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The University of Bedfordshire has
purchased six signal generators, six spectrum
analysers and a vector network analyser from
Rohde & Schwarz UK to equip its new
telecommunications laboratory. The
investment, which is part of a £1million
refurbishment of the Department of
Computer Science and Technology’s
facilities, significantly expands the
University’s teaching and research
capabilities into telecommunications,
wireless, electronics, embedded systems
development and beyond. Official opening
of the Department of Computer Science and
Technology’s new facilities will be on
Tuesday 25th January 2011.

Commenting on the Department’s expanded
capabilities, Acting Head of Department
Professor Yong Yue stated: “Our intention is
to expand our reputation as both a teaching
and research centre of excellence. We have
already experienced an encouraging uptake
from our two new undergraduate
programmes, with particular interest from
overseas students. We are pleased to be able
to work with Rohde & Schwarz to ensure our
students and researchers get the best out of
this investment.”

Rohde & Schwarz’s cutting-edge communi-
cations test and measurement equipment will
be used by undergraduates, Masters,

postgraduate students and researchers alike.
A catalyst for the investment was the addition
of new electronics courses to the University
of Bedfordshire’s portfolio. BEng Hons
courses in Telecommunications & Network
Engineering, and Computer Systems
Engineering began in October 2010, whilst
a third undergraduate degree, a BEng Hons
in Electronic Engineering, is due to
commence in October 2011. To support the
expanded syllabus, the department has
recruited 10 additional staff and researchers,
bringing the total to approximately 40 people.
Noted Phil McCluskey, Rohde & Schwarz
UK’s University Programme Manager: “The
University of Bedfordshire’s new test
equipment gives students the opportunity to
develop their skills on precisely the same
equipment used by industry. This will ensure
they are better prepared for the demands of
the workplace and puts them in a great
position to continue more advanced
research.”

Confirmed Ben Allen, a Professor of
Computer Science and recent addition to the
Department’s staff: “Rohde & Schwarz’
equipment represents a combination of high
functionality, performance and value for
money. Thanks to a generous academic
discount, we have been able to populate a
useful number of seats with the equipment,

The University of Bedfordshire selects Rohde & Schwarz equipment for its new
Telecommunications Lab

whilst ensuring that all potential users are
equally well catered for, first time users and
the more experienced among us.”

As part of its University Programme, Rohde
& Schwarz has committed to support the
University for three years with staff training
on its instruments, teaching material for
students and an annual prize for the best final
year project in the field of RF & Wireless
Communications.

The signal generators acquired by The
University of Bedfordshire consist of five
SMC100A’s, which have a frequency range
of 9kHz to 3.2GHz and a SMBV100A vector
signal generator with a frequency range up
to 6GHz. The department now also has four
FSL6 spectrum analysers with tracking
generators, an FSV7 with a frequency range
to 7GHz, plus the ZVL-K1 firmware option.
The addition of a ZVL6 vector network
analyser completes the offering. The
complete package allows students to
generate, monitor and test a wide range of
signals and modulation techniques, across all
the most important wireless bands.

To find out more about Rohde & Schwarz’
University Relations Programme, please visit
http://www.rohde-schwarz.co.uk/en/
Markets/University_Relations/

EMCUK 2011
11 & 12 October 2011

Exhibition space already 78% sold.
Don’t Miss Out.   Book Now!

See more details on pages 6 and 7.
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EMCUK
October 11/12th 2011

Great News for Delegates, Visitors and Exhibitors

New improved format, a mixture of presentations and panel sessions, where both
panel members and delegates can debate the issues raised during the presentations.

PLUS

Exciting New Training/Learning Experience on both days
More hands on, easy-to-understand information presented by world-class

EMC experts.
Each participant receives a personalised EMC Academy Participation Certificate.

 Full Buffet Lunch & Refreshments.  Abundance of FREE Parking

For full programme log on to www.emcuk.co.uk

Technical Forum on Electromagnetic Compatibility
Chairman:  Alan Warner

Organised by: Nutwood UK Ltd
Eddystone Court, De Lank Lane, St Breward, Bodmin, Cornwall PL30 4NQ

Tel: +44 (0)1208 851530   Fax: +44 (0)1208 851630  Emal: info@emcuk.co.uk  Web: www.emcuk.co.uk

Day One

1. EMC in Transport Systems including Electric
Vehicles - Chairman, Steve Hayes

Session a) Railway Systems

Session b) Electric Vehicles and their Charging
Facilities

2. EMC in Consumer Electronics including Luminaries
and Smart Grid/Metering - Chairman, Paul Duxbury

Session a) Luminaries including LED Arrays & Low
Energy Lighting

Session b) EMI Diagnostics & Smart Grid/Metering

Day Two

3. EMC in Defence Systems - Chairman, Nigel Carter

Session a) Military Vehicles

Session b) Future Projects such as the New Aircraft
Carriers

4. EMC in Buildings & Infrastructure -
Chairman, Ian MacDiarmid

Session a) Fixed & Mobile Installations

Session b) Large Infrastructure Projects

We reserve the right to make changes to the above programme.

The EMC Journal March 2011
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11 & 12 October 2011
Companies who have already Booked for 2011

If you are interested in taking a stand please contact Lynne Rowland on +44 (0)1208 851530 or email:
lynne@theemcjournal.co.uk
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CST Announces Leading
Technology Workshop Series

for 2011

Starting in March 2011, with a worldwide
series of workshops, CST will be showing
how its CST STUDIO SUITE version 2011
software has become a critical tool for
speeding up the design cycle and ensuring
high performance and reliability at all stages.
Engineers and managers interested in high
frequency or high data rate design are
encouraged and welcome to attend these
FREE events.

Find out more about the CST Leading
Technology Workshop Series 2011 at:

http://www.cst.com/Content/Newsletter/
2011_02_full.aspx#c2.

Venues & dates in the UK are:
Bangor, Wales, 10 April
MWB Business Centre, Reading, 24 May
Hilton, Hotel, Leicester, 26 May
ECIT, Belfast, 1 June
Hilton Hotel, Edinburgh 15 June
University of London, 22 June

AR RF/Microwave
Instrumentation among top ten

downloads on RF Globalnet
for 2010

When engineers in the RF microwave and
wireless industries need products or
information, they turn to RF Globalnet, a
leading digital marketplace for anything and
everything connected to RF microwave. So
it’s no wonder that an application note by AR
RF/Microwave engineers was one of the top
ten downloads on RF Globalnet.com in 2010,
since AR is one of the leading manufacturers,
innovators, and thought-leaders in the
industry.

The application note, “Antenna Far Field
Distances” (Application Note #58), is also
available on AR’s web site (www.arworld.us)
along with an abundance of information
about a wide variety of industry topics.
Application notes can be found on the AR
RF/Microwave site in the “Knowledge
Center” section.

Download Application Note #58:
http://www.arworld.us/pdfs/appNotes/
AppNote58.pdf

Southern Region Compliance Group

Do you need:
• To keep abreast of Electronic Product Compliance/Approvals

issues
• Such as EMC, LVD, R&TTE, RoHS, WEEE Safety and EuP,

Etc
• To keep up to date on Standards, Regulations and new

initiatives
• To be advised and informed on impending legislation
• Networking with your contemporaries & Compliance

Specialists
• To know where to go to get the information that you need

Then become a Member of the Southern Region Compliance
Group.

The Benefits
• To have all your Compliance/Approvals information in one

place
• FREE access to regular Seminars, meetings + workshop
• To network with both your contemporaries and Compliance

Specialists
• Tours of local Test Laboratories and Equipment Suppliers

Next Meeting:
Thursday, 14 April 2011

For more information Contact:
Alan Warner, Tel/ Fax: 01202 885 399    Mob: 07904 360297
or Email: aws-emc@talktalk.net

New Lists of Harmonised
Standards

A new list of EMC Harmonised Standards
has recently been published in the OJ.  These
are available at:

http://eur-lex.europa.eu/LexUriServ/
LexUriServ.do?uri=OJ:C:2011:059:0001:
0019:EN:PDF

There is also a new list of LVD Harmonised
Standards published in the OJ and oncea
again these are available at:

http://eur-lex.europa.eu/LexUriServ/
LexUriServ.do?uri=OJ:C:2011:087:0001:
0091:EN:PDF

Interesting Article
EMC Analysis -

A Fresh Approach
By Ian Darney

There was insufficient space for it to
appear in this issue but it is posted on the
home page of our website:

www.theemcjournal.com
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Banana Skins...

621

Editor’s note: The volume of potential
Banana Skins that I receive is much
greater than can possibly be published
in the Journal, and no doubt they are just
the topmost tip of the EMI iceberg. Keep
them coming! But please don’t be
disappointed if your contribution doesn’t
appear for a while, or at all. I need at
least eight pages in every EMC Journal
just to keep up!

Cosmic rays believed to be the
biggest source of error in digital
technologies
While increasing activity from the sun is
a major focus of concern, there are also
problems associated with the periods of
low activity. The solar wind protects the
Earth from bombardment by cosmic rays
- high-energy particles that originate
outside the solar system. ’When solar
activity is low, cosmic ray activity goes
up, and that’s a big issue with aviation,’
said Mike Hapgood from the Rutherford
Appleton Laboratory. ’If a particle passes
through a chip in a processing system, it
can flip the bits, and that can change the
data or the software response in an
uncontrolled way.’

Cosmic ray hits are estimated by Intel to
be the biggest source of error in digital
technologies in systems both in the air
and on the ground. They have been
blamed for incidents such as one in 2008,
when a Qantas Airbus A330 went into two
rapid dives, losing 650ft and 400ft in
rapid succession in a matter of seconds.

’For safety-critical systems, the main
response is to make sure that we have at
least triple redundancy,’ Hapgood said.
’If you get a hit on one processing train,
then the other two can outvote it.’ Another
option might be to increase the shielding
around safety-critical electronics. But
Hapgood added: ’You can’t wrap an
aircraft in lead shielding. The question
is, if you have a severe cosmic ray
episode or a severe solar storm, is there
a chance that there would be sufficient
hits to break that redundancy?’

Studies are under way to assess the
vulnerability of the computer control
systems inside vehicles. ’This is a serious
issue because we don’t understand all the
implications of electronics in cars, in this
context,’ Hapgood said. ’The last thing

you want is for a cosmic ray to set off
your airbags on the motorway.’
(This is an extract from “Here comes the
sun” by Stuart Nathan, The Engineer, 28
February 2011, on The Engineer
magazine’s website, this same article is
called: “Flare path: protecting
infrastructure from space weather”,
www.theengineer.co.uk/in-depth/the-big-
s t o r y / f l a r e - p a t h - p r o t e c t i n g -
infrastructure-from-space-weather/
1007598.article#ixzz1FS0ClutU. Dr
Mike Hapgood is “Head, Space
Environment” at STFC Rutherford
Appleton Laboratory, Harwell, UK,
visit: http://www.linkedin.com/in/
mikehapgood.)

Space weather causes problems
for electronics
As this issue’s cover feature (“Here
comes the sun”) points out, satellites
orbiting the Earth face their very own
hazards, not just from the ever-increasing
clouds of space debris that surround our
planet but from space weather.

Our sun is the main culprit: with X-rays
from solar flares, eruptions of protons
and clouds of plasma all posing potential
problems for a host of electronic systems.
And when the sun’s activity is reduced,
and the protective benefits of the solar
wind lessened, cosmic rays from outside
the solar system pose a similar threat.

As we report, engineers and scientists are
developing an increasingly detailed
understanding of the potential terrestrial
impact of these cosmic phenomena. And
it doesn’t look pretty. Everything from
international finance to global security is
reliant on satellite technology and
researchers are increasingly concerned
about the potential effects of space
weather on our interconnected
infrastructure.

Most researchers play down the prospect
of solar storms bringing the modern
world to its knees. This is a relief because
it seems likely that we are likely to
become more, not less, reliant on the
satellites that underpin most areas of
human activity.
(Taken from “Keeping our eyes on a
volatile natural world”, by Jon Excell,
Editor, The Engineer magazine, 28 Feb

2011, page 5, www.theengineer.co.uk/
opinion/comment/keeping-our-eyes-on-
a - v o l a t i l e - n a t u r a l - w o r l d /
1007601.article#ixzz1FTa09c3x.)

Solar activity bad for GPS and
the high voltage infrastructure
Engineers are beginning to understand
how space weather could affect today’s
technology.  Solar flares can produce X-
rays and several different types of
charged particle.

The Northern Lights are normally
confined to the highest latitudes within
the Arctic Circle, but one day in 1859 the
shimmering curtains of light descended
far down the globe. Miners in the Rockies
thought the bright light behind the
mountains was the breaking dawn, clocks
being harder to come by than alcohol.
The display reached as far south as the
Caribbean.

