Basic Steps Toward Tracing and
Eliminating Power-Line Interference

You don’t have to live with power-line interference problems; you can
solve them. Here’s how to turn that bzzzzzzz into a sssshhhh!

By Max Trescott, K3QM

3405 Ridgemont Dr
Mountain View, CA 94040

it before you heard about it. On a

radio, it sounds like a hummy, buzzy
sizzle or roar that may be punctuated by
pops and crackles. It can be weak, strong
or anywhere in between. Sometimes its
strength varies. Power-line noise may inten-
sify during wet weather. It may be stronger
in a particular direction; it may appear to
come from everywhere at once.

What you’ve probably heard about
power-line noise varies from the overly dis-
mal (there’s next to nothing you can do to
cure it and keep it cured) to the dangerous-
ly wacky (you can locate noisy poles by
walking around town with a sledgehammer
and portable radio, listening for a change
in the noise as you bop each pole’s base.)

This article explains the causes of power-
line noise, how to locate power-line-noise
sources, and what to do to make the noise
go away and stay away.

Power-Line-Noise Types

Power-line noise comes in two flavors:
corona discharge and spark-gap noise.
Corona occurs when the strong electric field
associated with a high-voltage conductor
ionizes air near the conductor—particularly
at sharp edges and projections. The ionized
air may glow blue and crackle audibly.
Corona also rips apart diatomic oxygen
(O,) and produces triatomic oxygen (O3,
ozone), a pungent, corrosive gas.that des-
troys power-line hardware and endangers
human health. And corona generates broad-
spectrum electromagnetic noise.

Generally, the higher the voltage in-
volved, the stronger the corona. Corona also
increases with humidity and precipitation
because these make the air more conductive.
Corona-induced power-line noise is gener-
ally worst during periods of rain or snow,
when precipitation hangs as droplets from
the bottom of transmission lines. Trying to
locate these sources of foul-weather power-
line noise is rarely worth the trouble because
little can be done to eliminate them.

Spark-gap noise causes most power-line
interference. It occurs whenever a spark
juraps between two conductors. This occurs
when sufficient potential difference exists
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between the conductors to ionize the air in
the gap between them. lonization decreases
the air’s resistance. When the air’s resistance
drops enough to support conduction, a
spark jumps the gap and current flows
through the ionized air channel. The ionized
channel’s resistance varies considerably,
causing current variations that can be in-
duced into and travel along power lines. The
spark also directly radiates noise across a
broad frequency spectrum. Under some
conditions, sparks can trigger trains of suc-
cessively weaker pulses. The resulting
damped waves contain strong harmonic

energy and can cause severe interference well
into the VHF region.! Spark-gap noise
generally weakens with frequency (see
Fig 1),2 a characteristic that can be very
useful as you track interference. One
exception to this rule occurs when the power
lines connected to the noise source resonate
at a particular frequency or frequencics. The
noise may peak at these frequencies (Fig 2).

Much power-line spark-gap noise occurs
when sparks jump across spaces between the
hardware pieces used to mount cross- s
insulators, transformers and other equip-
ment to power poles. In most cases, such
noise can be eliminated by the power com-
pany. Unlike corona, spark-gap noise is
usually a fair-weather phenomena; it may
disappear during rain because precipitation
short-circuits inter-hardware gaps.

Because residential power lines carry
60-Hz ac, the voltage on them passes
through two maxima (one positive, one
negative) each cycle and through zero twice
each cycle—120 maxima and 120 zero cross-
ings per second. Corona and spark-gap
noise follow this pattern, generally starting
and stopping 120 times per second. This
gives power-line noise its characteristic hum
or buzz. It usually appears continuously
across a broad frequency range, although
it may come and go.

How Power-Line Noise Travels

Power-line noise can be transmitted by
conduction, induction or radiation. Inter-
ference can be conducted through the power
lines, and into a receiver power supply. It
can travel by induction when the power line
carrying the interference is close enough to
an antenna or some other part of the
receiver circuit to couple the interference
into the receiver, or into another power line.
It can also travel by radiation: power lines
may act as an antenna.

