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or other bodies of water, where possible and

and will investigate all UNSATISFACTORY REPORTS which 
problems.

In case it should become necessary to prevent the capture of this equipment and when ordered to do so, DE­
STROY IT SO THAT NO PART OF IT CAN BE SALVAGED, RECOGNIZED OR USED BY THE 
ENEMY. BURN ALL PAPERS AND BOOKS.

are the most effective means available for correcting any condition that

are dependent upon sufficient evidence available that indicates

Unsatisfactory reports from the field 
results in lowered operating efficiency.

Research and changes in production aircraft
I are required.

requested that UNSATISFACTORY REPORTS be submitted by the pilots, mechanics and 
 .,’J. ’ ' •• • •• • * ‘ ’i are noisy. The Unsatisfactory Reports

as possible and, above all, should contain the following data:
on airplane type, air corps serial number and engine type and serial number.

whatever heavy object is readily available, 
li as gasoline, oil, paper, or wood.

arms.
Burying all debris or disposing of it in streams 
when time permits.

engineering changes

It is urgently i . 
others who may have contact with aircraft radio installations which 
should be as complete

1. Complete data
2. Type of radio equipment installed.
3. Condition of engine or electrical equipment which may affect the radio reception.
4. Attempts made to correct the trouble.

The Air Technical Service Command will endeavor to supply
.... ■> t i Trrr » v r» r?r»z~xr*'rc

Means:—
1. Explosives, when provided.
2. Hammers, axes, sledges, machetes, or ■»
3. Burning by means of incendiaries such
4. Grenades and shots from available
5.

Procedure:—
1. Obliterate all identifying marks. Destroy nameplates and circuit labels.
2. Demolish all panels, castings, switch- and instrument-boards.
3. Destroy all controls, switches, relays, connections, and meters.
4. Rip out all wiring and cut interconnections of electrical equipment. Smash gas, oil, and water­

cooling systems in gas-engine generators, etc.
5. Smash every electrical or mechanical part, whether rotating, moving, or fixed.
6. Break up all operating instruments such as keys, phones, microphones, etc.
7. Destroy all classes of carrying cases, straps, containers, etc.
8. Bury or scatter all debris.

any additional information which is requested 
are submitted by the Services on radio noise
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APPROACHING 
PAINFUL LEVEL ■ -

DESIRED------------------

AUDIO SOUND
LEVELS MEASURED 
ACROSS HS-33 
HEADSET

2. IMPORTANCE OF RADIO NOISE 
SUPPRESSION.

The importance of aircraft in modern war is no 
longer questioned. However, the effectiveness of mili­
tary aircraft in any operation is greatly reduced by the 
presence of radio noise in radio and radar equipments. 
(See fig. 1-1.)

a. The successful accomplishment of a tactical mis­
sion, the life of the crew members, and the safety of 
critical, hard to replace, and costly material, is depend-

OPTIMUM AUDIO
NOISE LEVEL
RESULTING FROM 
LOW RADIO NOISE 
LEVEL ------------------ --

INTRODUCTION TO AIRCRAFT RADIO NOISE
ent upon the satisfactory operation of all radio and 
radar equipment installed in the aircraft. It is obvious 
that any potential source of radio noise that lowers the 
optimum operating capabilities of the radio or radar 
equipment should be investigated promptly and effec­
tively removed.

b. For the above reasons, the radio noise problem 
should be thoroughly investigated by all communica­
tions, engineering and maintenance personnel from 
staff officers to the personnel responsible for the success­
ful operation and proper maintenance of radio and 
radar equipment in the field.

1. PURPOSE.
The purpose of this handbook is to acquaint main­

tenance, communications, and engineering personnel 
with the types of radio noise which cause interference, 
and to give them working knowledge of the techniques 
of noise suppression so that radio communication may 
be maintained at optimum efficiency at all times. It is 
intended as a guide to enable field personnel to deter­
mine the type of interference, to locate its source, and 
to provide a means for its elimination or suppression.

HIGH AUDIO NOISE* 6 
LEVEL RESULTING 
FROM HIGH RADIO 
NOISE LEVEL RANGE IN MILES

THAT CAN BE OBTAINED 
WITH A LOW RADIO N 
LEVEL

3. DEFINITIONS AND TERMS.
As the suppression of radio noise is a comparatively 

recent development, words and terms have been coined 
to keep pace with the progress and new problems in­
volved. These terms and words are in general used by 
those working toward a complete solution of the radio 
noise problem. As the problem progresses, new terms 
or revisions of terms will be added from time to time.

a. RADIO NOISE.—This is any electrical disturb­
ance which causes an undesirable response or mal­
functioning of any electronic equipment. This disturb­
ance conveys no intelligence and performs no useful 
function. It can be further defined as an electromagnetic 
radiation capable of being intercepted by the radio re­
ceiver antenna and being translated by the receiver 
into electrical output having no useful function. Radio 
noise has no specific character, it can appear as a series 
of clicks, popping or buzzing sounds, or a continuous 
roar. It is similar in nature to the intelligence or useful 
signal, i.e., it is generated, transmitted, radiated and 
intercepted in the same manner as that signal utilized 
in the transmission of intelligence or useful signals. 
The presence of radio noise is indicated by an audible 
signal in the headset or by a visual indication on meters 
or other visual indicating devices. (See fig. 1-2.)

RANGE IN MILES LOST DUE TO 
HIGH RADIO NOISE LEVEL I

SIGNAL FROM GROUND STATION 
X*— DECREASES AS DISTANCE 
IFo\ FROM GROUND STATION
NOISE INCREASES
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Figure 7-5—Airplane Flying Through 
Charged Particles

b. RADIO NOISE LEVEL.—This is the amplitude 
or amount of radio noise as measured in the output of 
the receiving equipment. Radio noise levels are 
pressed in the following ways of measurement:

(1) Audible (Volts or decibels)
(2) Video (Amplitude of pattern distortion)
(3) Visual (Amount of deflection of indicating 

pointer or other visual indicator device).

c. INHERENT RECEIVER NOISE LEVEL.—This 
is the amplitude or amount of radio noise generated 
within the receiving equipment itself. It is caused by 
thermal agitation and shot effect in the receiver input 
stages. Inherent receiver noise is measured with the 
external antenna disconnected and the receiver antenna 
terminal connected to ground through a suitable dummy 
antenna. /\11 volume and gain controls, internal and

are fully advanced when inherent receiver 
noise is measured.

d. INHERENT BACKGROUND NOISE LEVEL.— 
This is the amplitude or amount of radio noise apparent 
in the output of the receiving equipment when con­
nected to the aircraft antenna. It is the result of inherent 
receiver noise plus the atmospheric disturbances picked 
up by the antenna.

electrical charges leak off the airplane structure at peri­
odic intervals and cause radio noise voltages to be in­
duced in the antenna system of the receiving equipment. 
(Sec fig. 1-5.)

c. MAN-MADE RADIO NOISE.—This noise is 
caused by electrical transients which occur during the 
operation of electrical or electronic equipment. (See 
fig. 1-6.) In brief, man-made radio noise will be gen­
erated whenever an electrical circuit is opened or closed 
abruptly, such as by a relay, commutator or other make- 
and-break devices. A similar condition exists when 
large amounts of current are periodically and abruptly 
started and stopped, as in radar circuits. MAN-MADE 
RADIO NOISE is also generated by the static charge 
produced by belt-driven equipment. This charge is 
caused by friction between belts and pulleys. The above 
conditions cannot be overemphasized. An electric spark 
is a prolific generator of electrical disturbances which 
appear to cover the entire radio frequency spectrum.

4. SOURCES OF RADIO NOISE.
The origin or sources of radio noise are divided into 

the following three general groups:

a. ATMOSPHERIC NATURAL DISCHARGES.— 
These are commonly referred to as static. These phe­
nomena are the result of cloud formations, air currents, 
rain snow and other weather conditions in general. 
(See fig. 1-4.)

b. PRECIPITATION STATIC.—This source of 
radio noise is only noticeable while the airplane is in 
flight and is the result of the accumulation of electrical 
charges on the external surfaces of the airplane while 
flying through snow, rain, dust storms, or regions of 
electrical activity in the atmosphere. These accumulated

CAUTION
Precaution should be taken to insure that 
inherent background noise is measured when 
area radio noise is at a minimum.

e. AREA RADIO NOISE LEVEL.—This is the am­
plitude or amount of radio noise apparent within a 
certain area and is due to atmospheric disturbances, 
inherent receiver noise and radio noise caused by the 
operation of any radio noise producing equipment such 
as automobiles, trucks, tugs, scooters, airplanes and 
other outside sources not associated with the equipment 
being tested. (See fig. 1-3.)

/. RADIO NOISE-FREE AIRPLANE.—This is one 
in w'hich the normal operation of any electrical or 
electronic equipment installed in the airplane cannot 
be detected in any manner in any receiving equipment 
installed therein. This condition is the ultimate goal 
of all aircraft radio noise suppression technique.

5. METHODS OF SUPPRESSING 
RADIO NOISE.

Suppression of radio noise has advanced to the point 
where the proper application of available techniques 
will insure^thatxreceiving equipment installed in the 

' aircraft-will operate at optimum efficiency.

NATURAL STATIC DISCHARGES 
FROM CLOUDS
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Figure 1-8—Noise Elimination with a Filter
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Figure 1-7—Noise Elimination with an 
Electrical Shield
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made it can be man-corrected. Four types of suppression 
techniques are involved.

(1) ISOLATION.—This technique involves the 
physical and electrical separation of radio noise sources 
and receiver input circuits.

(2) BONDING.—This technique involves the 
electrical interconnecting of metallic equipment and 
parts by means of a low impedance connector.

(3) SHIELDING.—-This technique is the complete 
enclosing of radio noise sources within adequate radio­
frequency shielding container. (See fig. 1-7.)

(4) FILTERING.—This technique involves the 
proper installation of adequate filters at a noise source 
in such a manner that the radio noise energy is sup­
pressed at its source. (See fig. 1-8.)

c. The suppression or elimination of MAN-MADE 
RADIO NOISE is based on the premise that if man-

a. Elimination methods for atmospheric electrical 
discharges have been investigated by research labora­
tories for years but little has been developed to cure 
this material phenomena. There are special noise lim­
iting and silencing circuits built within some receivers 
which help to limit the effect of atmospheric discharges. 
However, no practical circuit has been developed that 
will entirely eliminate such effects.

b. The elimination of precipitation static can be 
alleviated by the installation of static discharge devices.

■ This and other measures which will further suppress 
precipitation static are discussed in greater details in 
section IV.

-----WIRES RADIATE

MOTOR—HIGH 
NOISE LEVEL

NO FILTER 
WIRES RADIATE

•FILTER INSTALLED, WIRES 
DO NOT RADIATE RADIO 
NOISE ENERGY

•SHIELD

RADIO NOISE RADIATES 
FROM MOTOR UNIT

A GOOD ELECTRICAL SHIELD 
PREVENTS RADIATION OF NOISE ENERGY 

BY CONFINING IT TO ITS SOURCE
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Figure 2-3—"AUDIO" and "RELAY" Controls— 
Radio Set SCR-522
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•296

♦Applies to any

Figure 2-2—Headset Connections io Transformer 
—Radio Set SCR-522is entirely adequate. Therefore, 

f- .V. ------- c —

of test equipment.

Figure 2-1—Using Radio Receiver for 
Noise Detection

model.

1. EQUIPMENT IN GENERAL.
In selecting equipment to be used in detecting, identi­

fying and localizing radio noise, keep the following 
factors in mind:

a. Capability of indicating presence of radio noise 
and translating the noise energy into a measurable form.

b. Capability to locate source of radio noise detected.
c. Simplicity of operation.
d. Availability.
As unsatisfactory operation of radio and radar equip­

ment is the most important reason for the elimination 
of radio noise, the logical choice of equipment to be 
used for detecting, localizing and measuring radio 
noise in the radio and radar equipment installed in the 
airplane. Practical use has proven that this equipment 

' no excuse is apparent 
for the toleration of any radio noise because of lack

140, and 150 me. This gives four spot frequencies dis­
tributed well over the entire frequency range of the 
receiver. These frequencies should not be near any 
tower frequencies. In making radio noise tests, only 
Radio Receiver BC-624 is used. When extremely strong 
noise fields are being detected, it may be necessary to 
reduce the sensitivity of the receiver by detuning slightly 
to prevent overloading. This is accomplished by ad­
justing the radio frequency receiver tuning control. 
Care must be exercised in using Radio Set SCR-522 (*) 
for radio noise tests as there are two widely different 
models available and each requires special considera­
tion and operates under different conditions when used 
for radio noise tests. These two models have one adjust­
ment common. This is the position of the audio out­
put lead on the terminal board of transformer No. 296. 
(See fig. 2-2.) When Headsets HS-33 are used, tap No. 6 
should be in use. When Headset HS-23 is used, tap No. 7 
should be used.