While the auroral displays provoked
wonder, for telegraph workers in Europe
and North America the night was
terrifying. The systems went haywire.
Operators recoiled from electric shocks.
Pylons emitted showers of sparks.
Telegraph paper spontaneously caught
fire. Some telegraph systems seemed to
send and receive messages even though
they had been disconnected from their
power supplies.

Robert Carrington was the first to make
the connection between the activity of the
sun and geomagnetic storms, and the
1859 event, now known as the Carrington
Superstorm, is the most powerful solar
storm ever recorded. We now know a
great deal more about solar storms.

Figure 1    Example of a solar flare

However, we are only now starting to
come to grips with the implications of the
sun’s behaviour on the technology that
underpins a large proportion of our lives.
While we know that solar storms of
varying intensities will continue to occur,
and events of the magnitude of the

622
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Carrington Superstorm have happened
before, the effects of such a storm today
could be much more far-reaching.

Back in the 19th century, society was
mainly dependent on mechanical power
in various different forms. Electricity had
only recently begun to take hold in a few
applications and its widespread use had
yet to begin. But today, we’re almost
entirely reliant on electricity, and its
cousin electromagnetism, in the form of
radio, microwaves and other wireless
data transmission techniques. It just so
happens that these are the very forms of
energy produced by the sun, and this is
why solar storms could have such far-
reaching effects on today’s infrastructure.
As we begin to realise just how
interconnected these systems are, we are
trying to understand the sun’s effects and
how to prevent the worst outcomes.

Prof Cathryn Mitchell of Bath
University’s department of electrical and
electronic engineering, a specialist in the
sun’s effect on GPS, said. ’Sunspot
activity is a non-stationary process, which
means that we can’t predict what’s going
to happen in the future by looking at
what’s happened in the past.’

Alan Thomson, Head of geomagnetism
at the British Geological Survey added:
’The Carrington Storm caused fires and
electrocuted workers at telegraph
stations, but what else is there in these
records we might find? How might such
events affect today’s power grid, if they
were to occur again?’

There are three categories of solar effects
- commonly known as space weather -
on Earth-based infrastructure and orbital
systems, Mitchell said. The first comes
from electromagnetic radiation. Solar
flares produce intense bursts of X-rays.
Although the Earth’s surface is shielded
from X-rays by its magnetic field and the
atmosphere, the radiation will knock
electrons out of the gas molecules in the
tenuous upper layers of the atmosphere.
This will create radio activity that can
interfere with satellite signals, especially
from GPS. Moreover, in a phenomenon
only discovered in 2005, the sun can
sometimes produce radio bursts in the
same frequency band as GPS and acts as
a natural signal jammer. There is no way
of predicting these events and no possible
early-warning system, Mitchell said,
because no warning can travel faster than
the speed of light.

Solar flares can also eject sub-atomic
particles from the sun, in a phenomenon
known as coronal mass ejection (CME).
Bursts of protons can erupt from the sun
at 0.8 of the speed of light. ’For
unshielded satellites and astronauts, these
can be very dangerous,’ Mitchell said.
’They can diffract GPS signals and cause
them to break up.’ This effect, known as
scintillation, was thought to be relatively
unimportant, she added, as GPS
applications tend to rely on a reading
from several satellites and it was thought
that a scintillation event would only affect
one satellite at a time. ’However, last year
a solar event switched off all the satellites
over a large area of Alaska.’ Scintillation
can last up to a few days after a solar
storm.

The third effect is the most severe, caused
by a phenomenon called plasma clouds,
which cause ionospheric storms that can
affect electricity distribution
infrastructure by inducing large currents
in transmission cables, feeding back to
transformers, similar to the phantom
currents in the telegraph lines in 1859.

Effects on GPS are among the most
worrying results of space weather, and
not just because of navigation. In fact,
GPS is one of the prime examples of
system interconnectedness. One of its
most important uses is, in fact, in timing.
Clocks on GPS satellites are used to
handle the handover of mobile phone
calls from cell to cell; they’re used to
schedule aircraft landings as well as in
guiding aircraft; and they’re an integral
part of financial transactions, including
share dealing and currency exchange.

’Large-scale systems across our economy
are generally cobbled together from
existing systems that weren’t necessarily
designed with that application in mind,’
said Mike Hapgood of the Rutherford
Appleton Laboratory. ’It’s rare for
something to be designed and
implemented as a fully integrated
system.’ Because of this, he said, GPS
has become hugely important,
incorporated into many safety-critical,
and potentially vulnerable, systems. ’The
clocks on these systems are all synched
to GPS, but the way to mitigate the risk
posed by space weather is relatively
straightforward. You need an accurate
clock on the base station so you only have
to synch occasionally, which will make
sure that stations are resilient for, say, a
month.’

Most observers agree, however, that
predictions of infrastructure apocalypse
in the press are overstated. ’People
sometimes say that if we lose the signal
from GPS then the internet will fail,’ said
Hapgood. ’I don’t believe that’s true.’ The
risk shouldn’t be understated though.
’Insurance companies worry about one-
in-200-year risks,’ he added. ’And there
was a big storm in 1999 that was a one-
in-60-year event. We’re looking at events
that might happen once or twice in the
lifetime of major electricity
infrastructure, such as transformers. It is
something that has to be considered.’
(Taken from “Here comes the sun” by
Stuart Nathan, The Engineer, 28
February 2011. On The Engineer
magazine’s website, this article is called:
“Flare path: protecting infrastructure
from space weather”, read the full
version at www.theengineer.co.uk/in-
d e p t h / t h e - b i g - s t o r y / f l a re - p a t h -
protecting-infrastructure-from-space-
weather/007598.article#ixzz1FS0ClutU)
(A US Congressional Commission is
investigating how to prevent total
economic disaster lasting at least 5 years
due to HV grid failure from a Carrington
Superstorm type of CME, and another
Commission dealing with the same
problem but caused by the EM pulse from
an atmospheric nuclear explosion (e.g.
by a “rogue state”). Their deliberations
and papers from their investigators have
featured in previous Banana Skins, also
see No. 624 below.)
(Note that this is not a US problem – any
country that has a high voltage power
distribution system, i.e. any developed
nation, is equally vulnerable. Losing a
national HV grid would take many years
to recover from (no-one keeps stocks of
the HV transformers that would be burnt
out, and how do you make a new one
without electricity?) and a Carrington
type of CME would destroy HV grids over
most/all of the world, whereupon society
in developed nations would break down
to levels not seen since the stone age
within a few weeks.)

Permanent continental
shutdown from electromagnetic pulse
A man-made Electromagnetic Pulse
(EMP) is caused by a nuclear weapon
detonated in the atmosphere. This threat
is a realistic possibility in this day and
age. In fact, two Congressional
Commissions have recently warned that
America could suffer catastrophic
consequences from a nuclear EMP attack
by terrorists or rogue states. Their reports

624

The EMC Journal March 2011



11

626

625

628

also point out that the U.S. can be
protected if we act quickly. A House
Homeland Security subcommittee is
currently meeting and considering
legislation, but very little has been done
so far.

According to the Abstract of the original
Report of the Commission to Assess the
Threat to the United States from EMP
Attack, U.S. Congress, 2004: “Several
potential adversaries have or can acquire
the capability to attack the United States
with a high-altitude nuclear weapon-
generated electromagnetic pulse (EMP).
A determined adversary can achieve an
EMP attack capability without having a
high level of sophistication.”

An EMP attack can cripple our
infrastructure causing all of our electronic
equipment and Infrastructure to fail. That
means even basic modes of emergency
response, like cars, planes, and other
emergency vehicles, may not even start.
Current emergency planning is primarily
based upon short-term disasters, and is
heavily dependent upon assistance from
peripheral communities; unfortunately,
an EMP could have long-lasting and
wide-spread effects that are not
adequately addressed by current
planning. Moreover, availability of
fundamental resources such as our food,
water, and medical supplies would almost
certainly break down.

Don’t think it can happen? Increasing
nuclear terrorist threats like those of
North Korea and Iran can disable the
entire power grid in North America are a
clear and present danger. Terrorists and
rouge nations don’t even need accurate
or long range ballistic missiles. An EMP
attack can potentially be carried out by
launching readily available Scud missiles
from a barge off of our coasts.

Our ongoing development and increasing
reliance on electronics and technology
makes us extremely vulnerable to EMP
threats, We invite you to join us at the
conference so that we can help you better
understand the impact of EMP and how
it affects you, and feature some proactive,
hands-on ideas to protect our
infrastructure from the devastating effects
of EMP.
(Taken from an invitation to take part in
the conference “Protecting America
Against Permanent Continental
Shutdown From Electromagnetic Pulse:
A National Conference”, organised by

EMPACT America Inc., September 8th-
10th, 2009, Niagara Falls, NY.
www.empactamerica.net. Sorry, but it’s
too late to register.)

Susceptibility of GPS
It is also safe to say – without any sense
of surprise – that GPS availability cannot
be assured under all conditions, as it is
susceptible to both RF interference and
the laws of physics regarding L-band
radio waves.
(A very small extract from “Changing the
Game Changer, The Way Ahead for
Military PNT”, by Jules McNeff of
Overlook Systems Technologies, in
InsideGNSS magazine, Nove/Dec 2010,
visit www.insidegnss.com/auto/
novdec10-McNeff/pdf for the full article.
By the way, PNT stands for Positioning,
Navigation and Timing.)

Jamming GPS with a pocket-
sized device
BAE Systems, the company behind the
technology, says that because GPS
signals are extremely weak by the time
they reach the Earth’s surface, jamming
is an increasingly common battlefield
problem.

“Just a small pocket-sized device can jam
signals over several hundred metres,”
explains Dr Ramsey Faragher, a higher
scientist in advanced information
processing at BAE Systems, who
developed the prototype solution.
“What’s more, anyone with a basic
knowledge of electrical engineering can
buy components on the high street and
make a battery-powered GPS jamming
device within an hour. I was at a
navigation conference last week and a
third of it was dedicated to the issues of
jamming and spoofing.
(Taken from “Military ‘super GPS’ tracks
without satellites”, by Dominic Lenton,
Editor, Engineering & Technology
magazine, 28 Feb – 13 March 2011, page
8, www.theiet.org/engtechmag)

EM pulse could be used to
detonate IEDs in Afghanistan
Soldiers in Afghanistan could detonate
improvised explosive devices (IEDs)
with a remote tool created by researchers
in Switzerland.

The technology can activate homemade
landmines at a distance of up to 25m by
transmitting electromagnetic waves at a
range of frequencies. This inducts a
current in the devices and causes them to

explode.

Rachidi and doctoral students Félix Vega
and Nicolas Mora first generated an
electromagnetic wave with a broad
frequency spectrum of up to 1GHz. But
because it only transmitted to each
frequency for a very short time, it didn’t
provide enough energy to detonate the
IEDs.

They then realised that the general
configuration of most IEDs meant that
they operated within a smaller frequency
range and so the team was able to target
the electromagnetic pulse to deliver
enough energy.

EPFL’s prototype is specifically designed
for use in Colombia, but Rachidi said the
principle would be the same for devices
in Afghanistan or any other country.

The next stage of the project is creating
a more compact and robust prototype.
Rachidi said the device could be ready
for use within five years with the right
commercial partner.

He added that no device could provide a
100 per cent solution to the issue of IEDs
and that he expected the technology to
be used alongside existing methods of
detection, such as sniffer dogs.
(Taken from “Remote tool could be used
to detonate IEDs in Afghanistan”, by
Stephen Harris, in The Engineer
magazine, 28 Feb 2011, page 10. For the
full article, visit: www.theengineer.co.uk/
sectors/military-and-defence/news/
remote-tool-could-be-used-to-detonate-
i e d s - i n - a f g h a n i s t a n /
1007487.article#ixzz1FTZbNdlt)

EMI at the White House
Mr Thomas also resolved interference
problems in the White House radio room
when he discovered that fluorescent
lighting from the kitchen was the culprit.
(Taken from: “An Archaeological
Expedition to Washington DC unearths
engineering gold” by Mike Violette of
Washington Labs, who was writing about
Leonard Thomas, Fifth Secretary of the
IEEE EMC Society, IEEE EMC Society
Newsletter, Issue 218, Summer 2008,
page 40, http://www.emcs.org/.)

Woman’s Radio Voice Explodes
Missile
An interesting article in the Newsletter
was titled “Woman’s Radio Voice
Explodes Missile.” The story was written
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by Anita Ehrman from the Hearst
Headline Service and appeared in the
Hearst papers on June 12, 1959; it read
like this: “Was it a woman’s voice on a
short-wave radio frequency which
inadvertently exploded an American
missile in outer space? This is the big
mystery which puzzled U.S. scientists
and was divulged by American delegates
to a secret mission of the UN outer-space
committee.

According to UN informants, American
delegates to the meeting astounded
attending scientists by revealing to them
that a human voice on a short-wave
frequency can have the same effect on
the behaviour of an outer-space missile
as that of its assigned radio signal. After
a U.S. missile had exploded prematurely
after it was launched from its pad, an
extensive investigation led to a taxi office
in San Diego, California which had short-
wave communication operated on a
frequency similar to that used for the
missile.

