


























































































































































































































































































































The gencrator manufacturers
have provided an easy place for
mounting this capacitor. As usual,
we want to get it as close to the noise
source as we can. So we mount it on
the generator itself, where you'll
find a screw to hold its mounting
lug. The pigtail connection goes to
the armature lead of the generator
(Fig. 7-12).

Older cars used only the DC gen-
erator, plus a small relay called the
cutout which automatically discon-
nected the generator when the
motor wasn’t running. Otherwise,
the battery would have discharged
through the generator. (Connect a
rotating generator to a battery, and
it charges the battery; connect the
same generator, standing still, to
the same battery and it becomes a
motor! The cutout kept the genera-
tor from acting as a motor. Unless
the generator was turning fast
enough to charge the battery, the re-
lay stayed open and kept the battery
disconnected from the generator.)

Modern cars have a slightly more
complicated system called a voltage-
regulated generator. A voltage regu-
lator, consisting of three relays, con-
trols the charging action of the
generator. The old system simply
ran the generator wide open all the
time. When the battery reached full
charge, say during a long trip, the
generator kept right on pumping.
As a result, the voltage sometimes
rose far above normal, burning out
light bulbs or even worse. Because
of the numerous electrical apparatus
in a modern car, such a system simply
wouldn’t do: high voltage is very
hard on radios, electric motors, and
other apparatus. Voltage-regulated
gencrators were developed to keep
the voltage constant or within very
narrow limits.

Fig. 7-13 shows the circuit of a
typical system. The separate field
winding on the generator, with its
connection to the voltage regulator,
controls the charging rate of the
generator by adjusting its field cur-
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Fig. 7-13. A typical voltage-regulator circuit.
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rent. Oue of the other relays is our
old friend the cutout, and the other
is a current relay.

To bypass noise in these systems,
connect a capacitor to the generator
casc, as shown in Fig. 7-12. This puts
the bypass directly across the output
brush. Never connect a bypass to
the field terminal: too much capaci-
tance across the ficld relay upsets the
time constant and thus interferes
with the circuit action. Incidentally,
the field wire is always much smaller
than the armature wire, In addition,
there is usually a red paper collar
around the field terminal to warn
you not to connect a bypass capaci-
tor here,

Voltage-Regulator Noise

In addition to brush noise from
the generator, now we have some-
thing else that makes noise—the
rapidly opening and closing relay
contacts in the regulator. This
sounds much like spark-plug noise,
so yow'll have to listen closely. It is

a popping noise, heard only while
the engine is running—but the
trained car will detect the slight ir-
regularity, compared with the con-
tinuous popping of plug noise. Also,
voltage-regulator noise cannot be
heard unless the engine is running
fast enough for the generator to
charge. To find it, slow the engine
down until the anumeter indicates
“no charge” (or the generator light
glows); then speed up the engine
very slowly until the gencrator cuts
in. If no noise is present until the
generator cuts in, the trouble is
voltage-regulator noise. If noise is
heard all the time, it is plug noise.

To eliminate voltage-regulator
noise, connect a bypass capacitor at
the battery terminal of the regu-
lator, as shown in Fig. 7-14. Bad
cases may need another on the gen-
erator terminal, although there al-
ready is one on the other end of the
same wire, at the generator. How-
ever, the bypass at the voltage regu-
lator is intended to keep noise orig-

Fig. 7-14. Voltage regulator with bypasses connected to generator
and battery terminals.
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inating in the regulator from passing
into the wiring harness. Bypasses
are never connected to the ficld ter-
minal. Special field-suppressor units
are available, as we’ll see in the next
chapter; but for ordinary auto-radio
work they are unnecessary.

FRONT-WHEEL NOISE

We may seem to be skipping
around a little in presenting these
noises, but many years of field ex-
perience have shown that they oc-
cur in this order—ignition, genera-
tor, and front wheels.

The front wheels, as they rotate,
sometimes are momentarily insulated
from the rest of the car by a thin
film of grease. The tire builds up a
static charge as it contacts the road.
As the wheels continue turning they
will at various times become elec-
trically connected to the rest of the
car and the static charge discharges
into the body, producing a pulse of
current heard as a “pop” in the
radio. This is repeated at irregular
intervals. Front-wheel noise is heard
only on smooth roads and on dry
days. The constant bouncing of the
wheels on rough roads won't allow
the wheel to remain “insulated”
long enough to build up a static
charge; and if it’s raining, the water
will short out the static charge be-
fore it builds up, of course.

This is a fairly easy noise to iden-
tify. For a positive test, run the car
up to 20 or 30 miles per hour until
the noise is heard. Then switch the
engine off, but leave the radio on,
and let the car coast. Gently apply
the brakes to see if the noise stops.
If so, it’s definitely front-wheel noise
because the brake drums have
grounded it out.

To stop the noise, we've got to
supply a constant contact between
the wheels and body. We can do this
by installing grounding springs in-
side the front-wheel dust caps (the
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Fig. 7-15. A front-wheel grounding spring.

“inside” hub caps). One type of
grounding spring is shown in Fig.
7-15. The springs are pressed into
the cap, so the large end contacts
the cap and the small end contacts
the small conical hole in the end of
the front spindle, called the lathe
center. Be sure this hole is free of
grease before installing the spring.
Now we have a positive contact at
all times.

On rare occasions this noise is
found even after the grounding
springs have been installed. The
noise is due to static buildup in the
tires themselves. To cure it, blow the
tires with a graphite powder, which
forms a conductive layer inside the
tire and prevents buildup of static
charges.

INSTRUMENT NOISE

Most instruments in an automo-
bile consist of a “transmitter” that
measures whatever value is needed
(fuel level, oil pressure, tempera-
ture, etc.), and an indicator on the
dash. Fig. 7-16 shows the basic cir-
cuit of a fuecllevel gauge. Being
electrically operated, all  instru-
ments are potential sources of noise.
Basically, instrument noises aren’t
too hard to cure, but the crowded
construction of some modern cars
can complicate the procedure.
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Fig. 7-16. Basic circuit of an electrically-operated fuel gauge.

In dealing with instrument noise,
always remember the basic noise-
elimination theorem: go directly to
the source of the noise and apply
corrective mcasures. Noise in the
fuel gauge of Fig. 7-16, for instance,
originates at the tank unit in the
potentiometer. Hence, there would
be very little improvement if a by-
pass capacitor were located on the
more accessible dash indicator unit.
The noise would have to flow all the
way from the tank, via the wiring,
to the bypass at the dash. On the
way, it would inevitably be coupled
into other wires and reach the radio.
By putting the bypass at the tank
unit, we've stopped the noise at its
source.

Instrument noise is an irregular
popping sound resembling {ront-
wheel noise. However, it is worse on
unpaved roads, is not affected by
weather, and can’t be stopped by
applying the brakes. About the best
test for it is to turn the ignition
(and radio) on, but leave the engine
off, and jar the car body by kicking
the bumper or stamping on the
floor. I this produces a noise in the
radio, it is usually instrument noise.
Because of the numerous instru-
ments, it is sometimes a2 problem
finding the one causing the trouble.
However, if kicking the rear bumper
makes the noise worse, it is likely to
be coming from the fuel gauge; if
jarring the dash or firewall makes
more noise, then probably one of
the engine-mounted instruments

(oil pressure, temperatire, etc.) is
to blame. (Assuming, of course, the
car has a front-mounted engine.)
You can always use the process of
climination: disconnect the wire
from each instrument under the
dash, one at a time, until the noise
stops.

There is one exception to always
bypassing to ground. Certain makes
of cars (the defunct Kaiser, for in-
stance) were cquipped with an in-
strument voltage regulator—a small
thermostat-like device located be-
hind the instrument panel and con-
nected in series with the voltage
supply to the dash instruments. The
“thermosnap” blade in series with
the current makes and breaks rapidly
enough to hold the voltage constant.
(The current flowing through the
bimetal blade heats it, causing it to
warp and break contact; as it cools,
it makes contact again.) Its main ef-
fect, however, was to produce a tre-
mendous amount of radio noise! By
some quirk of the circuitry; the
usual bypassing directly to ground
does not stop the noise; the only
way is to connect about a 0.1-mfd or
larger radio-type bypass capacitor di-
rectly across the terminals (and con-
tact points) of the device. The radio
bypass is used because there is no
room inside the instrument cluster
for the larger auto-radio type. Use
spaghetti on the leads, and tie the
capacitor in place with tape. For-
tunately, these devices are rare
today.
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NOISE FROM OTHER
ELECTRICAL EQUIPMENT

As we said a while back, anything
connected to the power source is a
potential noisemaker. Electric win-
dow-lift motors, for example, are all
good prospects. Such noise is easy to
identify because it will be heard
only while the motors are in opera-
tion. But getting to them to apply
bypasses turns out to be a different
matter! Window-lift motors, for in-
stance, require removal of the door
upholstering for access. It might
even be worthwhile to try bypassing
the supply wiring at some accessible
point, to see if the noise can be re-
duced slightly without having to

tear the car apart. If these motors
cause very severe radio noise, they
are probably not working right and
should be repaired by a qualified
auto mechanic. Try to be there so
you can install the radio bypassing
before he puts the car back together
again!

SHIELDING, BONDING, AND
BODY NOISES

In older cars, body noises occur
now and then because of poor elec-
trical contact between different sec-
tions of the car body. Today’s welded
bodies seldom give such trouble.
However, if you find a mysterious
noise that will not respond to nor-

{A) Brass springs.

FLEXIBLE COPPER BRAID STRAP FROM

UNOERSIDE OF HOOD TO
COWLING

(8) Bonding strap.

Fig. 7-17. Methods of grounding the hood of an automobile.
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mal weatment, try bonding the va-
rious parts of the body together.
Points of likely trouble are the front
fenders (the inner surfaces of which
form part of the cngine compart-
ment), the tailpipe and muffler. and
the hood.

Because the hood encloses the en-
gine and thus forms a shield, you
may have to bond it. Otherwise, un-
less it is making very good electrical
contact when closed, some of the
radiated noise in the cngine com-
partment will leak out and be picked
up by the antenna rod. To check
while listening to the noise, insert a
small screwdriver or knife blade be-
tween the edge of the hood and the
cowling and twist gently, so the sharp
edges of the blade will cut through
the paint and ground the hood. 1f
this helps at all, install grounding
clips at the edge of the hood, as
shown in Fig. 7-17A. These are small
“C"-shaped brass clips mounted fac-
ing upward so the hood closes down
tightly on them; the serrated edges
will bite through the paint on the
underside of the hood and ground it.

Bonding can also be applied at
the hinge side. Fasten a piece of flat
shielding braid not less than onec-
half inch wide to the underside of
the hood and to a convenient place
on the cowling (see Fig. 7-17B). Be
sure the braid does not foul the hood
hinges.

CORONA

Now and then you'll run into a
very mysterious form of noise in auto
radios. It is found only in hot, dry
weather on paved roads, like wheel
noise, but it has a sound all its own.
Beginning with a slight increase in
the hash, it gradually builds up,
growing higher in pitch until it
winds up as almost a shriek and
drowns out the music; then it stops
with a loud “pow”!

This noise is not due to a banshee,
but to corona discharge from the tip

ol the anteunal While in motion au
automobile, under just the right cir-
cumstances, witl build up a heavy
static charge. Il the tiny metal ball
on the tip of the antenna has been
broken off, the discharge will take
the form just described. (In fact, the
proper name [or this ball is “corona
ball.”)  Incidentally, replacement
balls can be purchased at radio-TV
supply houses, but the best remedy
is a new antenna.

ANTENNA TROUBLES

The importance of an auto-radio
antenna is not fully understood,
even by many auto-radio techni-
cians! It is always a very short (com-
pared with the wavelength on which
it works) metal rod connected 10 the
radio through a coaxial cable. The
antenna is mounted on an insulat-
ing base which must hold it firmly
in place, insulate it from the body,
and make a perfect ground for the
outer shield of the coaxial cable.

The rod and capacitance of the
coaxial cable are part of the tuned
circuits of the RF stage. Only by de-
signing this circuit so the antenna
is actually resonant over the stand-
ard broadcast band can any RF pick-
up be obtained at all out of so little
an antenna. For best results, the an-
tenna and lead-in cable must be in
perfect condition at all times.

In addition to picking up the sig-
nal, the antenna must deliver it to
the radio without allowing a lot
of noise to creep in. This it does
through the coaxial lead-in, the
outer shield of which is firmly
grounded at both ends. The lead-in
must pass through the very strong
field of radiated noise always present
inside the car body. The noise pulses
are picked up by the shicld and flow
harmlessly to ground at cither end,
as eddy currents in the solid (to RF)
shield. The lead-in itself, which is
the inner conductor, thus is not af-
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fected. However, if the shield be-
comes ungrounded at either end,
standing waves of noise will be set
up on the shield and transferred to
the inner conductor.

Some antennas do not have the
high-quality insulation necessary for
the best performance. Cheap, dam-
aged, or cracked insulators will al.
low moisture to seep in, creating a
high-resistance leakage across the
base of the antenna. Strangely
enough, such a leak does not seem to
affect the signal pickup too much
(unless it becomes a dead short), but
it will always increase the noise
pickup. Therefore, if an auto radio
grows noisier in wet weather, check
the antenna for leakage.

Antenna Testing

There are three tests you should
make on every antenna. Use a VOM
and make resistance tests at the
points shown in Fig. 7-18. The first

test (1 in Fig. 7-18) is for continuity.
With one test prod connected to the
antenna rod and the other to the tip
of the plug, you should get a read-
ing (measured on the low range) of
three to five ohms—not zero as you
might expect. The reason for this is
that the inner conductor is made of
very fine wire in order to obtain the
correct impedance for the coaxial
cable. Measuring from the tip of the
plug to ground (Test 2) should re-
sult in a completely open circuit on
the highest ohmmeter range. In
Test 3, from the shell of the plug
to ground, we should read zero re-
sistance on the lowest ohmmeter
range.

Rear-Mounted Antennas

For some reason, the antenna in
some of the later models is quite a
distance [rom the radio—on the rear
fenders, the trunk, etc. This brings
on more complications. Now the

Fig. 7-18. The three tests for an avtomobile antenna.



radio designer must compensate for
a tremendously high-capuacitance
lead-in (some as long as 20 feet!)
compared with the normal 24- to 30-
inch ones. The solution used by
most designers is to add a series ca-
pacitance to cffectively shorten the
line and thus give more cfficiency.
Signal losses remain quite high,
though. So, il you are testing the
lead-in of one of these antennas for
continuity, don’t forget the series
capacitor. It will make a simple
continuity test impossible, of course.

The best check for lead-in con-
tinuity is to turn the antenna trim-
mer capacitor back and forth; if you
can find a peak anywhere, the lcad-
in has continuity. A “flat” antenna
trimmer means an open or leaky
lead-in.

