
 PIC24 Microcontrollers
 PIC32 Microcontrollers with USB

 dsPIC®Digital Signal Controllers

CDROM CoverUntitled-1.indd   1
10/03/2009   15:30:09

USING PIC MICROCONTROLLERSA practical introductioni Breadboard layouts to        aid understandingi Free software on CDROMi Simple programmer projecti Free PIC Toolkit softwareEverything you  need  to get you started

FROM THE PUBLISHERS OF

£7.99

FREE 

CD-ROM

Teach In 2 Cover.indd   1

23/03/2009   11:39:27

Electronics Teach-In 3

The three sections of this book 
cover a very wide range of subjects 
that will interest everyone involved 
in electronics, from hobbyists and 
students to professionals. The first 80-
odd pages of Teach-In 3 are dedicated 
to Circuit Surgery, the regular EPE clinic dealing with readers’ 
queries on various circuit design and application problems 
– everything from voltage regulation to using SPICE circuit 
simulation software.

The second section – Practically Speaking – covers the 
practical aspects of electronics construction. Again, a whole 
range of subjects, from soldering to avoiding problems with 
static electricity and indentifying components, are covered. 

Finally, our collection of Ingenuity Unlimited circuits provides 
over 40 different circuit designs submitted by the readers of 
EPE.

The free cover-mounted CD-ROM is the complete 
Electronics Teach-In 1 book, which provides a broad-based 
introduction to electronics in PDF form, plus interactive quizzes 
to test your knowledge, TINA circuit simulation software (a 
limited version – plus a specially written TINA Tutorial), together 
with simulations of the circuits in the Teach-In 1 series, plus 
Flowcode (a limited version) a high level programming system 
for PIC microcontrollers based on flowcharts.

The Teach-In 1 series covers everything from Electric Current 
through to Microprocessors and Microcontrollers and each part 
includes demonstration circuits to build on breadboards or to 
simulate on your PC. There is also a MW/LW Radio project in 
the series.

The contents of the book and Free CD-ROM have been 
reprinted from past issues of EPE.

160 pages+CD-ROM Order code ET3  £8.50 

NEW

FREE
CD-ROM
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PROJECT BUILDING AND TESTING

All prices include UK postage. For postage to Europe (air) and the rest of the world (surface) please 
add £3 per book. Surface mail can take up to 10 weeks to some countries. For the rest of the world 
airmail add £4 per book. CD-ROM prices include VAT and/or postage to anywhere in the world. Send 
a PO, cheque, international money order (£ sterling only) made payable to Direct Book Service or 
card details, Visa, Mastercard or Maestro to: DIRECT BOOK SERVICE, WIMBORNE PUBLISHING 
LIMITED, 113 LYNWOOD DRIVE, MERLEY, WIMBORNE, DORSET BH21 1UU.

Books are normally sent within seven days of receipt of order, but please allow 28 days for delivery – more for overseas orders. 
Please check price and availability (see latest issue of Everyday Practical Electronics) before ordering from old lists. 

For a further selection of books see the next two issues of EPE. 
Tel 01202 873872  Fax 01202 874562. E-mail: dbs@wimborne.co.uk

Order from our online shop at: www.epemag.com – go to the 
UK store

BOOK ORDERING DETAILS

Full name: .......................................................................................................................................

Address: ..........................................................................................................................................

.........................................................................................................................................................

.........................................................................................................................................................

.............................................. Post code: ........................... Telephone No: ....................................

Signature: ........................................................................................................................................

 I enclose cheque/PO payable to DIRECT BOOK SERVICE for £ ..............................................

 Please charge my card £ ....................................... Card expiry date.........................................

Card Number ....................................................................... Maestro Issue No..............................

Valid From Date ................  Card Security Code ................  (The last three digits on or just below the signature strip)

Please send book order codes: .......................................................................................................

..........................................................................................................................................................
 Please continue on separate sheet of paper if necessary

BOOK ORDER FORM

MUSIC, AUDIO 
AND VIDEO

MAKING MUSIC WITH YOUR COMPUTER
Stephen Bennett
Nearly everyone with musical aspirations also has a 
computer. This same computer can double as a high 
quality recording studio capable of producing professional 
recordings. This book tells you what software and hardware 
you will need to get the best results.

You’ll learn about recording techniques, software and 
effects, mixing, mastering and CD production.

Suitable for PC and Mac users, the book is full of tips, 
“how to do” topics and illustrations. It’s the perfect answer 
to the question “How do I use my computer to produce my 
own CD?”