Experts concluded that the voice of a
woman dispatcher in the office was so
pitched as to be identical to the radio
signal used to explode the missile in case
of emergency and that, therefore, it was
her instruction to a cab driver which
caused the missile to explode. On the
basis of this information, the UN
scientists agreed in the secret session that
urgent international attention should be
given to protect radio frequencies used
to transmit information between
spacecraft and the earth.”
(Taken from the “EMC Society
Newsletter Review – 50, 25, and 10 Years
Ago. 50 Years Ago – Institute of Radio
Engineers –  Professional Group on
Radio Frequency Interference (PGRFI)
Newsletter, Number 6, July 1959 – Edited
by Rexford “Rex” Daniels” in the IEEE
EMC Society Newsletter, Issue 222,
Summer 2009,  pages 33 and 34, http://
www.emcs.org/.)

Majority of equipment using
radio spectrum does not comply with
R&TTE Directive
A market-surveillance report conducted
in 2003 in 19 European Conference of
Postal and Telecommunications
Administration (CEPT) countries showed
that 76% of equipment relying on the
radio spectrum failed to comply with the
R&TTE Directive. Five years on from
that report, approximately 90% of the
manufacturing of such products has

moved from Europe to China and other
Asian countries.

Fortunately, the EU is currently
reviewing how the safety of products that
rely on the shared radio spectrum can be
improved. High-tech equipment has
traditionally benefited from a high level
of compliance and continues to do so as
the manufacturers in this sector follow
established protocols to ensure that their
products comply with all applicable
legislation. However, it is the area of
mass-produced electrical goods for the
general consumer market that is causing
concern, with products that are not
compliant increasingly trickling into the
supply chain.

This isn’t just speculation on TÜV
Product Service’s part. Another CEPT
market-surveillance campaign conducted
in 2005 showed that 88% of the CE-
marked terminal equipment checked
failed to comply with the directive’s
technical requirements. The main
problems were found with low-tech, low-
cost products.

This is no surprise as the new directive
could be seen to encourage a
lackadaisical attitude among some
manufacturers as they no longer have to
test in order to prove certain performance
requirements for connection to the
network. The apparent justification for
this “dumbing down” of the directive is
that the EU believes market forces will
exclude any terminals available on the
market that turn out not to perform well.

But manufacturers could find themselves
using products that actually interfere with
each other – the new wireless LAN in the
office could render a wireless mouse or
other Bluetooth products useless. The
utopian idea behind the R&TTE
Directive that self-certification would
make market growth possible and that
market forces through user dissatisfaction
would identify non-compliant products
simply won’t work. For example,
someone could be happily using his or
her home wireless LAN totally oblivious
to the interference that it is having with
the neighbour’s television. Looking
further up the supply chain, wireless LAN
equipment used in the office or home
could interfere with military radio
communication.

CE marking can no longer be relied on
to prove that a product meets the R&TTE

Directive’s requirements. The increase in
consumer demand for electrical goods
has exploded over the last ten years, so
that much of that additional
manufacturing capacity has moved
outside Europe to markets such as Asia
and the Middle East.

Due to language issues, these
manufacturers could be
misunderstanding the Directive
requirements – giving the CE badge to
products that would otherwise fail tests.
The CEPT market-surveillance campaign
backs this up as it showed that many of
the products that did not pass R&TTE
compliance tests also had no self
declaration of conformity assessment
associated with CE marking. The
majority of these products were produced
in China and brought into the EU without
the importer being aware of relevant
legislation. However, not all the problems
are entirely down to the new economies
emerging outside Europe.
(Taken from: “Robust tests and less
confusion required from EU Radio-
Spectrum-Integrity review”, by Jean-
Louis Evans, Managing Director of TÜV
Product Service, in EPN magazine,
Issue12, Dec 2009.)

Wireless Coexistence guidance
The reliable operation of wireless radio
systems in production plants is possible.
This has been confirmed by studies
carried out by the ‘Wireless in
Automation’ working group of the ZVEI
(German Electrical and Electrical
manufacturers’ association). The
brochure Coexistence of Wireless
Systems in Automation Technology
published by the ZVEI provides
explanations on the factors that need to
be taken into account.

Wireless systems such as WLAN or
Bluetooth have been used in the home
and office for many years. They are also
being used increasingly in the automation
systems of plants and machines.
However, the requirements on
availability and interference immunity
associated with such applications are
often considerably higher. For example,
applications may require defined
response times with very high
availability.

A number of electrical automation
manufacturers therefore jointly
investigated the topic of coexistence of
wireless solutions in industrial
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applications under the umbrella of the
ZVEI. For the purpose, ifak – Institut für
Automation und Kommunikation e.V.
Magdeburg – was asked to carry out
extensive measurements: the update
times of around 120,000,000 packet
transmissions were measured, processed
and statistically evaluated in
approximately 400 practical test cases.

The most important findings have been
summarised in a brochure which explains
the important characteristics for
differentiating wireless systems, their
behaviour during parallel operation and
measures for coexistence management.
It makes users aware of why and how they
should consider the topic of coexistence
of wireless systems. The brochure shows
how simple it is to avoid mutual
interference and to implement
interference-free parallel operation. It can
be downloaded as a PDF file at:
www.zvei.org/automation/publication.
(Taken from “Wireless Coexistence: How
to reach a peaceful get-together”, in
Control Engineering Europe magazine,
Nov-Dec 2009, page 6,
www.controlengineeringeurope.com)

Harmonic hotspot
When capacitors on a power quality filter
at a power plant in Queensland, Australia
failed, the problem was traced to a large
sixth harmonic (300Hz) resonance
condition set up between a 50kV railway
supply harmonic filter and the power
supply system. Power transmission
engineers were aided in their
troubleshooting by the graphical display
and management software, DADiSP.

When the problems were isolated it was
found that the transformers under
investigation had gone into saturation in
the presence of non-symmetric load
currents – currents containing both even
and odd harmonics. The sixth harmonic
components were found to be exciting the
resonant condition and particularly bad
resonances were found to occur when the
large power transformers were energised
in the vicinity of the filter bank. These
resonances produced high voltage
stresses on the capacitors thus
contributing to their failure.
(Taken from “Troubleshooting aid
locates harmonic hotspot”, in DPA
Electrical and Electronics magazine,
October 2009, page 23,
www.dpaonthenet.net)

EMC and high-power grid-
connected photovoltaic (PV) plants
As concerns the conducted RF emissions
of the inverters, international standards
for industrial and domestic environments
enforce the maximum levels on the AC
side. However, for the DC side, no
standard is available (although in the
European project, possible limits have
been examined and proposed).

A simple (and still common) approach is
to use for the DC side the same RF limits
as in the standards for AC connections.
After a first period, when inverters
emitted high levels of RF disturbances
on the DC side, manufacturers soon
realized the importance of reducing them’
today, modern inverters from
experienced manufacturers comply with
AC standard limits. In any case, when
several inverters are used, parallel –
connected in the same PV system, the
disturbances generated by single
inverters can add up so that the limits may
be exceeded.

An important issue to be pointed out here
is that, for the main terminals disturbance
voltage in the frequency band 150kHz-
30MHz, the Standard EN-61800-3 (that
specifies EMC requirements for power
drive systems (PDSs) and to which
industrial PV inverter can be assimilated)
imposes limits higher than those imposed
by the Standard EN-55011 for industrial,
scientific, and medical (ISM)
equipments.

The disturbance voltage limits (average
and quasi-peak) for PDS of category C3
(i.e., PDS of rated voltage less than 1kV)
intended for use in the second
environment (industrial), with rated
nominal current higher than 100A, are
shown in Fig. 6, while the limits for
Group 1-Class A equipments (suitable for
use in all establishments other than
domestic) are shown in Figs. 9 and 10.

It is, thus, evident that, roughly speaking,
the power inverters are allowed to
produce more disturbance.
(Taken from “EMC issues in High-Power
Grid-Connected Photovoltaic Plants”,
by Rodolfo Araneo, member IEEE,
Sergio Lammens, Marco Grossi, and
Stefano Bertone, IEEE Transactions on
EMC, Vol. 51, No. 3, August 2009)

FCC issues citations for
marketing cell phone jammers
The Federal Communications

Commission (FCC) is dramatically
increasing its efforts to deter the
marketing and sale cellphone jamming
devices, as reflected in a series of recent
enforcement efforts against device
resellers.

In the space of just two weeks during late
January through early February 2011, the
FCC issued citations against three online
resellers for marketing cellphone
jamming devices through their websites.
Two of the resellers, DeadlyDeal.com
and ContrexCommunications.com,
admitted listing such devices for sale, but
informed the Commission that they had
immediately removed from their website
any and all references to cellphone
jamming devices.  The third reseller,
DealExtreme.com, has not yet responded
to the FCC.

Separately, the Commission has also
issued a citation against a Georgia
company for marketing a device named
the TxTStopper.  According to the
company, Share Enterprises, the
TxTStopper was specifically designed as
a safety device to prevent texting and
cellphone communications within a
moving vehicle.  However, subsequent
testing by agents concluded that the
TxTStopper was a cellphone jamming
device that effectively blocked cellphone
communication both inside and outside
of the vehicle.

Finally, in perhaps the most egregious
case related to the illegal marketing and
sale of cellphone jamming devices, the
Chinese company that manufacturers the
TxTStopper has been ordered to show
cause why an FCC-issued equipment
authorization should not be revoked, in
light of evidence that the company
applied a legally obtained FCC ID to the
illegal cellphone jamming device.
Should the Commission’s investigation
substantiate the allegations, the company
could face a financial penalty in the
amount of $112,500.

More information about the above
citations is available at http://
w w w. f c c . g o v / D a i l y _ R e l e a s e s /
Daily_Business/2011/db0126/DA-11-
125A1.pdf (DeadlyDeal.com), http://
w w w. f c c . g o v / D a i l y _ R e l e a s e s /
Daily_Business/2011/db0126/DA-11-
135A1.pdf (ContrexCommunications.com),
http://www.fcc.gov/Daily_Releases/
Daily_Business/2011/db0209/DA-11-
248A1.pdf (DealExtreme.Com), and
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http://www.fcc.gov/Daily_Releases/
Daily_Business/2011/db0209/DA-11-
247A1.pdf (Share Enterprises).
The Order to Show Cause issued to
Shenzhen Tangreat Technology, the
manufacturer of the TxTStopper, is
available at http://www.fcc.gov/
Daily_Releases/Daily_Business/2011/
db0209/DA-11-246A1.pdf.
(Taken from “Commission issues
citations for the marketing of cell phone
jammers”, IN Compliance magazine, on-
line newsletter “The World IN
Compliance”, March 3, 2011, http://
w w w. i n c o m p l i a n c e m a g . c o m /
index.php?option=com_content&view
=article&id=614:commission-issues-
citations-for-marketing-of-cell-phone-
j a m m e r s - & c a t i d = 1 : l a t e s t -
news&Itemid=19)

Military RF jammers are big
business
Major investments have been made to
develop and improve jammers for a
variety of platforms, including ground
vehicles, portable systems, unmanned
aerial vehicles (UAVs), and unmanned
ground vehicles (UGVs). In fact, market
analyst Forecast International predicts a
$28.4 billion market for RF jammers and
other electronic warfare (EW) equipment
over the next decade, representing more
than 45,000 system sales.
(From “RF Capture And Playback
Checks IED Jammers”, by Darren
McCarthy, RF Technical Marketing
Manager for Tektronix, page S18 of
“Defense Electronics”, a Special Section
in Microwaves & RF and Electronic
Design magazine, www.mwrf.com,
January/February 2011. This article
does not yet appear to be available via
the Internet.)
(Apparently the Chinese Military
establishment also read the above article,
because in the Sunday Times of March
6th, 2011, on the back page of the “News
Review” section, it says “The Chinese
Army is training 10,000 pigeons who
would deliver messages in the event of a
high-tech communications failure. “In
modern warfare, the pigeon is
indispensible,” said Chen Hong, an air
force expert. “We have as many military
pigeons as there are soldiers in the Swiss
Army”.  It is not clear why he compares
the number of pigeons with the Swiss
Army, unless he expects to win a war
against Switzerland by pecking its
soldiers until they run away. But the
general relevance to Banana Skins is that
pigeons are resistant to electromagnetic

jammers, even of the most sophisticated
type, and also to nuclear electromagnetic
pulse, that other nemesis of electronic
communication systems. And just in case
you were thinking of it, any pigeons so
close to a nuclear blast to be cooked,
would be too radioactive to safely eat).