FALSE NOISES

Various interferences can give
misleading clues as to their sources,
and you've got to be on your toes
all the time! A noise can imitate the
characteristic sound of an entirely
different noise and fool the unwary
noise hunter. One well-remembered
case will illustrate this point: 1 sat
in a car behind my shop, listening
to a terrific case of plug noise. Some
twenty minutes later, after installing
every kind of ignition-noise suppres-
sor known to man, I could still hear
the noise just as loud as ever! The
car’s engine had been allowed to
idle, because plug noise is loudest at
idling speed. Finally, I angrily
slapped off the ignition switch,
killing the engine and radio. The
key went all the way over to the
“accessory” position, turning the
radio back on again, but leaving the
engine off. Much to my surprise and
mortification, the plug noise was
there, just as loud as before!

Starting the engine again, 1 drove
around the block. The radio was one
of the most noise-free ones you've

cever heard. But when the car re-
turned to the buck of the shop, so
did the “plug wnoise.” Eventually,
the culprit was “smoked out”—it
was @ defective ventilating fan in
the bakery next door! (Moral: never
settle for a single test! By simply
pressing the accelerator, T could have
found out there was no relationship
hetween the noise amd the engine
speed! This would have told me the
noise was excernal.)

ALTERNATORS

In some cars and trucks, a new de-
vice has replaced the familiar DC
generator. This is an AC generator
called an alternator (Fig. 7-19).
However, its purpose in the elec-
trical system remains the same—to
produce a DC current for charging
the battery.

In a DC generator, each coil in
the rotor produces a small AC pulse
as it turns through a magnetic ficld,
These pulses are actually rectified
by the commutator and brushes, and
then connected to the output the
instant they’re all flowing the same
way. This provides the direct cur-
rent. The field coils are stationary
and are attached to the frame.

In an alternator, however, the
stator windings are attached to the
frame and the rotating part is the
field. (Notice that the effect is the
same: one set of coils stands still
while the other turns)) However,
now the output is AC. A set of sili-
con diodes rectifies this AC to make
it suitable for charging the battery.
The stator (output) windings are
connected in a Y to give more pulses
per rotation and to cut down on the
filtering needed.

The voltage regulator is a single
relay which cuts a resistor in and out
of the field circuit. This changes the
amount of field excitation and hence
the output.

All we're concerned about is the
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Fig. 7-19. Alternator-type automotive electrical system.

system’s noise-making ability, which
is considerably less than in conven-
tional DC generators. The reason is
that there is no continuous making
and breaking of contacts on the
commutator. Notice the symbol used
in Fig. 7-19 for the field contacts. No
commutator is shown; this symbol
indicates slip rings (continuous
bands of copper with no breaks, as
in a commutator). The brushes
merely slide around the slip rings,
and in normal operation should
create no noise at all. If a noise re-
sembling generator noise is heard,
check the brushes and clean the slip
rings. A dirty spot on a slip ring will
cause noise by changing the current
each time a brush passes over it.
The voltage regulator will require
a small bypass capacitor across the
contact points; a 0.1-mfd unit will
be sufficient, Defective diodes will
also cause noise, especially if inter-
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mittent, but this trouble is very
rare.

IMPORTED CARS AND
U.S. COMPACTS

In general, the U.S.-built compact
cars are exactly like their larger
brethren in construction, design,
and circuitry used. The same noise-
elimination methods will also work
on the smaller cars, since as a rule
they have the same parts in the same
places.

Foreign cars may turn up some
surprises, especially the more exotic
jobs. Here again, just remember they
all have generators, spark plugs,
voltage regulators, and so on—only
in different places. Fortunately, the
electrical system is often more acces-
sible on the smaller cars than in the
bigger ones with their overcrowded
under-the-hood condition.



Two-Way

CHAPTER

Mobile-Radio Systems

NOISE AND interference in a home
radio or television is at worst only
an annoyance. But in a two-way
mobile-racdio system it not only can
cause trouble and expense, but can
even endanger life. The two limiting
factors in the range of a two-way
system are the power output of the
mobile transmitters and the amount
of noise present. Most of this noise
comes from the electrical system of
the vehicle itself.

You must hold an FCC license to
work on the transmitter. However,
any competent technictan can re-
pair the receiver or perform noise-
reduction work on the vehicle. At
the last report, there were several
hundred thousand systems licensed,
with over one million transmitters!
So, there’s a worthwhile market.

GENERAL DESCRIPTION

The first two-way mobile-radio
systems used AM. The frequencies
allocated were a couple of channels
just above the present broadcast
band (1620 and 1720 kc, to be exact).
The police were the main users.
However, as soon as others found
out how useful two-way mobile
radio was, it began to grow in
earnest! The two original channels
were soon outgrown, and today there
are two-way radio-equipped vehicles
everywhere. Police, taxicabs, forest
service, oil drillers, highway trucks,
movie makers—the list is endless.

Because it is less susceptible to
noise interference, frequency modu-
lation (FM) soon became popular
and now almost all mobile radios
are FM. The systems were moved
up into the 80- to 50-mc band, then
into the 150-160 mc, and even into
the 480- and 490-mc band. In fact, by
the time you read this, still other
bands may be in use! At first, 20-kc
channels were allocated and the re-
ceivers used a 15-kc modulation
swing. This gave a very good audio
recovery (the amount of audio sig-
nal voltage obtainable from the
modulation) and excellent noise
rejection.

However, the tremendous ex-
pansion of two-way radio soon over-
crowded these channels, and some-
thing had to be done to reduce the
cross talk and interference from
other stations. The FCC, in con-
junction with leading radio manu-
facturers and users, developed a plan
known as split-channel operation:
the original 20-kc channels were
“split” to allow three channels of 7.5
ke each, and the allowable modula-
tion swing was reduced to only 5 k¢
(Fig. 8-1).

But this brought on more trouble!
Frequency tolerances were cut down,
requiring transmitters with much
less drift, and other restrictions were
imposed—for example, audio modu-
lation was limited to 3 kc to prevent
sideband splatter (sideband products
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interfering with adjacent chanunels).
The reduction in modulation had
far more serious consequences than
any of the rest.

In FM radio the amplitude of the
audio signal is dircectly proportional
to the frequency deviation. (Sce Fig.
8-2.) Audio recovery in the first sets
was fairly good; but with the new
narrow channels, it was reduced by
more than two-thirds. The sinne
amount of noise was still present, so
the signal-to-noise ratio fell off
badly. This cut down the effective
range of the radio-equipped cars,
because the cffective range is the
range over which the base trans-
mitter can be read clearly. Close to
the base station, there is no differ-
ence: an FM receiver, in the presence
of a strong RF signal, will “quiet.”
The RF signal amplitude is so high
that the limiter stages in the receiver
remove all traces of AM modulation
(which is noise to an FM receiver!),
and reception is clear as a bell. How-
ever, in the fringe areas (to borrow
a term from TV), communication
fell off so badly that places where
the basc station was clearly heard
before were impossible to use for
communication! The RF signals
were about the same amplitude, but
because the audio recovery was so
much less, the signal-to-noise ratio
made them unreadable.

In order to get the total range
back to anything like what it was
belore, something had to be done
about the noise. Of course, not too
much could be done about aimos-
pherics and other external noises.
But something could be done with
the worst offenders—the electrical
systems of the cars and trucks carry-
ing the mobile units! To tell the
truth, at that time many two-way
radios were ‘installed” by simply
being thrown into the vehicles and
bolted down! Because of the excel-
lent noise rejection of the receivers

in wide-band systems, not even the
most elementary  noise-suppression
equipment was installed. Fortu-
nately, such slovealy work is a thing
of the past. For successful operation
in a split-channel system, the am-
bient noise level of the vehicle elec-
trical systemv must be reduced far
below that required for operation
of a broadcast radio.

Noise generated by automobiles
and trucks, especially from the igni-
tion system, is much worse at high
frequencies (30 mc on up into the
lower TV channels) than at even the
broadcast radio frequencies. The
very sharp rise time of the ignition
pulses gives a larger portion of noise
in the VHF band. This will be veri-
fied by anyone listening to a short-
wave receiver near a busy street, or
watching TV in a fringe arca near
a highway! (At 30 megacycles or so,
a sensitive receiver will pick up an
unsuppressed ignition system over a
mile away!) Therefore, noise-sup-
pression equipment had to be de-
veloped which would give much
lower levels, in order to reduce or
eliminate the high-frequency noise
as much as possible.

TESTING FM RECEIVERS FOR NOISE

We have a slightly different prob-
lem in checking an FM receiver for
noise. In AM broadcast receivers the
noise comes right on through, but
FM receivers used in mobile units
must be equipped with a squelch
circuit to keep the speaker cut off
except when a signal is being re-
ceived. (See Fig. 8-3.) Some systems
even use a special squelch circuit
keyed by a supersonic tone, in addi-
tion to the standard squelch.

The first mobile radios didn’t
have a squelch circuit: the receivers
simply ran wide open with a terrific
roar. This was hard on the operators,
who usually turned the gain down
and consequently missed many calls.
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Fig. 8-3. Block diagram of a typical mobile FM receiver.

With squelch-equipped receivers,
there is no sound (called blow) in
the speaker unless a signal is being
received.

The basic squelch circuit is quite
simple. A DC amplifier tube is ad-
justed to develop a high negative
bias on the first audio-amplifier tube.
The source of this bias, the actual
noise in the receiver input, is ampli-
fied, rectificd, and applied to the
squelch tube. When a signal comes
in, the recciver quiets and the noise
voltage (alls off. The squelch circuit
then develops a positive bias which
cancels the negative one, the first
audio tube returns to its normal
operating condition, and the signal
is heard. In the tone-coded squelch,
a very sclective filter circuit is used
so that voice signals alone will not
operate the squelch; the keying tone
must also be  present before the
squelcs will open. The keying tone
blocks all signals except those from
the maobile unit’'s own base station
amdd thus alleviates co-channel inter-
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ference. With this system two taxi-
cab companies, for example, can op-
erate on the same frequency in a
city, and cach cab will receive only
the calls from its own dispatcher.
Provision for disabling a keying-
tone squelch, so the receiver can be
tested, is provided on the control
head.

Now we have a problem. Simply
“blowing” the squelch on an FM
receiver will not allow us to hear
ignition noise, etc.; an RF signal
must also be present. This signal
must be very weak; too strong a
signal will quiet the receiver and
block the noise, thus giving us a
false reading.

There is a way. to cope with this
problem when the vehicle is in the
shop. Turn the radio on and the
volume full up, and shut off the
squelch. Now turn on an RF signal
generator and connect a short wire
to the output to act as an antenna.
Tune back and forth around the
frequency of the receiver, using a



400-cycle modulated AM signal,
until you hear the squelch “break.”
The AM signal will come through
the FM recciver at this short range
and the 400-cycle modulation will
be heard, allowing you to identify
it. Turn the attenuator of the signal
generator down until the signal is
as weak as possible and still hold
the squelch open. Now you have
simulated the weak-signal condi-
tions the receiver would encounter
at a long distance from its basc sta-
tion, and the engine noise will be
heard. The 400-cycle modulation can
be turned off now, if you want to,
leaving only the “blow” of the re-
ceiver.

Most shop RF signal generators
will cover the mobileradio fre-
quency bands. If not, use a TV
sweep generator without the sweep.
If the signal generator covers the
UHF TV channels, it will even work
up into the 480-490 mc UHF mobile
bands. All you need is just enough
signal to break the squelch. If you
cannot get it, run a longer wire from
the shop to the car to increase the
field strength at the receiver. Now
we're ready to go to work on the
noise!

We’ve got the same problem here
as in the preceding chapter. The
main difference will be in some of
the equipment used. Basically, of
course, it’s the same, only con-
structed differently for greater effi-
ciency in reducing VHF noises.

For example, the bypass capaci-
tors will usually be of the coaxial
type instead of the less expensive
standard ones we’ve been using (Fig.
8-4). The capacitance remains the
same—~0.5 mfd—although a 0.1-m{d
unit occasionally is found. A coaxial-
type capacitor is compared with the
standard bypass in Fig. 8-4. Coaxial
simply means the conductor in the
circuit being bypassed goes all the
way through the case of the capaci-
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(A) Stondard generator capacitor.
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FoIL g'gr'«DN%creo M
TO STUD MO‘IJ_:%ING

(B) Cooxial bypass capacitor.

Fig. 8-4. Comparison of a standard gen-
erator capacitor with a coaxial bypass
capacitor.

tor, on the inside foil, and comes out
the other end. Connections are made
at the studs on each end. The out-
side foil is connected to the case,
which is fitted with the usual ground-
ing-mounting lug. This construction
gives a more cfficient bypassing
action.

In the last chapter we told you
not to install a bypass on the fiekl
terminal of a voltage regulator. A
special RC filter (Fig. 8-5) is used on
the ficld in two-way radio work. On
the outside, these look just like con-
ventional bypass capacitors, but in-
clude a resistor in series with the
capacitor to keep from upsetting the
voltage-regulator action.

C/ASE LUG

=

MOUNTING
(GROUND)

Fig. 8-5. A special RC filter for bypassing
the voltage-regulator field connection.
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Generator filtering is the same—
with coaxial capacitors. Some ve-
hicles use heavy-duty generators,
and the heavier loads imposed on
them makes them likely prospects
for noise. Therefore, the generator
filter in Fig. 8-6 will sometimes have
to be used. It includes coils and ca-
pacitors, plus a heavy waterproof
metal case and the usual mounting-
grounding lugs for attaching it to
the generator housing.

Let’s go over a typical noise-find-
ing procedure in a two-way radio.
The first step is to install the mini-
mum noise-suppression equipment—
a resistive suppressor in the distribu-
tor coil lead, and a 0.5-mfd capacitor
across the gencrator armature. Now
make the operating test with the
signal generator to see how quiet
the vehicle is. (Incidentally, noises
sound exactly the same on com-
munications as on broadcast radios.)
Be sure the hood is closed and
latched. A large percentage of radi-

ated noise in mobile radios is picked
up through the antenna, and the
hood is an integral part of the igni-
tion-system shiclding.

IN>—— e OuT

[ T

(A) Circvit.

- ©

TO
ARMATURE

(8) Shown mounted on generator housing.

Fig. 8-6. A special generator filter.

Fig. 8-7. A complete set of resistance-type ignition wiring.



If there is still too much ignition
noise, the best bet is to remove the
suppressor and install a complete
set of resistance-type ignition wiring
(Fig. 8-7), which can be purchased at
any automobile agency. It is also
factory equipment on quite a few
cars now, so before cutting the igni-
tion wiring to install suppressors, be
surc to check. If marked “Radio,” it
is resistance wire and the suppressor
is unnecessary. Resistor-type spark
plugs are also available, but don’t
use both—the two together would
probably cause trouble in the igni-
tion system,

Other noises will respond to the
same remedies listed in the previous
chapter. Connect the generator and

GENERATOR

o=

voltage-regulator filtering as shown
in Fig. 8-8. A coaxial capacitor can
also be used in the ignition-coil
primary circuit, as scen in Fig. 8-9.
A resistor spark plug is shown in
Fig. 8-9.

Some cars, if exceptionally noisy,
may require additional suppression
devices. If so, refer to the following
list of possible causes and install
suppression as needed:

Ammeter: Bypass with a 0.5-
mfd capacitor under the dash.
Ignition switch: Same as am-
meter.