92 pages Order code PC120 £10.95

QUICK GUIDE TO MP3 AND DIGITAL MUSIC
Ian Waugh
MP3 files, the latest digital music format, have taken the 
music industry by storm. What are they? Where do you get 
them? How do you use them? Why have they thrown record 
companies into a panic? Will they make music easier to 
buy? And cheaper? Is this the future of music?

All these questions and more are answered in this concise 
and practical book which explains everything you need 
to know about MP3s in a simple and easy-to-understand 
manner. It explains:

How to play MP3s on your computer; How to use MP3s 
with handheld MP3 players; Where to find MP3s on the 
Web; How MP3s work; How to tune into Internet radio 
stations; How to create your own MP3s; How to record your 
own CDs from MP3 files; Other digital audio music formats.

Whether you want to stay bang up to date with the latest 
music or create your own MP3s and join the on-line digital 
music revolution, this book will show you how.

60 pages  Order code PC119 £7.45

VIDEO PROJECTS FOR THE
ELECTRONICS CONSTRUCTOR
R. A. Penfold 
Written by highly respected author R. A. Penfold, this 
book contains a collection of electronic projects specially 
designed for video enthusiasts. All the projects can be simply 
constructed, and most are suitable for the newcomer to 
project construction, as they are assembled on stripboard.

There are faders, wipers and effects units which will add 
sparkle and originality to your video recordings, an audio 
mixer and noise reducer to enhance your soundtracks and 
a basic computer control interface. Also, there’s a useful 
selection on basic video production techniques to get you 
started. 

Complete with explanations of how the circuit works, 
shopping lists of components, advice on construction, 
and guidance on setting up and using the projects, this 
invaluable book will save you a small fortune. 

Circuits include: video enhancer, improved video enhancer, 
video fader, horizontal wiper, improved video wiper, negative 
video unit, fade to grey unit, black and white keyer, vertical 
wiper, audio mixer, stereo headphone amplifier, dynamic 
noise reducer, automatic fader, pushbutton fader, computer 
control interface, 12 volt mains power supply. 

124 pages Order code PC115 £10.95  £5.45

RADIO BYGONES
We also carry a selection of books aimed 
at readers of EPE’s sister magazine on 
vintage radio Radio Bygones. These 
books include, the four volumes of our 
own Wireless For the Warrior by Louis 
Meulstee. These are a technical history 
of radio communication equipment 
in the British Army and clandestine 
equipment from pre-war through to the 
1960s.
For details see the UK shop on our web 
site at www.epemag.com or contact us 
for a list of Radio Bygones books.

ELECTRONIC PROJECT BUILDING
FOR BEGINNERS 
R. A. Penfold
This book is for complete beginners to electronic project 
building. It provides a complete introduction to the practical 
side of this fascinating hobby, including the following topics: 

Component identification, and buying the right parts; 
resistor colour codes, capacitor value markings, etc; advice 
on buying the right tools for the job; soldering; making easy 
work of the hard wiring; construction methods, including 
stripboard, custom printed circuit boards, plain matrix 
boards, surface mount boards and wire-wrapping; finishing 
off, and adding panel labels; getting “problem’’ projects to 
work, including simple methods of fault-finding. 

In fact everything you need to know in order to get started 
in this absorbing and creative hobby. 

135 pages  Order code BP392 £5.99

ELECTRONIC PROJECTS FOR EXPERIMENTERS 
R. A. Penfold
Many electronic hobbyists who have been pursuing their 
hobby for a number of years seem to suffer from the 
dreaded “seen it all before’’ syndrome. This book is fairly 
and squarely aimed at sufferers of this complaint, plus any 
other electronics enthusiasts who yearn to try something a 
bit different. No doubt many of the projects featured here 
have practical applications, but they are all worth a try for 
their interest value alone. 

The subjects covered include:- Magnetic field detector, 
Basic Hall effect compass, Hall effect audio isolator, 
Voice scrambler/descrambler, Bat detector, Bat style echo 
location, Noise cancelling, LED stroboscope, Infra-red 
“torch’’, Electronic breeze detector, Class D power amplifier, 
Strain gauge amplifier, Super hearing aid. 

PRACTICAL FIBRE-OPTIC PROJECTS 
R. A. Penfold
While fibre-optic cables may have potential advantages 
over ordinary electric cables, for the electronics 
enthusiast it is probably their novelty value that makes 
them worthy of exploration. Fibre-optic cables provide an 
innovative interesting alternative to electric cables, but 
in most cases they also represent a practical approach 
to the problem. This book provides a number of tried and 
tested circuits for projects that utilize fibre-optic cables. 