Digital cellphones interfere with
hearing aids
The introduction of digital wireless
technologies in the mid-1990s created a
potential new barrier to accessible phone
communication for hearing aid wearers.
When digital wireless telephones are in
close proximity to hearing aids,
interference may occur. The interference
may be heard as a buzzing sound through
the wearer’s hearing aid (Skopec, 1998).
Interference does not occur with all
combinations of digital wireless
telephones and hearing aids. However,
when interference does occur, the
buzzing sound can make understanding
speech difficult, communication over cell
phones annoying and may render the
phone completely unusable to the hearing
aid wearer (Hansen and Poulsen, 1996).
It’s likely that hearing aid wearers will
approach audiologists for information
about this complex issue. This article will
address many of the issues relating to cell
phones and hearing aids.

Analog coding involves making an
electronic copy of the speaker’s voice.
This electronic copy is transmitted
between the cell phone and base station
and across the network using radio waves
- not unlike the way radio stations
transmit music and talk programs to
portable and car radios. While the analog
cell phone is in communication with the
analog network, an electromagnetic field
is present around the antenna of the
phone. This electromagnetic field does
not present any inherent barriers for
people using hearing aids.

Despite their advantages, digital wireless
telephones and service have a potential
inherent drawback for people who use
hearing aids. Digital technology codes
and transmits the telephone conversation
differently than analog technology.
Digital coding interprets and presents the
speaker’s voice as a series of numbers,
O’s and l’s. The digital code is transmitted
between the cell phone and base station
and across the network using radio
waves. When the digital cell phone is in
communication with the digital network,
the electromagnetic field present around

the phone’s antenna has a pulsing pattern
(Kuk and Nielsen, 1997). It is this pulsing
energy that may potentially be picked up
by the hearing aid’s microphone or
telecoil circuitry and heard as a “buzz.”

Audiologists should encourage hearing
aid patients to be persistent as shoppers.
Hearing aid wearers may find one
technology works better than another
with their hearing aid. If they have a
problem with one brand of service,
encourage them to try another. There is
anecdotal evidence that CDMA service
causes less audible interference than the
TDMA technologies. Audiologists might
suggest that their patients start with this
technology whenever the option exists.

Kuk, F. K., & Nielsen K. H. (1997).
Factors affecting interference from digital
cellular telephones. The Hearing Journal,
50(9), 1-3.
(Taken from “Digital Wireless
Telephones and Hearing Aids”, by Linda
Kozma, M.A. CED, CCC-A, originally
published in Audiology Online
(www.audiologyonline.com) on 2/12/
2001, http://tap.gallaudet.edu/voice/
wirelesshearingaids.asp)

Power supply spike damages
battery chargers on autonomous road
vehicles
The journey was not without problems,
ranging from administrative issues over
the validity of visas to technical glitches
that included the simultaneous failure of
all four battery chargers, caused by a
spike from the power supply.
(Taken from “Driverless vehicles
complete Silk Road challenge”, by Lorna
Sharp, http://viac.vislab.it, in IET
Engineering & Technology magazine, 13
Nov - 20 Dec 2010, page 13,
www.theiet.org/magazine)

Banana Skins are kindly compiled for us by
Keith Armstrong.

If you have any interesting contributions that
you would like included please send them,
together with the source of the information
to:  keith.armstrong@cherryclough.com

Although we use a rather light hearted
approach to draw attention to the column this
in no way is intended to trivialise  the subject.
Malfunctions due to incorrect EMC
procedures could be life threatening.

Banana Skins
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John WJohn WJohn WJohn WJohn Woodgoodgoodgoodgoodgaaaaatetetetete’’’’’s Columns Columns Columns Columns Column
A mixed bag (or ‘wide-ranging survey’) this time.

‘Power cross’
This American term refers to unintended contact between power
lines and communications cables, and is the subject of safety
standardization in the Americas.  However, a New Work
proposal submitted to IEC TC108 failed to achieve the
necessary support. 19 National Committees agreed it should
be progressed, with 6 against, but no experts were nominated
to do the work! Some countries that voted against explained
why:

• Unlike in the Americas, outdoor communication cables are
not often carried by the same supports as power cables,
still less MV power cables;

• protection against power cross is better and far more
economically achieved at installation level rather than at
equipment level. Installation-level measures are studied by
IEC TC64, not IEC TC108.

Safety incidents related to power cross are extremely rare in
Europe.

New safety standard IEC 62368
The saga continues; National Committees continue to submit
extensive critiques of the standard itself, IEC 62368-1 and the
‘explanatory report’ IEC TR 62368-2. The UK committee has
submitted numerous comments on the standard itself, and
queries the fundamental ‘philosophy’ of instructional safeguards
in comments on the TR. The main committee and its satellites
is meeting in London towards the end of March, but how much
progress can be made is impossible to predict.

New CLC/TC108X Working Group
WG4 has been set up to consider how to relate the provisions
of EN41003 and IEC 62151, on safety of equipment for
connection to telecoms networks, with any future European
implementation of IEC 62368-1.

CENELEC mirror committee for IEC TC100
It s a long-standing anomaly that CENELEC does not have a
committee to mirror IEC TC100, which is large and important.
IEC TC100 has taken over non-safety related work, such as
environmental issues, from IEC TC108, and this has led at last
to a strong proposal to set up a CLC/TC100 committee.

New EMC standards list in the Official Journal
The simplest way to get the new list is to go to the Compliance
Club web site, www.compliance-club.com and scroll down a
bit to the news item, then click on the link, because the direct
URL is one of those never intended to be read by humans.

IEC/EN 61000-3-12
The second edition of this ‘harmonics’ standard, for products
rated at over 16 A/phase but not over 75 A/phase, has been
published.  The standard sets proportional limits, and there have
been considerable difficulties in defining the reference current,

in proportion to which the limits are calculated. The published
standard differs considerably from the first voting stage
draft (the CDV), so it is important to learn the new
provisions.

PLT
You didn’t imagine it wouldn’t appear, did you?

In USA, IEEE has published IEEE1901, which is about
‘Broadband over Power Line’ or  ‘access PLT’, i.e. PLT over
outdoor power cables of any voltage, at frequencies below 100
MHz, as well as ‘in-home’, although it’s not clear how far the
standard goes into the latter. There have been reports of
considerable controversy over the decision to publish the
standard.

In a separate context, a proposal has been put to US Congress
to sell off part of the 70 cm amateur radio band to commercial
users.

The Radio Society of Great Britain (RSGB) has set up a
‘Spectrum Defence Fund’ to protect the radio spectrum noise
floor. The activity may include legal action as well as lobbying.
This is the result of the latest response from OFCOM, which
the Society finds still quite unacceptable.

EMC philosophy
So, who is right, RSGB or OFCOM? There is no answer, and
the reason why is important. ANY emission has the potential to
cause interference, and the only way to be perfectly sure of
none is to have no emissions at all, which would very severely
restrict what electricity could be used for - twitching frogs’
legs, for example.

For interference to occur, there must be a source and a victim.
Rather that look at when it can occur, it may be better to look at
when it doesn’t occur, since that’s the result we want. There are
three factors:

• the strength of the emission S;

• the attenuation of the transmission path between source and
victim A;

• the resistance of the victim R.

The ways in which these are quantified is not specified, because
any set of compatible ways is valid. There are differences in
the correct detailed treatment of conducted and radiated
emissions, but we need not go into that here. The generalized
compatibility equation is thus:

SA < R
in linear units, or:

LS + LA < LR

in logarithmic units, such as decibels ( LA being negative).
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Now S and R are under the control of the manufacturers of the
equipment, but A is generally not under the control of anyone
but the users, and sometimes not even them. It is the latter case
that justifies regulations that control S and R. However, where
A is controllable by the user, it should be.  One example is the
use of a switch-mode plug-in power supply with a digital radio
receiver - they often cannot be placed very close together if the
power supply is not specially designed for the application.

This allocation of responsibility to the users is the approach
taken by the FCC in not banning the use of CISPR Class A
equipment in the residential environment.  It makes a great deal
of sense because of one arbitrary parameter underlying the
regulations related to radiated energy and immunity to it - the
measurement distance.

Ideally, there should be no interference when source and victim
are in physical contact, and for some products, such as mobile
phones, such contact is very likely. But it is impossible to carry
out reproducible measurements at minute distances.  The
standards that support the regulations have to be based on
distances that allow reproducible results to be achieved with
practicable test equipment. This particularly applies to the
antenna (for receiving emissions or radiating energy for
immunity tests), which cannot be physically very small even
for HF  and VHF band measurements. This implies a minimum
distance of about 3 metres, but even that is really too small for
acceptable reproducibility at HF, being much less than the radius
of the near field region.  On the other hand, it is obvious that
source and victim are quite likely to be less than 10 metres
apart.

The only solution is a common-sense approach to each potential
interference case, but common-sense is a very rare commodity
and there is no article about it in the EMC Directive. The PLT
case, where emissions much larger than have been considered
acceptable in the past do not seem to cause interference to a
significant extent,  is not unique. The same thing applies to
direct on-line switching equipment, such as variable-speed
drives, whose conducted emissions can be much larger than
present standards allow, but  do not cause enough problems to
justify very costly mitigation equipment.

J. M. Woodgate B.Sc.(Eng.), C.Eng. MIET MIEEE FAES
FInstSCE
Email:desk@nutwooduk.co.uk
Web: www.jmwa.demon.co.uk
© © © © © J.M.Woodgate 2011
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Where do standards come from and who
produces them?
Contrary to popular belief, standards are not produced by
faceless morons in Brussels or malignant demons in Geneva,
but by industry people like you and me (especially me!).  Of
course, we are hired for our talents at electronics, not for our
literary skills, so sometimes our writing falls short of the lucidity
that is, nevertheless, essential in a standard, especially one that
is associated with legislation or regulation, and that particularly
includes standards for safety and for EMC.

What this amounts to is ‘Don’t shoot the pianist, he’s doing his
best.’ When you find something in a standard that isn’t
comprehensible, or is comprehensible but cannot possibly be
meant, please don’t just fume and ignore it; tell someone
involved with that standard, or even me. It may take a while,
but it will be fixed.

Standards-making bodies
International
There are two groups of international standards bodies:

• those established by treaty, or as organs of the United
Nations, or by special international agreement, such as IEC
(including CISPR), ISO and ITU. ITU is split into ITU-R,
which produces non-mandatory requirements for
broadcasting, and ITU-T, which produces requirements that
it intends to be mandatory, for telecommunications;

• those which are learned societies with international
membership of individuals, such as IEEE and the Audio
Engineering Society.

You might well conjecture that, on the basis of the perversity
of human nature, that there is a degree of xenophobia between
these two groups, but they do talk to each other.

CISPR (abbreviation of the French title) is part of IEC, but has
a different Constitution, allowing government agencies,
normally the spectrum management authorities, to be members,
in addition to national standards bodies.

Regional
Two bodies in this category are the European CENELEC
(dealing with most electrical and electronics matters) and CEN,
dealing with everything else. Their declared policy is to adopt
IEC or ISO standards, respectively, wherever possible.
‘Common Modifications’ can be agreed by all participating
countries, while ‘Special National Conditions’ are allowed
where legal or major infrastructure requirements in particular
countries make them necessary.

National
Every developed state, and most emergent states, has a national
standards body, which is a member, or associate, of the
international bodies. The UK Government is the ITU member,

BSI is the ISO and CEN member, and also the member of IEC
and CENELEC.

The British Standards INSTITUTION
Not ‘Institute’! BSI is one of the oldest standards bodies and
sometimes it shows. But the Greek National Committee
produced evidence that standards for metal parts used in
masonry work were in place in Classical times (around 360
BCE)!

Most BSI committees parallel the work of international or
regional committees. For example, BSI EPL/100 parallels IEC
TC100 (on multimedia equipment). Membership of BSI
committees is not very difficult to achieve, but you do tend to
‘need to know someone’, simply because it’s not obvious how
to apply. Not that there is often a queue of eager aspirants!
However, unlike in almost all other countries, committee
membership (as opposed to subscribing membership of BSI)
is FREE. All you need to do is to devote your (employer’s?)
time and travel costs. If the committee sends you to a regional
or international meeting, you may qualify for a government
travel grant (AITS), which, in these days of budget air travel,
may pay for a good percentage of the total cost.

Why standards matter for compliance
There are few countries in the world now that will allow
products to be marketed without meeting requirements for safety
and EMC (and maybe other things). While some require
compliance with national standards, and others require testing
in an indigenous laboratory, the demands for trade restrictions
to be removed is strong enough to force the acceptance of IEC
standards, or the substantial alignment of national standards
with the IEC standards. There is also a growing number of
mutual recognition agreements (MRA) between governments,
meaning that they accept test reports from laboratories in  each
other’s country.

Free trade and legal issues have also resulted in the
abandonment, for most purposes, of mandatory compliance
with standards and, to a large extent, mandatory third-party
testing.  The result is that the manufacturer bears the whole,
non-delegatable responsibility for a product being safe and
having sufficient electromagnetic compatibility, but can
demonstrate that by any means that he wishes and expects to
be acceptable to the market surveillance authorities.