Headlight, taillight, and dome-
light leads: Bypass with 0.5-mld
capacitors.

VOLTAGE
REGULATOR

L.}‘_J

i

ARM. FID. BAT
e (o LTJ
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BATTERY |-¥--’
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GENERATOR
FIELD

D

Il

Fig. 8-8. Points where coaxial capacitors and the special field fiiter unit
should be used for mobile-radio work.

IGMITION
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Fig. 8-9. A coaxial capacitor added in the primary side of the ignition coil.
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Accessory wiring (electric wind-

shicld wipers, heater motors,

window-lift motors, etc.): By-
pass with 0.5-mfd capacitors.

Install hood-grounding wipers

or bond the hood.

Install front-wheel grounding

springs.

Connect the primary (battery)
lead of the radio directly to the
“hot” terminal of the battery in-
stead of to the starter relay as is
customary. A fully-charged battery
will act as a very large capacitor (up

Noise usually originates from one
of two places—the ignition sys-
tem (both the primary and the sec-
ondary sides) or the generator.
Therefore, by confining the noise to
these systems, we can reduce it to a
level far below anything previously
thought possible.

A shielded ignition system con-
sists of a completely shielded and
waterproof distributor cap, and
special terminals for the shielded
spark-plug wiring, as seen in Fig.
8-10. The spark-plug wiring has

Fig. 8-10. A special shielded distributor cap with shielded spark-plug wiring.

to onc farad!) and thus bypass di-
rectly to ground any noisc riding
the battery wiring. Be sure to coat
the whole terminal with heavy
grease, working it well underncath
to prevent corrosion.

SHIELDED IGNITION SYSTEMS

For the car which must have the
absolute minimum of electrical
noise, specially-designed, completely-
shielded wiring systemns are available
for ignition and other wiring. These
systems are provided with filtering,
in addition to the shielding.
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special fittings which not only make
contact with the plug, but also pro-
vide a watertight positive ground
connection at that end of the shield-
ing braid. Fig. 8-11 shows the plug
conncctor and a cutaway view of its
internal construction. The wiring
between the distributor and coil is
also completely shielded, of course,
and there is a shiclding cover on the
ignition coil itself (Fig. 8-12). A
passthrough capacitive filter, on the
primary side of the coil, keeps the
noise from feeding into the other



Fig. 8-11. Special shielded terminals for spark plugs.

Fig. 8-12. Shielding cover for the ignition
coil.

wiring. This cap is for ignition coils
with metal cases; if the case is plas-
tic, a metal bottom shield must be
added. The shielding is grounded
wherever possible, and additional
grounds are provided in the igni-
tion-wiring harness clamps.
Shielded wiring is used between
the generator and voltage regulator,
and a shield completely encloses the
voltage regulator as seen in Fig. 8-
18. Passthrough capacitors in the
leads of this cover complete the fil-
tering. Access is gained to the volt-

Fig. 8-13. Shielding cover for the voltage
regulator.

age regulator by removing the four
screws in the cover.

Fig. 8-14 shows the complete in-
stallation of this system. Notice the
extra grounding obtained by using
the ignition harness clamps. By the
way, this shielding can be easily
transferred to another car, especially
if of the same make. This will reduce
the over-all expense of the installa-
tion considerably, because only a
new distributor cap will be needed
as a rule.

The noise reduction attained with
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Fig. 8-14. Fully-shielded ignition system installed on a car.

a properly installed system of this
type is remarkable, especially if
either resistor-type spark plugs or
resistive ignition wiring is also used
with the shielding. Fig. 8-15 shows a
set of typical test curves, made by

placing a monitor radio receiver
alongside the test vehicle (hood
open) and measuring the radiated
noise over the frequency range in-
dicated on the chart. Notice the final
result—the total noise level is prac

0.0
OMIGINAL INITION SYSTEM] g
WITH RESISTANCE WIRE <] - 1 3
N % 3
N b
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N1/ / E
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Fig. 8-15. Comparison of radiated noise from a shielded and an
unshielded ignition system.
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tically coincident with the ambient
noise (the noise present when the
engine is not running)!

RECEIVER ADJUSTMENTS

As a final touch-up, it is often pos-
sible to reduce the output noise in a
receiver by adjusting its alignment
siightly. Check the discriminator
centering by tuning in a signal from
the base-station transmitter. If this
circuit is misadjusted, the noise level
will be very high and the sound will
be garbled.

To adjust, start the engine and
feed a signal from a generator into
the antenna. Very carefully touch up
the second mixer coil by listening to
the sound and watching a tuning
meter. Don’t reduce the meter read-
ing too much because the sensitivity
of the set must be kept high. The
high IF's can also be checked the
same way. Full instructions will be
found in the manual covering the
particular make of set; there are so
many that it would be hopeless to
try to discuss them all here.

NOISE IN BASE-STATION RECEIVER

Up to now we have dealt ex-
clusively with noises from the elec-
trical systems of the vehicles in
which the mobile units were in-
stalled. The reason is that they
cause most of the trouble. Now and
then, however, noise will be found
in a base-station receiver (although
this is fairly uncommon, because its
antenna is usually mounted on a
tall tower and equipped with co-
axial-cable lead-in to minimize noise
pickup).

Noise in a base-station receiver is
usually from power lines, motors, or
other electrical apparatus. 1t is usu-
ally pulsed, producing large high-
frequency components which are
heard at all times on the base-station
receiver, and can seriously interfere
with communications,

To locate such noise sources, use
the same methods outlined before
for finding TV and other noises.
One of the mobile units makes an
excellent noise tracer. Drive around
the area close to the hase station
until you find the place where the
noise is loudest. ‘Then take a port-
able BC radio and track it down. 1t
will be very intense in BC radios,
since it is loud enough to hother an
FM receiver.

Remote-Controlled Base Stations

Many times the base-station an-
tenna in a two-way radio system is
three or four miles from the control
point, on a hill or tall building.
This is done so the antenna will be
high enough above surrounding ob-
stacles to give the system sulhcient
range. Telephone wires connect the
receiver, transmitter, and antenna
to a remote-control unit. All con-
trolling is done by means ol relays.
Ouly audio-frequency signals are
carried on the control lines, together
with DC voltages to operate the
relays.

In cases of interference, you'll
have to find out where it is coming
from. Is it high-frequency noise be-
ing picked up by the antenna? Or
is it audio-frequency noise being
picked up by the long telephone
lines? One way to find out is to go
to the remote receiver site, discon-
nect the control lines, and listen to
the receiver. If the noise is still
present, you have eliminated the re-
mote unit. Noise picked up by the
receiver is probably from power
lines, defective “hardware,” etc., as
covered in Chapter 6. The power
and light company will co-operate
in looking for it.

Audio noise picked up on the
control lines may be more difficult
to trace, since the lines are often
several miles in length. The Dhest
way to check this out is with an auto
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radio. Drive alongside the lines and
listen for a similar noise. When it is
heard, check the area for possible
sources. One actual case of such a
noise was caused by a tree branch
which had fallen across the bare tele-
phone line. Its other end was touch-
ing an AC power line, and there
was just enough resistance in the
bark to allow a bad AC hum to feed
into the control lines! Telephone-
company linemen will be glad to
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help out, since the control lines are
almost always leased from the tele-
phone company. With their help,
the line can be “sectionalized.” In
other words, you can go to about the
middle of the line and disconnect
it. Then, by listening to each half
with a test set, you'll be able to tell
which segment is causing the noise.
Further sectionalizing will let you
pin down the noise source and
eliminate it.



Aircraft Radio

CHAPTER

THE UNITED STATES has an
amazing number of private air-
planes, and it is increasing every
day. A great many of them are
equipped with at least a comnmunica-
tions radio . . . and many are also
equipped with radio compasses,
VOR, and “beam-riding” receivers
for navigation. We’H not try to cover
the whole field of aircraft radio here,
but confine ourselves to light planes
and the smaller executive aircraft.
The amount of radio equipment
in some of these planes will astonish
you. For instance, a typical flying
ambulance has 200400 kc low-fre-
quency receivers for flying the radio
beams, 100-120 mc band VHF re-
ceivers and transmitters for air-
ground and ground-air communica-

ENGINE

tion, a VOR (Visual OmniRange)
for navigation, and a radio compass.
The latter covers the broadcast band
and provides directional readings on
any BC station within range. By
taking two or more bearings, the
pilot can locate his position with
accuracy.

AIRCRAFT ENGINES

The typical engine in such planes
is a seven- to nine-cylinder radial.
You'll note one difference between
aircraft and automobile engines: the
aircraft generator, etc., are driven
by gears instead of a fan belt. The
equipment is mounted under the
accessory cowling at the rear, as
shown in Fig. 9-1. This cowling is
removable to provide access to the

Fig. 9-1. Location of the generator, voltage regulator, and magneto on a
typical aircraft engine.
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equipment. Ignition is furnished by
dual magnetos. An impulse booster
increases the spark available while
the engine is being cranked.

DC VOLTAGE SUPPLY SYSTEM

The DC voltage supply system of
an aircraft is identical to that of an
automobile, except that 24-volt sys-
tems are used in order to reduce the
size and weight of the wiring and
apparatus.

A DC generator controlled by a
voltage regulator keeps the battery
charged. The generator and regu-
lator are the exact counterparts of
those in an automobile and can be
treated as such when hunting noise.
Aircraft generators are usually fairly
well loaded down, and the batteries
are light in weight. Although the
light weight reduces its capacity, the
battery is actually a sort of floating
load across the generator, which sup-
plies most of the current.

When testing, never run the
radios more than one or two min-
utes from the battery. Either keep
the engine running or use an ex-
ternal battery cart. The latter is a
heavy-duty battery on a small
wheeled cart, with extension cables
for connecting in place of the air-
plane battery.

‘There is one peculiarity of aircraft
electrical systems: most of them have
a Battery switch which must be
closed to operate the radio or other
electrical equipment. In some ships
the Main switch must also be closed.
(In some aircraft it is labeled the
Master switch.) Some use a dual
switch with Ship’s Battery and Ex-
ternal Battery positions. If there is
no provision for disconnecting the
battery, take off one of the battery
cables and connect the external bat-
tery to it. (The simplest way to find
out is to ask the owner or pilot how
it is connected.)

AIRCRAFT RADIO EQUIPMENT

Almost all aircraft radio equip-
ment is the plug-in type where all
units are removable for service. The
wiring connections are made through
multiple contact plugs, and all wir-
ing remains in the aircraft. Much of
this equipment is rack mounted,
either in the instrument panel or in
a radio compartment (Fig. 9-2), and
the wiring is connected to a socket
on the back. The radio chassis slides
into this rack on guides, and a plug
fits into the socket to make all
power, control, output, etc., connec-
tions. The chassis is held in place by
screws or by the popular half-turn

PART OF ARCRAFT

SCREW OR
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.
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=%
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SOCKET CABLE

Fig. 9-2. Method of mounting aircraft rodio equipment,
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fasteners (Dzus [fasteners) used

throughout many aircraft.

ELECTRICAL NOISE IN
AIRCRAFT RADIO

You'll find three types of noise in
aircraft radio. Engine noise is ex-
actly the same as in automobile
radios and responds to the same
cures. It was discussed in detail in
an earlier chapter. Second is acces-
sory noise, which includes all other
electrical equipment on the plane.
This noise can be bypassed directly
at the source. Noise from gauges and
instruments would come under
either category. The third, and the
one which can cause you the most
trouble unless you're really alert, is
vibration noise!

Because of the very high engine
speeds needed, the whole airframe
is subjected to a severe high-fre-
quency vibration which can cause
trouble if there are loose connec-
tions, dirty socket contacts, or simi-
lar troubles in the radio equipment.
Therefore, in complaints of irregu-
lar static-like noise, make a thorough
test of all equipment on the ground
and with the engine off before trying
anything else. Hammer the frame
and fuselage with your fist while the
radio volume is wide open, and
clear up any noise before attempting
anything else.

Checking for Engine Noise

Checking for engine noise is the
same in an airplane as in an auto-
mobile, but with one exception—
you'll have to tie the airplane down!
Start the engine, and with the radio

"SAFETY"

at normal volume, “rev” the engine
up to cruising speeds (this point will
be “red-lined” on the tachometer).
If ignition noise shows up, run the
engine on first one magneto and
then the other. Ignition noise will
almost always be found in once or the
other, but seldom in both. If you do
secm to find noise in both, check the
antenna shielding and the radio
bonding and grounding; this is
more likely to be antenna trouble.

Many aircraft use shielded igni-
tion systems like the one in Chapter
8. I noise is found here, check the
shielding for loose grounds. The
magnetos are fitted with conductive
covers for shielding, and the most
common cause of ignition noise is
leakage from it. Clean the shielding
carefully, washing off all grease and
oil with carbon tetrachloride. Then
replace the cover, being sure it is
fastened tightly and the safety wires
have been replaced on all screws.

Speaking of safety wires, perhaps
it would be appropriate to explain
just what they are and how they are
used. Safety wires are used in air-
craft to prevent the cables and the
mounting bolts and screws from
working loose during flight. Holes
are provided in the screw heads and
bolts and, after they have been
tightened, a soft copper or brass
wire is run through the holes and
fastened to a nearby object (Fig. 9-
3). A safety wire is also attached to
all cable connectors and fastened to
a nearby object. Always be sure to
replace any safety wires, and if you
use any new screws, be sure they can
be safetied.

Fig. 9-3. Safety wiring of mounting bolts and screws.
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Generator and
Voltage-Regulator Noise

Generator and voltage-regulator
noise will also be the same as in an
automobile, and will respond to the
same cures. When mounting capaci-
tors on either unit, be very sure they
are sturdily mounted and the bolts
are safetied. Because of the terrific
vibration and G stresses encoun-
tered in flight, all parts must be se-
curely mounted to keep them from
coming loose in flight.

On some ships you'll find a very
convenient device for checking gen-
erator noise—a switch which cuts off
the generator while the engine is
running, in case it goes bad in flight.
Simply turn the generator off if you
suspect generator or VR noise; if the
naise stops, then you're sure of it!

Static-Discharge Noise

Static-discharge noise is heard in
flight. Although not really interfer-
ence, it is often mistaken for such.
It is a static discharge from the metal
skin of the aircraft, caused by high-
speed flight through dry air. One
way to climinate this noise is with
static dischargers which are fastened
to the trailing edges of the outer
surface, such as the wing tips and
rudder. The static charge gradually
leaks off into the slipstrcam from
these devices.

Interference in Instrument-Landing
and Homing Systems

The airplane using radio-compass
homing, or making a blind landing
on instruments, is very vulnerable
to interference, especially while on
the glide path, or final approach.
Any interference could cause the
pilot to miscalculate and to crash.
For this reason, both the FAA and
FCC are understandably anxious to
climinate any such danger to the
passengers or crew.
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Instrument-landing systems are in
the VHF bands for maximum im-
munity to normal atmospheric dis-
turbances, and VOR equipment
works in the 108-112 mc band for
the same reason. Thercfore, atmos-
pherics don’t bother these systems
too much, but there is always the
possibility that radiated RF inter-
ference will cause trouble.