(1) RADIO SET SCR-522-A.—This radio set 
commonly called the unmodified model, is usually 
equipped with Radio Receiver BC-624-A and is easily

2. DETECTING EQUIPMENT.
As radio noise energy covers the entire radio fre­

quency spectrum, the use of receiving equipment that 
will effectively translate those frequencies into a form 
of energy that can be easily measured is necessary. For 
this reason, the aircraft radio receiver (fig. 2-1), makes 
a fine detecting device with little or no modification. 
The following outlines are guides for the use of various 
receivers for radio noise detecting.

a. RADIO SET SCR-522 (*).—This radio set is an 
excellent piece of test equipment for detecting radio 
noise throughout the frequency range of 100 to 150 me. 
In selecting crystals for the four bands, it is considered 
good practice to install crystals with frequencies that 
will enable the receiver to operate on or near 100, 120,

AUDIO

236 237

RELAY

OUTPUT 
MOER . 

-Av
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Figure 2-4—Modification Stamp on 
Receiver Unit BC-624-A

Figure 2-6—Receiver R-77/ARC-3— 
Squelch Control Setting
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Set SCR-522-A which consists of rotating the ’’AUDIO” 
and ’’RELAY” controls to the full clockwise position. 
In addition, it will be necessary to connect a jumper 
between terminals No. 5 and No. 8 of noise limiter tube 
12H6. (See fig. 2-5.) This will release the noise limit­
ing action of this circuit and the receiver will have 
essentially the same sensitivity characteristics as the 
unmodified Radio Set SCR-522-A. The use of Radio 
Receiver BC-624-AM, even with the noise limiter ter­
minals shorted, is not recommended for radio noise 
tests because of the fact that the noise limiting action 
is not entirely eliminated by shorting out terminals 
No. 5 and No. 8 of the noise limiting tube. Whenever 
possible, use Radio Set SCR-522-A without the noise 
limiting tube for conducting radio noise tests.

b. RADIO RECEIVER BC-348.—For detecting radio 
noise throughout the frequency range from 150 me to 
18 me. Radio Receiver BC-348 is very satisfactory with­
out any modifications. The receiver is operated in its 
normal manner with "MAN” "AVC” switch in the 
"MAN” position, the crystal in "OUT” position, the 
"C.W. OSCILLATOR” in "OFF” position and the 
volume controls at full "INCREASE VOLUME.” When 
extremely strong noise fields are being detected it may 
be necessary to reduce the sensitivity of the receiver 
by decreasing the volume to prevent overloading.

adjusted for use in detecting radio noise. After four 
receiving crystals spotted throughout the frequency 
range have been installed and the receiver tuned for 
maximum sensitivity as described in instruction book 
Radio Set SCR-522 T.O. No. 08-10-105, "AUDIO 
CONTROL” (236) is adjusted by turning slotted shaft 
to full clockwise position. (See fig. 2-3.) The squelch 
"Relay Control” slotted shaft 237 also is turned fully 
clockwise. The receiver is now adjusted for maximum 
susceptibility to radio noise.

(2) MODIFIED RADIO SET SCR-522-A.— 
Radio Receiver BC-624-AM, a modified version of Ra­
dio Receiver BC-624-A, can be identified by the large 
red or black *’M” stamped on its top and the "M” on 
its nameplate. (See fig. 2-4.) In order to use Radio Re­
ceiver BC-625-AM, it will be necessary to make the 
same adjustment as is made in the unmodified Radio
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Figure 2-8—Receiver R-77/ARC-3—Connections 
to Transformer T206

Figure 2-7—Receiver R-77/ARC-3—Connecting 
Jumper on Tube V2J4
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3. MEASURING RADIO NOISE LEVELS.
The principle purpose of measuring radio noise is to 

provide a means of establishing the effectiveness of sup­
pression technique applied primarily for the elimination 
of radio noise. As the ultimate goal is NO DETECT­
ABLE RADIO NOISE on airplanes, the actual value of 
measured radio noise levels is of minor importance. 
After radio noise has been detected and the measured 
noise level recorded, (see fig. 2-9), the effectiveness of

c. RADIO SET SCR-274-N, RADIO RECEIVERS 
BC-453, BC-454, and BC-455, of this radio set, are used 
for detecting radio noise in their respective frequency 
ranges simply by operating the individual receivers 
separately on "MCW” with volume set at maximum 
output.

d. MARKER BEACON RECEIVERS.—The various 
marker beacon receivers may be used for detecting radio 
noise. The operation of the indicator lamp will indicate 
the presence of an extremely strong noise field.

e. RADIO COMPASS SCR-269-( ) AND RADIO 
COMPASS AN/ARN-7.—These equipments may be 
used for detection of radio noise without modification. 
When used for detecting radio noise, both the Antenna 
and Loop antennas should be used respectively. Set 
the '‘AUDIO” control at full output.

/. RANGE RECEIVERS BC-1206-( ).—The various 
models of range receivers may be used to detect radio 
noise without modification. While its sensitivity is not as 
high as other receivers, its installation makes it a fine 
detecting receiver for radio noise. When used for de­
tecting radio noise, the volume control should be set 
for maximum output.

g. RADIO SET AN/ARC-3.—Receiver R-77/ARC-3, 
part of Radio Set AN/ARC-3, can be used for detecting 
radio noise in the frequency range of 100 me. to 150 me. 
after certain simple modifications have been made. 
(Check the receiver for proper operation as set forth in 
the Handbook of Maintenance Instructions for Radio 
Set AN/ARC-3-) (Always set the squelch control at the 
“OFF” position. (See fig. 2-6.) Modifications required 
in order to render the noise limiter action and the 
audio output regulation inoperative are the following:

(1) Connect pins 4, 5, and 6 of tube V-214 together. 
(See fig. 2-7.)

(2) Disconnect feedback wire (white lead with red 
and black (see fig. 2-8) tracers) from "LO” tap of 
transformer T-206 and connect lead to tap No. 3.

(3) Disconnect low impedance wire (white lead 
with red and green tracers) from "LO” tap of trans­
former T-206 and connect to "HI” tap. This modifica­
tion is necessary when checking noise level with a single 
headset. (See fig. 2-8.)

The loop probe may be used with Receiver R-77/- 
ARC-3 by securing an adapter plug. (Plug PL-272 (part 
of Test Set AN/ARM-1), Signal Corps Stock No. 
2Z7226-272.)

RECEIVER R-77. ARC-3
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Figure 2-9—Sample Form Suggested for Recording 
Data to be Used in Selecting the Most 

Effective Filter Tested
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Headsets HS-33 and HS-38, these headsets are more 
effective in rendering a true picture of the radio noise 
than is Headset HS-23 which is more sharply peaked and 
has less natural response. As radio noise signals have 
different audio characteristics, the ability to distinguish 
the various sources of noises from each other can be 
perfected with practice. Always use a headset when re­
cording audio noise levels as measured on a visual indi­
cating meter. (See figs. 2-10 and 2-11.) This is necessary 
in order to insure that radio noise is being recorded and 
not intelligence signals. However, the headset can be 
used without a visual indicating device. If radio noise 
is detected with the aid of a headset, the headset can 
also indicate the absence of noise after correct sup­
pression.

(2) OUTPUT METERS.—Copper-oxide, rectifier­
type output meters, with an impedance of at least 4000 
ohms, are generally used to measure audio output of 
communications equipment in radio noise measurements. 
Such a meter is part of Test Set 1-56 and if not available 
locally can be procured from AAF stock, Class 16. The

Figure 2-70—Proper Connection of Output Meter 
when Recording Radio Noise Values

the applied suppression technique can be directly com­
pared with a new measured noise level recorded after 
suppression application.

.a AUDIO NOISE LEVEL INDICATING DEVICES. 
—As radio noise energy is translated into audio-fre­
quency output by practically all communication receivers, 
measuring the audio output of the receivers can be ac­
complished with the following instruments.

(1) HEADSETS.—Listening tests may be made 
with any type of headset suitable to the equipment being 
used for the noise test. Because of the first response of

CONDUCTED RECORD SHEET
BY 0.1. JOE RADIO NOISE TEST

DATE I4N0V.44 remarks-fuel BOOST PUMP,
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Figure 2-12—Output Meter, Weston Model 571— 
Panel View

Section II
Paragraphs 3a(2)-4a

10 >
\moDEL57I 
\\tYPE3A

one of a number of 
an output meter in 

; the availability of

RESTRICTED 
16-1-45

^OLT A.c,

' *>
OUTPUT METER 

k RES- 4000 OHMS

4. RADIO NOISE LOCALIZING EQUIPMENT.

After radio noise has been detected and its amplitude 
recorded, it will be necessary to localize the source of 
noise before correct suppression technique can be ap­
plied. Certain devices are adaptable for definitely locat­
ing individual radio noise sources when more than one 
source is detected. Outlined below is such equipment 
that can be easily procured or fabricated in the field.

a. LOOP PROBE ANTENNA.—One of the most 
useful tools used in locating the source of radio noise is 
the probe. Briefly, the probe is a small antenna generally 
made in the form of a loop, figure 2-13, therefore, hav­
ing some directional properties and being small in size 
it responds only to signals within the immediate vicinity 
of the probe. These two characteristics make the probe 
antenna an extremely useful tool for localizing sources 
of radio noise. The probe antenna can be connected 
across the antenna and ground terminals of any receiver 
being used for radio noise tests. The coupling method 
used is not critical primarily because the probe antenna 
is not intended to be an efficient or high gain antenna. 
The probe antenna is not a complicated gadget nor is its 
application difficult to understand. A simple probe may 
be constructed as shown in figure 2-14. This loop probe 
antenna is not difficult to construct and it has proved 
very effective in locating sources of radio noise.

nomenclature on the meter is Output Meter Weston 
Model 571. S.C. Stock No. 3F4056 A/M2. (See fig. 
2-12.)

(3) DECIBEL METERS.—Any < 
decibel meters can be used in lieu of 
radio noise measuring. However, as 
decibel meters is so limited, the above-named output 
meter is generally used.

(4) PEAK READING VOLTMETERS.—As the 
meters outlined in subparagraphs (2) and (3) above 
measure rms. values of output voltage, a peak reading 
voltmeter will give a much higher measured noise level. 
If used for radio noise measuring, readings will be 
higher on initial tests but will indicate effectiveness of 
suppression technique by comparison of readings taken 
after suppression application.

b. VIDEO NOISE LEVEL INDICATING DEVICES. 
—On most radar and electronic equipment, the received 
signal, intelligence or radio noise is translated into visual 
readings in a scope or other visual indicating device. 
Correct interpretation of the indicated signal is neces­
sary to ascertain if the received signal is intelligence or 
unwanted radio noise.

c. VISUAL INDICATORS.—Many navigational re­
ceiving equipments, both communications and radar type, 
are equipped with visual indicators using either a needle 
or pointer for indicating the translated intelligence sig­
nal. Fluctuation other than normal correct deflection of 
the indicating pointer will indicate the presence of radio 
noise.

HEADSET

TRANSPOSED LEADS REDUCE 
PICKUP OF RADIO NOISE 
ENERGY ALONG THIS SECTOR

TWO TURNS OF 
INSULATED WIRE 
IN FORM OF 2r 
LOOP
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Figure 2-14—Construction of Loop Probe Antenna
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REMOVE OUTER COVER A COPPER 
SHIELDING BRAID. DO NOT DAMAGE 
INNER INSULATION-COVER OPEN­
ING WITH FRICTION TAPE AND 
SHELLAC.

REMOVE OUTER COVER FOR 
APPROX. I". DO NOT REMOVE 
OUTER SHIELDING.

LENGTH IS NOT CRITICAL.
MAKE AS LONG AS NECESSARY 
TO REACH RECEIVER.

(3) Process the other end of the coaxial cable as 
follows:

(a) Peel off the black outer covering approxi­
mately iy2 inches.

(b) Tear about % inch of the exposed copper 
braid and cut the insulation off the inner conductor 
which now leaves % inch of stranded copper inner 
conductor.

ALTERNATE ARRANGEMENT 
FOR USE WITH BC-348

Section II
Paragraphs 4a(l)-4a(3)(b)
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SERVE WITHff22 COPPER WIRE 
AND SOLDER.

REMOVE l>2 OF OUTER COVER 
FROM END OF CABLE. REMOVE 
3/4" OF SHIELDING BRAID AND 
INNER INSULATION. GROUND 
INNER CONDUCTOR BY SOLDE R- 
ING TO OUTSIDE OF EXPOSED 
SHIELDED PORTION

(1) Determine the length of coaxial cable WC-543, 
WC-549 or Radio Frequency RG-8/U that will be re­
quired to reach from the radio set to the engine or out­
board engines on multi-engine airplanes.