The importance of ‘design in’ and the
availability of standards at the ‘solder face’
It seems incredible that there are still companies who either
don’t buy any standards or keep them locked up in the Technical
Director’s office. They hand over a ‘finished’ product from the
design  engineers to specialist safety and EMC experts, who
proceed to re-design it, at huge cost and with a long time delay,
in order to comply with what they think are the mandatory
regulations, because even they don’t have free access to the
standards and subsist on information from colleagues and the

KnoKnoKnoKnoKnow Yw Yw Yw Yw Your Standarour Standarour Standarour Standarour Standardsdsdsdsds
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web, much of it not exactly wrong but misleading because of
incompleteness.

It seems so obvious that the right way is to ‘design-in’ safety
and EMC compliance from the beginning of the design process,
with the experts involved at all necessary stages. In order for
the designers and experts to talk the same language, and,
especially, to prevent conflict, they must all have ready access
to the relevant standards. If not, they soon begin to suspect that
each expert has a personal agenda and is not just ensuring that
the product complies. There isn’t actually anything wrong with
personal agendas, if they are in the open and recognized for
what they are.  For example, how close to an EMC limit is ‘too
close for comfort’? The EMC expert may well say that from
experience, this sort of product needs a 5 dB margin, whereas
this sort needs only 3 dB.

How to obtain standards
You can, of course, buy them from BSI.  Be cautious about
buying from ‘official agents’ – their mark-ups can be quite large.
If you buy from IEC or ISO, you may be able to buy only a
bilingual publication, (English and French), which naturally
costs more than for one language. Some IEC standards are
published in Spanish.

Because of the ‘Common Modifications’ and ‘Special National
Conditions’ mentioned above, the CENELEC or CEN adoption
of an IEC or ISO standard is NOT identical to the original. In
addition, there are almost always differences in the ‘Normative
References’ – standards mentioned in the text which give

information on, for example, the methods of measurement that
must be used. EMC ENs also have an Annex ZB about how the
standard matches up to the Directive.

ENs in English can be purchased from the national standards
bodies of other European countries, often at attractive prices.
There is a comprehensive article, including a web-site linked
list of standards-making bodies, at:

http://en.wikipedia.org/wiki/Standards_organization

Participants in standards work are given access, with
restrictions, to the standards in their area of work. BSI Project
Managers can give committee members access to related
standards if they are needed for reference in connection with
work on another standard.

In UK, some County Library Services give library members
free read-only access to British standards, including ENs.

J. M. Woodgate B.Sc.(Eng.), C.Eng. MIET MIEEE FAES
FInstSCE
Email:desk@nutwooduk.co.uk
Web: www.jmwa.demon.co.uk
© © © © © J.M.Woodgate 2011
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TESEQ, a leading developer and
provider of instrumentation and
systems for EMC emission and
immunity testing, has released
Compliance 5 emission and
immunity test software.
Compliance 5 is a single, integrated
test platform capable of performing
all RF EMC testing needs.
The upgraded software is simple to
use with a Commercial Application
Package included that aids in
speeding set-up and makes
compliance testing quick and easy.
Other application packages for
military and aerospace are available
as options. Further new packages
for reverberation chambers and
automotive testing will be available
in the next few months.
Embedded into each test package
are hardware configuration
templates.  Simple drag and drop
tools allow the operator to
customize the configuration to
match the equipment in use.

Selections for any test need only to
be chosen once and are then saved
for continued use.
Compliance 5 features a unique
multi-user function with
administrator control that ensures
data integrity.  Files can be locked
or made ‘read only’ by the system
administrator.  Users can configure
tests while giving the administrator
overall control to important files.
The control feature also allows
configuration and equipment
details to be stored along with
results.

A typical test view from the latest
version of Compliance 5 from

TESEQ.

TESEQ releases Upgraded EMC Test Software with Industry-specific Test Packages for Quicker Set-up

Advanced users and previous
Compliance 3 software users can
utilize Compliance 5 to modify test
procedures, test set-ups and EUT
(equipment under test) test
sequencing to further enhance the
software’s performance and
customize their current system to
their own needs.
This reliable and configurable
software can be modified by the
user at anytime.  An infinite amount
of new tests can be created by
editing existing files.  Various
included tools allow editing of
instrument drivers, test methods,
EUT test sequences and report
formats.
Compliance 5 makes custom
reporting easy.  Its powerful,
flexible reporting package features
pre-formatted templates that can
include company logo, text, graphs,
tables, test details and pictures,
saving time and reducing the
burden put on a test engineer’s
time.

TESEQ’s Compliance 5 is the
leading software for RF EMC
testing.  It is used in test
laboratories worldwide to deliver
fully-compliant, fast, efficient and
repeatable testing in   military and
aerospace applications,
reverberation chambers,
commercial and consumer products
and the automotive industry.
Each new license comes with a
twelve month software
maintenance agreement that entitles
the user to free upgrades, access to
TESEQ’s online support where new
instrument drivers can be
downloaded free of charge, and use
of the company’s email-based help
desk.
For further information please call
0845 074 0660, email
uksales@teseq.com or visit
TESEQ’s website at
www.teseq.com
Tel: +44 (0)845 074 0660
uksales@teseq.com
www.teseq.com

Selecting multilayer ceramic
capacitors for use in onboard
aircraft systems has just become
much easier, with the
announcement from Syfer
Technology of a new range of
devices designed specifically for
these applications. Rated for
operation at 115Vac 400Hz, these
MLCCs can be supplied in a range
of package sizes and capacitance
tolerances to suit a number of
avionics system requirements.
Syfer’s Marketing Manager, Chris
Noade, commented: “This range is
aimed squarely at applications in
aircraft, where much of the
equipment is powered by lines
running at 115Vac 400Hz.”  The
devices are designed to take into
account associated voltage and
frequency transients as specified in
MIL-STD-704, Noade explained.
Multilayer chip capacitors are
typically supplied with a dc rating
only, such that the designer has to
apply whatever he considers an
appropriate de-rating.  There are a
number of factors to consider
including reliability, the rms vs
peak voltage trade-off and
operating frequency.
Now Syfer has conducted reliability

testing on its parts specifically to
ensure the required performance in
115Vac 400Hz device applications.
The higher frequency rating can
lead to self heating due to losses in
the capacitor, creating additional
stresses on the parts.  But Syfer’s
characterisation work shows the
heating effects are limited to an
acceptable level of a 25°C rise with
neutral mounting at room
temperature.
Accelerated life testing has also
been carried out at maximum rated
voltage and frequency, and at
elevated temperatures, to ensure
reliability. With the assurance of
higher reliability, avionics
designers today do not need to
spend time establishing an
equivalent dc working voltage for
MLCCs but need only consider
physical size, capacitance and
dielectric type.

Syfer’s avionics MLCCs are
available in a choice of X7R or
ultra-stable C0G dielectrics, with
capacitance values from 4.7nF to
100nF and 330pF to 15nF
respectively.
Package size, depending on
capacitance required, ranges from
0805 to 2220.  Termination options
include nickel barrier for RoHS
compliance and tin/lead for RoHS-
exempt application where
developers may be concerned about
the possibility of tin whiskers,
which can be regarded as possible
cause of short circuits. FlexiCap™,
Syfer’s proprietary flexible polymer
termination option, offers increased
security against the possibility of
cracking due to substrate flexing
during board assembly,
depanelisation or temperature
cycling during operation.
The MLCCs are manufactured at
Syfer’s Norwich, UK facility, and
are readily available in production
quantities on a standard lead time
of 7 weeks.
Tel: +44 (0)1603 723310
sales@syfer.com
www.syfer.com

Reassuring reliability for chip capacitors in airborne applications
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AR delivers 16,000 watt
Solid-State Power Amplifier

AR RF/Microwave Instrumentation
has been packing more power into
its solid-state amplifiers lately,
while at the same time making
amplifiers smaller, lighter, and
more energy-efficient. The
company has now exceeded its
highest power amplifier with its
new Model 16000A225 (10kHz–
225 MHz).
AR RF/Microwave Instrumentation
has delivered the 16,000-watt
amplifier to BAE Systems in the
United Kingdom for use in its state-
of-the-art facility for EMC testing
and similar applications. Model
16000A225 is now available for
applications that require
instantaneous bandwidth, high
gain, and up to 16,000 watts of
power.
Tel: +44 (0)1908 282766
info@uk-ar.co.uk
www.uk-ar.co.uk
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Chomerics Europe - a division of
Parker Hannifin offers a wide range
of conductive coatings and paints
to address shielding requirements
in the growing number of medical
equipment applications that utilise
plastic rather than metal enclosures.
The choice of epoxy, acrylic and
urethane coatings are well suited to
use in the challenging operating
environments often experienced by
medical electronics equipment;
coating selection depends on the
target application material.
Conductive paints give designers a
great deal more choice and
flexibility versus traditional
approaches when looking to easily
and cost effectively shield their
plastic enclosures and equipment
housings against electromagnetic
interference, provide  anti-static
protection, corona shielding,
surface grounding, and corrosion
protection. Materials such as
Chomerics’ CHO-SHIELD ® 2056
which consists of silver-plated-
copper/silver particles in a single-
component acrylic resin, can be
used at minimal thicknesses instead
of processes such as vacuum
metalization and electroless plating.
Unlike competing technologies,
Chomerics’ coatings can be applied
without the need for expensive
specialised equipment using a
standard high volume/low pressure

(HVLP) spray system.
Shielding effectiveness levels of
greater than 75dB (between 50
MHz and 10 GHz) can be achieved
with silver fillers offering the
highest shielding performance,
followed by silver-plated copper
and copper and nickel. The choice
of fillers gives designers a range of
shielding performance / cost
options.
Depending on production volumes,
customers can opt to either
manually apply the conductive
paint or utilise robotic techniques
that support higher throughput and
also maximise repeatability.
Advanced paint formulations give
excellent self-levelling and
uniformity characteristics resulting
in even shielding performance
across the part.
Tel: +44 (0)1494 455400
marie.perrin@parker.com
www.chomerics.com
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Conductive coatings offer cost-effective, easy-to-apply
method for shielding plastic medical equipment enclosures

Now available from Link Microtek
is a probe that can detect the electric
fields emanating from equipment
operating at frequencies from
100kHz to 6GHz, making it ideal
for safety measurements at mobile-
phone, WLAN and WiMAX base
stations, as well as TV and radio
transmitters.
Designed for use with the Narda
NBM series of wideband field
strength meters, the EF0691 probe
provides a cost-effective means of
complying with the requirements of
BS EN 50492, which calls for
safety evaluations of all
permanently installed RF sources
up to 6GHz in the vicinity of base
stations.
Until now such measurements
would have required the use of an
18GHz probe, and these are
significantly more expensive in
terms of both capital outlay and
ongoing calibration costs.
As an isotropic probe, the EF0691
measures three spatial components
of an electric field, and the resultant
value of the field strength is
automatically calculated by the
NBM meter. Safety measurements
can therefore be made quickly and
accurately without needing to take
readings in three orthogonal

directions. Individual calibration
data is stored in an EPROM within
the probe, with the necessary
correction factor also automatically
applied by the meter.
The EF0691 probe features a high
sensitivity of 0.35V/m, and its wide
dynamic range of 65dB means that
there is no need to switch
measurement ranges on the NBM
meter itself.
For further information, visit
www.linkmicrotek.com and
www.radhazonline.com.
Tel: +44 (0)1256 355771
sales@linkmicrotek.com
www.linkmicrotek.com

E-field probe can handle safety measurements
from 100kHz to 6GHz

AR RF/Microwave Instrumentation
has already reduced the size of its
“S” Series solid-state amplifiers,
making them smaller, lighter, more
compact & portable without losing
any power. The smaller size makes
them more energy-efficient and a
better value.
Reducing the size while
maintaining the power was a
challenge; but now AR has added
even more power to these smaller,
more compact amplifiers. The
S1G4 amplifiers cover the 0.8 - 4.2
GHz frequency range and now offer
20, 40, 80, 175, 350, 600, 900, and
1200-watt models.
Many of AR’s “S” Series amplifiers
are designed so that when
additional power is needed, you can
add another amplifier, rather than
having to toss out the old amp and

start all over again with a higher
power model. You can also use the
amplifiers independently when
higher power is not needed. AR
calls this building block concept
Subampability™ and it’s another
way that AR products deliver more
value and cost-effectiveness to
customers.
Tel: +44 (0)1908 282766
info@uk-ar.co.uk
www.uk-ar.co.uk

AR continues to pack more power into smaller, compact “S”
series amplifiers
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Chomerics Europe - a division of
Parker Hannifin has introduced a
new one component, form-in-place
(FIP) EMI gasketing material.
CHO-FORM 5547 is designed for
use in applications such as portable
equipment, telecoms, and military
and marine products.
With a hardness of just 48 (±5)
shore A, CHO-FORM 5547 is
especially useful in applications
where assembly closure forces are
low and can eliminate the need for
fasteners or rigid housings. The
new material utilises nickel-plated
silver (Ni/Ag) particles dispersed in
a silicone binder to deliver
shielding performance of greater
than 70 dB (200 MHz to 10 GHz).
The new material can be placed on
narrow housing flanges using the
latest FIP dispensing technology.
This reduces assembly labour and
total cost of ownership and also
allows the use of smaller package
sizes or increased space for PCBs.