Low-frequency equipment is more
vulnerable, of course. A peculiar
phenomenon occurred a while ago.
Transport pilots using the low-fre-
quency homers to find marker bea-
cons and get into the correct landing
patterns were annoyed by hetero-
dyne beats and squeals in the re-
ceivers. What was more alarming,
this caused the indicators to go wild!
After some difficulty, the cause was
finally located; it was radiation from
the intermediate-frequency stages of
transistorized portable BC radios
carried by the passengers! These
sets almost all use 265-kc IF’s, and
enough radiation was leaking out to
upset the very sensitive homing-
compass receivers. The FAA is
thinking about barring such equip-
ment aboard commercial airliners,
as it should.

Some interference has been found
even in the VHF range. Several
radio-controlled garage-door opener
transmitters near an airport were
radiating entirely too much power.
Although their fundamental was on
27.255 mc (their allocated fre-
quency), the fourth harmonic of the
transmitters was interfering with
ILS equipment operating on 109 mc.
This was also too close to some of
the VOR frequencies.

Such transmitters are authorized
to radiate only a very weak signal no
farther than 50 to 100 feet. This
particular equipment had exces-
sively high output and, of course, no
harmonic filtering in the antenna
circuit. Ordinarily, it is possible to



iustall such fileering in order to cut
the transmitter power down o
where the equipment will be accept-
able. However, these garage-door
opeuners had been made by a com-

pany whicli had unot bothered to
secure FCC approvall Needless to
say, they now have such approval,
plus much-lower output and no har-
monic radiation!
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CHAPTER

Marine Radio

BOATING IS fast becoming one of
the most popular sports, and small
boats have increased tremendously
in number the past few years. By
small boats, we don’t mean just row-
boats, either! We mean powered
craft, all the way from a 20-foot
cabin cruiser up to some which can
be classed as small yachts. Even the
house trailer is getting into the act!
One manufacturer is building a
completely amphibious trailer. You
drive up to the lake, back it into the
water, crank up an engine in the
trailer, and you have a houseboat!
There has been a corresponding
increase in the amount of radio
equipment designed for marine use.
These include two-way communica-
tion equipment, entertainment ra-
dios, radios combined with direction
finders, radio compasses, and even
transistorized depth alarms which
ring a bell when the water beneath
the keel is shallower than a preset
depth. And for commercial and
sport fishermen, “fish finders” are
available which work like sonar!
With all this electronic gear
aboard, it is essential that the elec-
trical system of the boat be silenced
to prevent interference. Otherwise,
radio noise might interfere with the
radio direction-finding equipment
or with emergency communications.

MARINE ENGINES

Marine engines are either the
familiar outhoards, which range

front 3 up to 75 horsepower, or
inboard engines, which go up to 200
or 300 horsepower in some of the
large fishing boats and small yachts.

Inboard Engines

The inboard marine engine is ex-
actly like its automotive counter-
part, except it has no radiator be-
cause water is drawn from over-
board. Most of them are housed in
a well or compartment in the middle
of the boat and are reasonably acces-
sible.

Ignition systems are like those in
an automobile and the same noise-
reducing procedures can be used—
resistor spark plugs, resistive igni-
tion wiring, bypasses on the genera-
tor and voltage regulator, etc. The
major difference is that the entire
ignition system must be completely
waterproof, and whatever noise-
suppression equipment we install
must never interfere with the water-
proofing. For this reason, resistor
spark plugs or resistive wiring should
be used instead of plug-in or cable-
type suppressors, because they can
be made just as watertight as the
original. A liberal application of
waterproofing compound is also
recommended on all connections.

Fully-shiclded ignition systems
similar to those for automobiles are
also available for marine engines.
These have the added advantage of
being completely waterprool.
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Outboard Engines

Outboard motors probably out-
number the inboard types by a large
margin. They range from the tiny
one-cylinder trolling motor to the
six- or cight-cylinder racing types.
Oflten, they are used in pairs to drive
mcdium and large cruisers.

Almost all of them arc cquipped
with magnetic ignition. Fig. 10-1
shows the magnetos and breaker

some noise pickup ncar the motor,
but it often is not even uoticcable
forward where the radio eqnipment
is located. Motors using plastic
covers may need suppression, how-
cver.

In some magnctos the wiring is
part of the coils and it is impossible
to use resistance-type ignition wir-
ing. Instcad, resistor-type spark
plugs will have to be used. (Separate

Fig. 10-1. Magneto and breaker points on a typical outboard motor,

points of a typical outboard motor.
Notice the plastic-encased coils at
the top and bottom. These are the
ignition coils. Some of the larger
outboards have electric ignition like
an automobile’s, and even electric
starters. Magneto ignition systems
can cause noise, the severity depend-
ing on the construction of the motor.
If it has a solid metal cover over the
spark plugs, not too much suppres-
sion may be required . . . the cover
serves as a shield. There will be

suppressors like those used on cars
would not be too durable) To re-
peat: the ignition system must be as
waterproof as possible, so always use
resistance wire or resistor-plugs.

LIGHTING GENERATORS

Some of the more elaborately
equipped boats will have auxiliary
engines to provide electric lights
and power for a refrigerator and
other electric apparatus. These en-
gines are used mostly to charge a
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bank of 6-, 12-, 24-, and 32-volt bat-
teries. The engine drives a heavy
generator with a capacity of 30 on
up to 100 amperes or even more.

Noise problems arise from the
auxiliary engine's ignition system,
which can be either shielded or sup-
pressed like any other gasoline en-
gine. Resistor spark plugs will prob-
ably eliminate almost all ignition
noise. The generator is simply a
large DC generator, exactly like a
car generator except for its size.
Hence, the same procedure of by-
passing each brush with a large ca-
pacitor can be used. Also clean and
polish the commutator. Standard
LC hlters may have to be installed
in series with the main power wir-
ing, between the battery bank and
the load (or better still, between the
generator and batteries).

Some systems employ a 110-volt,
60-cycle AC generator so that stand-
ard electrical appliances can  be
used afloat. An AC generator isn't
inherently as noisy as the DC gen-
erator because the output is taken
off by means of slip rings; the worst
trouble here will be in the auxiliary
engine itself.

OTHER ELECTRICAL EQUIPMENT

On the more Juxurious boats, elec-
tric sail hoists or anchor winches
may cause noise due to the brushes
in their motors. Standard filtering
procedures will take care of this.
Install bypass capacitors at the
motor, across the brushes. When the
equipment is exposed, always be
very sure the filters are completely
waterproof if installed on the out-
side of the motor. If only bypass ca-
pacitors are installed on the inside,
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be careful to replace all waterproof
gaskets, seals, etc., after reassembling
the motor.

Some of the factory-built LC fil-
ters can be very uscful in marine
work; they are alrcady completely
sealed in tubular cases and hence
arc entirely waterproof. In addition,
they can be installed in bulkheads
(naval slang for the walls), special
metal boxes, or on the motor itself.

RF INTERFERENCE: DISTRESS AND
COMMUNICATION CHANNELS

Since 1958, the FCC has made it
mandatory for boats carrying more
than six passengers for hire to have
radio receiving and transmitting
equipment aboard, and the radio
operators must maintain a watch
over the distress and calling fre-
quencies of 500 and 2182 k¢, and
also the ship calling frequency of
8364 kc.

Several cases of radiated interfer-
ence have been found on these fre-
quencies, quite a few due to *“stuck”
transmitters. This is caused by a key-
ing relay contact, etc., becoming
stuck and keeping the transmitter
on the air without the operator’s
knowledge. The frequency is blocked
for several miles in all directions, of
course. The only way to locate this
trouble is with direction-finding
equipment. A minimum of two bear-
ings is required to locate this, or any,
interference source.

Other equipment can interfere
with these frequencies; LF carrier-
current systems have been picked up
on them, as have industrial heaters
and arc welders, etc. Once again, the
DF receiver is the handiest tool.



Unusual Noise

and Interference

CHAPTER

UP TO this point, we have been
talking mainly about the effects of
noise and interference on radios
(both entertainment and communi-
cations types) and television. Now,
let’s take up the much more serious
and sometimes dangerous effect that
interference and noise can cause in
the more delicate electronic appa-
ratus in use today. Typical units
would include electronic computers
and controls, telemeters, electro-
medical and geophysical apparatus,
and many others.

Most of them are very sensitive
receivers, and a high ambient noise
level can play havoc with the ac
curacy of their recordings. The re-
sult may cause severe property dam-
age and endanger human life. For
example, a rocket launching at Cape
Canaveral was supposed to have
been delayed for several hours while

technicians located and repaired a
faulty transmitter, in a taxicab radio
system miles away, that was interfer-
ing with their telemectering receivers!
The most common cause of inter-
ference is exactly like what we have
been discussing in the earlier chap-
ters: fluorescent lights, defective
motors, bad connections, improper
shielding, radiating devices of all
kinds, and so on. These can be
located and quieted with conven-
tional apparatus. However, special
cases of unusual interference may
require more drastic measures. Inter-
ference which is concentrated in a
certain band of UHF frequencies,
for example, may be impossible to
locate with ordinary equipment.
Quite often it will be possible to
locate the noise source by using the
receiver being interfered with as a
detector. Monitor its output, either

Fig. 11-1. A professional noise locator.
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on a graph or oscilloscope, while
turning on various items of electrical
cquipment in the vicinity one at a
time, to sec which one is responsible
for the interference.

In very difficult cases, a profes-
sional noise locator like the one in
Fig. 11-1 will have to be used. It is
made in several models covering
different parts of the radio-fre-
quency spectrum. The unit shown
has a range from 375 to 1,000 mc.
Other models provide measurements
from as low as thirty cycles 1o 10.7
kilomegacycles! These are very ac-
curately calibrated, highly-sensitive
RF microvoltmeters that can meas-
ure not only the frequency and am-
plitude of the noise, but also deter-
mine the bandwidth over which it is
present. Recording voltmeters can
be used with them so that a perma-
nent record of the noise level can
be kept. An oscilloscope can be con-
nected to the output for a “pan-
oramic” display—i.e., a sweep-fre-
quency pattern of the entire band
of Irequencies being used. In this
way, noisc sources can be located
within several megacycles of the fre-
quency in usc.

A variety of input devices are
available for these instruments. A
conventional dipole or a broad-band
“bow-tie”" can be used in the UHF
ranges, or a directional loop antenna
will provide bearings on the noise
source. For other work, special
shielded probes are used to pin-
point individual noise sources within
the interfering apparatus. The sen.
sitivity of the detector is adjustable
over a very wide range, and addi-
tional pads are available to bring it
down to whatever value is nceded.

This detector is often used with
directional antennas of various
types to pinpoint the location of a
noise or interference source. It can
also be used as a field-intensity
meter because it is capable of cancel-

136

ing interference in the presence of
a sine-wave RF signal and thus
reading the actual field strength of
the signal without the noise.

INTERFERENCE FROM
INDUCTIVE CONTROLS

Many times the electrical appa-
ratus is remote-controlled, necessi-
tating a large number of relays,
solenoids, and similar controls. Each
of these controls has as its actuating
mechanisin a coil, which can be the
source of a peculiar type of inter-
ference. Most relay coils are actuated
by a sudden pulse of current. Under
just the right circuit conditions, this
current can causc the coil to “ring”
(go into temporary oscillation). As
a result, a pulse-type interference is
generated which can be radiated or
conducted into other nearby appa-
ratus, upsetting their operation. (See
Fig. 11-2))

(A) A typical relay coil.

COIL RINGING

O&KSINAL PULSE
TINME

AMPUTUDE

(8) The applied pulse ond the ringing
voltoge.

Fig. 11-2, Ringing in a relay coil.

Such interference is caused by the
unavoidable conditions in any cir-
cuit using inductance. All coils have
inductance; they also have a certain
distributed capacitance between any
one turn of wire and all the other
turns. There is also the DC resist-
ance of the wire. The LC constant



of the coil determines the frequency
of the fundamental burst. The Q of
the coil determines the number of
cycles in the ringing waveform;
high-Q coils, of course, will ring
longer than low-Q coils, which tend
to be more or less self-damping be-
cause of their low DC resistance.

This is really a design problem,
usually taken care of when the
equipment is built. However, now
and then unavoidable interference
will be found when apparatus made
by different manufacturers is used
together.

There are several ways of curing
this kind of trouble. The simplest,
of course, is to install line filters,
both in the device causing the noise
and in the one being interfered
with. With adequate input shield-
ing, this will often be the easiest
way out, If it doesn’t bring the inter-
ference down to an acceptable level,
then we’ll have to do something to
the offending coils themselves. A lot
of work may be required in disas-
sembling the machines, etc.—which
is the reason for suggesting the
simplest way first.

The coil or coils causing the
trouble must first be positively iden-
tified. This can be done by using the
noise locator just described and a
wellshiclded probe to pinpoint the
offender. Always remember the first
rule of noise-suppression work: the
filtering device must never inter-
fere with the primary purpose of the
circuit being filtered. For this reason
be very careful, when applying cor-
rective measures, that each piece of
equipment still performs exactly as
before.

The worst headache is the sensi-
tive relays, solenoids, etc., which
must act very rapidly—many open-
ing and closing several times per
second. The actuating coils of such
relays have a very fast drop-out time
(the time in seconds or milliseconds

required for the magnctic field of
the coil to collapse and allow the
armature of the relay to be released).
Other relays will have a delayed re-
leasc; they hold the armature down
for a certain time after the exciting
current has been interrupted. We'll
have to be very careful, with the last
ones, to keep from upsetting their
time constants.

However, the picture is not as
dark as we have been painting it.
There are ways we can damp out the
ringing in a coil without affecting
its performance or changing its time
constant too much.

Remedies

The simplest method of damping
a coil, shown in Fig. 11-8A, consists
of shunting a resistor across it. The
resistor, which is several times as
large as the DC resistance of the
windings, changes the Q of the coil
and thus damps the reverse pulses
quite efficiently. However, the lower
amplitude of the pulses will slow
down the re-energizing time of the
relay. The magnetic field of the coil
will have to be built up again after
the resistor has damped it, and hence
a few more milliseconds will be
added to the re-energizing time.

Another method is shown in Fig.
11-3B—a reversed diode connected
across the coil. The effect is obvious
—the diode does not conduct when
the current is applied in the “nor-
mal” polarity, and the exciting cur-
rent is permitted to flow through
the coil. When the coil attempts to
ring, however, the diode conducts
heavily on the first half cycle of the
reversed-polarity current and thus
damps the coil rapidly. This gives
excellent suppression; but it cannot
be used where the relay must have
a very fast reaction, because the
magnetic field of the coil must have
time to rebuild after being com-
pletely drained off by the diode.
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(A) Resistor across coil.
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(B) Diode ocross coil.
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(C) Capacitor across coil.

(D) Combination of diode and RC network
across coil.

Fig. 11-3. Methods of damping induct-
ances to prevent excessive ringing.