(2) Install Plugs PL-Q173, PL-259 or PL-259A on 
one end of coaxial cable for plugging into antenna 
Socket SO-153 or SO-239 on the radio set.
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Figure 2-76—Points ?o be Added to Probe
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Figure 2-18—Locating Noise Sources with Loop
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Figure 2-77—Points to be Added to 
Electrostatic Probe
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(4) Bend the coaxial cable to form a 3-inch loop.
(5) Peel off approximately one inch of the black 

outer covering at the point of closure of the loop, being 
careful not to damage the shielding braid. Press the end 
of the cable, prepared as in subparagraph (3) preceding, 
against this exposed portion and wrap with small copper 
or brass wire and solder. Ground the inner conductor 
in this soldered joint. Wrap the joint with friction tape 
and shellac.

(6) Process the top of the loop opposite the point 
where the end of the cable has not been soldered, as 
follow’s:

(a) Peel off approximately one inch of the black 
outer covering.

(b) Peel off approximately one inch of the copper 
braid, being careful not to damage the insulation cover­
ing the inner conductor.

(c) Wrap friction tape over the insulation to fill 
up the gap left by removal of the black outer covering 
and copper-shielding braid and shellac.

b. ELECTROSTATICALLY-SHIELDED PROBE.
(1) A more sturdy and very useful type probe may 

be constructed as indicated in figure 2-15. This is known 
as an electrostatically-shielded probe. It has the ability 
of limiting its pickup to the magnetic field portion of 
the radio noise energy. The sensitivity of the electro­
statically-shielded probe may be increased for the check­
ing of leakage at joints in covers or shields around 
sources of radio noise simply by the addition of two 
sharpened pomts to the probe as indicated in figure 2-16. 
The pickup of radio noise energy depends upon con­
tact between the metal surfaces on each side of the joint 
or mating surface and the sharpened contacts mounted 
on the electrostatic probe. (See fig. 2-17.) The pickup 
effectiveness of an electrostatically-shielded probe an­
tenna is low and it is relatively undisturbed by area inter­
ference unless the field intensity is great. Because of this 
advantageous characteristic, it is seldom necessary to use 
a shielded room for testing. Moreover, the probe is more 
satisfactory than a rod antenna for investigation work 
for the following reasons:

(a) Closeness of coupling that can 
with the probe coil.

(b) The fact that the probe responds only to the 
lagnetic component of the field.

(c) The ability of the probe to localize the point 
of leakage. In very intense leakage fields, radio noise 
appears to have an indefinite focal point. This is because 
of overloading of the receiver and can be corrected by 
reducing the receiver sensitivity. (See fig. 2-18.)

ioop' 
PROBE

COVER

SHIELDED BOX

MODIFIED PROBE

VI
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Figure 2-21—Correct Placement of 
Probe Along a Conductor Figure 2-22—Correct Placement of Probe in the 

Ignition Shielding Assembly

Figure 2-20—Installing Socket SO-153 
to the Receiver
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switch in the "MVC” position. By using the receiver with 
the sensitivity set at less than maximum only the strong­
est noise fields will be detected with the loop probe. If 
the sensitivity is placed full "ON,” the localizing of the 
radio noise source may become difficult because of the 
fact that the strong noise fields will block or paralyze 
the receiver and the directional and localizing effect of 
the loop probe will be lost. After the strongest radio 
noise fields have been located and eliminated, the sen­
sitivity may be advanced in order that the weaker radio 
noise fields may be explored and localized.

«. (2) The correct placement of the probe when used 
for locating radio noise energy along a conductor or a 
cable is shown in figure 2-21. The correct placement of 
the loop probe when checking for radio noise fields at a 
point in the ignition shielding assembly is shown in 
figure 2-22.

d. RADIO NOISE EXCITER.

(I) DEVELOPMENT OF EXCITER.—Until such 
time as the first exciter unit was developed and used as a 
method to excite ignition systems with radio frequency

Figure 2-19—Locating Noisy 
Components with Loop

(2) The question often arises as to what the read­
ings obtained with the electrostatically-shielded probe 
mean in terms of free-radiation field; the answer is that 
there is no fixed relationship. It is possible to have a 
strong leakage field at a particular point in a shielding 
system where there are no suitable radiators to provide 
coupling with space. In other instances, a relatively weak 
field detected with the probe may have a strong radiation 
field because of the arrangement and characteristics of 
the harness members. Nevertheless, it can be concluded 
that, if no field can be detected by the use of the probe 
coil, there will be very little detectable radio noise energy 
radiated. (See fig. 2-19.)

c. USE OF LOOP PROBE WITH RADIO 
RECEIVER BC-348-( ).

(1) In using the loop probe with Radio Receiver 
BC-348, the installation of socket SO-153 will facilitate 
the connection of the probe to the receiver. Details of 
socket installation methods may be found in figure 2-20. 
When using any receiver for radio noise tests it is well to 
start the tests with the sensitivity control in a somewhat 
less than maximum position with the "AVC-OFF MVC”
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Figure 2-23—Ignition Noise Exciter Unit 
and Schematic Wiring Diagram

Figure 2-24—Using the Exciter Unit 
to Check System

IGNITION 
EXCITER UNIT
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(3) CONSTRUCTION OF AN EXCITER.—Fol­
lowing is the basic outline on the construction of an 
exciter. Where the exact duplicate parts are not available, 
with a little ingenuity, a similar system can be designed 
and built from parts readily available. In constructing an 
exciter, there is one very important feature that must be 
built into it from the beginning, i.e., there should not be 
any leakage of radio noise energy from the exciter itself, 
for if the noise exciter unit leaks radio noise energy, it 
will be extremely difficult to localize the portion of the 
ignition system from which the radio noise energy is 
leaking.

A standard inverter of 24-volt input and 115-volt- 
400 cycle output is connected to a very effectively- 
shielded ignition transformer with a 15,000-volt output. 
The inverter is completely filtered to prevent leakage of 
radio noise energy back through the primary leads to 
the 24-volt batteries. The output of the ignition trans­
former, also very effectively shielded, is fed into a system 
to be checked by means of two spark plugs screwed into 
a connector. One plug is cut back so that the center 
elcctrodq contacts the center electrode of the second

radio noise energy similar to that produced by the 
operation of the magnetos, spark plugs, and harness into 
a system to be checked. To do this, the following items 
are necessary:

(a) Power source (24-volt batteries 
source).

(b) Transformer or other means to step voltage 
up to approximately 8,000 to 15,000 volts.

(c) Effective shielding.
(d) Means of connecting exciter to system to be 

checked.

to produce radio noise, it was necessary to operate igni­
tion systems under test in one of three ways, i.e.:

(a) Run an engine on an airplane.
(b) Run an engine on a test stand.
(c) Operate a complete ignition system on some 

type of test stand.
In probing the ignition systems for radio noise, 

an extreme hazard to life made the first method very 
undesirable. The second method necessitates the use of 
an expensive engine test stand which cannot readily be 
obtained in the field. The third method presents an equal 
problem in that an ignition test stand cannot readily be 
obtained in the field.

The development of an exciter unit that would 
produce the same or better method of test and eliminate 
the disadvantages of the above methods was very desir­
able. This noise exciter (fig. 2-23) was developed and 
has passed rigid tests. It can be used to test ignition sys­
tems on engines on test stands, or wherever necessary. 
Running an engine to probe the high tension portion of 
the ignition system for radio noise is no longer necessary. 
It completely eliminates the extreme hazard from a 
revolving propeller. However, the biggest advantage is 
its simplicity. It can be built and used in the field for 
thorough radio noise clean-up on aircraft engines.

(2) PRINCIPLE OF RADIO NOISE EXCITER.— 
The principle of the exciter is to produce and introduce

LEFT
RIGHT 
/\MAG 
' \PLUGS 
□ \ o=

ENLARGED SECTION 
z—EXCITER UNIT /~cA,rV?N.FR

. / “T -t^reuc
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made by

Figure 2-25—Connecting the Exciter 
Unit to Magneto
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meters are sensitive superheterodyne radio receivers. By 
special design, the gain is stabilized and provisions are 
made for internal calibration. These meters are capable 
of measuring small values of radio frequency noise volt­
ages (one millionth to one-tenth of a volt or 1 microvolt 
to 100,000 microvolts) at any frequency within their 
range. Commercial noise meters covering the frequency 
range 150 kilocycles to 150 megacycles are 
available. Conducted noise measurements are 
connecting the terminals of the noise meter between the 
lines and ground. The present allowable limits for con­
ducted noise are 50 microvolts from 150 kc. to 20 me.

(2) RADIATED NOISE MEASUREMENTS.— 
Radiated noise measurements have normally in the past 
been made with the rod antennas furnished as part of 
the noise meters. Allowable radiated noise measurements 
are dependent upon frequency and vary as follows:

Frequency
150 kc. to 65 me.. . .
65 me. to 100 me.. . .
100 me. to 150 me.. .

These values are
with the rod antennas located one foot away from the

5. APPLICATION OF TEST METHODS.
The most effective application of whatever test equip­

ment selected is obtained by using the test equipment in 
a manner that will provide the greatest amount of in­
formation relative to the radio noise source in the 
shortest possible time. The methods of test equipment 
application described in the following paragraphs have 
been found to be the most practical available at this 
time.

a. GROUND RADIO NOISE CHECK.
(1) OPERATIONAL TEST.—In this check, the 

airplane is completely tested on the ground for radio 
noise. All these tests can be made without a pilot present.

plug. The second plug is set at a gap of 0.062. This set­
ting is important. Upon operation, the breakdown of 
the high voltage at the gap loads the entire system with 
radio noise energy. The system can then be probed for 
radio noise leaks using the standard receiver method.

(4) TO USE THE EXCITER.—To use the exciter 
(fig. 2-24), simply connect it to various points on the 
harness or system being checked. Place the noise exciter 
unit in operation and probe the engine systematically for 
radio noise leaks. In probing for noise, it is common 
practice to locate and eliminate the strongest sources of 
noise first, then proceed to the next loudest source and 
so forth until the whole engine is quiet.

WARNING
Then connecting the exciter to a magneto, 
make certain that the noise energy is fed into 
the high tension side of the magneto. (See fig. 
2-25.) Serious damage may result to the mag­
neto if the exciter is connected to the low 
tension side of the magneto.

e. NOISE METERS.
(1) DEVELOPMENT OF METERS.—The need 

for test equipment to accurately evaluate radio noise has 
resulted in the development of specialized equipment 
radio noise and field strength meters. Basically, these

dependent upon frequency and vary
Microvolts as Read on Meter

........................... 2.5

........................... 5.0

........................... 10.0
the maximum permitted values

equipment under test. The probes supplied with the noise 
meters provide a convenient tool for locating the exact 
source of radiations and may be used for radiation meas­
urements after having been calibrated against the rod 
antenna for each particular equipment set-up and fre­
quency. No general correlation between loop probe and 
the rod antenna is presently available for general use.

leads ro 
exciter unit

^eej□ 
jeje el
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Figure 2-26—Checking for Noise in Engine Section
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This method has been found most effective and is most 
commonly used. The only reason for not using the 
ground check is in localities where area radio noise is 
excessive and it is impossible to find an area with a low 
area radio noise level. Before the possibility of making a 
ground test is discarded, make a concerted effort to locate 
a quiet area. This can be done with a receiver mounted on 
a dolly or cart or by taxiing the airplane to various parts 
of the airport. The advantage of making the ground 
check is easily evident when it becomes necessary to run 
just one engine of a four-engine airplane. Though those 
same conditions might be duplicated in a flight test, it 
would be extremely dangerous.

The receivers installed in the aircraft under test 
are considered excellent noise test equipment. All re­
ceiving equipment in the aircraft should be checked in 
turn. This is very important as each receiver in the air­
plane covers different frequency ranges. The antennas

and lead-in wires are installed in different locations on 
the airplanes and the associated wiring between units is 
routed via different paths. Therefore, a test conducted on 
only one receiver mounted in the airplane cannot be 
considered conclusive for all receivers installed in the 
airplane. For radio noise that might not affect the com­
mand set may be unbearable on the radio compass or 
liaison receiver. All receivers used in these noise tests 
should be operated in the most sensitive condition.

