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EMC

A Fatall Flawed Discipline?

His attendance at an IEE Open Discussion Forum on the teaching of
electromagnetics in undergraduate courses on 12th December last
year encouraged him to confront the EMC incubus. Ivor Catt explains.

when I first ran into it in Los Angeles whist designing a power

supply for a torpedo-proof line printer for the US Navy in Data
Products Corporation.

I became extremely concemed when in Europe it became a
criminal offence to fail to take a piece of equipment through their
ridiculous EMC tests. Of all the subcultures in electronic engineering,
EMC is the worst.

There is a strong rumour that during the Falklands War, the British
warship HMS Sheffield had to switch off its radar looking for
incoming missiles in order to resume radio communication. This is
why it did not see incoming Exocet missiles, and you know the rest,
How was it that after decades of pouring money into the EMC
community, this could happen? Do the EMC community agree that
they should shoulder the blame? Of course not. This is because that
community has gone into limbo, sucking in money but evading the
real problems, like watching for missiles while you talk to HQ.

While visiting the EMC magicians in the Ford Motor Company, |
found that it was illegal to have a car radio that inadvertently affected
an overtaking car’s electronically controlled brakes. However, the
EMC community is totally indifferent if, whist switching on your
car’s starter motor, you cause a passing motorist’s brakes to lock
suddenly.

My experience in England started with NWS§3, a British copy of
US test specs. It is fatally flawed at the fundamental theoretical level.
These flaws remained during further decades because of the lack of
grasp of the fundamentals of electromagnetism by the whole EMC
community.

I have been very concerned about the EMC community since 1964,

Los Angeles

I first came across the EMC community as a design engineer for the
Data Products Corporation based in Los Angeles, in 1964!. My
family, our furniture and I were shipped to Los Angeles by the
Ampex Corporation and T was fired seven months later and hired on
the following Monday by the Ampex spinoff company Data Products
Corporation down the road for 50% more salary.

At Data Products, 1 was put to design a power supply for a torpedo-
proof line printer for use on board ship in the US Navy2. (As luck
would have it, the evening lecturer at the 12th December meeting
shipped over by the IEE from the USA came from the US Navy EMC
community.) We had to meet EMC requirements, so we hired an
EMC magician for six months from the company whose name [
remember as Geniston. He came and sat in our offices. Immediately I
went to him and asked him about the EMC criteria he relied on. He
would not give me any technical information. He said that I should
just carry on designing and building the prototype as before. After it
was completed he would add a few grilles and things.

We did as he suggested, and on completion we sent it for EMC

testing to a test company - Geniston. We were correct to choose
Geniston, because this ensured that it would pass. | was mystified by
all of this until 1 heard rumours that Navy Admirals had large
holdings of stock in Geniston. Then it all made sense.

The EMC regulations prescribed that electric power drawn by the
line printer must not vary at a greater rate than 3Hz. This meant that if
the line printer suddenly had to print a whole row of 200 ‘A’s:
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(requiring 720 amps) the amount of power demanded down the
mains cable from somewhere else on the ship must not increase in a
detectable way, at a greater rate than that indicated by the figure of
3Hz. This was because in principle the EMC test magicians would put
a current probe around one of the wires, live or neutral, bringing in
power. The idea was obviously that there might be a Russian spy with
a current probe on the US Navy ship, and he might be able to detect
whether the line printer was printing information. We all know that
increased communication would indicate that the US was about to
attack his brother on a nearby Russian ship. The machine sounded
like a machine gun, but obviously all Russian spies were deaf, or at
least all those who served in the US Navy, so the audio pandemonium
was not a matter of concern for our freedom-loving democracy.

My solution to the “problem” was to take in constant power and
build a shunt regulating power supply instead of the normal series
regulating power supply. That is, whenever the line printer was not
printing at maximum rate, [ would divert all the unused power into an
electric fire. This design was much admired for its novelty, and the
prototype worked fine, It was appreciated most on cold mornings.

QOur line printer was the most advanced and sophisticated. Each of
the 120 hammers had a row of one inch square coils attached to them
through which a 6 amp current would be delivered for 2msec. Thus,
printing a row of ‘A’s meant a 6 amp sudden pulse (perhaps with a
rise time of one microsecond) flowing in each of the 120 coils for 2
milliseconds. The number of turns in each coil is now unknown
(although my notes do indicate 3mH), but my records tell me the rest.
The DC resistance of the coil was 10 ohms, which indicates that the
number of turns was large, as it would be. When EMC testing,
Geniston would bring up the most sensitive antenna to two feet from
the end of this gigantic electromagnet, to try to detect electromagnetic
(but to ignore sonic) activity. Their resident magician would then
propose blocking metal grilles and the like to blind the antenna, but
on no account would he get inside our line printer and discuss our
circuits and layout, with a view to causing mutual cancellation of
magnetic fields. It appears that this madness continues to this day, and _
EMC magicians continue to stay outside each of the possibly
incompatible boxes, brewing up their million pound Faraday cage test
rooms and billions of nonsensical mathematical equations.