Another alternative is to use a
shunt capacitor across the coil (Fig.
11-3C). By adding more capacitance,
we can lower the natural resonant
frequency of the coil enough to
throw the fundamental out of range
of the apparatus being interfered
with. Most of the time, large low-
voltage capacitors are used; how-
ever, in some VHF and UHF appli-
cations, a small capacitor may move
the noise peak out of the bandpass
of the receiving apparatus without
slowing down the time constant of
the relay too much.

In some cases, a combination of
all three may be used, as shown in
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Fig. 11-3D. By making the time con-
stant of the RC network very short,
the release time of the coil will not
be affected too much and the coil
will be ready for service again.

1f the circuitry makes it possible,
other more common filters may clear
up the trouble. For example, if the
relay is energized by pure DC, it
should be possible to install a rather
“heavy” filter in the supply circuit,
as shown in Fig. 114, and to increase
the DC supply voltage to allow for
any voltage drop in the filter.

Shielding can also help here. If
space does not permit the entire re-

3

ADOED
FLTERS

FROM DC
SUPPLY
i
]

Fig. 11-4, Adding LC filters on both sides
of radiating coil to eliminate interference.

lay assembly to be shielded, small
homemade shields can be placed
around the coil. In close quarters,
wrap the coil with several turns of
aluminum or other metallic foil, tie
it tightly with string, and ground
the foil by taping one end of a wire
to it and attaching the other end to
the chassis (Fig. 11-5).

Other circuits may offer more dif-
ficulties. If the coil happens to be

RELAY™%}

CHASSIS
\

Fig. 11-5. Shielding o relay coil with foil
to eliminate interference.



in the plate circuit ol a vacuum
tube, as so many are in this kind of
apparatus, we are severely limited in
the number of interference suppres-
sion devices we can use. However,
we're still not entirely helpless. For
example, il a coil used in the circnit
of Fig. 11-6 is radiating interference,
we can reduce it by taking the meas-
ures shown. Correctly applied, these
should reduce the radiated pulse
interference without affecting the
performance of the stage. After all,
there are still only two ways these
interfering pulses can escape—Dby

11-7 is the block diagram of a typical
electromedical device. The pickup
is attached to the patient and its
output is fed into a very high-gain

SHIELDED GRAPH -
HIGH GAIN RECORDER
- - AMPLIFIER
PICKUP
OEVICE DETECTOR

)

0SCILLOSCOPE

Fig. 11-7. Block diagram of a typical elec-
tromedical device.
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Fig. 11-6. Methods of reducing interference from a relay coil in the
plate circuit of a vacuum tube.

radiation, which can be cut down by
shielding, and by conduction over
the supply wiring, which can be re-
duced by proper bypassing.

ELECTRONIC MEDICAL APPARATUS

Modern hospitals use a tremen-
dous number of electronic apparatus
for both diagnosis and treatment.
Such items as the electrocardiograph
(abbreviated EKG) for recording
heartbeats, and the electroencephal-
ograph (abbreviated EEG) for meas-
uring brain waves, can be easily up-
set by an excessively high electrical
noise level. Basically, these and all
similar instruments consist of a
transducer or other pickup device
which converts the quantity being
measured into electrical signals. Fig.

amplifier. The detected output of
the amplifier is then fed into a re-
corder which makes a permanent
chart of the readings. Some are used
with an oscilloscope so the wave-
forms can be examined at the same
time.

Noise and interference can get
into the input of such devices and
cause false readings, misleading the
diagnostician. This can be very
dangerous. Therefore, all possible
precautions must be taken to keep
the area in which the equipment is
used free of electrical noise and
interference. The amplifiers in such
equipment have a very wide range
of response, often running from al-
most DC up to 100 kc. Therefore,
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they are sensitive to almost any fre-
quency of noise. The room and
building should be checked very
carcfully with radio detectors or one
of the special interference locators
described before. Normal sources of
noise, such as fluorescent lights,
motors, etc., must be quicted with
filters, and all other electrical appa-
ratus within range checked for noise
radiation. Where the ambient noise
level is very high and cannot be re-
duced economically, the equipment
may have to be placed in a com-
pletely shicided room to keep out
extraneous noise.

The equipment itself must be very
carefully checked to insure that it is
in perfect condition. Quite a few
complaints of external interference
have been cleared up by repairing
the apparatus itself! Since these in-
struments require a very high sensi-
tivity to respond to the minute cur-
rents generated by brain waves, etc,,
the input shielding must be abso-
lutely perfect. Loose or ungrounded
shields, loose connections in the

pickup, and similar troubles, can
cause false noise in the equipment.
Check and clean all connections.
Then test the apparatus for noise
immunity by operating some kind
of noise generator nearby, such as
a noisy electric drill or an old-type
electric razor. Make a test recording
or ohserve the waveform on a scope,
to see if the noise is being shielded
out as it should be. Incidentally, it
would be a very good idea to make a
test recording, using no input, on
each new piece of equipment when
it is first installed. This will give you
an idea of the normal noise level of
the unit. If a great deal of this work
is done, one of the many calibrated
noise generators can be used for
accuracy.

If some hospital equipment is
among the worst at receiving noise,
other units are among the worst in
creating it! Among these are the
older X-ray and diathermy ma-
chines. The champion noisemaker is
the cautery, or “radio knife” as it is
sometimes called, in Fig. 11-8. It

Fig. 11-8. A ‘‘radio knife,'* or cavtery.
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generates a high-frequency current
which is controllable in amplitude
and, to a certain extent, in fre-
quency. It is used for cauterizing
wounds and sometimes for cutting
tissues without excessive bleeding.
The latter is done by applying cur-
rent through an clectrode; a tiny arc
scars the tissues as they are separated.

The basic schematic of a typical
cautery is shown in Fig. 11-9. The
step-up transformer, togcther with
an electrically-driven set of contacts
in series, forms a high-frequency arc
between the points. This pulsating

ing in one or two short bursts of
noise. Installation of an LC filter in
the supply wiring, and complete
grounding of the apparatus (neces-
sary in any event for the protection
of both patient and surgeon) will
help shorten the range of the radia-
tion, which ordinarily will not travel
far beyond the operating room.

GEOPHYSICAL EQUIPMENT

Another place where absolute
radio silence must be observed, at
least as far as noise and interference

DRIVING
iy

PRIMARY

INSULATED
GRIP

ELECTRODE

PAD
{GROUND)

-

Fig. 11-9. Basic schematic of a *‘radio knife."

voltage is fed, through insulated
cables, to the cutting or treatment
electrode and to a return pad, or
ground, placed under the patient.
The current thus consists of a rapid
series of high-frequency, high-volt-
age pulses. Their amplitude and
frequency are regulated by changing
the distance between the vibrating
points, and hence, the length of the
arc.

This is a rich source of RF inter-
ference, of course! Unfortunately,
we can do little about it except rec-
ognize its source. The only way to
completely eliminate the radintion
would be to use the cautery in a
fully shielded room. However, there
is one small, alleviating feature—the
unit generates interference only
when being operated, which is for
very short periods of time. Current
flows for only a second or two, result-

are concerned, is in geophysical
equipment. Such equipment is used
to explore for oil deposits and
other subterranean research. A lot
of extremely sensitive recording
equipment is used: recording seis-
mographs, geophones (seismic
detectors), and a large assortment of
telemetering equipment. Two-way
radio equipment is also employed
for communication and for tele-
metering between the base and ob-
servation stations.

The trucks, cars, boats, and air-
craft used must be noiseproofed to
prevent radiation of ignition noise,
which could interfere with the sensi-
tive recording equipment and with
communications. In addition, the
generator at the main base must be
absolutely “clean” as far as noise is
concerned. The standard noise-re-
ducing procedures and equipment
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outlined in earlier chapters will do
the work, and LC filters should be
used in all power-supply lines.

THE SHIELDED ROOM

Where a machine generates large
amounts of radio-frequency or noise
interference, or where very sensitive
receiving equipment must be pro-
tected from random noises, it is
necessary to enclose the equipment
in a solid (to RF energy) shield.
These are often called screened
rooms because the most popular ma-
terial for constructing them is cop-
per window screening.

The purpose of the screening is
the same as for any other shielding.
The surface of the shield intercepts
the cnergy and carries it off to
ground in the form of eddy cur-
rents. The walls, floor, and ceiling
must be completely covered with the
conductive material, and all power
lines and other conductors passing
through the shielding must be fur-
nished with filters. (Light fixtures
can be hung on the outside to save
filtering them.) Furthermore, all
doors must be provided with wiping
metallic contacts so they do not
cause a break in the shielding. Fig.
11-10 shows a completely screened
room.

LIGHT FIXTURE
QUTSIDE SHIELDNG POWER LINE

FULTER

DOOR

E 5

Fig. 11-10. Construction of o screen room,
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Construction of a Screened Room

There are two types of screen
rooms in general. One is where a
machine must be shielded in a larger
space, such as a factory floor, etc.
The other is where the unit is in-
stalled in a small room. In the first
type, a sclf-supporting framework
of light timbers supports the screen.
The floor can be covered with the
screen, which in turn is covered with
linoleum or other floor covering, or
with solid sheet metal if more con-
venient.

The copper screen is soldered to-
gether at all joints to assure con-
tinuous shielding. Solder joints
should be as close as possible, con-
tinuous soldering being best.

If the machine is in a small room
of its own, the screening can be
fastened to the walls and ceiling.
Furring strips of wood will provide
a place to nail the screen if the wall
surface is masonry, etc. The top of
the screening can be dropped below
the ceiling and all lighting fixtures
mounted on the outside to save
using filters.

Details of the door construction
are shown in Fig. 11-11. The edges
of the door and the jambs are fitted
with brass weatherstrip so they will
make a tight contact when the door
is closed. (The detailed drawing in
Fig. 11-11B shows the door and jamb
separated much farther than normal
for clarity. The two weather strips
should wipe tightly when the door
is closed.) Copper screen on walls
and door are soldered to the cdge
of the brass strips to make a good
joint. The wiping action keeps the
contacts clean.

All wiring entering the shield
must pass through adequate filter-
ing. An LC filter in a metal box .
should be used in each circuit, and
the box connected to the shield it-
self. Where the machine is produc-
ing large amounts of radio-frequency
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Fig. 11-11. Construction of a screen room
door.

cnergy, the filters can be tuned to
the fundamental [requency for
maximum efficiency. However, the
standard brute-force filters will al-
most always be sullicient,

In scvere cases, a dual screened
room will have to be built, one in-
side the other. The two screens
should be separated by at least 3
inch or more and insulated from
cach other. Both the inner and the
outer screens should be well
grounded, and the inner-screen
ground wires should be insulated
where they pass through the outer
screen. A ground rod at each corner
of the room, connected to the screen
by a heavy strap, will furnish the
thorough grounding needed.
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CHAPTER

m The FCC and Its Role in

Interference Complaints

THE FEDERAL Communications
Commission (FCC) is the govern-
mental agency charged with regulat-
ing all broadcasting and communica-
tion in the United States. In 1934,
this agency had 20 ofhices, 7 monitor-
ing stations, and 113 employeecs.
That year it received 3,800 com-
plaints of radio interference. In
1959 it had grown to 31 offices, 18
monitoring stations, and 80 mobile
units, with a staff of 400. In that
year it received 24,036 complaints
of radio and TV interference!

With such an overwhelming load
and limited staff, the FCC has aided
in the formation of industrial and
citizens’ groups to handle as many
local complaints as possible. There
are 32 Cooperative Interference
Committees (CIC), made up of en-
gineers, executives, governmental
officials, and others interested in the
clearing up of mutual interference
problems, and 525 Television Inter-
ference Committees (TVIC), made
up of radio amateur operators, radio
and TV technicians, broadcast radio-
TV engineers, and others. Industrial
groups have also been formed to aid
in the design of such machines as
plastic heaters, RF arc welders, etc.,
so they will cause as little interfer-
ence as possible.

The TVIC groups handle all
local interference complaints where-
ever possible. In some arcas, a state-
wide organization has. been formed

and a headquarters set up in the
state capital.

FCC MONITORING STATIONS

The FCC opcrates 18 monitoring
stations in the United States. These
stations are equipped with direction-
finding equipment and reccivers
capable of covering almost all RF
frequencies, as are the 80 mobile
units of the ficld-engincering divi-
sion. The stations and mobile units
not only check radio and TV broad-
cast stations to make sure they ad-
here to the strict technical standards
laid down by the FCC, but also track
down interference of almost any
kind. The locations of these stations
are as follows:

Primary Monitoring Stations

Allegan, Michigan
Grand Island, Nebraska
Kingsville, Texas
Millis, Massachusetts
Santa Ana, California
Laurel, Maryland
Livermore, California
Portland, Oregon
Powder Springs, Georgia
Lanikai, Oahu, Hawaii

Secondary Monitoring Stations

Searsport, Maine
Spokane, Washington
Douglas, Arizona

Fort Lauderdale, Florida
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Secondary Monitoring Stations (cant.)

Ambrose, Texas

Chillicothe, Ohio
Anchorage, Alaska
Fairbanks, Alaska

HOW TO REPORT A COMPLAINT
OF INTERFERENCE

Obviously, a huge percentage of
interference complaints arc going to
be caused by local conditions—dec-
fective electrical equipment, etc.—
which can be located and cleared up
easily by local technicians. There-
fore, such cases should not be re-
ported to the FCC until all resources
have been exhausted locally.

The route for complaints to the
FCC should always be: first, the
local TVIC, then the state TVIC or
CIC headquarters, and finally, but
only if these agencies cannot find the
cause, the FCC engineers. In this
way, you'll avoid wasting the time

of the FCC engineers—who have a-

very heavy workload at all times—
on a case which should have been
handled locally.

UNUSUAL CASES OF INTERFERENCE

Our deepest gratitude goes to the
Federal Communications Commis-
sion for permission to reprint the
following case histories. Taken from
the FCC Field Engineering Re-
ports, there are but a sample of the
oddities the FCC engineers turn
up . .. all in a day’s work.

Interference in Aircraft
Communication Systems

An inadequately shielded arc
welder in Detroit caused a near-
accident at a local airport when its
released encrgy blotted out an im-
portant call of an approaching air-
craft. Luckily, no damage was done,
and after the offending welder was
tracked down, it was properly
shiclded.

A Minucsota  airficld  reported
disruption to aircraft communica-
tion over a radius of 50 or morc
miles. Thanks to bearings taken by
a mobile unit, FCC engineers found
the culprit to be a common electric
doorbell half a mile from the air-
port. Its transformer contained a
temperature-control strip with con-
tacts which had become so pitted
that the conncction alternately
went on and ofl. The interference
stopped when the bell was silenced.

A recent long-distance interfer-
ence case developed when an aero-
nautical service at Honolulu, Ha-
waii, reported that strong signals
were blotting out its radio messages
between air and ground. The FCC
direction-finder net was alerted and
fixed the source, not locally, but
some 5,000 miles away-——at a port on
the east coast of the United States!
The trouble proved to be a defec-
tive ground transmitter of another
airline. Unusual propagation condi-
tions caused the signal to span the
continent and part of the Pacific
Ocean to Hawaii.