(2) TO DETERMINE SOURCE OF RADIO 
NOISE.—The radio noise causing interference in radio 
and radar equipments generally enters the receiver 
through the antenna system installed on the aircraft. The 
term "generally” is used because there are isolated cases 
where radio noise can be introduced to the receiver 
through power wiring such as filament and plate leads or 
relay and control circuits. However, it can be safely 
assumed that the major portion of the radio noise enters 
the receiver through the antenna system. A simple test 
can be made to determine whether the noise is entering 
through the antenna system or through the receiver 
power supply circuits simply by disconnecting the an­
tenna from the antenna leadin at the feed-through in­
sulator. This check will indicate whether or not the noise 
is being picked up by the antenna. If the noise is still 
present, disconnect the lead-in portion of the antenna 
at the receiver antenna binding post or terminal. This 
will indicate whether or not the lead-in portion is picking 
up the radio noise energy. If the noise is still present 
with the antenna and the leadin disconnected, this will 
indicate that the noise present is entering the receiver 
through the power or control circuit wiring.

(3) TO CHECK THE IGNITION SYSTEM.—In 
making a ground check for radio noise, the first potential 
radio noise source to check is the ignition system. (See 
fig. 2-26.)

(a) In order to check the engine, connect the 
headset and output meter to a receiver installed in the

RADIO NOISE CAN EFFECT EVERY 
ANTENNA ON THE SHIP, THEREFORE 
EVERY RECEIVER AND LEAD-IN 
SHOULD BE USED IN MAKING A 
NOISE SURVEY.

RECEIVER

POWER CABLE

NOISE 
SOURCE

RADIO NOISE CAN ENTER 
RECEIVERS THROUGH THE 
POWER CIRCUITS BUT THE 
GREATER PART ENTERS 
THROUGH THE ANTENNA 
SYSTEMS

DISTRIBUTOR

SPARK PLUGS2

DISTRIBUTOR 
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Recording Noise Readings
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Figure 2-28—Separating the Engine Ignition 
Ground Circuit Wiring from the Engine

WARNING
Extreme caution must be exercised when per­
sonnel are working around an engine with the

(4) REMOVAL OF GROUND TERMINAL 
FROM MAGNETOS.—With the ground terminal re­
moved from the magnetos, the engine ignition system is 
entirely disconnected from the airplane electrical system, 
except where starting booster circuits are connected di­
rectly to the magneto. In this case, disconnect booster 
connection also. The engine is started again and adjusted 
for approximately 1500 rpm. The voltage readings of the 
output meter are again recorded. (See fig. 2-27E.) If the 
output meter now indicates normal area noise, it indi­
cates that the engine ignition assembly is not the source

STAY AWAY FROM PROP WHEN GROUND 
TERMINALS ARE OUT OF MAGNETO—

THE IGNITION SYSTEM IS USUALLY "HOT"

SECONDARY OR HIGH TENSION-------------------
GNfTION SWITCH PORTION OF THE IGNITION SYSTEM

GROUND TERMINAL
| MAGNETO

Irrr off] on °r :

ignition ground circuits disconnected because 
the engine is in operating condition. If the pro­
peller is accidentally moved, the engine is liable 
to start and seriously injure nearby personnel. 
In other words, stay away from the propeller 
when the ground terminals are out of the mag­
netos. (Some magnetos are grounded internally 
when the ground terminal is removed.)

_____ .

i a tit
Itn KGHT im HCHT IMltG.

I ” 9 ° /
■—-----©,UU 7 /

L AUX. TO LMXN X. TO XWW Z'

airplane. ALL, electrical equipments not required for the 
operation of the engine are turned to the ’’OFF” posi­
tion. Read the voltage of the area noise and record. 
(See fig. 2-27B.) Then the engine is started and run at 
about 1500 rpm the receiver being used for the radio 
noise test is tuned throughout its frequency range and 
the voltage readings on the output meter are recorded. 
(See fig. 2-27C.) If the voltage reading with the engine 
in operation is HIGHER than the area noise reading, it 
can safely be assumed that ignition radio noise is pres­
ent on the airplane. (See fig. 2-27D.)

(b) The next step is to separate the engine igni­
tion ground circuit wiring (fig. 2-28) from the engine 
and repeat the test. This step is very important as it 
establishes the point of whether the noise is coming from 
the engine ignition assembly proper or from the wiring 
connected to the engine ignition system.

To separate the airplane (ignition ground cir­
cuit) wiring from the engine, it will be necessary to re­
move the magneto ground terminals at the magnetos. 
(See fig. 2-29.)
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Figure 2-29—Removing the Magneto Ground 
Terminals at the Magnetos
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Figure 2-30—Substituting Probe for 
Aircraft Antenna

of radio noise. (See fig. 2-27F.) The source of noise is the 
ignition ground circuit (see fig. 2-27G), previously con­
nected to the magneto, and this circuit is responsible for 
the indicated radio noise above the area radio noise level.

However, if the output meter reading indicates 
radio noise above the normal area radio noise level with 
the ground terminals removed, radio noise can be as­
sumed to be coming from the engine ignition assembly. 
(See fig. 2-27H.)

(5) AFTER-OPERATIONAL CHECK.—After the 
tests on the engine or engines have been completed and 
with the normal airplane antennas connected to the air­
plane receiver which has been adjusted for maximum 
sensitivity, check each item of electrical equipment in 
turn on each receiver installed in the airplane. As each 
item of electrical equipment is operated, both a listening 
test and output meter voltage recordings are made at the 
same time. By operating each item of electrical equip­
ment and noting those that appear to be above the local 
area or background noise, the items that are a source of

radio noise can easily be isolated. The main objective 
in making a test with the normal airplane antenna is to 
roughly localize the source or item of equipment making 
the noise.

(6) TO USE ELECTROSTATICALLY- 
SHIELDED PROBE.—After the source of radio noise 
has been located with the normal antenna installed on 
the airplane, the noise source may be further localized 
with the electrostatically-shielded probe. In order to use 
the probe, simply disconnect the normal aircraft antenna 
and substitute the probe in its place. (See fig. 2-30.)

The noise source previously localized with the 
normal aircraft antenna is placed in operation and the 
probe is used to trace the radio noise fields right from 
the switch operating the item along the connecting ca­
bles between the switch to the radio noise source. (See 
fig. 2-31.) After the radio noise energy levels are noted 
throughout the entire wiring assembly, the most effective 
noise elimination method can be applied where it will do 
the most good. The advantage of the probe over the 
normal antenna is that it will localize the source of 
noise to a smaller area and will also aid in indicating the 
effectiveness of whatever radio noise suppression tech­
nique is applied to any particular source of radio noise.

b. FLIGHT CHECK.
(1) GENERAL.—In areas w'here the area radio 

noise level is too high to make a ground radio noise 
check, a flight radio noise check must be made. Even 
in flight exercise extreme caution for certain areas can 
be a source of radio noise affecting airplanes in flight 
over the area. Precipitation static may also be noted in 
a flight check.

There are a few minor advantages in making a 
flight check, the most important being that certain equip­
ments which are difficult to check on the ground, such

RECEIVER

LOOP PROBE

AS LOOP APPROACHES SOURCE OF NOISE; 
RESPONSE IN HEADSET INCREASES.

DISTRIBUTERDISTRIBUTER'

• TERMINAL
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as landing gears, propellers, ^nd armament equipments, 
may be easily checked in a flight test.

(2) PROCEDURE.—The actual flight test proce-

Figure 2-37—Electrical Equipment 
Connecting Diagram

e. Can the work required be accomplished and main­
tained by the personnel available?

In order to answer these questions, a thorough under-

dure is similar to a ground test in that each item of 
electrical equipment must be checked individually and 
the noise levels recorded. In general, any radio noise 
source detected on the ground test, if eliminated prop­
erly, will not be detected on a flight check.

c. BENCH CHECK.
(1) A great deal of time can be saved by making 

radio noise tests on electrical equipment before it is in­
stalled in that airplane. This can be accomplished by 
making a bench check which consists of operating the 
item of equipment in the shop under normal or simulated 
load and measuring the radio noise generated while the 
electrical item is being operated.

(2) If noise meters are available, measure the noise 
directly in microvolts. If noise meters are not available, 
bench checks may be made by using receivers and output 
meters. Acceptable levels of noise energy will have to be 
derived from a series of tests run on each item of equip­
ment. The probe antenna is extremely useful for check­
ing radiated noise on a bench test.

must be available to the personnel responsible for the 
elimination of radio noise, namely, the communications 
and engineering personnel. The elimination of radio 
noise falls basically into four methods. Each method 
will be discussed separately. The most practical radio 
noise suppression methods available are:

a. Reducing the coupling between the receiver and the 
source of radio noise by providing sufficient isolation 
between these equipments.

b. Providing a low impedance path to ground for the 
radio noise energy through the use of proper bonding.

c. Enclosing the source of noise in a shield.

1. INTRODUCTION.
After the radio noise source has been localized, the 

next problem is the application of the most suitable 
method of noise suppression available. Before any radio 
noise elimination method can be applied to any radio 
noise source consider several factors before the final 
elimination method is incorporated. Among the most 
important of these are the following:

a. Will it affect the safe operations of the airplane in 
any manner?

b. Will the added weight be worth the degree or re­
duction in radio noise elimination secured?

c. Are materials readily available for fabrication of 
units required for the elimination of the radio noise?

d. Is the method of radio noise suppression used the 
simplest and most practical method available?

2-16 — 3-0
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Figure 3-1—Isolation from Antenna 
Circuit of Receiver

Figure 3-2—Arrangement of Equipment 
to Lower Noise
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b. Keep the antenna and leadin away from all dyna­
motors, inverters, and motors. Even machines which are 
"quick” compared to most other machines will cause 
radio noise if the antenna leadin passes very close to 
them. It may be that routing the antenna leadin as far 
as possible from the noisy machine and wires running to 
it will eliminate the noise in the radio.

c. If the radio noise source is removed from the vicin­
ity of the antenna and the radio noise level has not been 
lowered, the separation of all wires or wire bundles con­
necting the radio noise source to its associated switches 
or relays must be investigated. (See fig. 3-2.) In many 
cases of radio noise, the whole problem may be solved 
simply by separating a wire or a group of wires carrying 
radio noise energy from a group of wires which pass 
near an antenna or leadin wire. (See fig. 3-3.) The 
transmission of radio noise energy around the airplane 
can be reduced or increased simply by changing the rout­
ing of wires or cables within the airplane.

cl. Audio-frequency coupling between the audio-am­
plifier circuits and sources of audio-frequency energy 
such as 400-cycle alternators, transformers, and other 
units may be reduced simply by isolating the units or 
wiring the units in such a manner that the coupling is 
lowered as much as space available will allow.

e. It is quite evident that the radio noise problem is 
greater on the small fighter-type airplanes than it is on 
the large, very heavy-bomber type. The larger planes

2. ISOLATION.

a. The easiest and most practical method of radio 
noise suppression revolves around the possibility of sep­
arating the source of radio noise from the input circuits 
of the receiving equipments affected. (See fig. 3-1.) As 
every radio noise source can be considered a small trans­
mitter, it is obvious that the radio noise source and leads 
carrying radio noise energy should be kept as far away 
from receiver antennas or leadins as possible. In many 
cases, the radio noise in a receiver may be entirely 
eliminated simply by moving the antenna leadin wire 
just a few inches away from the source of radio noise. 
The value of sufficient separation between sources of 
radio noise and receiver input circuits cannot be over­
emphasized. The isolation method of radio noise sup­
pression is very popular as it has the advantages of not 
requiring any additional material or adding any addi­
tional weight to the already overweighted airplane.

d. The use of efficient filters applied at the source of 
the radio noise.

ANTENNA NOISE SOURCE

LEAD IN

RECEIVER

ANTENNA RELOCATE RECEIVER

RELOCATE' 
LEAD-IN

RELOCATE 
NOISE SOURCE

RADIO NOISE ELIMINATED BY PROVIDING SUFFICIENT 
SEPARATION BETWEEN UNITS

RADIO NOISE ENERGY COUPLED DIRECTLY TO 
ANTENNA BY RADIATION



T. O. No.

counterpoise for

1 J 3£

Figure 3-4—Bonding Shockmounted Equipment

RESTRICTED3-2

Section III
Paragraphs 2e-3c

Figure 3-3—Arrangement of Wires and 
Cables to Lower Noise
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duced which might cause arcs and sparks in the aircraft 
structure.

(2) To provide a homogeneous 
radio transmission and reception.

(3) To provide power current return paths.

c. DEFINITION OF BONDING.—For aircraft pur­
poses, bonding is defined to be the electrical connecting 
of two or more conducting objects not otherwise ade­
quately connected. (See fig. 3-4.)