Conduction and induction are usually
responsible for only lower-frequency inter-
ference because the conducted current
decreases rapidly with frequency. Above
100 MHz, for example, conducted power-

iNotes appear on page 46.
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Fig 1-—-Spark«genera!ed interference generally decreases in
strength with rising frequency. The text describes how this
characteristic can heip you localize an interference source.

line interference is usually only a problem
if the distance between the noise source and
the receiver is less than the distance spanned
by six to eight power-line poles.?

Power-line interference in the VHF and
UHF ranges almost always occurs because
of direct radiation from a spark-gap noise
source. Although cases have been docu-
mented of objectionable interference travel-
ing up to 30 miles by radiation, most
power-line noise sources can usually be
found within one or two miles of the
receiver. Radio amateurs are more likely to
pick up line noise from farther away because
hams generally use better receivers and an-
tennas than the general public.

Tracking Interference from Sources Inside
Your Home

After you’ve decided to track down the
source of spark-gap noise, make sure the in-
terference isn’t coming from your house.
(Quite a few power-line noise complaints
stem from sources within complainants’
homes!) The easiest way to check this is to
turn off your house’s power at its entrance
panel. Before you cut the power, get a
battery-powered receiver—a portable AM
radio should work just fine—and tune in the
interference. If the noise goes away as you
cut the power, the noise source almost cer-
tainly exists in your own house and is not
a power-company problem.

If cutting the power does not stop the
noise, turn the power back on and skip to
“Tracking Interference from Sources Out-
side Your Home.” If cutting the power
reveals that the noise comes from an in-
house source, turn the power back on and
confirm that you can once again hear the
noise in your monitor receiver. Then turn
the main power off again. Next, turn off
MAIN switch off while you do this is safer
than doing it with the MAIN switch turned
on.) Then turn the MAIN switch back on.
Next, isolate the noise-generating circuit(s)
by turning the individual house circuits on
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frequencies.

one at a time. When you activate one that
brings back the noise, turn it off agam and
note that circuit. Work through the remaining
circuits likewise to determine if any more are
noisy. Once you’ve worked through the
entire service panel, turn everything back on
except the noisy circuit(s). You should hear
no line noise in your monitor receiver. Turn-
ing any suspect circuit(s) back on should
make the noise return. After you’ve deter-
mined the circuit(s) involved, identify which
room(s) that circuit powers.

Once you’ve identified the room(s) in-
volved, identifying the offending appli-
ance(s) is easy. Unplug—don’t just turn
off*—all appliances, and switch off all
lights, in the suspect room(s). Plug them
back in and switch them back on one at a
time. When you activate one that brings
back the noise, turn it off and note that
appliance or light. Work through the
remaining appliances and lights likewise to
determine if any more are noisy. Once
you’ve worked through everything in the
room(s) served by the noisy power circuit(s),
power everything back up except the noisy
circuit(s). You should hear no line noise in
your monitor receiver. Powering up any sus-
pect lights or appliances should make the
noise return. The sidebar “‘Possible Line-
Noise Sources in the Home”’ lists some of
the more likely suspects.

If you can’t locate the faulty appliance,
track down the interference source by car-
rying the receiver around the house to find
where the noise is strongest. You may be
able to save time by using the receiver’s
mediumwave-antenna directivity to get an
idea of the noise source’s direction (see the
sidebar, “*Direction-Finding with a Portable
Radio””).

Even with everything in a powered circuit
turned off and unplugged, it’s possible—
though highly unlikely—that faulty wiring
may continue to power the noise source. For
example, a lighting switch installed in the
fixture neutral lead (incorrect and danger-
ous wiring) instead of its hot lead may allow

Fig 2—Spark-generated interference may not generally decrease
in strength with rising frequency when power lines associated with
the noise source resonate and peak the noise at one or more

a hot-to-ground gap in the fixture to receive
ac even with the switch turned off (Fig 3).

Tracking Interference from Sources
Outside Your Home

If your investigation suggests that the line
noise probably comes from a source outside
your house, guieting the noise will involve
help from the power company. Many power
companies have field-investigation units that
track interference sources. There’s a

stronger incentive for doing such work than
helping power customers achieve quiet radio




or TV reception: Fixing spark-gap problems
early on can keep more serious problems,
such as burned poles, from developing later
on.