Corrosion resistance and good
long-term stability are additional
important benefits offered by the
solvent (VOC) free material.
CHO-FORM 5547 is supplied in a
choice of 30cc or 55cc syringes that
support rapid prototyping or a
300cc cartridge. It is suitable for use
in applications with operating
temperature ranges from -50°C to
+130°C.
Tel: +44 (0)1494 455400
marie.perrin@parker.com
www.chomerics.com

New Form-in-place EMI gasket material simplifies assembly
and reduces total cost of ownership
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ETS-Lindgren has announced the
latest addition to its range of
measurement antennas for testing
EMC susceptibility over the wide
range of 400MHz to 6GHz

The new antenna, model 3119, from
ETS (EMC Test Systems)-
Lindgren, boasts ultra broadband
performance from 400 MHz up to
6 GHz without band breaks, making

New Antenna from ETS-Lindgren

it ideal for automated susceptibility
testing. It covers the major
commercial wireless frequencies. In
addition, the Model 3119 exhibits
high gain and low VSWR across its
operational frequency band,
resulting in efficient amplifier usage
and high field strengths. The
antenna accepts up to 1500 watts
of continuous power input, with up
to 2500 watts of peak power.
"The electrical characteristics of
this antenna were designed and
modelled using electromagnetic
simulation software," said Dr.
Vince Rodriguez, ETS-Lindgren's
Senior Principal Antenna Design
Engineer. "Our RF engineers
worked with our manufacturing
team to produce a practical and
affordable realization of the
modelling process. The result is an

exceptional antenna that provides
a uniform illumination of target
surfaces and a high gain for better
amplifier power use. We're very

proud of this antenna's
performance," added Dr.
Rodriguez.
Optional mounting systems are
available for the 3119 antenna
including a tripod mount and a rear
mount to permit on-axis rotation/
polarization. The back plate has
threaded mounting holes for
custom mounts. All production
units are individually calibrated at
ETS-Lindgren's accredited lab and
are shipped with antenna factors
and a signed Certificate of
Calibration Conformance.
Tel: +44 (0)1438 730700
info@ets-lindgren.com
www.ets-lindgren.com

Rohde & Schwarz adds new
functions to its R&S BBA100
broadband amplifier family to
create a one-box solution.
Integrated RF output switches and
sample port switches allow the
amplifiers to be used for many
applications without the need for
external switching matrices.
Existing third-party amplifiers can
also be integrated into the R&S
BBA100 system. The modular
design allows users to combine
many functions into a compact
EMC broadband amplifier system
that is perfectly tailored to their
requirements. The R&S BBA100 is
ideal for EMC applications in test
houses as well as in the electronics
and automobile industry.
The new RF switches for the R&S
BBA100 enable users to put
together even more compact
amplifier systems – without
switching matrices or separate
system controllers. The R&S
BBA100 performs the functions of
these external instruments and now
offers RF output switches and an
RF sample switch in addition to an
RF input switch. The new RF
output switches can be used to
apply the RF signal to various
loads, such as clamps or antennas.

New functions for the compact broadband amplifier system from Rohde & Schwarz

The switches are available in 2:1
(two inputs, one output) and 1:2
(one input, two outputs) versions
and can be cascaded as required.
Switching takes place automatically
when the RF path is selected. The
new sample port switch was
designed for systems with multiple
frequency bands. When a frequency
band is selected, the sample port
switch automatically applies the
right sample signal  (forward and
reflected power) to the sample
ports. This makes it much easier to
connect other T&M instruments

such as power meters and spectrum
analyzers since the user no longer
has to disconnect and reconnect
measuring equipment when the
frequency band is changed.
It is now also possible to integrate
up to two additional third-party
amplifiers. The system controller of
the R&S BBA100 ensures
consistent operation throughout the
entire system. This allows the user
to easily extend an existing
amplifier system step by step and
still use existing amplifiers.
For remote control, the amplifier
system now offers a USB port as
well as GPIB, Ethernet and optical
Ethernet. As a result, the user has a
multitude of ways to integrate the
R&S BBA100 into various network
topologies.
The following new options for the
R&S BBA100 are now available
from Rohde & Schwarz : R&S
BBA-B120 2:1 or 1:2 RF output
switch, R&S BBA-B142 RF
sample port switch, R&S BBA-
B131 external amplifier integration
and R&S BBA-K102 USB remote
control.
Tel: +44 (0)1252 818888
contact.uk@rohde-schwarz.com
www.rohde-schwarz.com
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Agilent Technologies
introduces EMI Receiver

that Enhances Compliance
Testing through excellent

input sensitivity

Agilent Technologies Inc. (NYSE:
A) have announced the introduction
of the N9038A MXE EMI receiver,
which is designed for laboratories
that perform compliance testing of
electrical and electronic products.
The MXE enhances electro-
magnetic interference (EMI)
measurement accuracy and
repeatability with a displayed
average noise level (DANL) of -163
dBm at 1 GHz. This represents
excellent input sensitivity, an
essential receiver attribute that
reduces the effects of electrical
noise.
The MXE is fully compliant with
CISPR 16-1-1 2010, the
International Electrotechnical
Commission recommendation that
covers measurement receivers used
to test conducted and radiated
electromagnetic compatibility
(EMC) of electrical and electronic
devices. With outstanding measure-
ment accuracy of 0.78 dB, the MXE
exceeds CISPR 16-1-1 2010
requirements.
Tel: +44 (0)118 927 6201
contactcenter_uk@agilent.com
www.agilent.co.uk
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Abstract
The increasing reliance on electromagnetic simulation raises
the important question “how confident are we that the model is
accurate?” The usual approach is to look at typical sets of
results.  This has several weaknesses. The person doing the
comparison can be overloaded with tens of data sets or more.
Their performance may be inconsistent.  Also, engineers with
different backgrounds and experiences could review the data
differently and bring strong subjectivity into the comparison
that may actually lead to further confusion.  This approach of
comparing results which could be derived by comparing
measurements or modelled results against other measured or
modelled results to build confidence is giving way to a more
formal approach based on IEEE standard 1597.1 [1].  The core
of this standard is the Feature Selective Validation (FSV)
method.  This article discusses the origins of this method and
explains a little about how it works, finally reviewing some
recent publications using FSV.

The need for an objective approach
‘During the last century in a small hypothetical country, the
Minister of Food decided to make a law about cakes because
it was necessary for the health of the people to oblige pastry
cooks to sell only good cakes. The law was very simple: “It is
forbidden to sell bad cakes” – and very easy to apply by asking
test tasters: “Is this type of cake good or bad?”. But the cakes
became more and more sophisticated and rapidly it appeared
that the judgements of taste testers were not always in good
agreement. One said “there is not enough sugar, so it is bad;”
another one said “I agree with this judgement but it is because
there are too many eggs”; a third one said “It is good because
there is plenty of marmalade”. So the confusion was total.’[2]

A few decades ago, EMC was largely regarded as one of the
‘dark arts’.  However, over time the subject has become more
clearly ‘science’ rather than ‘art’ and one of the factors in this
is the availability of increasingly advanced numerical
electromagnetics solvers and increasingly powerful platforms
on which to perform the simulations.  One of the most important
factors in the use of computational electromagnetics is the
confidence that can be placed in the results of the simulations.
While all methods for simulating electromagnetic systems have
their basis in fundamental electromagnetics (e.g. Coulomb’s
law, the Biot-Savart law or the more general Maxwell’s
equations) the results from those simulations can be highly
dependent on several factors including: how the model has been
formulated and implemented and how long the simulation has
been given for convergence.  Moreover, the way in which people
look at the data itself can lead to a range of opinions based on
the backgrounds and experiences of the people undertaking the

tests.  So, when performing the comparison, simple binary ‘pass/
fail’ decisions are typically difficult to make.  The more
challenging factor is that this range of opinion is not divided
amongst the correct and incorrect views but all experienced
opinions are valid.  Hence, any attempt to quantify comparisons
should fit into that framework of a variety of opinions.  A
statistical approach is also unsatisfactory because the same
overall values can be derived from a number of different
permutations of the comparisons and sufficient detail (at a point-
by-point level) can be difficult to provide which would be useful
for the modeller or experimentalist trying to improve the data.

There are two issues that need to be addressed before trying to
tackle the actual comparison process.  The first is how to
‘normalise’ the subjective comparisons, because unless any
quantification sits well with the ‘expert view’, it will be
disregarded by users.  The second is to identify how engineers
approach the process of looking at data in order to make a
comparison.

A difficulty in addressing the first issue is that, while humans
generally like to attach labels to quantitative data, there is no a
priori definition of ‘good’, ‘bad’ or anything in between.   Any
time we asked someone to rate a comparison on a 1 – 10 type
scale there was a high probably of being asked ‘what do you
mean by a 5’ or similar.  Hence, something which provides a
better set of metrics is required.  More consistency has been
offered with the visual rating scale of Figure 1 which helps a
user through a set of binary decisions without prescribing the
output.

Figure 1. Visual Rating Scale for ‘by-eye’ comparisons.

Feature Selective Validation1

- quantifying electromagnetic data comparison

By Alistair Duffy and Hugh Sasse, Department of Engineering,
De Montfort University, Leicester

1 Based on the IEEE EMC Society Distinguished Lecture of the same name delivered by Alistair Duffy in 2008/9
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The second issue was addressed using eye tracking and this
confirmed the most likely approach involved scanning the
general shape of the data sets being compared and noting
differences in the features.  Figure 2 illustrates this.

Figure 2. Eye tracking of typical data sets.  The blue and
purple lines show two data sets to be compared.  The red
line indicates the gaze path of a volunteer undertaking

the comparison and the circles show how long the person
has looked at that particular location.

Having identified that there is a need for a means of comparing
results, and noting that the cognitive process of comparison
breaks down into ‘envelope’ and ‘rapidly changing features’, a
means of creating a quantitative method needed to be developed.
Such a tool for validation must provide a numerical output that
helps quantify a comparison in the manner of a group of
engineers.  Without this, any resulting method would be an
intellectual oddity, at most.  This output must be summarised
as a single number, so that decisions can be made simply, in
cases where the method is proven trustworthy.  It must provide
a range of support information at increasing levels of detail in
order to help the engineer(s) using the results understand the
underlying causes of good or poor comparisons:  essentially
becoming another measurement tool.  As the Visual Rating Scale
allows a range of user opinion to be captured, any resulting
quantification technique should also use natural language
descriptors to cope with levels of ‘fuzziness’.  Natural language
descriptors are a common feature or engineering, even where
the ‘fuzziness’ is limited: consider logic circuits (high, low,
true, false). This is what the Feature Selective Validation (FSV)
method does.

The FSV method
The guiding principles behind FSV were that:

1. Implementation of the validation technique should be
simple

2. The technique should be computationally
straightforward

3. The technique should mirror human perceptions and be
largely intuitive

4. The method should not be limited to data from a single
application area

5. The technique should provide tiered diagnostic
information

6. The comparison should be commutative.

FSV essentially decomposes the original data into trend/
envelope data and high-Q data.  It does this by constructing a

Global Difference Measure (GDM) from the two corresponding
components: an Amplitude Difference Measure (ADM) and a
Feature Difference Measure (FDM). These represent the
comparison in general shape (ADM) and in the rapidly changing
features (FDM).  The data is filtered into three regions to
construct the ADM and FDM. This is performed in the Fourier
domain, the result of a Fourier Transform (FT) on each signal.
(The signals are often spectra, so the “Fourier domain” lacks
the ambiguity of “the frequency domain”)The regions are:

• A ‘DC’ region which is low pass filtered to contain the
DC-term in the FT and the first four data points.  This
data set is transformed back into the original domain of
interest.

• A band-pass region that contains 40% of the remaining
energy in the transform.  This is transformed back to
give ‘Lo’ data sets.

• A high-pass region that contains the remaining data
points.  Again, this is transformed back into the original
domain to give ‘Hi’ data sets.

These data sets are then used to generate the two component
difference measures, the Amplitude Difference Measure (ADM)
and the Feature Difference Measure (FDM).

The resulting mathematics is not repeated here but is available
in several sources, for example [3] [4].

The numerical output of FSV (for any of the difference
measures) has been mapped to the natural language descriptors
of the visual rating scale according to Table 1.

Table 1 Equivalence between FSV and the
Visual Rating Scale

For the production of the summary histograms, the values from
the point-by-point data sets are ‘binned’ into these categories
and counted.