3. BONDING.

a. GENERAL.—Bonding is a very necessary means of 
radio noise control. It provides grounding of all insul­
ated conducting objects on the exterior of the aircraft. 
When conducting objects are not grounded, flight thru 
precipitative weather conditions causes high voltage 
charges to build up on those objects. Repeatedly, the 
voltage gets high enough to spark over to an adjacent 
ground member or the object discharges to the sur­
rounding air by corona conduction. Either mode of dis­
charge causes considerable radio noise.

b. FUNCTIONS.—Other important functions of 
bonding are:

(1) To protect the aircraft and personnel from 
lightning discharges by equalization of potentials pro-

have the advantage in that there is more separation be­
tween the radio noise sources and the radio receiving 
antennas. Therefore, if care is taken in separating radio 
equipment from radio noise sources, the use of shielding 
and filtering may be held to a minimum. Isolation be­
tween radio noise sources and receivers may provide a 
solution to radio noise on one type insulation for noise 
sources which are not too intense. However, this method 
is only effective for one installation. Any change of 
equipment location of new installation usually involves 
a new noise problem. Therefore, if considerable radio 
noise is encountered on an item, source suppression may 
be necessary.

THAI IS, IT IS GROUNDED 
BY MEANS OF A BONDING
JUMPER

IN SMALL PLANES THE ANTENNA IS 
LOCATED QUITE CLOSE TO ENGINE 
IGNITION SYSTEM

IN LARGER AIRPLANES THERE IS 
ROOM FOR GREATER SEPARATION 
BETWEEN THE RADIO NOISE SOURCE 
AND THE ANTENNA
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i. GENERAL BONDING REQUIREMENTS.

(1) BONDS.—Keep all bonds as short and direct as 
possible. The resistance between the jumper terminal 
and the object or structure should not exceed 0.001-ohm 
except in the case of flexible metal conduit in which case 
the resistance should not exceed 0.003 ohm. When prac­
ticable, bonding jumpers should not exceed 3 inches in 
length and should conform to the requirements of Spec­
ification AN-J-la.

DRILL IP"’’ 
2-HOLES

3NZE OR EQUAL 
■ 31 (.0089'1

(2) STRUCTURAL PARTS.—Bonding of struc­
tural members shall be accomplished without weakening 
any vital structure of the aircraft. Bonding clamps on 
flexible metallic conduit or hose shall be so installed 
as not to crimp or damage the conduit or hose.

(3) CORROSION PREVENTION.—In bonding, 
contact between dissimilar metals is frequently unavoid­
able. In such cases, the jumpers and other elements of 
the bonding connection shall be so selected as to mini­
mize the possibility of corrosion and to insure that if 
corrosion does occur, it will be in a replaceable element 
such as jumpers, washers, or separators but never at 
aircraft structure.

(4) BONDING CONNECTIONS. — Connections 
shall be so installed that vibration, expansion of con­
traction, or relative movement incident to normal service 
use will not break the bonding connections nor loosen 
them to such an extent that the resistance will vary dur­
ing the movement or increase above the permissible max­
imum value. Bonding connections should be inside 
fairing insofar as practicable, and, whenever possible, 
they shall be located near a hand hole, inspection door, 
or some other accessible location to permit ready inspec­
tion and replacement. Parts shall be bonded directly to 
the basic structure rather than through other bonded 
parts. Bonding jumpers shall not be installed in such a 
manner as to interfere in any way with the operation 
of movable components of the aircraft.

j. COMMUNICATIONS EQUIPMENT BONDING 
REQUIREMENTS.

(1) All communications equipments should be 
grounded to the aircraft structure. This will be done by 
using short bond straps or by sheets of high conductiv­
ity (copper or aluminum) metal where it is impossible 
to use a short bond strap. The requirements for dis­
similar metals in contact should be met in all cases.

(2) Bond straps should preferably be of solid metal 
rather than of braided construction. Tlie object is to get 
the lowest possible impedance at radio frequencies. These 
straps should be made as shown in figure 3-6.

(3) Bonding of communications equipment should 
be accomplished as shown in figure 3-7.

(4) Because of the construction of the shockmounts, 
it is sometimes impossible to attach bonds in the normal

d. DEFINITION OF GROUNDING.—For aircraft 
purposes, grounding is the electrical connecting of a con­
ducting object to the basic structure. (See fig. 3-5.) All 
items of the aircraft listed in table 3-1 should be 
grounded.

e. EXTERNAL CONDUCTING SURFACES OR 
OBJECTS.—Ground all external conducting surfaces or 
objects of the aircraft. The resistance of the bond used 
to provide such grounding shall not exceed 1/^ megohm 
unless a lower resistance is required as shown in table 
3-2.

f. INTEGRAL JOINTS.—Permanent metal-to-metal 
joints made by welding, brazing, sweating, or swaging 
arc inherently bonded.

g. SEMI-INTEGRAL JOINTS. — Semi-permanent, 
metal-to-metal joints of machined metal surfaces held 
together by lock-threaded devices, riveted joints, tie rods, 
or structural wires under heavy tension, pinned fittings 
driven tight and not subjected to wear, and clamped 
fittings normally permanent and immovable after instal­
lation should be considered bonded if all insulating fin­
ishes are removed from the contact area before assembly.

. h. PARTS IMPRACTICABLE TO BOND.—Parts 
which are freely movable, such as landing wheels, hand 
wheels, propellers, and so forth, where jumper-type 
bonding may cause fouling, should not be bonded by 
the previously suggested method. Where it is necessary 
to bond such parts to basic structure, use other suitable 
means such as metal shives, slip rings, etc. Insulate parts 
in rubbing or intimate contact but not by means of fric­
tion tape. Avoid the use of protective coatings, which 
are conductors as such coatings may short circuit this 
insulation.

MATERIAL:
PHOSPHOR BRON2 
8 & S GAGE -3. 
SILVER PLATE
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Figure 3-8—Grounding Aircraft Equipment 
With a Bond Strap
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Figure 3-9—Grounding Aircraft Equipment 
Without a Bond Strap
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Ailerons  
Ammunition racks  
Anchor and mooring equipment. . . . 
Armor Plate
a. Shockmounted 
b. Hinged 
c. For radio and electrical equipment
d. For other equipment  
Arresting hooks  
Bomb and torpedo racks
a. Internal bomb bay racks
b. External racks  
Bomb sight mounting rack  
Bunks  
Conduit (electrical)  
Control cables and rods
a. To aileron
b. To elevator
c. To rudder
d. To flaps and floats
e. To engine and engine compartment 
Control sticks and columns (metallic) 
Controls—engine (pilot and engineer)
a. Throttle
b. Carburetor mixture

manner. In such cases, the mounting rack of the unit 
should be drilled near the shockmount and the bond 
strap attached at that point.

(5) All attachment points for bonds, both of the 
equipment end and at the aircraft end, should be thor­
oughly cleansed of paint and corrosion preventives.

(6) No bond strap should be more than 4 inches in 
length.

(7) Where equipment is mounted on a wooden 
shelf or for some other reason it is impossible to use a 
bond of 4 inches or less in length, a sheet of thin high 
conductivity metal should be used. This metal sheet

should have its minimum dimension not less than 20 
percent of its maximum dimension. The bond straps 
should then be connected to the metal sheet. The sheet 
should be run for such a distance as is necessary to attach 
it to the aircraft at a number of points along a line 
through its maximum dimensions.

(8) In figures 3-8 and 3-9 are shown two items of 
aircraft equipment requiring grounding to the aircraft 
structure. Figure 3-8 shows the use of a bond strap. The 
mast shown in figure 3-9 may be grounded without the 
use of a bond strap.

For an index of objects tQ be grounded and 
applicable requirements see Table 3-1.

c. Carburetor heat
d. Propeller 
e. Cowl flap
f. Wobble pump  
Controls (miscellaneous)
a. Gun
b. Bomb release
c. Flare release
d. Flap (hand operated)
e. Landing gear (hand operated) . . .
f. Floats (hand operated)
g. Brake
h. Trim  
Cowling and nacelles (engine)
a. Cowl rings (not shockmounted) . .
b. Cowl rings (shockmounted)
c. Wrap cowls (with piano hinges). .
d. Removable cowls (fastener

mounted) 
e. Access doors and inspection plates 
Doors (and inspection plates)
a. Doors which open in flight into

airstream
1. Landing gear doors
2. Arresting hook doors

BOND'

-THERMOMETER

■ AIRCRAFT 
STRUCTURE

PLEXIGLAS NOSE'

&

'ANTENNA MAST 
MUST BE 
GROUNDED

AIRCRAFT----- ’
STRUCTURE
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For a list of detail bonding requirements, see Table 3-2.
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E
A
K

C 
C 
F 
G 
E 
A 
G 
A

Q 
A 
E 
A 
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E

N 
E 
E 
A 
E 
A 
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JDC5ignzif ion of Require­
ments Applicable to the 
Bond. (See Table 3-2)

TABLE 3-1. INDEX OF OBJECTS TO BE GROUNDED AND APPLICABLE REQUIREMENTS 
(Continued)

Designation of Require­
ments Applicable to the 
Bond. (See Table 3-2)

4. Refrigerator doors
5. Watertight bulkhead doors. . .

16. Elevators 
17. Electric motor mounts
18. Engine shockmounts

a. Main engines 
b. Auxiliary power unit engines

19. Flaps
a. Landing flaps

1. Conventional hinges
2. Piano hinges
3. Fowler flaps

b. Diving flaps
1. Conventional hinges
2. Piano hinges

c. Cowl flaps
20. Floats

a. Retractable 
b. Fixed 

21. Guns (machine guns and cannon) . . .

3. Bomb bay doors (fuselage) . ..
4. Bomb bay doors (wing)....
5. Bomb sight doors ..............
6. Camera doors
7. Flare doors
8. Navigator’s hatches
9. Roll-type bomb bay doors... .

10. Tunnel gun doors
b. Doors normally closed in flight (In 

airstream)
1. Access doors to fuel and oil 

tanks 
2. Access doors and inspection 

doors and plates within 3 feet 
of antennas or leadins

3. Anchor doors ...............
4. Entrance doors
5. Escape hatches 
6. Inspection doors with piano 

hinges 
7. Inspection plates (without 

hinges) 
8. Gun loading doors.
9. Life raft doors and

10. Loading hatches . .
11. Beaching Gear doors

c. Doors inside airplane
1. Distribution and fuse panel 

doors
2. Flight deck doors (acoustic). .
3. Locker doors

Refrigerator doors...................
XV7-.___ __________________________ « J-- —

22. Heaters (cabin)
a. Electric fan type
b. Combustion type
c. Other

23. Hoods (sliding)
a. Within 3 feet of antennas or leadin
b. More than 3 feet from antennas or 

leadin
24. Instrument boards

a. Main or pilot’s instrument board. .
b. Co-pilot’s instrument board
c. Rear seat instrument board
d. Bomber’s instrument board
e. Navigator’s instrument board. . . .
f. Engineer’s instrument board
g. Other instrument board

25. Landing Gear (wheel types)
26. Lights (External)
27. Lines

a. Fuel (including vents)
b. Oil and hydraulic (all types)
c. Oxygen (all types)
d. Heat 
e. Water 
f. Anti-icer fluid 
g. Metallic fittings and couplings in 

metallic fuel lines
h. Metallic fittings and couplings in 

nonmetallic fuel lines
28. Pedals (rubber)
29. Radio racks, brackets, and shelves. . .
30. Radiators

a. Oil
b. Water 

31. Rudder
32. Seats (adjustable and fixed)
33. Stoves and hot plates
34. Sinks and wash stands
35. Tabs
36. Tables (all types)
37. Tanks

a. Gas
1. Metal
2. Rubber (bullet proof) and 

other nonmetallic
3. Droppable (metal)

b. Oil
c. Water 
d. Anti-icer fluid

38. Toilets (metal) 
39. Windows (hinged or sliding)



T. O. No.

TABLE 3-2.
INSTRUMENT

4)RequirementDesignation

D

INSTRUMENTE
(p

IRON OR STEEL SHIELD USED FORF

G

H

NOISE SOURCEI

J

K

L

M

N

P

Q

R

3-7RESTRICTED

I ...... ______________
| AUDIO FREQUENCY ENERGY.

LIST OF DETAIL BONDING 
REQUIREMENTS

Figure 3-10—Example of Noise 
Elimination by Shielding

| THICK COPPER SHIELD FOR LOW RADIO 
‘ FREQUENCY ENERGY.

THIN COPPER SHIELD FOR HIGH FREQUEN­
CY RADIO NOISE ENERGY.

PLASTIC SHIELD PROTECTS INSTRUMENT 
AGAINST WIND, RAIN, AND DAMAGE, BUT 
OFFERS NO ELECTRICAL SHIELDING.
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4. SHIELDING.
One of the most effective methods of suppressing radio 

noise is by the use of shielding. The general misconcep­
tion that has long existed about the proper use of radio

NOISE SOURCE—7

frequency shielding has been responsible for the present 
ineffective shield assemblies in use at this time.

a. OBJECT.—The primary object in shielding is to 
electrically bottle up the radio frequency noise energy. 
In practical application, this means that the radio noise 
energy must be kept flowing along the inner surface of 
the shield.