In considering calling the power compa-
ny for help, consider these alternatives:
(1} stop tracking the noise and call the power
company to ask for their help in finding the
noise source and (2) investigate further to
find out more about the noise before call-

ing the power company. Alternative 1 re-
quires less work on your part (and is your
prerogative as a power-company customer,
of course). Alternative 2 is arguably the bet-
ter of the two, though, because the more
you can tell the power company about the
noise and its possible source, the faster
they’ll be able to fix the problem. (Telling
your power company that strong spark-gap
interference emanates from, say, ‘‘Pole

2156 gets a repair crew off to a considera-
bly better start than a vague “I’m getting
some interference”” call.) This is especially
so in cases of intermittent interference—
interference that, according to Murphy’s
Law, (naturally) falls frustratingly silent
when the repair crew arrives—and interfer-
ence that does not occur during regular bus-
iness hours. (Power crews can track noise
during off hours, but may need manage-
ment approval to do so.) Tracking interfer-
ence can also lead to self-improvement: It
hones your direction-finding skills, valua-
ble in foxhunting or tracking a jammer.

Whether or not you've located the inter-
ference source, the power-company person-
nel who answer your call will probably ask
you questions about the interference. What
kind of device is affected? What does the
interference look and/or sound like? When
does it occur? At what frequency? Be pre-
pared to give as much information as you
can, because the person recording the infor-
mation may be merely completing a form
and may know nothing about radio inter-
ference. Also be ready to provide a daytime
phone number so a complaint investigator
can follow up with questions. You may also
be asked if you’re willing to demonstrate the
interference.

Tracking Power-Line Interference
Determine the general direction from
which the interference comes. If your an-
tenna is directional, rotate it to peak the
noise. Naturally, the narrower your anten-
na’s beamwidth, the better, but even an an-
tenna with relatively broad directivity (such
as an HF tribander) can provide 4 useful
bearing. Rotate the antenna 180° from the
noise peak and check again to see if the sig-
nal is louder from that direction. It’s entirely
possible to get a strong reading off the back
of a beam and start searching in the wrong
direction! (If your antenna isn’t direction-
al, or if your directional antenna is not
rotatable, don’t despair. You may still suc-
cessfully locate the noise; keep reading!)
Tune in the noise on your portable radio.
At first, vou may not be able to hear the
noise on the portable, especially if you origi-
nally located the interference using your
ham-station gear and a high-gain, direction-
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Fig 3—Correct light-switch wiring (A} interrupts the hot connection between the light fixture and the ac line. Incorrect wiring (B) leaves
the fixture and much more of the wiring connected to the hot ac wire whether the switch is on or off. Turning the switch off in B cannot
quiet line noise caused by hot-to-ground sparking in the light fixture.
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al antenna atop a tall support. If the porta-
ble’s whip or directional AM antenna
doesn’t let you hear the noise at ground
level, try enhancing reception with a small,
portable Yagi (such as a three- or four-
element 2-m antenna). If you don’t have
such an antenna, or you still can’t hear the
noise despite receiving-system enhance-
ments, follow the power lines in your area
in all directions until you start to hear it.
Most power-line-noise sources cause inter-
ference only within a mile or two, so you
should be able to pick up the noise signal
relatively quickly. But expect to get some ex-
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ercise! If you consider driving instead of
walking, keep in mind that a car may be
more of a liability than an asset if it gener-
ates electrical noise that’s stronger than the
noise you’'re tracking. Having to shut off a
car while taking noise-strength readings may
be such a hassle that tracking the noise on
foot may be easier and faster if vour
receiving setup can be carried easily.

Once you pick up the noise on your por-
table radio, keep following the power lines.
Periodically switch to higher receive fre-
quengcies to see if the noise is now audible
at higher frequencies. Because spark-gap-
noise strength decreases with frequency, you
should be able to hear the noise at increas-
ingly higher frequencies as you near its
source. An increasing line-noise S-meter
reading at a single frequency may indicate
that you're getting closer to the source, but
can be misleading because conducted noise
is generally stronger at corner and trans-
former poles.’