An interesting aspect of FSV can be seen when the proportion
of data points falling into each category (when a point-by-point
approach is taken for the GDM, for example) is compared to
the proportion of engineers selecting any of the visual rating
scale categories.  There is a notable similarity between them.
Those resulting FSV ‘confidence histograms’ provide a guide
as to how a group of engineers would assess the data.

The next section looks at an example of FSV applied to a typical
pair of data sets to be compared.
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An example
Figure 3 shows some data similar to that in Figure 1.  Figures 4
– 6 show the Amplitude Difference Measure, the Feature
Difference Measure and the Global Difference Measure.

Figure 3.  Two data sets to be compared.

Figure 4. Amplitude Difference Measure, point-by-point

Figure 5. Feature Difference Measure, point-by-point

Figure 6. Global Difference Measure, point-by-point.

Figure 7 compares the GDM ‘confidence histogram’ with the
visual interpretation of 50 engineers.

Figure 7 Comparison of histograms.

The analysis shows that, apart from the FSV saying that it is a
‘Fair’ comparison which is slightly pessimistic compared with
the visual assessment, there are some areas on the comparisons
that are more worthy of analysis time than others.  For example
at the start of the data, there is what looks like a double mode
in the dashed result but not in the solid line data.  Also, towards
the high end of the original data, a similar thing happens.  In
the first case, the ADM dominates and in the second case, the
ADM and FDM are of a similar level.  From the user’s point of
view, such information may be helpful in determining where
investigations should be focussed that aim to try to improve
the comparisons when time to do this is often decidedly limited.

IEEE Standard 1597.1
A few years ago, the IEEE EMC Society realised that the
reliance on computational electromagnetics, and the associated
need to validate the CEM techniques and implementations,
required a formal approach to the validation to be developed.
The result was the IEEE Standard for Validation of
Computational Electromagnetics Computer Modeling and
Simulation [4] and its associated Good Practice Guide [5].

The scope of the standard is as follows: “This standard defines
a method to validate computational electromagnetics (CEM)
computer modeling and simulation (M&S) techniques, codes,
and models. It is applicable to a wide variety of electromagnetic
(EM) applications including but not limited to the fields of
electromagnetic compatibility (EMC), radar cross section
(RCS), signal integrity (SI), and antennas. Validation of a
particular solution data set can be achieved by comparison to
the data set obtained by measurements, alternate codes,
canonical, or analytic methods.” Its purpose is to provide a
“formal mechanism for comparing the results of various CEM
techniques, codes, and models in a repeatable way against a
set of “golden” benchmarks, including standard validation and
canonical problem sets.  These data are based on theoretical
formulations, or obtained as a result of performing high-quality
measurements and, in certain cases, based on accurate analyses
that have undergone and withstood peer validation.” It
identifies a process by which to undertake validation.  This is
illustrated in the flowchart of Figure 8.
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Figure 8 Validation Flowchart [4]

As Figure 8 shows, the validation may be undertaken at the
level of a new computational solution of Maxwell’s equations,
a specific coding or an implementation of a model.  Engineering
judgement will then decide whether to compare this with an
external reference or a self reference method.  Self referencing
methods are helpful when assessing if a model is converging
etc. but an external reference is usually preferred for validation
– if practical.  The external reference may be to compare with
measurements, other models, standard results or analytical
expressions. In all cases, any necessary quantification of the
comparison is provided by FSV.

Summary
FSV was designed as an heuristic to try to provide an analogue
of the decision making of a group of experts when comparing
data to validate computational electromagnetics, particularly
when applied to EMC problems.  It is one of a very small list of
possible techniques that can be used to provide a quantification
of data from a broad range of sources.  It is becoming
increasingly common in research papers.  For example [6]
concludes that the FSV method adequately simulates the ‘expert’
opinion for all the complex data sets.  More agreement between
the theory and the FSV results would be preferred but the FSV
method quickly compares large data sets which would
traditionally take an ‘expert’ considerably more time. Also [7]
applied FSV to validate the models used and show an
improvement in the designs.

There is still work to be done and extending FSV to
accommodate multidimensional data is an important work in
progress.
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Introduction
1. Why write about the EMC of switch-mode and
PWM power converters?
Switch-mode and pulse-width modulated (PWM) power
converter technologies are very electromagnetically noisy – they
naturally emit high levels of unintentional EM disturbances.
In fact, these technologies are so noisy that unless good EMC
design/construction practices are used, they almost inevitably
fail any emissions tests, often by a large margin.

Switch-mode and PWM converters with basic switching rates
below 150kHz almost always fail conducted emissions tests
quite badly, and lower-power ones with small devices that switch
power very quickly can fail radiated emissions tests too. Those
with basic switching rates above 150kHz almost always fail
radiated emissions tests, often quite badly.

So, to legally sell or use products, vehicles or systems, or
construct or operate installations, in almost every country in
the world whilst legally complying with their EMI Regulations
(e.g. the EMC Directive, 2004/108/EC in Europe) to protect
radiocommunications, the designers of switch-mode and PWM
power converters always have to employ EMC design
techniques.

However, complying with standards and regulations is actually
the smallest part of the issue. If power converters are not
designed using good EMC techniques, their manufacturers’
financial risks and liability are effectively uncontrolled. This is
discussed more in 4 below. Using good EMC design to help
control financial risks results in products that (almost always)
fully comply with all relevant EMC standards and regulations
anyway, with no additional work.

Often, designers only use mitigation techniques, (b in the list
in 2 below) and so waste time, money, weight and volume

compared with what they could easily achieve with some
attention to designing to reduce emissions (a in the list in 2).
And when using mitigation techniques they often don’t design
them optimally, wasting even more time, money, etc.

Switch-mode and PWM power converters are now almost
ubiquitous. Almost every product, system, vehicle or installation
now contains at least one switch-mode or PWM converter, even
the tiniest iPod, and a typical cellphone or notebook computer
has several – switch-mode to power various circuits from low-
voltage batteries; PWM (in “Class D” audio amplifiers) to drive
headphones or speakers.

At the other extreme, high-power switch-mode and PWM is
used to vary the speed of DC and AC motors rated up to tens of
MW, for example in the drive-trains of hybrid and electric
vehicles; thrusters and propulsion pods on all kinds of marine
vessels; and a wide variety of industrial uses including cranes,
tunnelling machines and steel rolling mills.

These technologies are now also used for DC/DC conversion
in electrical power distribution, allowing the use High Voltage
DC transmission lines strung in the air on pylons, or
underground/undersea in cables, eliminating the huge energy
losses caused by AC distribution.

To reduce energy consumption, all motors in household
appliances will soon be driven by switch-mode or PWM
converters. Continuing with the theme of trying to save the
planet from overheating, these technologies are also used to
drive LED lamps and convert the DC and AC power from
alternative (“green”) sources such as photovoltaic (PV) panels,
wind, wave and tidal turbines, to AC mains voltages to input to
National Grids.

Figures 1 through 6 show a very few examples of the use of
these technologies. The 9 MVA motor drive in Figure 5, and
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the Type 45 Daring Class destroyer in Figure 6 are taken from
[1], and the Zytek electric vehicle drive in Figure 6 is from [2].

Figure 1  Some of the thousands of very low-power DC/
DC converters available

Figure 2  Examples of low-power DC/DC converters and
a Class D audio amplifier

Figure 3  Example of a scientific application of AC-DC
converters

Figure 4  Example of an industrial machine’s motor drive

Figure 5  Some more examples of industrial motor drives

Figure 6  Two examples of vehicle applications: marine
and road

These stand-slone articles will only addresses switch-mode and
PWM converters that employ bipolar junction transistors
(BJTs), MOSFETs (PowerFETs), or insulated gate bipolar
transistors (IGBTs). They will not address converters that use
silicon controlled rectifiers (SCRs), although many of their
EMC issues are the same and similar design principles apply,
see [3] for their additional EMC characteristics.

They intend to cover the EMC issues in converter design, and
in the systems and installations that use them, from circuit design
and PCB layout, to heatsinking, shielding, filtering, and
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earthing/grounding in structures of any type, including fixed
and mobile systems and installations (e.g. buildings, vehicles)
whether they are on land or underground, on sea or subsea, in
the air or in space.

From time to time it is inevitable that there will be some overlap
between the design guidance in this article, and other articles I
have written in the EMC Journal. I will try to deal with these,
where they arise, by describing them in brief and referencing a
more complete source, otherwise this could be a very long
series!

Although the range of applications, and the range of powers
and switching frequencies is so huge, switch-mode and PWM
power conversion share certain basic features as far as EMI
and EMC are concerned, which is why I believe I can cover
them all, from mW to tens of MW, in these articles. Wish me
luck!

2. What are EMI and EMC?
All electrical, electromechanical and electronic activities
(voltages, currents, waveforms, spectra, etc.) involve
electromagnetic propagation described by Maxwell’s Equations,
and as such they always cause electromagnetic emissions. There
are also several natural sources of emissions (e.g. electrostatic
discharge, lightning, etc.) and unnatural sources (e.g. permanent
magnets, nuclear bombs, etc.).

Sometimes these activities produce intentional emissions (e.g.
radio transmissions, radars, diathermic heating, etc.) which can
be at very high power and so create great nuisance, and they
always have unintentional emissions too. Where design is poor
and/or high powers are being used, their unintentional emissions
can also be quite powerful.

All electrical, electromechanical and electronic devices and
their circuits receive (pick up) electromagnetic “noise” from
the electromagnetic environment (EME) they can’t help but be
immersed in, that is – the totality of all the EM disturbances
that can exist at the location(s) where the equipment can be
used – consisting of all the intentional and unintentional, natural
and unnatural emissions mentioned above.

Physically smaller and/or lower-power devices are generally
more sensitive, especially electronics, and particularly
integrated circuits, ICs, and devices intended for radio/radar/
microwave reception. We say that the electromagnetic energy
“couples” into “victim” circuits, and there are four ways in
which it can do this, via conduction or radiation.

Figure 7 shows the basis of EMI – a source of EM disturbances
couples electromagnetic energy into a victim circuit via one or
more coupling paths.

Figure 7   The three parts to every EMI event: Source,
Path, and Victim

When the noise picked up in a device or circuit exceeds certain
levels, depending on the circuit’s design and function, it will
experience errors or malfunctions.

Circuits that operate in analogue mode generally suffer errors
that increase as the emissions they are subjected to by their
environment increase, until functionality is impaired by too
much for correct operation. For example, a buzzing noise in an
audio system that increases until the audio signal is
unintelligible.

Digital circuits (if they are designed correctly) have a “noise
margin” and so will be unaffected as the emissions they are
subjected to by their environment increase, until the margin is
exceeded and they malfunction. Where the digital circuit is
running software or firmware, malfunctions may manifest as
control errors or malfunctioning code, often mistaken for
operator errors or software design errors, respectively. Or the
circuit may simply stop operating.

All electrical, electromechanical and electronic devices can be
damaged by emissions at too high a level, usually by
overdissipation. Some equipment can be damaged too, when
an error or malfunction in its control electronics causes moving
parts to move inappropriately (for example, if there is an error
in the glide path of an aircraft when it is landing).

All such undesirable outcomes are called electromagnetic
interference, or EMI. Sometimes people use the term EMI to
refer to the emissions themselves, and I have sometimes done
that intentionally where the intended audience is not as
sophisticated in these matters as readers of the EMC Journal.

While we are being correct, the correct term for an
electromagnetic emission that could cause interference is an
“electromagnetic disturbance”, usually abbreviated to “EM
disturbance” or just “disturbance”, rather than EMD (for reasons
that I don’t know).

The science and engineering discipline concerned with
controlling EMI is called electromagnetic compatibility (EMC).
The techniques used in EMC engineering concern each of the
three parts necessary for an EMI event, as shown in Figure 7,
which is taken from Chapter 5 of [4] and Chapter 2 of [5]:
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a) Reducing the level of EM emissions
This is not usually possible for intentional emitters, in their
transmission frequency bands

b) Attenuating (mitigating) the EM energy that flows in the
coupling path(s)
For example by filtering, shielding, overvoltage/current
suppression, galvanic isolation, etc.

c) Hardening the victim circuit, i.e. reducing its susceptibility
to EM disturbances
This is not usually possible for receivers in their intended
reception frequency bands

For more information on the physics of EMI, read all of [4] or
Chapter 2 of [5] (they are the same). For practical information
on doing a) – c), read all of [5].

EMC is concerned with ensuring that emissions of EMI are
low enough not to upset other equipment, and that immunity to
EMI is high enough (i.e. susceptibility is low enough) for
equipment to operate tolerably well in its EME.

There are standards and regulations on EMC in most countries,
worldwide, at least limiting conducted and radiated emissions
to protect their radio broadcasting and communications
spectrum.

This article will not discuss EMC test standards or Regulations,
just good EMC design and construction techniques. However,
a great deal of information on the CISPR and IEC EMC test
standards, plus the disturbances they test for, is available from
[6].