(1) TYPES AND REASONS FOR SHIELDING.
(a) The term "shielding” is a general one as 

there are many types and reasons for shielding. A shield

rw
1
Ek

point of measurement even under operating conditions. 
Bond at least once across hinge or from plate to basic 
structure by shortest practicable bonding jumper when 
within 3 feet of radio antenna or leadin or when at gas 
and oil filler caps, overflow and vent lines, etc.
Bond across each piano hinge with shortest practicable 
jumper. Cowl fasteners shall be provided along each 
edge of wrap or removable cowl at intervals not ex­
ceeding 12 inches.
Bonding shall be accomplished by bare, clean, metal 
to metal contact of all mounting plate, rack, shelf, 
bracket, and structure-mating surfaces so as to form a 
continuous, low impedance ground from equipment 
mounting plates to basic structure. The total resistance 
from the equipment mounting plate to basic structure 
shall not exceed 0.0025 ohm. Bonding jumpers shall 
not be used.
Bond at outboard end if resistance to ground exceeds 
0.01 ohm.
When within 3 feet of radio equipment or leadin, 
bond to basic structure every 18 inches, except where 
practicable positions of supporting and bonding clamps 
and blocks do not exceed 25 inches. Resistance be­
tween clamp and conduit within 3 feet of radio equip­
ment antenna, or leadin, shall not exceed 0.0025 ohm. 
When ahead of firewall, bond tojorward side.
Bond to basic structure each metallic object entering 
tank as close to tank as practicable.
Bond to basic structure with one bonding jumper un­
less shockmounts are conductive.
Bond to basic structure each extremity of each section 
of metallic fuel lines over 2 feet in length; for shorter 
sections, apply a single bond. When within 3 feet of 
radio or othSr electronic equipment, antennas, or lead- 
ins, the maximum resistance to basic structure shall not 
exceed 0.001 ohm.
Bond by one jumper to basic structure.

VJ|2 J

No additional bonding required.
Bond if practicable; keep track unpainted.
Construction or installation shall provide suitable bond­
ing (0.0025 ohm) to basic structure and shall include 
jumpcr(s), if required.
Bond at minimum of four places approximately equally 
spaced across mounts and supports. The jumpers used 
shall also meet any power return current capacity re­
quirements.
Construction or installation shall provide suitable bond­
ing (0.01 ohm) to basic structure through mounts or 
supports, and shall include bonding jumper(s) if re­
quired.
Bond across each hinge to basic structure by shortest 
practicable bonding jumper.
No additional bonding required provided resistance to 
basic structure through hinges, locking, latching, or 
fastening mechanisms does not exceed 0.01 ohm.
No additional bonding required provided resistance to 
basic structure through hinges and locking and latch­
ing mechanisms does not exceed 0.0025 ohm at any 
—: t . ... .... .....
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Figure 3-12—Shielding of Ignition System

3-8 RESTRICTED

Section III
Paragraphs 4a(l)(a)-4a(2)(b)

RESTRICTED
T. O. No. 16-1-45

Figure 3-11— Example of Complete or 
Perfect Shield

(2) PERFECT SHIELDING.
(a) Perfect shielding is accomplished by entirely 

enclosing the source of radio noise energy in a metallic 
container having no openings and with all joints of the 
container being electrically tight or complete. By shield-, 
ing is meant the enclosing of the source. (See fig. 3-1L)

(b) When a source of radio noise energy is com­
pletely enclosed within a thick walled-mctal housing hav­
ing electrically perfect joints, no external radiation can 
escape and the housing can be considered a perfect 
shield. (See fig. 3-12.) The thickness of the shield ma­
terial is dependent upon the frequency over which the 
shielding is to be effective, i.e., the lower the frequency 
the thicker the shield material.

When the noise energy is permitted to escape 
from a shield, it is conducted along the outside surface 
of the shield circuit and radiates into space and couples 
to the antennas of the receivers.

can be designed for protection against moisture, for iso­
lation of audio-frequency fields, for low-frequency radio 
noise fields, and high-frequency radio noise fields. (See 
fig. 3-10.)

(b) There are various degrees of shielding such 
as partial shielding often referred to as shading and 
complete or perfect shielding where the radio noise 
energy is completely enclosed. Complete or perfect shield­
ing is the type of shielding in which the operator is 
interested for radio noise elimination purposes on air­
craft engines.

DISTRIBUTOR

MAGNETO
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Figure 3-14—Use of Conduit Over Portion of Cable 
Carrying Radio Noise Energy
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Figure 3-13—Shield Current Path in a 
V-type Engine

(3) RADIO NOISE ’’LEAKS.”—In good shield­
ing design, the skin effect of radio frequencies must be 
considered. The tendency for the radio noise energy to 
flow over surfaces and the natural tendency of the energy 
to use the paths of least impedance result in radio noise 
leaks. A noise ’’leak” in shielding assemblies is similar 
to an air leak in a tire. The effectiveness of a shield as­
sembly is its ability to contain the noise fields within' 
the shield. The amount of radio noise energy leaking out 
at any point is dependent upon the nature of the break 
in the shield circuit and the point in the shield circuit 
where the break is located. (See fig. 3-13.)

(4) USE OF SHIELDING.—The use of shielding 
as a method of radio noise elimination cannot be over-

5. VALUE OF SHIELDING.
a. The value of shielding is immense, especially in the 

case of ignition systems on the aircraft engine; essen­
tially because the ignition system does not lend itself to 
the suppression of radio noise by the use of wideband 
filters.

b. Where isolation of equipment and practical bond­
ing do not eliminate the effect of radio noise energy 
from a particular source, an attempt to shield the noise 
source should be considered before the final decision is 
made to incorporate the use of filters. The weight of 
adequate shielding may be much less than the weight of 
the filter necessary to achieve the desired results, that is, 
no noise.

c. In many cases, the elimination of radio noise has 
been accomplished simply by placing a good shield over 
a wire or bundle of wires carrying high radio noise 
energy, thereby confining the radio noise energy to a 
small space and preventing its transfer to the receiver. 
(See fig. 3-14.)

emphasized. The use of good shielding is particularly 
effective in situations where filters cannot be used and are 
not particularly effective when they are used. A good ex­
ample of this is where radio noise energy radiates from 
a radio noise source and the radiated energy is picked 
up by the various circuits that eventually connect to the 
receiver input circuits. It is obvious that it would be im­
practical to filter a number of leads or units that are 
influenced by the radio noise energy, when by the appli­
cation of effective shielding at the noise source itself 
would entirely eliminate the radiated portion of the 
radio noise energy by confining it within the shield at its 
source.

RADIO NOISE SOURCE

DYNAMOTOR

BATTERY

RADIO 
RECEIVER

METAL CONDUIT OVER 
POWER WIRING

— ANTENNA

BULKHEAD.

4OISE SOURCE -CONDUIT OVER CABLE CARRYING 
NOISE PREVENTS NOISE FROM 
RADIATING IN RADIO ROOM.
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Figure 3-15—Using Aircraft Structural 
Parts as a Partial Shield

Figure 3-76—Types of Flexible Metal 
Conduit Now in Use

SINGLE LAYER OF BRAID 
(ALUMINUM)
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ADDITIONAL LAYER OF BRAID

use as possible is made or 
are available around the air­

metal bulkheads and decks. (See

INNER METAL hose 
(ALUMINUM)

RADIO NOISE LEAKS THROUGH 
lackTcfEsufficVentDUE T0 
SHIELDING50

6. SHIELDING USED WITH FILTERING.

a. OBJECT OF SHIELDING.—Shielding is often 
used in conjunction with filtering, particularly where it 
becomes necessary to place a particularly noisy unit 
within a shield box and use filters on all noise leads 
entering or leaving the shield box. Again, it must be 
stressed that the object in using shielding in the suppres­
sion of radio noise is to confine the radio noise energy 
to as small a space as possible.

b. METAL CONDUITS.—In the past, the complete 
aircraft electrical system was placed in rigid metal con­
duit for the purpose of protecting it from the influence 
of radio noise energy, the thought being that radio noise 
energy would be prevented from entering the receiving 
circuits by way of the power supply wiring.

This method was not entirely successful for, in many 
cases, it actually increased the radio noise level because 
of the fact that the radio noise energy would be con­
ducted to the receiver input circuits by flowing along 
the inner surface of the conduit. For this and other rea­
sons, the use of rigid metal conduit has been discon­
tinued, because it has been determined quite conclusively 
that the amount of radio noise signal required to influ­
ence the power circuit wiring is many times greater than 
the amount required to cause the same effect in the re­
ceiver when entering by way of the antenna circuit. 
Therefore, the removal of metal conduit on most low 
tension circuits has been recommended and, in most 
cases, has been found entirely satisfactory.

7. METHODS OF SHIELDING.
Shielding as used in the airplane found most applicable 

in the adaptation or use of the following methods are:
a. PARTIAL SHIELDING OR SHADING.—Employ 

this method where as much use as possible is made of 
channels and ducts that 
craft structure, such as
fig- 3-15.)

b. SHIELDING OF INDIVIDUAL WIRES OR 
CABLES THAT CARRY RADIO NOISE ENERGY.— 
This is generally accomplished by use of flexible metal 
conduit. It has been the unfortunate belief for many 
years that a single layer of metallic braid woven over an 
insulated wire was a satisfactory radio-frequency shield. 
This belief has been disproved by many tests. A good 
shield for radio noise energy consists of a flexible metal 
conduit with one or more layers of tightly woven metal 
braid over a well-constructed interlocking flexible hose. 
The common type of flexible metal conduit now in 
general use consists of an inner convoluted tube over 
which a single layer of aluminum braid is woven. This 
is not satisfactory as a radio noise shield. The installa­
tion of the better type flexible conduit, especially in 
magneto ground circuit, is mandatory, if noise-free opera­
tion is expected. (See fig. 3-16.)

NOISE CARRYING CABLE

LEAD IN
RECEIVER

METAL DECK

NOISE SOURCE

CABLE SUSCEPTIBLE 
TO NOISE ENERGY

METAL STRUCTURAL MEMBER 
ACTS AS A PARTIAL SHIELD 
SHADING LOWER CABLE FROM 
NOISE ENERGY

NOISE SOURCE MOUNTED BELOW 
METAL DECK WHICH ACTS AS A 
PARTIAL SHIELD
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3-11RESTRICTED

I 
24

WORKING VOLTAGE 
50 VOLTS

Section III
Paragraphs 7c-10b

c. SHIELDING ANTENNA LEADIN CIRCUITS.— 
Shielding antenna leadin circuits between the antenna 
feed-through insulator and the receiver antenna connec­
tion is very effective in preventing noise energy from 
being picked up by this portion of the antenna circuit.
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.1
WORKING VOLTAGE OF THE BY
PASS CONDENSER USED AS A FILTER 
MUST ALWAYS BE WELL ABOVE THE 
VOLTAGE ACROSS WHICH IT IS APPLIED.

9. DRAINING MOISTURE CONDENSATION.
Shielding boxes must have provisions for draining 

moisture condensation. This is accomplished by drilling 
a hole inch or less in diameter in the box at a point 
which is the lowest while the airplane is on the ground. 
T.O. 01-1-68, dated 9 February 1945 directs drilling a 
3/g-inch drain hole in all junction boxes in the airplane. 
This size hole is satisfactory for junction boxes where the 
radio noise intensity is negligible or of low intensity. 
The radio noise intensity in shielding boxes is much 
higher, therefore, a smaller drain hole is required. Ex­
perience has shown that a drain hole % inch or less in 
diameter has little effect on the efficiency of shielding 
boxes, except where the noise intensity is extremely high, 
as in magnetos.

PATH TAKEN BY RADIO 
NOISE ENERGY DUE TO 
LOW IMPEDANCE OF 
CONDENSER

10. FILTERS.
a. GENERAL.—After all other methods of radio 

noise elimination have been considered and have been 
rejected as impractical or have not provided sufficient 
suppression, the use of radio noise filters will be neces­
sary in order to suppress the radio noise at its source as 
much as possible. The ability of a good radio noise filter 
to prevent the radio noise energy from leaving the im­
mediate vicinity of its source by conduction is the figure 
of merit or attenuation of the filter. The use of wide­
band filters for radio noise elimination is often resorted 
to in order to cure stubborn cases of radio noise that will 
not respond to simple cures such as providing a low im­
pedance bond, shielding and isolation or separation be­
tween the noise source and the receiver’s input circuits.

(1) WEIGHT PROBLEMS OF A FILTER UNIT. 
—The added weight of a filter unit is one of the most 
serious disadvantages encountered in using this method 
of radio noise suppression. Therefore, the use of filters 
should be resorted to only after all other known methods 
of radio noise elimination have been tried and have not 
produced the degree of radio noise suppression desired. 
The weight problem is serious for generally the weight 
of the filter is dependent upon the frequency band over 
which the filter unit must be effective. High current 
filters which must be effective at low frequencies can 
easily weigh several pounds, therefore, their use must 
be limited.