The projects include:- Simple audio links, F.M. audio 
link, P.W.M. audio links, Simple d.c. links, P.W.M. d.c. link, 
P.W.M. motor speed control, RS232C data links, MIDI link, 
Loop alarms, R.P.M. meter. 

All the components used in these designs are readily 
available, none of them require the constructor to take out 
a second mortgage. 

132 pages  Order code BP374 £5.45

GETTING THE MOST FROM YOUR
MULTIMETER
R. A. Penfold
This book is primarily aimed at beginners and those of limited 
experience of electronics. Chapter 1 covers the basics of 
analogue and digital multimeters, discussing the relative 
merits and the limitations of the two types. In Chapter 2 various 
methods of component checking are described, including tests 
for transistors, thyristors, resistors, capacitors and diodes. 
Circuit testing is covered in Chapter 3, with subjects such as 
voltage, current and continuity checks being discussed.

In the main little or no previous knowledge or experience 
is assumed. Using these simple component and circuit 
testing techniques the reader should be able to confidently 
tackle servicing of most electronic projects.

102 pages  Order code BP239 £5.49                          Temporarily out of print 
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Printed circuit boards for most recent EPE constructional projects are available from 
the PCB Service, see list. These are fabricated in glass fibre, and are fully drilled and 
roller tinned. Double-sided boards are NOT plated through hole and will require 
‘vias’ and some components soldering to both sides. All prices include VAT and 
postage and packing. Add £1 per board for airmail outside of Europe. Remittances 
should be sent to The PCB Service, Everyday Practical Electronics, Wimborne 
Publishing Ltd., 113 Lynwood Drive, Merley, Wimborne, Dorset BH21 1UU.   
Tel: 01202 873872; Fax 01202 874562; Email: orders@epemag.wimborne.co.uk. 
On-line Shop: www.epemag.com. Cheques should be crossed and made payable 
to Everyday Practical Electronics (Payment in £ sterling only).
NOTE: While 95% of our boards are held in stock and are dispatched within 
seven days of receipt of order, please allow a maximum of 28 days for delivery 
– overseas readers allow extra if ordered by surface mail.
Back numbers or photocopies of articles are available if required – see the 
Back Issues page for details. WE DO NOT SUPPLY KITS OR COMPONENTS 
FOR OUR PROJECTS.

Please check price and availability in the latest issue.  
A large number of older boards are listed on, and can be 

ordered from, our website.
Boards can only be supplied on a payment with order basis.

PCB SERVICE 	 PROJECT	TITLE	 ORDER	CODE	 COST

aPRIL	’10
USB Power Injector  597 £5.87 
Alternative 12V 10A Power Supply                            751                  £7.16 
LM3909 Replacement Module                            752                  £6.02

MaY	’10
 Water Tank Level Meter 753 £6.66
dsPIC/PIC Programmer     – Main Board 754  
                               – Adaptor 755

JUNE	’10
 PIC-Based Musical Tuning Aid 756 £8.24
 Water Tank Level Meter – Base 757 
                               – Switch 758 
 DSP Musicolour           – Main 759 
           – Display 760 

JULY	’10
 ColdAlert Hypothermia Alarm 761 £6.98
 Swimming Pool Alarm 762 £7.61

aUGUST	’10
 PIC-Based Flexitimer (double-sided)                            734                £11.74
DSP Musicolour – Remote Control Receiver 764 £5.39
 UV Lightbox – Exposure Controller 765 

– Display/Timer 766
Ultra LD 200W Power Amplifier (double-sided)                      767                £14.11

SEPTEMbER	’10
Ultra-LD 200W Power Amplifier – Power Supply                   768                £7.61  
Low-Voltage Adjustable Regulator                           769                £6.19    
Balanced/Unbalanced Converter                           770                £6.98    
Planet Jupiter Receiver (double-sided)                            771                £13.64    

EPE SOFTWARE
 All software programs for EPE Projects marked with a 
star, and others previously published can be downloaded 
free from the Library on our website, accessible via our 

home page at: www.epemag.com

PCB MASTERS
PCB masters for boards published from the March ’06 issue 
onwards can also be downloaded from our website (www.

epemag.com); go to the ‘Library’ section.

EPE PRINTED CIRCUIT BOARD SERVICE
Order Code Project Quantity Price

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Name  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Address  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Tel. No.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

I enclose payment of £ . . . . . . . . . . . . . .  (cheque/PO in £ sterling only) to:

Everyday Practical
Electronics

Card No.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Valid From  . . . . . . . . . . . . . Expiry Date . . . . . . . . . . . .

Card Security No.  . . . . . . . Maestro Issue No.  . . . . . .