If you can hear the noise at 2 m, a small,
four-element Yagi antenna can be very help-
ful in locating the noise source because it
is sensitive to polarization in addition to
being azimuthally directional. A Yagi noise-
receive antenna usually produces the loudest
noise signal when held horizontally. When
you’re within 100 feet or so of the noise
source, however, vertical polarization may
provide a stronger signal. Thus, be sure to
shift antenna polarization at intervals to
determine which produces the strongest
noise.

As you get extremely close to the noise
source, you may notice the noise peak in
strength, and then decrease as you pass a
particular power pole or wire span. VHF
reception with a Yagi is particularly useful
in such cases because sharp antenna direc-
tivity can help vou determine exactly which
pole generates the noise. Try sweeping the
beam vertically. You may discover that the
signal is loudest with the antenna pointed
at the top of a particular pole.

Time and effort spent localizing the noise
is worthwhile even if you can’t identify a
specific pole as the source. In addition to
being grateful that you’ve narrowed the
search to a particular area, your power com-
pany’s repair crew will be able to find and
fix the problem all the faster.

Although you'll probably find your local
power company quite responsive to your re-
quest for help, don't expect them to fix the
problem immediately. A few weeks may
pass before a crew can be assigned to quiet
even a well-defined noise source—perhaps
longer if the noise source has yet to be iden-
tified. So, don’t wait until the week of an
important contest before calling the power
company for help! (The sidebar “‘If the
Power Company is Unresponsive’’ suggests
what to do if your diplomatic requests for
help meet with little or no response.)

After They Fix the Problem

When you report a power-line-noise
problem to the local power company, ask
them to notify you when they solve it. (Of
course, if the line noise is severe, you'll
probably know anyway!) After you're noti-
fied that the problem has been fixed, check
to be sure the interference is gone.

In most cases, the noise will be totally
gone. You may still hear noise, however, for
a couple of reasons. First, the original
source may still be generating some noise be-
cause the power company may be unable to
totally eliminate it. Don’t assume that this
is the case, however. If you still hear noise,
contact the power company again.

Another possibility is that an additional
noise source, now no longer masked by
noise from the cured source, may be audi-
ble. Again, if you consider the noise a
problem, contact the power company.

You may not be able to eliminate all the
line noise you can hear, and may opt instead
to go after only the most severe problems.
In my case, I eliminated two major, fairly
constant S8 noise sources. Since then, 've
heard what 1 believe is power-line noise,
occasionally peaking at 56, from several
other directions. These sources are usually
considerably weaker and disappear al-
together in the evening, If they become
severe—and therefore worth the effort to
find them—I'll be out tracking them down!

In the meantime, it’s comforting to know
that something can be done about power-
line noise—that, in most cases, it can be
fixed!

Thanks

Special thanks to Deep Gupta, N6XHY,
of the Electric Power Research Institute, and
Wally Hanifin of Pacific Gas and Electric,
for providing input and reviewing this
article.

Notes

*Damped waves weren't always our enemies; we
once communicated with them! But the
horrendous interference caused by damped-
wave emission compelled amateur and commer-
cial radio users alike to adopt undamped
emission—continuous waves, or CW—over the
spark transmission commonly used during
radio’s infancy.—£d.

2W. Nelson, Interference Handbook (Wilton, CT:
Radio Publications Inc, 1981}, p 24. [Available
as #6015 from The ARRL Bookshelf, this book,
written by a power-company investigator with
over 30 years of experience, is a must-read for
anyone interested in or beset with radio-
frequency interference (RFI).—Ed.]

IT. Gonen, Electrical Power Transmission System
Engineering (New York: John Wiley, 1988).
4The power switch in some consumer devices dis-
connects the device circuitry from its power sup-
ply while leaving the supply connected to the
ac line. Power-supply components can gener-
ate noise, so merely turning off such a device
:sgsaves éa_ dpotentiai noise source connected o the

ine,—£Ed.

Sinterference Handbook, p 59. See note 2.058%]