An example of some Faraday cage nonsense is when (more
recently) I was an electronic engineer at GEC Chaucer House,
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Portsmouth, but not at the time an EMC magician. The bright young
thing designated Portsmouth Tigerfish Torpedo EMC guru talked
about buying a screen room (Faraday Cage). He said it should be
100dB. It was interesting that the naive, long term defence electronics
designer sitting behind me argued with him that surely 60dB would
suffice. I told him that this was ridiculous. The bright young thing’s

time I was fired.

future career path required that he buy the £100,000 100dB cage.

What the job needed had nothing to do with it.

Back at the line printer, the 720 amps into the hammer actuators
was delivered by a gigantic resident 60v electrolytic in the line
printer. At that time, electrolytics exploded at —60 degrees F. Naval

How do I get to Killarney? — I wouldn't
start from here.

EMC will never escape from its origins —
the stamping ground of ex RAF radio
operators and the like. Later recruits are
probably engineers who failed to cut the
mustard as designers, or who were in any
case in the surreal world of “defence”
electronics. When a GEC or RCA product
or similar failed to work properly.
management would call in RFI “experts”,
who would do tests and write awesome
reports (later on copied out from the Don
White manual). Like Don White, they drew
on the theory and practice in AM and then
FM radio developed during the first half of
the 20th century when the number of
transmitters increased and they began to
interfere with each other. To understand the
EMC magicians of 50 years later, it is
useful to see them as dinosaurs stuck in the
age of radio and radio interference, decades
before the arrival of digital systems.

In the IEE discussion on the teaching of
electromagnetics on 12th December 2002,
all the thirty attendees sounded technically
naive when they began to talk about
personal computers. However, they
demonstrate fatal flaws in their attitude,
which would remain a problem even if
digital systems did not exist.

The EMC specifications discuss
conducted interference and radiated
interference. Thus, the whole EMC
community is committed to the idea that
interference is of two types; conducted
interference which travels down one wire
and radiated interference which travels
‘down no wires. This immediately confronts
Kirchhoff’s Laws, which insist that
conducted interference travels down two
wires; the signal wire and the return wire.
This brings us to the second, strange
weakness in the whole EMC game. They
assume that two interfering units will both
be electrically connected to “ground”,
which in their test rigs is a large plate of
copper. As I moved further into high speed
logic, my approach was to electrically float
units in order to reduce mutual interference.
Put crudely, when the length of the module
is less than the wavelength of concern,
grounding helps, but if it is longer,
grounding hinders. (This was echoed when

More costs

the discussion on the 12th dwelt on new
problems arising at above 1GHz —
wavelength one foot.) Thus, the very
process of coming within the EMC
specifications bans a potent way of
minimising electromagnetic interference! In
my case, | went so far as to design a
revolutionary mains filter which, although
safe and within British safety regulations
for being DC earthed, floated at high
frequency. The simple stratagem was to
insert a choke in the earth line which had a
DC resistance of less than half an ohm, and
similar impedance at 50Hz. The mains filter
was an open circuit between earth and the
unit at anything much above 50Hz*. The
filter came to market at about that time. The
ideas built into that filter are crucial for
limiting interference, but cannot be
communicated to the EMC community or
their testing standards, since both exist
within a cloud of bizarre mathematics and
prejudice. and would probably not
understand my idea. They limit themselves
to a low frequency worldview where tying
something to ground reduces interference
and radiation. The worst comes by attaching
two already interconnected units to ground,
which increases the pickup of interference,
even at lower frequencies, by creating a
square loop antenna.

Another fundamental flaw is the
assumption that if the emission from one
unit is less than the susceptibility of another
unit at every frequency, taken one at a time,
then there will remain immunity when a
number of frequencies are emitted from one
and received by the other at the same time.
This assumption is implicit in the fact that
EMC wallahs sweep through frequencies

requirements were that on board items must survive down to —63
degrees F. Obviously, the US navy operated in very cold waters. It
was frustrating to know that the USAF only required that their
equipment survive down to —50 degrees F. This problem (how to
print the message that the sea was frozen solid) was not solved by the

EMC was not the only ruse to increase costs in the defence of
freedom and democracy. The printer had to survive 200g. This test
involved strapping the equipment to a 4,000 pound anvil, and then

one at a time. This is true if a radio
transmitter and a receiver tuned to another
frequency are involved. However, if the
susceptible unit contains digital electronics,
it is not true, Here we see confirmation of
the EMC community’s ignorance of digital
electronics, which means their ignorance of
more than 95% of all of today’s electronic
equipment.

Another fundamental flaw in the EMC
wallah’s thinking and therefore testing
standards is their resort to averages. In the
lectures last December, I heard that their
aim was to estimate the peak emission of
unwanted interference on the basis of
measured emission. The implicit
assumption was that any system, including
digital, needed minimal average
interference. They just do not know that if a
digital system loses just one bit, the result
should be assumed to be catastrophic. They
cannot get away from their world, where a
bit of interference of a voice over the radio
is O.K. so long as it does not happen too
often. The truth is that peak emission should
be calculated, not measured with test
equipment. Similarly, the susceptibility to
interference should be calculated, not
measured. This is the fundamental flaw in
the approach of the whole EMC
community, to test instead of doing what
they have to do in order to be relevant. To
be relevant, they must get involved in the
design process; or else leave the whole
problem to the existing design engineers.
‘When a customer buys some equipment, he
or his advisers should consult the design
details, not the test results from an EMC
test.
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