Signature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Note: You can also order PCBs by phone, Fax or Email or via the 
Shop on our website on a secure server:

http://www.epemag.com

	 PROJECT	TITLE	 ORDER	CODE	 COST

JULY	’09
 Solar Water Heating System Controller
         – Main Board 712
         – Display Board 713
 PIC Probe (double-sided) 717 £9.50
 Simple Data-Logging Weather Station
         – Main Board 718
         – RS232 Board 719

aUGUST	’09
Fast Charger For NiMH Batteries 720 £6.66
Rolling Code Keyless Entry System 
         – Main Board 721  £7.29
         – Transmitter (2off)          722 (2off)  £6.18

SEPTEMbER	’09
PIC Programmer SOIC Converter 723 £5.07
 Random Mains Timer 724 £9.51

OCTObER	’09
1pps Driver for Quartz Clocks 725 £5.71
Minispot 455kHz Modulated Oscillator 726 £5.87

Prog. Ignition System for Cars
         – Ignition Unit 727  
         – Ignition Coil Driver 728
         – LCD Hand Controller 729

Guitar-To-MIDI System 730 £6.66

NOVEMbER	’09
Class-A Headphone Amplifier
         – Main (pair)                                  731
         – PSU 732
Emergency 12V Lighting Controller 733 £7.20

Digital VFO With LCD Graphics Display 
         (doubled sided)                             734                £13.00

DECEMbER	’09
Knock Detector  735 £6.66
 12V/24V High-Current Motor Speed Controller 
         – Main 736 
          – Display 737 

JaNUaRY	’10
 UHF Remote-Controlled Mains Switch 738 £7.93
 UHF Remote Mains Switch Transmitter 739 £6.00
 Playback Adapter For CD-ROM Drives 740 £7.61

FEbRUaRY	’10
 Charge Controller For 12V Lead-Acid Batteries 741 £6.66
 Working Days Alarm Clock 
         – Main (double-sided) 742 
         – Display (double-sided) 743 
Low-cost LPT-To-I2C Interface  744 £6.30

MaRCH	’10
 High-Accuracy Digital LC Meter – Main 745 
                       – Adaptor 746 
                       – Shorting Bar 747 
2-way Stereo Headphone Adaptor                            748                £10.30
 Shift Indicator and Rev Limiter For Cars – Main 749 
                                    – Display 750

set         £8.56

set         £6.66

set       £15.00

set       £11.10

set         £9.99

set       £25.00

set         £6.97

set       £14.99

set       £10.78

set         £8.88

set         £7.93
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If you want your advertisements to be seen by the largest readership at the 
most economical price our classified page offers excellent value. The rate for 
semi-display space is £10 (+VAT) per centimetre high, with a minimum  height 
of 2·5cm. All semi-display adverts have a width of 5.5cm. The prepaid rate for 
classified adverts is 40p (+VAT) per word (minimum 12 words).

All cheques, postal orders, etc., to be made payable to Everyday Practical 
Electronics. VAT must be added. Advertisements, together with remittance, 
should be sent to Everyday Practical Electronics Advertisements, 113 Lynwood 
Drive, Merley, Wimborne, Dorset, BH21 1UU. Phone: 01202 873872. Fax: 01202 
874562. Email: epeads@wimborne.co.uk. For rates and information on display 
and classified advertising please contact our Advertisement Manager, Stewart 
Kearn as above.

CLASSIFIED ADVERTISEMENTS

Everyday Practical Electronics reaches more UK readers than any other 
UK monthly hobby electronics magazine, our sales figures prove it. We 
have been the leading monthly magazine in this market for the last 
twenty-four years.

BTEC ELECTRONICS
TECHNICIAN TRAINING

LONDON ELECTRONICS COLLEGE
20 PENYWERN ROAD

EARLS COURT, LONDON SW5 9SU
TEL: (020) 7373 8721

www.lec.org.uk

NATIONAL ELECTRONICS
VCE ADVANCED ICT

HNC AND HND ELECTRONICS
FOUNDATION DEGREES

NVQ ENGINEERING AND IT
DESIGN AND TECHNOLOGY
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BOWOOD ELECTRONICS LTD
Suppliers of Electronic Components

Place a secure order on our website or call our sales line
All major credit cards accepted

Web: www.bowood-electronics.co.uk
Unit 10, Boythorpe Business Park, Dock Walk, Chesterfield, 

Derbyshire S40 2QR. Sales: 01246 200222
Send 60p stamp for catalogue

Bowood - Jan 09.indd   1 17/11/2008   16:12:31

Spinvent - JUNE 09.indd   1 01/04/2009   14:24:06

Miscellaneous

VALVES AND ALLIED COMPONENTS 
IN STOCK. Phone for free list. Valves, 
books and magazines wanted. Geoff Davies 
(Radio), tel. 01788 574774.