An Air Force base in Colorado
complained of interruptions to its
air-to-ground communications. FCC
engineers found it was due to radia-
tions from an old-type radio-con-
trolled garage-door opener at a
nearby private residence where the
garage doors were labeled “His”
and “Hers.” The dificulty was re-
moved after the couple installed a
remote-control systemn that could be
licensed in the Citizens Radio
Service.

The reason for complaint of an
airport in Bellingham, Washington,
was finally pinned on arc welders
used in a local shipyard, which took
measures to eliminate their effect on
aviation radio communication.
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An airlines office in Chicago re-
ported serious interference on a fre-
quency used by its planes. Direction-
finder bearings indicated it came
from a certain area in Minnesota.
A mobile unit narrowed it down to
a factory at Grand Rapids, Michi-
gan, and further pinpointed it to an
industrial heating device. The com-
pany promptly took corrective
measures.

“Hillbilly” music which plagued
radio communications at a Tennes-
see airport was emanating from a
homemade record player nine miles
away.

Interference to the International
Airport at Boston, it was discovered,
came from a broken cable in con-
tact with a covering metal pipe.

Interference in Broadcast
Radio Reception

A Maryland resident complained
of severe interference, both to radio
and TV reception, from 9:15 p.M. to
6 an. It had been going on for
three months and the power com-
pany was unable to locate the
trouble. The complainant was re-
quested to recheck all electrical
equipment in her home. Two days
later she reported she had found the
culprit—an old electric blanket!

In Fairbanks, Alaska, a broadcast
station experienced jamming on its
remote pickup frequency. An FCC
mobile unit traveled the streets, go-
ing from door to door, until finally
professional rather than personal
preference caused it to stop in {ront
of a tavern. Here a neon sign was
turned on, but the gas in it was not
illuminated and caused radiation.
The tavern owner “signed off” and
called a repairman.
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An illegal but humorous opera-
tion was uncovered in a Chicago
suburb. Four youths, using a make-
shift “station” composed of parts of
a castoff theater sound system and
the power supply of an old TV re-
ceiver, not only broadcast recorded
music and commercials (free), but
were conducting “man-on-the-street”
interviews as well. However, one of
the persons interviewed on the side-
walk was an FCC field engineer who,
in response to the opening ques-
tions, announced he was there to
close down the station. There was a
sudden sign-off announcement by
the “ex-manager.” A visit to the
“studio” revealed a posted schedule
of stiff penalties for violating the
station’s rules. They ranged from
“goofing names on the news—3¢" to
“messing up commercials—5¢.”

There are cases of carrier-current
or wired broadcast systems interfer-
ing with radio communication serv-
ices. In one instance a so-called *col-
lege campus” system was radiating
five miles from the school. The Com-
mission’s field staff has long tried to
acquaint educational institutions
with the availability and advantages
of economical, low-powered, non-
commercial educational FM broad-
cast operation.

When a California family went on
vacation, it forgot to turn off the
household broadcast receiver. Not
only that, but something went wrong
with the neglected set. Possibly be-
cause of loneliness, it started to re-
transmit the programs of a local
broadcast station. It did so in a
manner that played havoc with re-
ception by land mobile radiotele-
pltone stations up to 33 miles away.
Insertion of a new tube and a turn
of the Off knob eliminated the
trouble.



This case involved complaint by
a woman that a neighborhood ama-
teur station was interfering with the
opcration of a radio phonograph.
The amateur was elderly and in poor
health. His principal intcrest was
his “ham” station, which several
fellow amateurs constructed and
serviced for him. The amateur’s
sister informed the inquiring engi-
neer that her brother had suffered
a heart attack after a series of argu-
ments with the complainant. There-
fore, tests were made under the guise
of a routine station inspection. No
cause for interference was found in
the amateur equipment.

At the complainant’s home, inter-
ference was observed in the all-wave
receiver, only when it was in the
phonograph position. The antenna
consisted of a short insulated wire
wrapped around a line cord of a very
“messy” electric system. When the
antenna was unwrapped from the
line cord and the line plug reversed,
the interference ceased.

Some time later, however, another
report was received from the same
complainant. This time the agitated
lady claimed that whenever she put
her hand near the radio-phonograph
pickup to change records, the ama-
teur’s voice would break through.
This phonomenon, she said, was
making her nervous and affecting
her health. The investigating engi-
neer discovered that the latest ap-
parition was due to pickup in the
phono-pickup leads. So he devised a
wavetrap which eliminated the
woman’s “haunt,” and the amateur
continued to operate his station
which, according to him, ‘‘makes
life worth living.”

The Commission wishes all inter-
ference cases could be resolved as
satisfactorily and harmoniously!

In another case, near Havre de
Grace, Maryland, both radio and

TV reception on a broad scale was
disrupted by a loud buzz. The Mary-
land CIC group traced it to a defec-
tive clectric fence on a local farm.
By following the advice of CIC cx-
perts, the owner was able to remove
the intruding noise.

While monitoring for interference
in Portland, Oregon, a mobile unit
observed a strange signal which it
traced to an apartment house. Here
it was found to be due to a home-
made short-wave receiver which had
been discarded for two ycars. But,
unknown to the owner, the power
cord was still plugged in and the
switch was on. This combined fire
and interference hazard was reme-
died, but the owner is still trying to
determine how much it cost him on
his electric bill.

Interference in TV Reception

Complaints of interference, which
gave a Massachusetts city “picture-
less TV” on one channel, were
traced to test equipment in a local
radio tube plant—one of the com-
plainant’s!

In Worcester, Massachusetts, in-
terference to reception on a certain
TV channel was found to come from
an oscillating AM receiver in the
neighborhood. On the other hand,
interference to AM broadcast recep-
tion in two Vermont communities
originated with two wired TV dis-
tribution systems.

An investigation extending over
many months was required to solve
an intermittent TV interference
problem in Marion, Massachusetts.
The cause finally proved to be
spark-type discharges in the antenna
system of a military installation in
that area.
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An Indiana housewife blamed a
neighbor’s amateur operation for
her distorted TV picture. She was
not satisfied when an FCC field in-
quiry indicated that her receiver,
rather than the “ham,” was at fault.
So she wrote to President Eisen-
hower. However, a second visit by
an engincer of the Chicago office
showed that the disturbance had
been eliminated. The method used
was unique. On the day when the
lady of the house (described by her
husband as the “dominant mecmber
of the family”) was away, the help-
ful amateur, with the consent of the
woman'’s husband but without her
knowledge, installed a wave trap
and a line filter in her set to make
up for its poor interference-rejection
capabilities.

Complaint was received of poor
TV visibility by 60 families sharing
a master TV receiving antenna on a
Connecticut apartment building.
Inquiry revealed that the trouble
extended over an area containing
500 receivers. An FCC engineer
found it was caused by a defective
flashing neon sign in the window of
a local finance company. The man-
ager (not because of financing any
of the scts involved) immediately
turned the sign off and arranged to
have it serviced.

During sunspot and other seasonal
disturbances, the Commission is
swamped with complaints of TV
interference and reports of abnormal
TV reception. At such times some
TV signals occasionally span the
continent. Nothing can be done
about it; this is an abnormal condi-
tion due to rellections by the iono-
sphere—a layer of ionized air far
above the earth’s surface, above
which radio waves normally do not

go.
148

Manufacturers and users of indus-
trial heating equipment are going
to great lengths to curb interference
from this type of apparatus, which
has become important to many
manufacturing processes. One firm,
harassed by continuing complaints
of interference, decided to correct
the situation itself, since a commer-
cial firm indicated it would take
months to provide the necessary
shielding. So plant personnel con-
structed a shielded room 70 by 30 by
15 feet at a cost of $3,000, and an
outside engineer certified that it
complied with the FCC interference
safeguards. To make doubly sure,
however, the plant’s own engineer
installed a meter in his office to
check the radiation.

Numerous complaints of interfer-
ence to TV reception came from a
city in upper New York state. The
complainants believed that ama-
teurs, diathermy equipment, or sta-
tion operation was at fault. But a
Buffalo mobile unit traced the oner-
ous signal to a local private resi-
dence. Here, on-and-off tests showed
radiation from a booster amplifier,
which went into strong oscillation
when it was left on after the TV set
was turned off. The owner promised,
in the future, to turn off both his
booster and receiver simultaneously.

A resident of Chicago complained
about persistent annoyance to his
and other TV receivers in the neigh-
borhood. He was surprised to be
told, after investigation, that the
source was an electronic door-open-
ing device on his own garage!

Inquiry into disruption of TV
reception in a California community
showed that technicians in an ad-
jacent research laboratory had for-
gotten to turn off some transmitting
equipment they werce testing.



Interference to TV reception in a
California city was first blamed on
an obsolete diathermy machine. The
latter was replaced with approved
equipment. However, complaints
continued and a new search led to
an oscillating TV booster. This was
also remedied. A short time later a
letter was reccived {rom the local
chamber of commerce, thanking the
Los Angeles FCC office on behalf of
“hundreds of persons whose TV en-
joyment was impaired and who are
most grateful for the prompt atten-
tion.”

A TV store in Massachusetts com-
plained that prolonged interference
—for several hours at a time—was
hurting its business because it was
unable to properly demonstrate TV
receivers to prospective customers,
After some questioning, the FCC
engineer asked if a TV booster was
being used. When the answer was in
the affirmative, he suggested the com-
plainant turn off the booster. The
annoyance stopped immediately.
The store owner was voluble in his
thanks. Time for solving this com-
plaint—eight minutes.

A new TV station in San Diego,
California, was blamed for spoiling
reception from other stations. In-
quiry showed the fault was receiver
overloading through the use of high-
gain antennas employed by viewers
to extend their reception to Los
Angeles. The receiver owners were
instructed on how a quarter-wave
stub or a commercial wave trap
could remedy their trouble.

Disruption of TV service to an
area of several blocks at Pitcairn,
Pennsylvania, was traced by an FCC
engineer to a defective thermostat
on a gas heating unit in one of the
homes. The local TVI committee in-
duced the owner to have it repaired.

The owner of an industrial plant
in New York went to great lengths
to satisfy a New Jersey woman who
was blaming TV interference on an
clectronic heater in his establish-
ment.

Initial investigation revealed that
during the World Series an cmployce
of the plant had plugged a radio re-
ceiver into an electric outlet inside
the room shielding the heater, and
had placed the receiver on the out-
side for the benefit of his fellow
baseball fans. Because the door of
the heater room was left slightly
open for the cord to pass through,
some of the radio-frequency energy
escaped. However, before the FCC
investigator arrived on the scene,
the plant management had dis-
covered the door ajar, closed it, and
cautioned the employee responsible.

But the New Jersey TV fan still
complained of interference trace-
able to the plant. So the factory
owner shut off his heater temporarily
while he added shielding to the
woman’s TV receiver, installed a
line filter for it, and even replaced
her TV antenna with a better one.

This is an example of unusual
cooperation from a user of non-
communications electronic equip-
ment.

Distortion of TV pictures in Dan-
ville, Virginia, was ended when a
TV booster on the roof of a fire sta-
tion was discovered to still be on,
even though the receiver was off.

Residents near Santa Rosa, Cal-
ifornia, were plagued with TV
interference. FCC engineers and co-
operating electric company trouble-
shooters found the cause—faulty
controls for ventilating the brooder
house of a local chicken ranch. The
owners replaced the defective de-
vices.

149



In Pennsylvania a local official
complained to the Commission and
to his Congressman about interrup-
tion of his TV reception by a com-
munity antenna TV system. Inquiry
pinned a double guilt—on cable
radiation by the community TV
system and on the complaining of-
ficial's own defective TV receiver.
Both parties promised corrective
action.

A “popping” sound which blacked
out TV reception over a four-block
area in Denver was first blamed by
a set owner on neighborhood ama-
teur-radio operation. But investiga-
tion showed that it came from the
complainant’s own TV receiver. It
had been “souped up” with higher
voltage to take care of a larger pic-
ture tube, with resultant breakdown
of equipment. The abashed owner
agreed to remedy his set to satisfy his
neighbors.

A TV repair shop in Kentucky
reported that his entire community
was experiencing severe interfer-
ence on Channel 12. By using a
mobile unit equipped with a field-
strength meter, an FCC engineer
traced the trouble to an amplifier
used by a TV viewer to bring pro-
grams in over a very long lead-in
line. The amplifier, in continuous
operation, oscillated and acted like
a small transmitter.

When TV fans at Port Jeflerson,
New York, complained that passing
railroad locomotives were ruining
their pictures, the New York field
office and the railroad company col-
laborated in demonstrating, with the
help of a locomotive loaned for the
purpose, that this was not the cause.
From that point it was traced to a
defective insulator on an electric
light pole.
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Some cases of interference to TV
reception are due to old-style elec-
tric light bulbs. They became such
a problem in one community that
the local electric power company,
co-operating with local TV dealers,
offered to replace free any outmoded
bulbs turned in by the public.

Sixty families in three New York
City apartment houses were annoyed
by both radio and TV interference.
Pooling their observations, they
noted that the trouble always started
after a certain tenant had returned
home. An FCC engineer then deter-
mined that the source was in the
suspect’s apartment. Friendly entry
with a police officer found the man
using an old sparking-commutator
motor. He said he did so to retaliate
against a neighbor whose refrigera-
tor, he thought, was ruining his AM
reception. He desisted upon warn-
ing, whereupon broadcast reception
returned to normal for everybody
concerned.

Interference to TV reception in a
section of Puerto Rico was traced to
a poor connection at a nearby aero-
nautical beacon. In reverse, inter-
ference to an aviation station in the
United States was found to come
from a faulty transmitter at an FM
broadcast station.

Interference in Other
Communications Systems

A case of heater interference af-
fected a marine distress frequency.
It was in the form of 100 pulses a
minute, indicating industrial heat-
ing of very small objects. It was
traced to a factory in Washington
state that was using 10-kilowatt ap-
plications on roller bearings at the
rate of 100 per minute. Here, too,
the management co-operated to re-
move the interfering “beats.”



“Rock-and-roll” music invaded a
marine rescue frequency to give op-
crators an additional hcadache.
The Millis, Massachusctts, monitor-
ing station found it was caused by
an overmodulated emission of a
broadcast station. When notified,
the broadcast station promptly sup-
pressed it—the overmodulation, not
the “jive.”

When police and broadcast sig-
nals doubled up on a frequency used
by an industrial radio station in
Waterboro, South Carolina, a trap
installed at the complainant’s re-
ceiver removed the undesired signals.

Here is one for the birds! Com-
plaint of interference to a Texas
police radio system resulted in a
floor-by-floor search of a 12-story
hotel several blocks away. The
woman occupant was kind enough
to interrupt her bath in order to
dress and allow the FCC and police
representatives to enter and search
out the trouble. It was found to be
a defective TV receiver which had
been left on. The woman explained
that she usually did that for the
enjoyment of her birds—a parakeet
and a canary. Lady, birds, and police
all seemed happy when a minor ad-
justment stopped the set from oscil-
lating.