3. Why switch-mode and PWM power converters
cause high levels of EMI emissions
Because they are switching power rather than (weak) signals,
all power switching technologies generate a lot of electrical
“noise”, from their basic switching frequency and all of its
various harmonics up to radio frequencies (RF), as shown in
Figure 8.

Figure 8   The harmonic content of a 16kHz squarewave,
comparing 2µs and 10ns switching times

Figure 8 shows a squarewave, as most such figures do when
the issue of the spectral content of a waveform is being
introduced for the first time. But the squarewave example is
actually quite unusual in the context of this article because it
doesn’t have any even-order harmonics (2nd, 4th, 6th, etc.),
whereas all switch-mode and PWM converters use rectangular

waves (their mark:space ratios are not equal to 1, like a
squarewave’s is, except under special circumstances) and so
they exhibit all of the harmonics, even- as well as odd-order.

This noise “leaks out” of the rectification and switching circuits
and into the unit’s cables, causing high levels of Differential-
Mode (DM) and Common-Mode (CM) conducted emissions
on the AC or DC power supply, and Figure 9 is a typical result.

Figure 9   Example of the conducted emissions from a
small PWM motor drive, compared with the limits in the

Generic Emissions standard, EN 61000-6-3

The design of the example PWM motor drive whose test results
(from 1997) are shown in Figure 9 already includes some EMC
measures, so is not as bad as it could be. I have often seen quite
small switch-mode and PWM converter emissions vanish over
the top of the screen when measured in the standard way. We
would sit in the test laboratory wondering why the test was
taking so long to get started, until, as the measured frequency
got above, say, 3MHz, the measured emissions became low
enough for their display line to become visible at the top of the
screen.

Conducted emissions of 50dB or more above the Quasi-Peak
(QP) detector’s limit line are not that unusual, when designers
have not used any EMC techniques, or not used them correctly,
even from very small converters.

Conducted tests like Figure 9 are only performed on mains
cables, but DM and CM noises also appear on heatsinks, chassis
members, output and control cables, and because all conductors
naturally behave as “accidental antennas” a proportion of the
conducted DM and CM noises “leak” from the conductor into
the air, causing high levels of radiated emissions. (Another
name for CM is “antenna mode”, giving some idea of its much
greater propensity for “leaking” from cables into the air than
DM – for frequencies below 1GHz, at least.)

All CM noise current loops include the chassis/frame/earth/
ground/common bonding network (CBN) structures, and so CM
noise is one of the causes of “ground noise”, that effects other
equipment via common-impedance coupling.

Figures 10 through 12 attempt to give some idea of the
accidental antenna behaviour of cables – also all other types of
conductors, for example printed circuit board (PCB) traces,
busbars, heatsinks, etc. – and why they create so many problems
for modern electronics.
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Figure 10   The frequencies we most often use, from 10Hz
to 3GHz

Figure 11   The frequencies we use, plus typical electrical/
electronic noise emissions

Figure 12   Comparing frequencies with the accidental
antenna behaviour of conductors

A piece of metal, such as a wire or cable, is a linear element
and so works just the same “backwards” as “forwards”, so the
accidental antenna behaviour that causes conductors to radiate
a proportion of the DM and CM currents that flow in them into
the air as electromagnetic energy, means that they also “pick
up” EM fields in the air and convert a proportion of them into
DM and CM noise currents. This is known as the Principle of
Reciprocity, and is discussed in more detail in [4] and Chapter
2 of [5].

This natural EM pick-up behaviour of all conductors is one of
the main causes of immunity problems. It is often thought that
because power converters operate with high voltages and
currents, they are naturally immune to typical levels of EMI,
but the switching devices that carry the high currents and
voltages are controlled by microprocessors or other IC
controller devices made using similar semiconductor
technologies, and these are easily upset by EMI.

A lack of immunity can make bridge-type power converters
explode violently due to the high energies they handle, and
higher-power converters can explode as violently as some
military ordnance – and cause similar injuries from shrapnel. I
have narrowly missed being injured by such converter
explosions myself, and know of one military supplier who had
to hire a million-frames-per-minute camera to photograph his
power converter as it was “self-disassembling” to find out which
part failed first (i.e. the most likely cause), because all he had
to analyse after the event was a smoking pile of ash; blackened
and distorted metalwork, and shards of components.

Immunity is outside the scope of this series, because it focuses
on controlling emissions. However, most of the EMC design
techniques for reducing emissions also improve immunity,
because of the Principle of Reciprocity.

All the terms and concepts introduced so far in this subsection
are described (using hardly any mathematics, and that very
simple) in [4] and Chapter 2 of [5].

In addition to the above noises caused by the active power
switching devices, AC mains-powered switch-mode converters
generate mains-frequency-related harmonic noise emissions,
and PWM inverters generate non-mains-frequency-related noise
emissions (known as “interharmonics”), and both can cause
problems, for example by:

• Overheating cables and transformers (fire is a real
possibility)

• Making it difficult or impossible to run equipment at
full power.

• Distorting the mains distribution voltage waveform so
it isn’t a sinewave, possibly interfering with or damaging
other equipment connected to the same mains network

These are examples of what are called “power quality”
problems, which I plan to cover in future articles. If you can’t
wait, [7] and [8] discuss these problems and their solutions
from the point of view of systems and installations, and [3]
tackles the EMC and power quality issues of power drive
systems and installations, including marine and offshore
applications.

4. Reduce financial risks by using good EMC
engineering from the start
Unless low-enough emissions and high-enough immunity is
designed-in from the start of a new product’s design/
development project, it will take a long time before they work
well enough to sell, customers will suffer interference and
downtime, warranty costs will be high, and repeat business will
suffer. There are many examples of this in [9].

Product liability claims are also a possibility where the poor
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EMC of the product causes financial losses (e.g. excessive
downtime) or causes injury or death.

Injury and death is especially a problem as vehicles and medical
equipment employ more electronic control, using ICs with ever-
smaller silicon features which are therefore more susceptible
to EMI.

(Note: where errors or malfunctions in electrical,
electromechanical or electronic items could cause significant
financial or safety risks, complying with EMC Regulations such
as the EMC Directive 2004/108/EC and passing all of its
emissions and immunity tests is (almost always) insufficient to
demonstrate that the risks are at acceptably low levels. See [10]
for more on this, plus detailed practical guidance.)

A recent example of this was reported in the “Banana Skins”
column of the EMC Journal in the previous issue, as Banana
Skin number 618. A new offshore gas drilling rig had cost US$
500 million to build but suffered from two EMC problems, one
of which caused its large and powerful (700kW variable-speed
motor drive) cranes to go out of control, causing very real safety
hazards.  After four months without drilling, independent
consultants were called in and fixed the problems, which were
caused by the complete lack of mains filters on all of the many
switch-mode and PWM converters on the rig, even the 700kW
ones.

The rig’s manufacturer counted the final, real costs of the EMC
problems, which amounted to over US$ 54m. They had made
several similar offshore drilling rigs beforehand, and had never
fitted them with mains filters – despite this being good EMC
engineering practice, especially when running on generated
power – because, they said: “they were not needed”.

In other words, because they saw no obvious EMI problems on
the rigs and because the rigs were operating in international
waters where no country applied EMI Regulations, they
imagined that they were saving money by saving the cost of the
mains filters, a few tens of thousands of US dollars per rig
(certainly much less than 0.1% of the overall cost of
manufacture).

However, like most such bad EMC engineering decisions, it
ended up costing them hugely much more than they had ever
“saved”.

The Banana Skins column (and [9]) has many similar examples
of what I call “saving money at any cost”, and I – and most
EMC consultants – know many more such stories that have
never been published, and never will be for reasons of
commercial confidence.

So good EMC engineering is always required, to help control a
manufacturer’s financial risks, whether there are EMC standards
or regulations to comply with, or not. See Chapter 1 of [5] for
more on this, and [11] and [12] may also be interesting – why
not print them out for your financial director?

5. The “building blocks” of switch-mode and PWM
power converters
Figures 13 through 24 show the full range of types of switch-
mode or PWM power converters, showing how they can be

seen to be based upon a number of circuit “building blocks”,
each with its own EMC characteristics:

• High-frequency (HF) power switchers (various types)
• High-frequency (HF) PWM power choppers (full-bridge

or half-bridge)
• Low-frequency (LF) isolating transformers (typically 50/

60/400Hz but in fact quite happy at any AC power
frequency)

• High-frequency (HF) isolating transformers
• Low-frequency (LF) input rectifiers (typically 50/60/

400Hz but in fact quite happy at any AC power
frequency)

• High-frequency (HF) output rectifiers

Figure 13   Non-isolating DC-DC converter

Figure 14   Isolating DC-DC converter

Figure 15   Another way of isolating a DC-DC converter
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Figure 16   Non-isolating AC-DC converter

Figure 17   Isolating AC-DC converter

Figure 18   Another way of isolating an AC-DC converter

Figure 19   Non-isolating DC-AC converter (“inverter”)

Figure 20   Isolating DC-AC converter (inverter)

Figure 21   Non-isolating AC-AC converter (inverter)
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Figure 22   Isolating AC-AC converter (inverter)

Figure 23   Another way of isolating an AC-AC converter,
#1

Figure 24   Another way of isolating an AC-AC converter,
#2

On the inverters with PWM AC output, there is a little graph
showing crude voltage (V) and current (B) waveforms
(assuming an inductive load, such as a motor) to remind us that
even though we might say that the output is 39.4Hz (for
example) it is actually a switching waveform with a great deal
of high-frequency energy in its spectrum.

6 What to expect in future articles
Future articles intend to deal with the EMC of each building
block in turn, showing how they can be designed to reduce
emissions, without going into other details of their devices and
circuit design.

They will then address other EMC issues such as mitigation
(i.e. suppression of emissions using filtering, shielding, etc.),
followed by the optimum EMC design of printed circuit boards
(PCBs), cables and connectors.
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Cost £47.00 plus p&p.    ISBN 978-0-9555118-5-1

More than just a book. It is a true
learning aid.   Graphics in full
colour.   Designed to lay flat for
easy learning. Written in a clear
concise no nonsense style.
Destined to become the Standard
for EMC PCB Design.   168 A4
pages.

This book is about good-practice
EMC design techniques for
printed circuit board (PCB)
design and layout. It is intended
for the designers of any
electronic circuits that are to be
constructed on PCBs, and of
course for the PCB designers
themselves.   All applications

areas are covered, from household appliances, commercial and
industrial equipment, through automotive to aerospace and military.

This is a book for electronic and PCB engineers who need to employ
good EMC and SI techniques to save time and money when designing
with the latest technologies, to make reliable and compliant products.

The book uses very little maths and does not go into great detail
about why these techniques work. But they are well-proven in practice
by successful designers world-wide, and the reasons they work are
understood by academics, so they can be used with confidence.
Numerous references lead to detailed explanations and mathematical
foundations.

It is difficult for textbooks to keep up to date with fast-changing PCB
technology and EMC techniques, which is why most of the references
are recent conference papers and articles available via the Internet.

EMC for Printed Circuit Boards
Author: Keith Armstrong C.Eng FIET SMIEEE

ACGI BSc (Hons)

Cost £41.00 plus p&p. ISBN 978-0-75-068170-4

This book is almost certainly regarded
as the bible on EMC Design across
all International borders.

Brilliantly written and extremely
informative, it is divided into three
parts, Legislation & Standards,
Testing and Design plus a number of
interesting and useful Appendices.

Every EMC product designer should
buy this latest edition.

EMC for Product Designers
Fourth Edition

Author: Tim Williams

Cost £55 plus p&p.   ISBN 978-9555118-4-4

Contents:
Introduction;
The Physical basis of EMC;
Circuit design and choice of
components for EMC;
Cables and connectors;
Filters and transient
suppressors;
Shielding (Screening);
Printed Circuit Boards (PCBs);
Electrostatic discharge (ESD);
Electromechanical devices and
spark ignition;
Power factor correction
(emissions of mains harmonic
currents);
Emissions of voltage
fluctuations and flicker;

Immunity to power quality issues;
EMC techniques for heatsinks.

Cost £25 plus p&p.   ISBN 978-0-9555118-3-7

Contents:
Introduction;
Wave and Field theory;
EMC uses three types of
analysis;
Waveforms and Spectra;
Coupling of EM energy;
An overview of emissions;
Immunity issues;
Crosstalk and “internal EMC”
issues inside a product;
Types of EM phenomena and
how they can interfere.

EMC Design Techniques
for electronic engineers

Author: Keith Armstrong C.Eng FIET SMIEEE
ACGI BSc (Hons)

The Physical Basis of EMC
Author: Keith Armstrong C.Eng FIET SMIEEE

ACGI BSc (Hons)

Find out more on our web site:
www.emcacademy.org/books.asp

Excellent EMC Books
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