    ELECTRONICS
   TEACH-IN 3

8   TINA Circuit Simulation Program 

   (Limited version)

8  FLOWCODE V3 PIC Programming 

   Software (Limited version)

8  Interactive Quizzes to Test 

   Your Knowledge

Ele
ctr

onics Teach-In 1

© Wimborne Publishing Ltd 2010

CD Cover.indd   1

29/04/2010   13:21:42

FROM THE PUBLISHERS OF

£7.99

FR
EE 

CD-R
OM

TEACH-IN 1 CD-ROM

TWO TEACH-INs FOR 
THE PRICE OF ONE!
i  The free CD-ROM provides 

a broad-based introduction 

to electronics

i  A complete stand-alone 

tutorial in 11 parts plus free 

software

FREE

CIRCUIT SURGERY 
i  The how and why of circuit design

PRACTICALLY SPEAKING 
i  The techniques of electronic 

       project construction

INGENUITY UNLIMITED 
i  Over 40 different circuit ideas 

Teach In 3 Cover.indd   1

06/05/2010   16:22:29

ELECTRONICS TEACH-IN 3

ALSO AVAILABLE FROM DIRECT BOOK SERVICE

Projects & Hands-On Training
for Students, Hobbyists & Professionals

USB Port interfacing
Serial Port Interfacing

C#/VB & MS-Excel Interfacing
Microcontrollers

Embedded C Programming
CadSoft EAGLE Training for PCB

KEIL uKEIL uVision Training
Building Upload/Download Sites

Touch Typing Video Training
C#/VB6/VB .Net School Projects

Order with confidence from any place in the world
www.csiLibrary.com 

AVAILABLE NOW FROM 
WH SMITH
ONLY £7.99

www.partridgeelectronics.co.uk

Looking For That Obsolete
Connector?

Canterbury Windings
UK manufacturer of toroidal transformers 

(10VA to 3kVA)
All transformers made to order. No design fees. 

No minimum order.
www.canterburywindings.co.uk

01227 450810

Stew - Wimborne Publishing

From: Chris Shorto - C S Technology Ltd [chris@cstech.co.uk]
Sent: 25 October 2009 11:25
To: Stew - Wimborne Publishing
Subject: Advertising in EPE magazine

Page 1 of 2

26/10/2009

Hi Stewart,

Sorry I havn't replied to your recent email, my wife has been in Hospital and I've been somewhat 
distracted as you can imagine.

I would like to run 3 adverts of the same size and type as before but this time promoting our DTMF 
decoder kit.

Please include a reduced size version of this image plus the text below it:-

-------------------------------------------------------------------------------------------------------

DTMF decoder kit with 6 outputs and morse transpond
£14.99
www.cstech.co.uk

------------------------------------------------------------------------------------------------------

Please confirm advert cost and send copy for approval.

Regards,

Chris Shorto 
C S Technology Ltd 
Tel: 01305 786604 
Mobile: 07879 200521

Email has been scanned by www.emailsystems.com for viruses and SPAM

__________ NOD32 4542 (20091026) Information __________ 

PIC Prototyping Kits
PIC Programmers

DTMF & CTCSS
encoder & decoder kits

www.cstech.co.uk

All in stock – Quality components – Low postage costs

JUNE 2010.indd   1 26/04/2010   15:04:49

CPS Solar
Solar panels, solar cells, and many 

more alternative energy products for 
battery charging etc, please visit our 

website  for further info or call
Tel: 0870 765 2334. 

www.solarpanelsonline.co.uk

classified ads SEPT.indd   1 29/07/2010   13:03:01
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NEXT MONTH
LED StrobE & tachomEtEr – Part 1
This versatile tacho’ project can be used to observe and measure the 
rotational speed of machinery. It offers three different measurement 
methods and readout is via a 2-line LCD module.

briDgE aDaPtor for StErEo PowEr 
amPLifiErS
Build this powerful circuit to connect a stereo amplifier in ‘bridge 
mode’, enabling you to deliver double the power to a single 
loudspeaker system. This simple adaptor will allow you to do it 
without any modifications to the power amplifiers.

rEPLacEmEnt cDi moDuLE for SmaLL
PEtroL motorS
If the capacitor discharge ignition (CDI) module in your motorbike, 
outboard, ride-on mower or other small petrol motor fails, you could 
be in for a shock. Depending on the brand or model, they can cost up 
to £200, but you can build this one for less than £25 and it will do the 
same job for most engines.

raiLPowEr – Part 1
This ultra-high performance model train controller features infrared 
remote control. We believe it’s the best build-it-yourself train 
controller ever published!

rEcycLE it! – PErSonaL comPutErS 
We show you how to salvage the best bits from dead PCs.