An international communication
carrier complained of interference
to radio messages en route from New
York to Frankfurt, Germany. Both
the German and British monitoring
services had been unable to identify
the source. FCC monitoring obser-
vations and direction-finding bear-
ings placed it as coming from a com-
mercial telegraph transmitter of
another company in New York.
Identification of spurious signals is
often more difficult than the layman
may think—or understand.

During recent Hoods, the Con-
necticut state police usked the FCC’s
Boston district office to inquire into
interference to the state forestry
radio system. From the information
furnished, the Boston office felt that
the trouble was in the forest service's
own cquipment, and suggested a
check of that service’s transmitters
throughout the state. It detected one
transmitter in continuous operation.
This was due to flood waters actuat-
ing the relay, which remained closed
after the waters had receded.

More widespread interference, re-
ported by a gas pipeline company,
was affecting communication be-
tween its facilities in three states—
Texas, Louisiana, and Mississippi.
At an FCC field engineer’s sugges-
tion, one of the company’s planes
took off and headed in a certain di-
rection. As it approached a company
installation 40 miles distant, the
interfering signal became stronger.
The plant there was requested to
look at its main transmitter. The
main switch had unintentionally
been left on.

Interference to a marine calling
and distress frequency, reported by
a Coast Guard station in Washing-
ton state, was traced to an electric
fence on an inland farm. The owner
agreed to stop operating the fence
charger until it could be repaired.

Intrusion on a radio frequency
used by the Civil Air Patrol in
Tulsa, Oklahoma, was due to an
overly-healthy signal emitted by an
improvised “health machine” in a
Tulsa household. Below a sun lamp
and two layers of colored glass, two
jugs of water were in the process of
being “vitamized” by radiation. The
owner agreed that his health would
not be impaired if he obtained his
vitamins by other means.
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The New Jersey Turnpike re-
ported that interference was dis-
rupting a portion ol its highway
radio network. Mobile dectection
units tracked it down to a telephone
company transmitter in Philadel-
phia. The latter’s defective resistor
was replaced.

The British monitoring service
requested FCC assistance in identi-
fying a station spoiling reception at
London of transmissions from Nai-
robi, Kenya, in East Africa. The
Commission’s monitoring observa-
tions and long-range direction-finder
bearings showed that the interfer-
ence came from a United States mili-
tary station at Tripoli, North Africa.
As a result of its contact with the
military in Washington, D.C,, the
Commission was able to advise the
British agency that the trouble
would be eliminated as soon as a
substitute frequency could be ob-
tained for the Tripoli station.

When the transmitter of a Eau
Claire, Wisconsin, nonbroadcast sta-
tion did not operate properly and
caused harmonic radiations, investi-
gation revealed that squirrels had
gained entrance to the remote appa-
ratus and dined off the transmission
line, chewing up a couple of filters
for chasers.

Police of one Maryland county
were troubled by erratic perform-
ance of its radio communication
system. An FCC mobile unit traced
it to a tilor shop in Baltimore.
After an electric system which op-
erates the pressing machine was re-
paired, no further antics resulted.

Interference to Internal Revenue
Service domestic communication was
identified by FCC monitors as orig-
inating from a station in Rio de
Janeiro, over 4,000 miles away.
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The Chillicothe, Ohio, monitor-
ing station received complaints by
an electronic firm about interrup-
tions of its communication in the
citizens band. The wayward trans-
missions were deciphered to be taxi-
cab dispatching messages. However,
they were not accompanied by call
signals or other identification. Di-
rection finders fixed their origin in
Bermuda. Since citizen frequencies
are used on a shared basis, with no
interference protection, there was
no justification for complaining to
the British authorities.

The Pennsylvania, North Caro-
lina, and Wyoming state-police
radio systems complained of severe
interference. Bearings obtained by
FCC direction finders led overseas
to a Berlin, Germany, radio station.
The angle of the Berlin station’s di-
rectional antenna was accommodat-
ingly changed, but the interference
appeared to be a transistory prank
due to high sunspot activity. Like-
wise, passing interference to certain
domestic radio communication chan-
nels has been caused by wayward
video signals from British TV Chan-
nels 1 and 2 in the 40-mc band.

When an international telegraph
carrier complained of multiple in-
terference on its circuit to Saudi
Arabia, the FCC net found that it
was caused by 10 different radio
stations scattered throughout the
world.

A taxicab radio control station in
Buffalo, New York, was not enter-
tained by hearing local broadcast
programs on the frequency it uses
for dispatching cabs. Search led to a
small clock-radio receiver which was
radiating a strong signal over the
neighborhood. A cure was effected
by replacing the output tube in the
radio.



That interference can span great
distances is illustrated by the fol-
lowing:

The Coast Guard requested FCC
assistance in locating signals blotting
out ship communication. Bearings
showed that they came from far-
Pacific waters. When the Coast
Guard contacted Japan, it learned
that the signals were from a vessel in
distress in the Philippine Sea.

Miscellaneous Cases

Interference is sometimes experi-
enced by FCC monitoring stations.
For example, tests of the direction
finder at the new Douglas, Arizona,
monitoring station were so handi-
capped. The origin was traced to a
nearby power line—whercupon the
co-operative power company in-
stalled new insulators and drove
ground rods to a depth of 20 feet.
‘This did the trick.

Disruption of service by a land
radar installation near Long Beach,
California, pointed to radar opera-
tion on a U.S. Navy vessel in the
harbor. Naval personnel insisted
that the ship’s radar was not in op-
eration. But mobile bearings showed
that the boat’s radar transmitter
was on, despite the fact that its radar
antenna was not rotating.

Another distance-spanning inter-
ference offender is the old-model
diathermy machine. Its unshielded
emissions can skip and jump over
wide areas to bother regular radio
services, particularly those on which
safety of life and property depend.
However, most of these machines
are being brought into compliance
with the FCC rules, and new ma-
chines release their excess energy on
a special frequency provided for
that purpose.

Not long ago an FCC inspector
boarded a motor vessel at a Cali-
fornia marina. The uncooperative
owner ordered the inspector off the
bout. When the latter stopped on
the float to write his official report,
he was followed by the boat owner
and, in a resulting altercation,
somehow found himself—literally—
in deep water. Not having a pen
that would write under water, he
had to swim for shore to complete
liis report. As a result, the FCC is
taking administrative action against
the boat owner—this time through
the mails.

This case typifies one reason the
FCC wants its field inspectors
brought under a Federal law which
makes it a criminal offense to assault
certain Government inspectors. FCC
field men have no such protection
at present, so the Commission has
proposed covering legislation.

Another device which Commis-
sion field men inspected was an “elec-
tronic bug killer.” It was supposed
to emit a ray which so affected the
antenna of insects that they would
be driven away. The demonstration
indicated no release of energy, but
only sound which was calculated to
greatly annoy the bugs.

The FCC monitoring station at
Fairbanks, Alaska, was troubled with
power-line interference. By taking
bearings with improvised mobile
equipment, it traced the source to
power-line poles about a mile away,
where the insulators had been shot
away by erratic hunters.

Strong signals which prevented
reception of mobile telephone calls
at a Dallas, Texas, exchange were
discovered to be high-frequency
oscillation from a TV receiver about
500 feet from the telephone com-
pany’s receiving antenna.
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Complaint was made by a con-
tractor on an Air Force project at
Roosevelt Field, New York, that de-
velopment of a radio telemetering
circuit was being dclayed by inter-
ference which was increasing the
cost approximately $1,000 a day. The
troublesome signal was traced by an
FCC mobile unit to nearby radar
equipment. Replacement of a defec-
tive tube in the latter was the simple
cure.
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The Veterans Administration at
Boston complained that interference
was rendering an electronic medical
recorder inoperative. An FCC engi-
neer found that the machine was not
adequately shielded from the clinic’s
own diathermy machine. The latter
was operating properly. Diathermy
interference is no longer a major
problem because such machines are
now approved to control excess
radiation.



INDEX

A

Absorption trap, TVI, 91-92
AC alternator, automobile, 113
AC line filter, for RF heaters, construction of,
85-86
AC motars, types of, 49-53
AC receptacles, as noise sources, 40
AC voltage, noise, 13
Accessories
automobile, bypassing of, 122
noise from, 110
Adapter harncss, automobile radio, for out-
put meter, 42-43
Adding machines, eliminating noise from,
62-63
Adjustments, FM receivers, 125
Aircraft, DC system, peculiarities of, 128
engines, 127-128
radio, 127-131
generator noise in, 130
vibration noise in, 129
Aircraft radio equipment, 128-129
safety wiring of, 129
Aircraft radio noise, 129
Airline transmitter, interference from, 145
Alternators, used in autos, 113
Amatceur transmitters, checking harmonic
radiation of, 94
TVli-proofing, 94
Ammeter, bypassing of, 121
Amplitude, noise, as clue to source, 37-38
Antenna
automobile, 111-113
design and characteristics, 111-112
moisture proofing, 112
rear-mounted, 112-113
shield grounding, 111
testing of, 112
troubles in, 111-113
boosters, for reducing ignition wnoisc in
TV, 73
filtering, amateur transmitter, 94-96
noise locators, 136
noise radiation, 10
probe, for noise detector, 36
systems, community, 86-88
interference from, 86-88
master, 86-88
Are, as noise source, 12
electric, 12
voltage relation to noise amplitude, 12
Arc discharges, interference from, 147
Arc welder, eliminating noise from, 71-72
filtering of, 71-72
interference from, 145
Arcing, small motor, effect on TV picture,
57-58
Armatures, checking of, 54
construction of, 50
Attennation, filter, 21
frequency of infinite, 26
Audio recovery, FM radios, 115-117
Automobile, body, shielding and bonding,
110-111
accessories, bypassing of, 122
noises from, 110
antennas, 111-113

Automobile—cont’d
generator noise, 104-107
clectrical system, 97-100
ignition system, 100-104
radio, as noise loeator, 42-44
for checking remote-control lines, 125-
126
Auto radio noise, 97-112
short-wave bands, 117
Auxiliary electrical equipment, marine, 134

Balun coil, TV, 90
Bandpass filters, 24-25, 29-30
Bandwidth, receiver, effect on noise pickup,
versus noise figure, 10-11
Base station noise, FM systemn, 125-126
Base stations, remote-controlled, 125-126
Basic filter circuits, 20-21
Basic filter types, 22-25
Battery chargers, eliminating noise from, 70-
71
Blankets, electric, eliminating noise in, 77
Block signal systems, railroad, noise from, 73
Bonding, auto body, 110-111
refrigerators, etc., 64-65
Booster, interference from, 87-88, 148, 149,

reducing ignition noise in TV with, 73
Brute-force filters, 21
Breaker box, 38, 40
Broadening response, trap, 91-92
Brush holders, 50-53
Brush noise, 51
Brush-type AC motors, 49-53
Bypass capacitors, adding to small motor, 56
coaxial, use of, 119
hair drier, 58-59
Bypassing, 14-15
ammeter, 121
auto ignition coil, 104
instrument voltage regulator, 109
noise, automobiles, 100
voltage regulators, automohiles, 107-108

C

Cable, broken, interference from, 146
Cable-bar, appearance of, 86-87
Capacitor, bypass, adding to small motors, 56
hypass, automobile generator, 104-107
coaxial, use of, 119
effect on noise, 13
passthrough, 33
types to use, 31
Capacitive reactance, formula for, 23
Carrier-cwrrent systems, 81
interference from, 146
Cautery device, 140-141
Chargers, battery, eliminating noise from, 70-
71

Chokes, 15-16
selection of, 16
CIC (Cooperative Interference Committees),

Circuit brecaker, 40
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Circuits, basic filter, 20-21
¢lectrical, in home, 39, 40
Clues, to noise source, 37-38
Coaxial bypass capacitors, 119
Coaxial cables, auto antenna lead-in, 111-112
Coil, automobile-ignition, bypassing of, 104
effect on noise, 13
insulation of, 32
winding of, 32
Color TV interference, false, 83
Color TVI, 83
Commercial filters, 32-34
TV, tuned, 92-93
Communication systems, interference in, 150~
153
Components, filters, 14
noise reducing, 13-19
Community antenna systems, 86-88
Commutators, AC motors, 50-51
cleaning of, 59
condition of, 53-55
turning in lathe, 54
Conduction, noise, 13-14
noise, on power lines, 40-42
Configurations, filter, 21-22
Constant-k filters, 25
Construction, filters, 31-32
high-pass filter, TV, 93-94
shielded room, 142-143
shields, 18-19
small motors, 51
Continuity testing, auto antenna, 112
rear-mounted, 113
Corona-hall, automohile antenna, 111
Corona discharge, automobiles, 111
Current, at resonance, 27
Cutoff frequency, filters, 26
Cutout, on automobile generator, 106

D

Damping, relays, 137, 138
DC, pulsating, noise, 13
motor, 13
voltage supply system, aircraft, 128
Definitions, 7-8
Design, noise filters, 20-34
Detectors, noise, 35-37
Diathermy machines, 140
Diodes, across relay coil, 137-138
Direct current; see DC
Directional bearings, used for tracing noise
sources, 43-46
Discriminator adjustment, FM receivers, 125
Distress frequencies, marine, 134
Distributor suppressors, plug-in, 103
Door construction, shielded room, 142-143
Doorbell, interference from, 145
Drive-in theater sound system, RF interfer-
ence in, 78

Efficiency, filter, 21
Electric, arc, 12-13
blankets, climinating noisc in, 77
fenees, eliminating noise from, 73-75
interference from, 147, 151
suppression of noise in, 75
lawn mowers, eliminating noise from, 60-62
ranges, climinating noise from, 75-76

Electric—cont'd

shavers, eliminating noise from, 60

sign flashers, eliminating noise from, 68

typewriters, eliminating noise from, 62-63
Electrical circuits, automotive, 100

home, 39, 40
Electrical noise, aircraft radio, 129-131
Electrical system, automotive, 97-100
Electrocardiograph, 139-140
Electrocneephalograph, 139-140
Electromedical apparatus, 139-141
Elimination method, noise location, 39-40
Engine, aireraft, 127-128

testing for noise, 129
Extension antenna, for probing, 36

F

False noise, auto radio, 113
False TVI, color TV, 83
FCC (Federal Communications Commission),
144
interference cases, 145-154
monitoring stations, 144-145
Fence, electric, eliminating noise from, 73-75
Field filter, voltage regulator, 119
Field-strength mecter, battery operated, 47-48
used as noise indieator, 47-48
Filter, 14-17
AC line, construction of, 85-86
attenuation, 21
bandpass, 24-25, 29-30
brute-foree, 21
building your own, 31-32
capacitive, 14-15
combination, 16-17
commercial, 32-34
built-in, 33-34
TVI1, 92-93
components, 14
configurations, 21-22
constant-k, 25
construction of, 31-32
design, 20-34
formulas, 25-26
efficiency, 21
high-pass, 24
TV input, 93-94
installing on lawn mowers, 61-62
L-section, 16
ladder, 22
LC, 20-21
low-pass, 22-24
m-derived, 26
mounting of, 32
pi-section, 16, 22-23
plug-in, 33
power supply, 22
RC, 20-21
RF, in audio systems, 77
sections, adding in serics, 22
T-section, 21-22
thrce-terminal, 34
tuned, 26-30
types, basic, 22-25
Filtering, amatcur transmitters, 94-96
fashing signs, 68
hair dricrs, 58-59
office machines, 62-63
relay coils, 138-139
shielded rooms, 142-143
small motors, 56