(2) EFFECTIVENESS OF THE FILTER UNIT.— 
The filter unit, when properly used, is very effective in 
localizing the radio noise energy to the immediate vi­
cinity of the radio noise source and is often referred to 
as "source filtering” or "source suppression.” If filters 
must be resorted to in'order to successfully reduce the 
radio noise level, the procurement or local manufacture 
of effective filter units should not offer too great a prob­
lem. Design information and manufacture facilities of 
filter units for any specific radio noise source has reached 
a stage where the required filters can easily be obtained 
or information may be furnished for local manufacture. 
However, the design of filters has not yet reached the 
stage where a universal filter, covering all frequencies, 
has been developed. Therefore, each source of radio noise 
is a separate problem and must be eliminated by the 
simplest and most practical method available.

b. TYPES OF FILTERS.—Filters for radio noise sup­
pression are available in two general types. The choice

8. CORRECTING A LEAKING CONDUIT.
a. GENERAL.—7If the results of a loop probe test 

along a section of flexible metal conduit used for radio­
frequency shielding purposes indicates that the conduit 
is leaking, the condition may be corrected in either of 
two ways:

(1) Adding an additional cover of braid over the 
existing braid covering the metal conduit.

(2) Using shielded wire inside the existing metal 
conduit.

BY PASS CONDENSER PLACED 
AS CLOSE TO THE RADIO 
NOISE SOURCE AS POSSIBLE

MOTOR, SOURCE OF 
RADIO NOISE

b. USE OF METAL BOXES.—Well-designed metal 
boxes may also be used to excellent advantage by placing 
sources of radio noise within the shield box, thereby 
limiting the radiation of radio noise energy. In using a 
metal box to shield a source of radio noise, two impor­
tant considerations must be kept in mind, the first is:

(1) That all leads or wires leaving the shield box 
must be checked for noise and, if necessary, filters 
applied.

(2) The other consideration is the ability of the 
box cover to retain or "bottle up” the radio noise energy. 
The covers must be well fitted and tight and, in many 
cases, must even have a layer of braid added between 
the cover and the box as a conducting seal or gasket.

NO OPERATING CURRENT 
FLOWS THRU THE FILTER

BATTERY ~
BATTERY
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THIS PORTION OF LEAD CAN BECOME A VERY EFFICIENT RADIATOR FFigure 3-21—Noise Radiated from Filter Leads

Figure 3-19—Stray Inductance in Capacitors

I
Figure 3-20—Two Capacitors Used as Filters
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Figure 3-22—Feed-through Type Capacitor 
Used for Filtering
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fig. 3-18.)

(2) FREQUENCY RANGE TO BE FILTERED.
(a) The next consideration in choice of a bypass 

capacitor filter is the frequency range to be filtered or 
bypassed. If the frequency range to be filtered is below 
20 mcs, the most practical capacitor available at this time 
is a 4 mfd paper-insulated capacitor CA275X mounted in 
a metal case, Air Corps Class 16, ARL Stock No.

common t 
capacitor.
noise e««-
then back to its

BATTERY =g

of either type depends entirely upon conditions under 
which the filter must be used.

(1) BYPASS CAPACITOR FILTER.—The most 
type filter action may be obtained by a bypass 
. (See fig. 3-17.) In this method, the radio 

energy passes through the capacitor to ground and 
tc its source. This short-circuiting effect is due 

to the fact that the capacitor offers a very low impedance 
path across the noise source terminals. The frequencies 
that are short circuited through the capacitor are depend­
ent upon the capacity of the capacitor, the materials used 
in the manufacture of the capacitor, and the type of 
capacitor construction employed. The popularity of this 
type of filter is due to the fact that the current used for 
operation of the radio noise source does not have to 
pass through the filter. The only energy passing through 
the filter is the radio noise energy. The most important 
limiting factor in the choice of a capacitor-type filter is 
the breakdown voltage rating of the capacitor. It must be 
well above the voltage used to operate the source of radio 
noise to be filtered. For example, where a 24-volt source 
of noise is to be bypassed with a capacitor, the working 
voltage of the capacitor should be at least 50 volts. (See

3D275X. This capacitor has been developed especially 
for radio noise elimination work.

CAUTION
Caution must be observed in using this capaci­
tor as the working voltage is only 50 volts. If 
voltage ratings of over 50 volts are desired, 
capacitors may be connected in series. However, 
this will reduce the effective capacity of this 
assembly.

(b) For frequencies above 20 mcs, small mica­
type capacitors 0.1 mfd to 100 mmf are used. The use of 
the CA-275X or other similar capacitors for higher fre­
quencies is not recommended mainly because of the stray 
inductance inherent in these condensers. As the fre­
quency of the radio noise energy increases, the internal 
impedance of a capacitor also increases so that instead 
of allowing the radio noise energy to flow to ground, it 
actually prevents it from reaching ground. (See fig. 
3-19.) The ideal capacitor for use as a filter would be one 
which had no inherent stray inductance. Improved con­
densers arc being developed, however, no commercial 
models are yet available. In many cases where both low 
and high frequency radio noises are to be eliminated, it 
is common practice to use both a capacitor of the CA- 
275X type and a small mica-type capacitor in parallel. 
(See fig. 3-20.)

(3) CAPACITY OF THE MICA CAPACITOR.— 
The capacity of the mica capacitor used is dependent 
upon the frequency of the radio noise energy to be by­
passed. Always use a capacitor with just enough capacity 
to provide satisfactory radio noise suppression. It is 
imperative that the capacitor be installed as closely as 
possible to the source of radio noise, as the leads between

DIELECTRIC
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Figure 3-26—Iron Cores Used in Inductive Filters
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Figure 3-23—Construction of Feed-through 
Type Capacitors

Figure 3-24—Feed-through Type Capacitor 
Installed in Shielded Box
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3. When currents in the region of 100 amperes 
or so must be carried, the size and weight of the filter 
increases rapidly. In selecting a filter of this type, it is 
imperative that the filter be able to carry the proper 
amount of current and at the same time have a very small 
voltage drop. Actually, the potential drop across any 
pair of input-output terminals of a filter resulting from 
full load power current flow shall not exceed one (1) 
percent of the nominal power circuit voltage. With these 
requirements, it becomes quite difficult at times to con­
struct an inductor suitable for use at the low’er fre­
quencies.

(c) GENERAL REQUIREMENTS.
1. Capacitors are placed at both ends of the 

current-carrying inductor. The capacitor at the noise 
source or input end bypasses as much of the radio noise 
energy as possible. The capacitor at the output end of the 
inductor bypasses the noise energy that gets through the 
inductor. (See fig. 3-27.)

2. The same general requirements apply in se­
lecting capacitors for the ’’brute force” filter as apply 
to the selection of the capacitors when used as bypass 
filters.

RENT MUST 
JCTOR

BATTERY

a. MOUNT FILTER CLOSE TO EQUIP­
MENT.—The effectiveness of a filter will be consider­
ably lowered if it is not mounted on or quite close to the 
equipment being filtered. The shortest possible ground­
ing connection should be used. Where a grounding con-

HIGH IMPEDANCE OF INDUCTOR PREVENTS 
THE RADIO NOISE ENERGY FROM FLOWING 
PAST THE INDUCTOR

Figure 3-25—Inductor-type Filter

the capacitor and the radio noise source can easily be­
come very efficient radiators and add additional im­
pedance in the filter circuit. (See fig. 3-21.)

(4) FEED-THROUGH TYPE CAPACITOR.
(a) A late development in capacitor design has 

been the production of the feed-through type capacitor. 
(See fig. 3-22), which gets its name from the fact that the 
condenser is placed in the line in such a manner that the 
line current must pass through the lead running through 
the center of the capacitor. (See fig. 3-23.)

(b) This type capacitor is very effective when 
used as a means of filtering leads entering or leaving a 
shielded box or compartment. (See fig. 3-24.) One popu­
lar model of this type capacitor is made by General 
Electric Co. Catalogue No. 26F558, 0.55 mfd, 200-v D-C 
55 amp.

(5) CURRENT-CARRYING 
REJECTION TYPE FILTER.

(a) The second general type of radio noise filter 
is the current-carrying radio-noise rejection type. (See 
fig. 3-25.)

(b) This type filter is often referred to as the 
’’brute force” or ”PI” filter. The disadvantage of this 
type filter is that the load current which operates the 
source of radio noise must flow through the filter in­
ductor unit with consequent voltage drop.

The low-frequency filter inductor coils often 
incorporate magnetic cores of either laminated iron or 
powdered iron in order to achieve the greatest amount 
of inductive reactance or noise rejection ability possible. 
(See fig. 3-26.)

LINE CURRENT \ 
PASSES THROUGH 
THIS TERMINAL

LAMINATED IRON CORE 
INSIDE FILTER COIL

POWDERED IRON CORE 
INSIDE FILTER COIL

RADIO NOISE SOURCE

SOLDER­

FEED THROUGH 
CONDENSER
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Figure 3-27- 
and Inductor Filter
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LAMINATED RON CORE HX ?« WITH SUFFICIENT 
LENGTH TO ACCOMMODATE WINDING. 
LAMINATIONS .025 THICK.

Cl = 4 MFD METAL CASED CONDENSER.

C2- 1-3 METAL CASED CONDENSER.

ductor is necessary, it should consist of a copper or alumi­
num strip at least l/? inch wide.

b. DESIGN OF A "BRUTE FORCE” 
FILTER.—There are no hard and fast rules that can be 
used in design of a "brute force” filter of the "PI,” "I” 
or "T” network type. This is because of the fact that the 
radio noise producing characteristics of electrical equip­
ment is widely varied. An ideal filter for radio noise 
would have to incorporate such features as capacitors 
with no stray inductance and inductors having no stray 
capacity. Such conditions are, for the most part, prac­
tically impossible. It should also be pointed out that a 
universal filter, that is, one that would work well over

-2 *

THIS CONDENSER BY --------- '
PASSES AS MUCH RADIO 
NOSE AS POSSIBLE

\ BATTERY

F-4
THE WIRE SIZE "L” MUST BE 
LARGE ENOUGH TO CARRY 
LINE OR LOAD CURRENT WITH­
OUT HEATING AND MUST NOT 
CAUSE MORE THAN .2 VOLT 
VOLTAGE DROP.

Note
In assembling all types of filters, care must be 
taken to keep all capacitor leads as short as 
practicable. Where metal cased capacitors are 
employed, the cases should be carefully sold­
ered to the chassis or case of the filters assembly 
in order to insure a low impedance path to 
ground. The filter must be located as near the 
radio noise source as possible. Where it must 
be located away from the source of radio noise 
leads between the filter and the radio noise 
source must be well shielded. (See fig. 3-40.)

all frequencies, is impractical to design. Therefore, the 
filter must be designed to operate over the frequency 
range on which radio noise elimination is desired. The 
application of the "brute force” filter is definitely 
limited, depending on the type of equipment requiring 
noise suppression, the provisions for mounting the filter 
and whether the space limitations will permit installation 
of the filter.

I = 10 TURNS ENAMELED MAGNET 
WIRE ON 7j' DIAMETER FORM 
SPACE WOUND (EQUIVALENT 
TO DIAMETER OF CONDUCTOR).

,----- INDUCTION REJECTS
\ AS MUCH RADIO NOISE
\ AS POSSIBLE

- -AjJlW____ _

L 
-o—-------- cjtwtfi.

4= C 1

11. GENERAL DESIGN INSTRUCTIONS.

a. The following sketches give general information 
relative to the "brute force” filter design for use over 
various radio-frequency ranges. These design instructions 
are approximate only and should be used only as a 
guide. (See figs. 3-28 and 3-29.)
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SIZE

Figure 3-30—Shielding Leads between 
Noise Source and Filter

CURRENT CARRYING CAPACITY 
FOR WIRE SIZE

IMPORTANT—BOTH ENDS OF THE SHIELDING 
BRAID MUST BE TERMINATED AS CLOSE 
TO THE FILTER AND NOISE SOURCE AS 
POSSIBLE

MAXIMUM 
CURRENT 
AMPERES

WIRE 
SIZE

METAL MOUNTING 
SURFACE

MAXIMUM 
CURERNT 
AMPERES

SHIELDED- 
LEAD

PARALLELING FILTER INPUT AND OUTPUT DESTROYS 
EFFICIENCY OF FILTER AS NOISE IS COUPLED DIRECTLY 
TO THE FILTERED LEAD FROM THE UNFILTERED LEAD

Figure 3-32—Using Loop to Determine 
Effectiveness of Filter
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IMPORTANT
Care must be taken to see that a low impedance 
radio frequency connection exists between the 
filter and the unit on which it is mounted. 
Care must be used in accomplishing this as a 
good direct current ground is not always a good 
radio frequency ground. The input and output 
leads of a filter unit must never be placed to­
gether in the same cable handle or installed in 
any manner which will allow coupling between 
the input and output portions of the filter. 
(See fig. 3-31.)