OCT ’10 ISSUE – ON SALE 9 SEPT 
Content may be subject to change
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NEXT  MONTHNEXT  MONTH
MAINS MONITOR
John Becker has done it again – another original and satisfying
project from the workbench of EPE’s resident design guru!
John shows you how to monitor up to 15 mains power outlets
(230V or 110V) and keep track of where those increasingly
expensive electrons are going. A fascinating and useful project,
which covers instrumentation, digital design and software.

AUTOMOTIVE TEMPERATURE SWITCH
A handy thermistor-based circuit for those of us who like
to add genuinely useful systems to our car. You’ll have no
excuse this summer for sitting on the hard shoulder with a
steaming radiator!

DC RELAY SYSTEM
This useful circuit does exactly what it says on the tin,
enabling you to switch tens of amps with under a milliamp.

A-V CHANNEL SELECTOR
No more scrabbling around behind the TV, pulling one
cable out and connecting another every time you want to
connect an extra component. The A-V Channel Selector
solves the problem with a straightforward, easy-to-build
design.

AUG ’08 ISSUE ON SALE JULY 10

Europe’s Largest 
Surplus Store

20,000,000 Items on line NOW !
New items added daily

Established for over 25 years, UK company
Display Electronics prides itself on offering a
massive range of electronic and associated
electro-mechanical equipment and parts to
the Hobbyist, Educational and Industrial
user. Many current and obsolete hard to get
parts are available from our vast stocks,
which include:

6,000,000 Semiconductors 
5,000 Power Supplies
25,000 Electric Motors
10,000 Connectors
100,000 Relays & Contactors
2000 Rack Cabinets & Accessories
4000 Items of Test Equipment
5000 Hard Disk Drives

www.distel.co.uk
Display Electronics
29 / 35 Osborne Road
Thornton Heath
Surrey UK CR7 8PD

Telephone 
[44] 020 8653 3333

Fax [44] 020 8653 8888

We ShipWorldwide

Surplus Wanted

Rechargeable Batteries With Solder Tags

NIMH

AA 2000mAh  ......................£2.82
C 4Ah ...................................£4.70
D 9Ah ...................................£7.60
PP3 150mAh  ..................... £4.95

Instrument case with edge connector and screw terminals

Size 112mm x 52mm  x 105mm tall

This box consists of a cream base  with a PCB slot, a cover plate to pro-
tect your circuit, a black lid with a 12 way edge connector and 12 screw
terminals built in (8mm pitch) and 2 screws to hold the lid on. The cream
bases have minor marks from dust and handling price £2.00 +
VAT(=£2.35) for a sample or £44.00+VAT (=£51.70) for a box of 44.

866 battery pack  originally intended to be
used with an orbitel mobile telephone it
contains 10 1·6Ah sub C batteries (42 x
22 dia. the size usually used in cordless
screwdrivers etc.) the pack is new and
unused and can be broken open quite
easily £7.46 + VAT = £8.77

Please add £1.66 + VAT = £1.95 postage & packing per order

JPG Electronics
Shaws Row, Old Road, Chesterfield, S40 2RB.

Tel 01246 211202  Fax 01246 550959
www.JPGElectronics.com

Mastercard/Visa/Switch 
Callers welcome 9.30 a.m. to 5.30 p.m. Monday to Saturday

NICAD

AA 650mAh...................... £1.41
C  2.5Ah ...............................£3.60
D 4Ah ...................................£4.95
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Please�add�£2.75�p&p�per�order.�Prices�include�UK�VAT.
See�website�for�overseas�prices.

Special�Offer�prices�for�limited�period�or�while�stocks�last.

Peak�Electronic�Design�Ltd,�West�Road�House,�West�Road,
Buxton,�Derbyshire,�SK17�6HF.

tel.�01298�70012���www.peakelec.co.uk���sales@peakelec.co.uk

Measure�capacitance�and�ESR!
Capacitance�from�1uF�to�22,000uF
ESR�from�0.01�ohms�to�20�ohms
Battery�+�Gold�plated�croc�clips

This�new�model�of�the�famous offers�all�the
great�features�of�the�ESR60�but�with�extended

measurement�range�and�audible�alerts.

Atlas�ESR

Atlas�ESR�PlusThis�is�the !