Flashers, electric signs, 68
Fhhorescent lights, Rltering of, 66-67
Al receiver adjustments, 125
FM recciver radiation, 83-84
FM traps, TV, 90-94
Formula, capacitive reactance, 23
inductive reactance, 23
resonance, 21
time constant, 21
filter design, 25-26
Frequency, effect on impedance, 27
Frequency coverage, radio, clue ta source ot
noise, 37-38
accuracy of, 44
Front-wheel noise, automobhiles, 108

G

Garage door opener, interference problem,
130-131, 145, 148
Gas discharges, random noise from, 66-69
Gasoline engines, small, climinating noise
from, 63
Generator
capacitors, 104-106
mounting of, 106
cutoff switch, aireraft, 130
noise, aireraft radio, 130
antomobiles, 104-107
characteristics of, 104
voltage-regulated, automobile, 106-108
Geophones, 141
Geophysical equipment, 141-142
Ground, electrical, automobiles, 100
shields, 18-19
Grounding, automobile antenna shield, 111
Grounding clips, automobile hood, 110-111
Grounding springs, front-wheel, automobile,
108

H

Hair driers, noise from, 538-39
Half-wave stub, TV input, 91
Hardware noise, power line, 69-70
Harmonic intexference, generated in receiver,
Harmonic radiation, 88-90
amateur transmitters, checking tor, 94
garage-door opener, 130-131
wmobile radios, 82-83
Hash, 12
Health machine, interference from, 151
Heaters, immersion, interference from, 76
Heating pads, electric, 77
source of noise, 44
High-level noises, location of, 44-48
High-pass filter, 24
TV, construction of, 93-94
Holders, motor brushes, 50-53
Hood bonding, automobile, 110-111

Identification, noise, 38-39
noise, ignition, 101
IF transformer, action of, 29-30
IF traps, TV input, 90
Ignitors, 0il burners, eliminating noise from,
71

Lnition, coil, adtomobile, bypassing of, 104
noise, aireratl, testing for, 129
automobile, 17-18, 72-73
elimination of, 101-104
identification of, 101
switeh, bypassing of, 121
system, automobile, 100-104
shielded, 122-125
1LS and homing systems, interference in, 130
Immersion heaters, 76
Impedancee, load, of filter, 25
Impedance matching, 26
Inboard engines, 132
Indicator, noise detector, 36-37
Inductance, action of in filter, 15-16
Inductive controls, interference from, 136-139
Inductive filtering, 15-16
Inductive reactance, formula for, 23
Inductive suppressors, antomobile, 102-103
Industrial heaters, source of noise, 16-47
radio-frequency, 84-85
identifying TVI patterns from, 84
interference from, 146, 148, 149, 150
interference from, cleaning up, 84-85
tracing with directional TV antennas,
84
Input filtering, radio receivers, 89-90
TV receivers, 90-94
Instrument, automotive, 108-109
Instrument noise, automobiles, 108-109
elimination of, 109
identification of, 109
Instrument voltage regulator, 109
Intercommunication systems, airport, RF in-
terference in, 78-79
wireless, 80
Interference, aircraft communication systems,
145-146
aircraft navigational equipment, 130-131
arc welders, 71-72, 145
automobile ignition, 72-73
battery chargers, 70-71
hlankets, electric, 77
hooster amplifier, 148, 149, 150
broadcast radio reception, 146-147
broadcast receivers, as source, 146, 152
carrier-current system, 81, 146
color TV, 83
community antenna system, 86-88
communications systems, 150-153
complaints, reporting of, 143
definition of, 8-9
doorbell, 145
electric blanket, 146
electric range switch, arcing, 75-76
fence, electric, 73-73, 147, 151
fluorescent lights, 66-67
FM receiver radiation, 83-84
gasoline engines, 65
garage door openers, 130-131, 145, 148
hair driers, 58-59
harmonic, receivers, 88-90
health machine, 151
heating pads, 77
inductive controls, 136-139
illegal station, 146
industrial heaters, 84-85, 146, 148, 149,
150
immersion heater, 76
lawn mowers, gasoline, 65
electric, 60-62

157



Interference—cont’d
light bulbs, 150
location of, 35-48
long distant, 152, 153
marine distress frequencies, 134
master antenna systems, 86-88
mobile radio, 82-83
neon sign, 67-68, 146, 148
office machine, 62-63
oil burner igniters, 71
oscillating hoosters, 8§7-88
phonograph oscillators, 80-81
phonograph pickup, 147
power line, 69-70, 153
record player, 146
refrigerators, 64-65
RF, 9
in audio systems, 77-80
in intercommunication systems, 78-79,
80
in theater sound systems, 78, 79-80
in TV receivers, 82-88
small motors, 57-65
sewing machines, 60, 61
shavers, electric, 60
receiver, short wave, 147
sign flashers, 68
telephone, 76-77
thermostat, 149
transmitters, defective, 151, 152, 153
TV reception, 147-150
TV sweep system, 80, 150
ultraviolet machines, 68-69
vacuum cleaners, 63-64
versus noise, 8-9
wired broadcast systems, 146

L

L-section filter, 16, 20-21, 24

Lawn mowers, electric, eliminating noise
from, 60-62

LC filters, 20-21

Leakage, testing automobile antennas for,

Lead-in, coaxial, automobile antenna, 111-

Light bulbs, interference from, 150
Lighting generators, marine, 132-134
Lights, bypassing of, 121
Low-pass filter, 22-24

amateur transmitter antenna, 95-96

M

M-derived filter, 26

formulas, 26

section, amateur transmitter, 95-96
Machines, office, climinating noise from, 62-

Marine, engines, 132-133
lighting generators, 133-134
radio, 130-134
Master antenna systems, 86-88
Medium noises, 40-42
Meter, output, for noise detection, 36-37
Mixers, kitchen, eliminating noise from, 59-60
Mobile radio, FM cversus AM, 115
interference with TV, 82.83
Motor
AC, reconnecting armature, 59
types of, 49-53

Motor—cont'd
brush-type, 49-33
commutators, condition of, 54
DC, 13
filtering, 15-16
sewing machine, eliminating noise from, 60,

synchronous, 49

N

Neon sign interference, 67-68, 146, 148
Noise, aircraft radio, 129-131
attenuation of, 14
auto radio, 97-114
brush, AC motor, 51
causes of, 12
clues to source, 9-10
conduction of, 13-14
power lines, 40-42
corona, automobile, 111
definition of, 8
detectors, 35-37
energy, spectral distribution of, 9-10
faults, in automobile radios, 113
FM base station receiver, 125-126
frequency distribution of, 9-10
frequency peaks in, 9-10
frequency tersus amplitude, 9
front-wheel, automobile, 108
generator, automobile, 104-107
hardware, power line, 69-70
high-level, tracing of, 45-48
identification, 38-39
base station receiver, 125-126
ignition, 17-18, 72-73
elimination of, 101-104
indications, 37-42
induced from wiring, 14
industrial heater, 46-47
instrument, automobile, 108-109
intermittent, location of, 44
location by elimination, 39-40
locator, professional, 135, 136
marine radios, 132-134
origin of, 7, 12
pickup, automobile radio antenna lead-in,
111-112
remote-control lines, 125-126
power line, 44-46, 69-70
power supply wiring, 13-14
pulses, from ignition system, 100-101
radiation of, 13-14
power lines, 41
random, 8
motors, 56-65
reducing components, 14-19
reduction of, by equipment design, 7
by shielding, 18-19
RF interference, 9
scientific equipment, causes of, 135-136
signal, comparison to radio waves, 18
similarity to signals, 8
sources, in automobile, 97
in home, 39
street lights, 44-45
suppression, small gasoline engines, 65
suppression procedures, two-way radio,
120-122
telemetry equipment, 135
testing, F\M receivers, 117-119
transmission characteristics, 13-14



Noise—cont’d
transmission of, 13
two-way niobile-radio systews, 115-126
rersus interference, 8-9
voltages, AC, 13
composition of, 13
voltage regulator, aircraft, 130
automobile, 107-108
Notch filters, TV, 92-93

o

Office machines, compact, 63
climinating noise from, 62-63
Qil burners, eliminating electric igniter noise,
71
suppression of noise, 71
Outhoard motors, 133
Output weter, for noise detector, 36-37

P

Parallel resonant circuits, 27-28
Passhand, low-pass filter, 23-24
Passthrough capacitors, 33
Peaks, random noise spectrum, 9-10
Phonograph oscillators, 80-81
Pi-section filter, 16, 33

action of, 16
Plug-in filters, 33
Police radio, interference with TV, 82-83
Power line, interference from, 153

noise, 69-70

insnlator, 45

Power supply, broadcasting noise, 14
Power supply wiring, noise conducted on, 13-

Probe antenna, for portable radio, 36
Probe dipole, TVI location, 47-48
construction of, 47

Q

Quarter-wave stith, TV input, 91

R

Radiation, automobile ignition system, 101
noise, 13-14
from power lines, 41
rednetion of, 19
Radio, aircraft, 127-131
marine, 132-134
portable, used as noise detector, 35-36
Radio frequency; see RF
Radio knife, 140-141
Radio reception, broadcast, interference in.
146-147
Railway signal lights, 73
Random noise, definition of, 8
gas-discharge ‘apparatus, 66, 69
intermittent, 75-77
Range switch, noise meter, 36-37
Ranges, electric, eliminating noise from, 75-

Rear-mounted antennas, automobile, 112113
Receivers, broadcast, interference from, 146,
152
narrow-band, 7, 10
short wave, interference from, 147
Record player, interference from, 146

Refrigerators, eliminating noise from, 64-65
Relay interference, causes of, 136-137
reduction of, 137-139
Repairs, snull motors, 53-56
Resistance wire ignition harness, 103, 120,
2
identification of, 103
two-way radio, 120, 121
Resistive damping, 18
relays, 137-138
Resistive suppression, 17-18, 102-103
Resistor spark plugs, automobile, 102-104
Resonant circuits, serics, 28-29
parallel, 27-28
Resonant frequency, formula for, 21
relay coils, 138
RF chokes, used in audio systems, 78
RF industrial heaters, 84-85
RF interference, audio amplifiers, 77-78
distress frequencies, marine, 134
drive-in theater sound system, 78
intercommunication system, 78-79
wireless, 80
radio receivers, 80-81
theater sound system, 79-80
TV receivers, 82-88
RF overloading, causing interference, 88-89
RF pickup, cathode of input tube, 80
long leads, in audio systems, 77
Ringer, telephone, causing interference, 76-
77
Ringing, in automobile ignition system, 101-
102

S

Safety wiring, aircraft, purpose of, 129
Screen pattern, battery charger interference,
70
cable-har, 86
electric fence interference, 74
electric range switch arcing, 75-76
fluorescent light interference, 65
FM receiver radiation, 83
harmonic radiation, 89
mobile radio, 82
ignition interference, 72
motor arcing, 57
neon-sign interference, 67
oscillating booster, 87
police radio intexference, 81
power line noise, 69
RF heater interference, 84
Screened rooms; see Shielded rooms
Search pattern, noise lacation, 42-44
Search procedures, TVI, with field strength
meter, 47-48
Seismographs, 141
Selectivity, 10-11
Series resonant circuits, 28-29
Servicing, small motors, 53-56
Sewing machine motors, eliminating noise
from, 60, 61
Shavers, electric, eliminating noise from, 60
Shields, construction of, 19
grounding of, 18-19
Shielded ignition systems, 122-125
Shielded rooms, 142-143
Shielding, 18-19
amateur transmitter, 94
andio systems, 77

59



Shielding—cont’d
automobiles, 110-111
clectromedical apparatus, 140-141
purposc of, 18
relays, 138
TV receivers, 80
Shunt capacitor, relay damping, 138
Signal, sclection of, 9
Signal generator, using to simulate weak sig-
nals, 118-119
Signal-to-noise ratio, 10-11
Slip rings, alternator, automotive, 114
Small motors, noises from, 537-65
servicing of, 53-56
Spark plugs, resistor-type, 103-104
Spectral distribution, noise energy, 9-10
Split-channel mobile radio, 115
Squelch, FM radio, 117-119
tone-coded, 118
Static build up, front wheels, automobile, 108
Static discharge noise, aircraft, 130
Static dischargers, 130
Stubs, construction of, 91
Sunspot disturbances, 148
Supply voltage, 13
Suppression, resistive, 17-18
Swecep generator, use for two-way radio work,
119
Switches, electric ranges, 73-76
ignition, bypassing of, 121
Synchronous motors, 49

T

T-section filters, 21-22
Telemetry, 135
Telephone interference, 76-77
Test recordings, clectromedical apparatus, 140
Testing, automobile antennas, 112
Theater sound system, RF pickup in, 78-80
Thermostats, electric heating pads, 77
interference from, 149
Time constant, filters, 21
relay circuits, 137
Traffic lights, noise in, 73
Transformer, IF, action of, 29-30
Transistor radio, used as noise detector, 35-
36
Transmission, noise, 13
Transmission characteristics, noise, 13-14
parallcel-resonant circuit, 27-28
serics-resonant circuit, 28
Transmitter, airline, interference from, 145
amateur, TV1 proofing, 94
defective, interference from, 151, 152, 153
Traps, cxternal, TVI, 90-94
frequency selective, 29
FM and IF, TV receivers, 90-94
TVI, tunable, 91-93
Tuned circuits, action of, 27-29
Tuned filters, 26-30
TV antenna, used to trace high-level TVI,
45-46

TV horizontal sweep, interfering with radio,
80
TV receivers, RF interference in, 82-8§
TV reception, interference in, 147-150
TVI, amateur transmitters, 88-96
carried on power wiring, 48
color, false, 83
converted TV high-voltage supply, 73
high-level, 46-47
oscillating booster, 87-88
-proofing amatcur transmitter, 94
sources not affecting broadcast band, 47
tracking down with portable equipment,
47-48
TVIC (Television Interference Committees),
144
Two-way radio, 115-126
Typewriters, clectric, eliminating noise from,

62-63
V)
Ultraviolet machines, eliminating noise from,
68-69

Unusual interference cases, FCC, 145-154

v

Vacuum cleaners, climinating noise from, 63-
64
repairing, 64
Values of m, commercial filters, 26
Voltage-regulated generators, automobile,
106-108
Voltage-regulated alternator, automobile, 114
Voltage regulator, field filter for, 119
instrument, 109
noise, aircraft, 130
automobile, 107-108
bypassing, 107-108
identification of, 107
Voltage, noise, nature of, 13
supply, 13

w

Warning lights, noise in, 73

Wire, commutator and brushes, 54-56
Welders, arc, eliminating noise from, 71-72
Wire sizes, home-made filters, 31-32

Wired broadcast systems, interference from,

Wired radio systems, 81
Wiring, noise radiation from, 14

Wireless intercom systems, interference in, 80
Waireless phono oscillators, §0-81

X

X-ray machines, 140
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