Automotive RFI Elimination
Modern vehicles are RF-noisy environments.
Come learn how to identzJj and silence
your mobile noise sources.
By Stuart G. Downs, P.E., WAGPDP
ARRL Technical Specialist

[Editor's note: Readers should check
with their automobile manufacturers'
EMC departments before performing
any modifications that may void
vehicle warranties.]
Automotive RFI can drive hams
crazy and I was no exception. Even
with a good'noise blanker, RFI makes
i t very difficult-if not impossible-to
hear weak stations. I t is also difficult
to identify noise sources using a
mobile H F radio a s a noise-proximity
tester, t h a t is, to obtain noise signatures by picking up other noisy
vehicles, power lines, traffic lights,
etc. It is theoretically possible to eliminate all automobile RFI noise.

Automotive Background
Automobile manufacturers have minimized conducted and radiated ignition,
electric-motor and generator noise problems by adding inductive/resistive
spark-plug wires, resistive spark plugs
and judiciously placed capacitors. This
was done primarily to reduce noise in the
AM and FM broad-cast bands. The theory
behind this is quite simple. By placing
resistive and inductive distributed elements in a series circuit, voltage rise
times are increased and current is
decreased. In addition, a capacitor placed
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between power and ground provides a
low-impedance return path for lowfrequency noise. The problem is the
capacitor looks inductive (lead reactance) as the frequency gets higher. At
some frequency, the component selfresonates. Rise time is related to the
spectral content by the following approximation:
0.35

f (occupied BW) = t(rise time)

(Eq 1)

If the rise time increases, t h e spect r a l energy content decreases. With
charge flow lessened by t h e increased
inductance and resistance, the magnitude of t h e radiated electromagnetic
field is also reduced. These noise-reduction techniques were not intended
for H F ham radios, but they do help a
little. The problem is t h a t it's not
enough. Broadband noise is picked up
by our H F rigs! Essentially, we drive
around with spark-gap transmitters
under our hoods, connected to ignitionwire antennas!
To help understand how things radiate, let's look a t things in mathematical terms. The time rate of change of
voltage (dvldt) and current (dildt) both
are reduced using the previously mentioned methods. This is easily derived
from the first-order differential equations for resistive or inductive m a r k plug wire systems. Keep in mind t h a t
accelerating charge radiates electromagnetic energy. To understand this,

consider the following:
I = - d9

(Eq 2)
dt
Current flow (in amperes) is the rate
of change of charge (in coulombs) per
unit time. Aconstant dc current moves
charge (electrons) through a wire and,
for all practical purposes creates a
static (unchanging) magnetic field.
When the current is time varying, say:
I(t) = K sin(mt)
(Eq 3)
where K i s t h e peak magnitude and
sin (wt) describes t h e function of time
( W = 2zf), things s t a r t to happen: A
travelling electromagnetic wave is
produced. Taking the time derivative
of Eq 3's current yields:

This equation represents accelerating
charge that radiates electromagnetic
energy. With dc current, there is no electromagnetic radiation; with a time-varying current, you get electromagnetic radiation. See the Appendix for proof.
Solutions to ignition impulse noise
have already been found and successfully demonstrated i n aircraft with
internal-combustion engines. The
VHF, AM aircraft band is especially
susceptible to ignition noise. Aircraft
manufactures fixed these problems so
aviators could use their AM radios.
Next time you have a chance to look a t
a n aircraft engine, observe the shield-