The�New Atlas�ESR�Plus,��Model�ESR70

What�are�these�new�probes? Atlas�ESR�-�Model�ESR60

£88.9
9

in
c�V

AT

£75�inc�VAT

NEW�MODEL

Special�Offer!

Includes�the Atlas�LCR�Passive�Component
Analyser�(model�LCR40), Atlas�DCA
Semiconductor Analyser�(model�DCA55),
premium�padded�carry�case�and�user�guides.

Complete�with�extra�spare�battery.
You’re�ready�to�go!

Atlas�Star�Pack�(LCR/DCA)

£125 inc VAT

Extra�VAT�Busting�Saver!!
This�pack�saves�you�£25

Continual�Development
-�making�the�best,�even�better.

Capacitance�from�1uF�to�22,000uF.
Equivalent�Series�Resistance�from�0.01�ohms�to�40�ohms.
Great�for�ESR�and�low�resistance�measurements�(short�tracing)
Automatic�controlled�discharge�function�for�your�charged�caps.
Audible Alerts�(for�good�ESR,�poor�ESR,�open�circuit�and�more).
New�universal�gold�plated�2mm�plugs�for�any�test�probes!

Supplied�with�detachable�Gold�plated�croc�clips,�many�more
probe�types�available�including�insulation�piercing�prods.
User�Guide�(with�comprehensive�ESR�chart)�and�Battery.

New�software�now�enables�component-to-component
continuous�testing�without�pressing�the�test�button,�giving
readings�and�tones�for�every�component�tested.

was�£87

Atlas�DCA -�Model�DCA55

£55 inc VAT

Darlingtons
MOSFETs
Diodes
Transistors
LEDs
and�more...

The�famous�Peak Atlas,�now�with
fitted�premium�probes.�Just�connect�any�way
round�to�identify�the�type�of
semiconductor,�pinout�and
lots�of�parameters�too.
Complete�with�battery,
user�guide�and�probes.

Look!�New�Probes.

“ “

New�2mm�Probe
Connections!

Passive�component�analyser.
Automatically�identify�and�measure
inductors,�capacitors�and�resistors.

Auto�frequency�selection.
NEW�Universal�2mm�probe�connectors

Supplied�with�hook-probes

1uH�-�10H
1pF�-�10,000uF
1�Ohms�-�2M

Atlas�LCR�-�Model�LCR40

£79�inc�VAT

New�2mm�Probe
Connections!

New�2mm�Probe
Connections!

Our�LCR�and�ESRs�now�feature�our
universal�2mm�plug�connectors.�Now
you�can�securely�connect�a�very�wide
range�of�probes,�hooks,�crocs,�sharp
prods,�tweezers.

Gold�plated
2mm�banana
plugs

Insulation
piercing�prods

Slender�prods

Gold
Hooks

Gold
Crocs

Shrouded
Crocs

As�featured�in
Elektor

LCR�Shootout!

electronic design ltd

®

www.stewart-of-reading.co.uk
Check out our website, 1,000’s of items in stock. 

AGILENT 8753ET 
TRANSMISSION/REFLECTION 

NETWORK ANALYSER 300KHZ-3GHZ
£POA

HP33120A FUNCTION GENERATOR 
100 MicroHZ – 15MHZ 

Unused Boxed £595 
Used, No Moulding, No Handle     £395

MARCONI 2955B  
RADIO COMMUNICATION TEST SET  

£2000 
Also available Marconi 2955  

at special price of £625

ENI 3200L RF POWER AMPLIFIER 
250KHZ-150MHZ 200W 55dB

AGILENT E4421B 250KHZ-3GHZ 
Signal Generator  

£2500

STEWART of READING 
17A King Street, Mortimer, 
 Near Reading RG7 3RS 

Telephone: (0118) 933 1111 
Fax: (0118) 933 2375

9am – 5pm Monday - Friday

AMPLIFIER RESEARCH 
 POWER AMPLIFIER 1000LAM8 

MARCONI 2022E Synthesised AM/FM 
Signal Generator 10KHZ-1.01GHZ ...£500 
HP8566A Spectrum Analyser 100HZ-
22GHZ…………………….……….…£1950 
HP8568A Spectrum Analyser 100HZ-
1500MHZ…………………………..…£1250 
AVCOM PSA-37D Spectrum Analyser 
1MHZ-4.2GHZ……….……………….…..£-
IFR 1200S Service Communication  
Monitor……………………..……..… £1500 
HP6624A Power Supply 0-20V 0-2A 
Twice, 0-7V 0-5A; 0-50V 0.8A  
Special price……………………….…£350

AGILENT E4402B Spectrum Analyser 
100HZ – 3GHZ with Option 1DN Tracking 
Gen; 1 DR Narrow Res; A4H GPIB, 
UKB…………………………….……..£5800 
HP 35670A FFT Dynamic Signal Analyser 
2 Channel. Unused in original box...£2500 
Used…………………………..………£1950 
AGILENT 83752B Synthesised Sweeper 
0.01-20GHZ…………………….……£6000 
HP83711B Synthesised 1-20GHZ with 
Opt IEI Attenuator……………….…..£5000 
AGILENT/HP E4431B Signal Generator  
250KHZ-2GHZ Digital Modulation....£2750 
MARCONI 2024 Signal Generator  9KHZ-
2.4GHZ Opt 04……………………....£1250 
MARCONI/IFR 2030 Signal Generator 
10KHZ-1.35 GHZ ………………….…£995 
MARCONI 2032 Signal Generator 10KHZ-
5.4GHZ………………….………..………..£-

AVO/MEGGAR FT6/12 AC/DC 
breakdown tester………………...............£- 
MARCONI/IFR/AEROFLEX 2025 Signal 
Gen 9KHZ—2.51GHZ Opt 04 High Stab 
Opt 11 High Power etc As New…....£2500 
SOLARTRON 1250 Frequency Response 
Analyser 10uHZ-20MHZ……………..£995 
HP3324A Synthesised Function  
Generator 21MHZ…………..…...……£500 
HP41800A Active Probe 5HZ-500MHZ 
…………………………………….……£750 
ANRITSU MS2601A Spectrum Analyser 
10KHZ-2.2GHZ 50ohm…….………...£750 
HP53131A Universal Counter Opt 001 
Unused Boxed 3GHZ……..……...…..£850 
Unused Boxed 225MHZ…..………….£595 
Used 225MHZ……………..…………..£495 
HP8569B Spectrum Analyser 0.01-
22GHZ……………………..…………£1000 
HP54616C Oscilloscope Dual Trace 
500MHZ 2GS/S Colour…………..…£1250 
QUART LOCK 10A-R Rubidium 
Frequency Standard…………...……£1000 
PENDULUM CNT90 Timer/Counter 
/Analyser 20GHZ…………………….£1950 
ADVANTEST R3465 Spectrum Analyser 
9KHZ-8GHZ……………………………..£-

HP Programmable Attenuators £300 
each
33320H DC-18GHZ 11db 
33321G DC-18GHZ 70db 
Many others available 
AGILENT E3610A Power Supply 
0-8v 0-3A/0-15v 0-2A Unused 
AGILENT E3611A Power Supply  
0-20V 0-1.5A/0-35V 0-0.85V Unused 

Used Equipment – GUARANTEED
Prices plus Carriage and VAT 

Please check availability before 
ordering or CALLING IN

Extra Special Offer 

MARCONI 2945 RADIO COMMUNICATION TEST SET with….
Opt 01 – 600 ohm Matching Unit - Opt 03 – High Stability OCXO 

Opt 06 – Memory Card Drive with Real Time Clock - Opt 08 – SSB Demodulator 
Opt 21 Demodulation Filters - Opt 22 POCSAG Decode 

Only £2,500
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Labcenter Electronics Ltd. 53-55 Main Street, Grassington, North Yorks. BD23 5AA. 
Registered in England 4692454 Tel: +44 (0)1756 753440, Email: info@labcenter.com

<Board Autoplacement & Gateswap Optimiser.

<Direct CADCAM, ODB++ & PDF Output.

<Integrated 3D Viewer with 3DS and DXF export.

<Mixed Mode SPICE Simulation Engine.

<Co-Simulation of PIC, AVR, 8051 and ARM7. 

<Direct Technical Support at no additional cost.

<

<

<

<

<

<

Hardware Accelerated Performance.

Unique Thru-View™ Board Transparency.

Over 35k Schematic & PCB library parts.

Integrated Shape Based Auto-router.

Flexible Design Rule Management.

Polygonal and Split Power Plane Support.

All levels of the Proteus Design Suite include a world class, fully integrated shape-based  
at no additional cost - prices start from just £150 exc. VAT & deliveryautorouter 

Visit our website or 
phone 01756 753440

 for more details

PROTEUS DESIGN SUITE Features:

The latest version of the Proteus Design Suite harnesses the power of your computer’s 
graphics card to provide lightning fast performance. Together with unique transparency 
options it’s now easier than ever to navigate and understand large, multi-layer boards.

 GO FASTER WITH 
 PROTEUS PCB DESIGN
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