Figure 3-29—Current-carrying Capacity 
for Wire Size

5^-METAL shield braid

------MOTOR, RADIO 
\ NOISE SOURCE

b. The filter unit is generally always mounted in a 
well-shielded metal case. This prevents mechanical dam­
age to the electrical components and also prevents radio 
noise coupling between the filter input and output 
terminals. When filters are installed, never have the 
filter input and output leads in the same cable form.

c. The simplest way to determine the effectiveness of 
the filter under consideration is to attach the loop probe 
to the circuits being filtered and then use the filter that 
gives the greatest reduction in output meter reading. 
When checking the filter action over frequencies below 
20 me, Radio Receiver BC-348 may be used and, on the 
high frequencies between 100 me and 150 me, Radio 
Receiver SCR-522 may be used. (See fig. 3-32.)

NOISE SOURCE
TO OTHER L-N1TS OF 

COMPLETE EQUIPMENT

I .

USING LOOP TO DETERMINE EFFECTIVENESS 
OF FILTER
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SECTION IV 
APPLICATION OF SUPPRESSION TECHNIQUES

2. AIRCRAFT IGNITION SYSTEM.

a. GENERAL.—The aircraft ignition system includes 
the following smaller units or assemblies:

(1) The engine ignition system, i.e., the magnetos, 
distributors, harness assembly, and the spark plugs.

(2) The starting circuits which contain the booster 
coil or the induction vibrator.

(3) The ignition switch or control circuit.
(4) The flexible metal conduit used to cover the 

wiring between the engine ignition system, the ignition 
switch, and the starting assemblies. All the above items 
are a source of radio noise and are covered in detail in 
the following paragraphs.

b. AIRCRAFT ENGINE.
(1) SOURCE OF RADIO INTERFERENCE.— 

The ignition system of the aircraft engine is a major 
source of radio interference. The use of high tension 
spark energy for the transmission of radio signals is 
well known. The spark transmitter of former years is 
also well known for its wide range of interference sig­
nals. The ignition system of an aircraft engine uses the 
same type spark energy to ignite the vaporized gas in 
the airplane engine as was used in the wireless trans­
mitter of former years.

The energy of the spark reaches considerable pro­
portion as the average aircraft magneto is capable of 
supplying approximately 20 watts of spark energy. The

IMPORTANT
ly noise suppression technique is in-
1 in any part of the aircraft or any of 

components, the possibility of the suppres- 
□ technique causing malfunctioning of any 

item or equipments must be thoroughly investi­
gated.

1. GENERAL.

a. After the source of radio noise has been localized, 
the principle techniques of radio noise suppression must 
be applied. The application of these principles to the 
various equipments is neither hard to understand nor 
difficult to accomplish. As each known method of radio 
noise suppression has been described as completely as 
possible, it simply will mean that in order to suppress 
the noise on any item, the available techniques of noise 
suppression must be considered in turn and the possi­
bility of applying one or all techniques must be investi­
gated for each noise source.

h. Practical applications of these techniques arc dis­
cussed in the following paragraphs. These applications 
are all general and should be used as a guide in applying 
noise suppression on any part of the aircraft 
its components.

frequency range of spark energy has not been definitely 
determined. However, it is well known that the present 
spark interference signals can be detected on all fre­
quencies covered by receiving equipment in use at this 
time.

The importance of radio noise elimination on 
the engine can well be understood if one can visualize a 
transmitter operating on all frequencies, capable of radi­
ating several watts of noise energy and mounted only a 
few feet from the receiving antenna. Under these condi­
tions, how can the receiver possibly detect the signal 
from a transmitter of a few watts located several miles 
away. These exactly arc the conditions under which the 
aircraft radio equipments must operate.

(2) USE OF PROPER SHIELDING.
(a) In discussing the aircraft engine as a source 

of radio noise, it can be concluded that the suppression 
technique of the radio noise as applied to the aircraft 
engine falls into one major method, that is, the use of 
proper shielding.

(b) As the major portion of the ignition system 
is placed externally in reference to the skin of the air­
plane, it is in free space exactly like the receiving an­
tenna. Therefore, the application, if isolation technique 
is in reference to the engine ignition system is a physical 
impossibility.

(c) The use of bonding on aircraft engines for 
noise suppression is worthless because the amount of 
energy escaping from the ignition system seeks no logical 
return path to the source of the noise. Actually, bonding 
applied to the ignition system will actually cause trouble 
in that each bond tends to act as a small antenna thereby 
increasing the possibility of increased radiation of the 
radio noise energy.

(3) PURPOSE OF SHIELDING.
(a) In electric motors and generators, the radio 

noise energy generated serves no useful function in the 
operation of the motor or generator and for that reason, 
it can be easily filtered out without seriously reducing 
the operating efficiency of the motor or generator. How­
ever, the spark energy in the aircraft engine ignition 
system is the useful energy and is necessary for the opera­
tion of the ignition system. Therefore, the spark energy 
cannot be eliminated with the use of filters.

(b) If the radio noise energy cannot be isolated, 
bonded or filtered, then the only alternate method of 
suppressing the radio noise energy available at this time 
is by the use of proper shielding. The use of shielding on 
the ignition system is a fortunate coincidence for modern 
shielding on the engine as it also serves many purposes, 
namely, protection against moisture and mechanical 
breakage or damage to the ignition wiring. However, un­
fortunately, the proper design of shielded ignition sys-

RESTRICTED



Figure 4-2—Engine Ignition System
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Figure 4-1—Ignition System for Radial-type Engine 
Showing Noise Energy Path and the Most Prevalent 

Source of Leakage

Figure 4-3—Joints Ordinarily Found to be a Source 
of Noise in Magnetos

Section IV
Paragraphs 2b(3)(b)-2d

RESTRICTED
T. O. No. 16-1-45

tenjs has not been well understood by cither the designers 
of the ignition equipment or the manufacturers of air­
craft engines.

(c) Ignition shielding, to be successful, must 
entirely "bottle up” all the radio noise energy. There is 
no other answer to the degree of shielding properties 
suitable for engine ignition systems.

(d) Shield current circuits vary slightly. How­
ever, there are two general types of ignition harness as­
semblies, one designed for the radial-type engine, the 
other for the V-type engine. The paths taken by the 
radio noise energy in radial engine ignition systems is 
shown in figure 4-1. The thickness of the shield material 
is dependent upon the frequency over which the shield­
ing is to be effective i.e., the lower the frequency, the 
thicker the shield material.

The engine ignition system generally consists 
of a magneto, distributor, shielded harness and spark 
plugs. (See fig. 4-2.)

c. MAGNETO.—The magneto is a form of high- 
frequency generator. Radiations emanating from it dur­
ing operation will cause interference with radio reception 
in the aircraft unless properly shielded.

As power which is responsible for the radio noise 
energy is generated in -the magneto, it will be discussed 
first. In the magneto, all joints and covers are a potential 
source of radio noise. Figure 4-3 illustrates several types 
of joints ordinarily found to be a source of noise in 
magnetos.

In order to keep the radio noise energy within the 
magneto shield, it will be necessary to make all joints 
electrically tight.

d. DISTRIBUTOR.—The next potential source of 
noise is the distributor comprising a distributor rotor 
and terminals connecting individual spark plugs. It may 
be considered as a rotating mechanical switch which 
transfers the electrical energy from the high-tension coil 
of the magneto to the spark plugs. The distributor finger 
or rotor does not touch the terminals or electrodes but 
passes over them with close clearance. Since the high 
voltage produced by the magneto must jump the air gap 
between the rotor finger and the terminals of the dis­
tributor in addition to the spark plug gap, the distributor

’ ON SrhTEM FOR radial type engine Showing 
NOSE ENERGY P-Mh ano THC MOST PREVALENT SOURCE 
Or LI AKAGC.

BREAKER COVERS­

COIL COVERS

GEAR COVERS?

MAGNETO
HARNESS

SPARK PLUG

DISTRIBUTOR
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Figure 4-5—Noise Leaks in Harness Assembly (Al

Figure 4-6—Noise Leaks in Harness Assembly (Bl
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can be compared to a spark transmitter unless it is prop­
erly shielded. Again, it is a problem of keeping the 
joints electrically tight. Types of distributor joints are 
shown in figure 4-4. Again, the problem is one of clean­
ing and closing the joints to prevent the noise energy 
from leaking out.

e. HARNESS ASSEMBLY.—Another source of noise 
is the harness assembly. This again is the problem of 
keeping the radio noise energy inside the harness or 
shield. (See fig. 4-5.) If any portion of the harness as­
sembly is cracked ox broken replace it. Tighten all nuts 
and connectors properly. Potential sources of noise leak­
age from harness section are shown in figure 4-6.

/. SPARK PLUG.
(1) PURPOSE OF SPARK PLUG.—The primary 

purpose of the spark plug is to provide a spark gap for

Figure 4-4—Joints Ordinarily Found to be 
Source of Noise in Distributors

ELBOW JOINT
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Cover Surface

Figure 4-8—Cleaning the Mating Surfaces
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Figure 4-9—Replacing Neoprene Gaskets with 
Metal Braid Covered Gaskets
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Figure 4-7—How to Lap a

The radio interference caused by engine ignition 
systems can be summed up as follows:

(ci) Interference due to radio noise leaking past 
poorly mated metal joints located in any portion of the 
ignition system.

(b) Interference from damaged portions of the 
ignition harness assembly.

(c) Interference from loose nuts or other fasten­
ing devices which are part of the ignition assembly.

(2) NOISE ELIMINATION METHODS.—In gen­
eral, the radio noise elimination methods that apply to 
the engine ignition assemblies are maintaining good 
electrical contact between all joints and mating surfaces 
in all portions of the engine ignition assembly by:

(<i) Surface or lap all mating surfaces so that 
they fit together in such a manner that there is no 
physical separation between the covers at any point 
when properly installed and tightened. (See fig. 4-7.)

(b) Cleaning all paint or other finish from mat­
ing surfaces. (See fig. 4-8.)

(c) Replace all neoprene gaskets with metal braid 
covered neoprene gaskets. (See fig. 4-9.)

IMPORTANT
It is important that all surfaces where non- 
corrosive metal paint or other protective fin-

igniting the vaporized gas in the aircraft engine. The 
average shielded spark plug is well designed from a 
radio interference standpoint.

As spark plugs are normally well shielded, they 
are hardly ever a source of noise, although high noise 
levels have been reported as caused by spark plugs that 
arc not operating properly. This has never been abso­
lutely proven as a source of noise. It is believed that if 
all the troubles in other sections of the harness are cor­
rected properly, there will be little need to worry about 
the spark plugs if they are tightened properly.

COIL COVER
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COVER -
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Figure 4-12—Common Battery and Ignition Switch
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Figure 4-10—Noise Leaks from 
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SHIELDING CONDUIT 
TO COVER OF BOX 

>. CONNECT TO BOX
-SWITCH A-7 ^PROPER__________ ___

Figure 4-11—Switch Placed in Shielded Box

SWITCH PLACED INSIDE BOX

I

I

I

I

countered, it will be necessary to place the switch in an 
entirely shielded box or compartment. (See fig. 4-11.)

One other common fault with ignition switches 
is the common battery or master battery-type switch that

ishes are removed that the cleaned surface be 
covered with a thin coating of an anti-corrosive 
protector such as white vaseline or Dow Corn­
ing Compound DC-4. It is recommended that 
the noise exciter unit described in paragraph 
4 1), section II, be used for noise suppression
maintenance on engine ignition assemblies.

g. IGNITION SWITCH.
(1) SHIELDING NOISE SUPPRESSION TECH­

NIQUE.—The ignition switch or switches are part of 
the aircraft ignition system, controlling the electrical 
operation of the magneto. Proper shielding and isolation 
must be maintained to prevent the ignition switch from 
becoming a radio noise source.

There is very little that field personnel can do 
about present day ignition switches. Of the general types 
in use, the A-7 is one of the worst offenders, from a 
noise standpoint. Its design is such that it will leak 
noise from the front and rear sections. The switch is 
unshielded which makes it difficult to terminate the 
flexible shield conduit in a manner that will enclose the 
noise in a perfect shield. (See fig. 4-10.)

Since the ignition switch is part of the ignition 
assembly, it does not lend itself to either bonding or 
filtering. Therefore, the most effective noise suppression 
technique available is shielding. Where switches are en-

SWITCH

(6^
X-Z 0Nr *I Off

1NOISE ON\ 
magneto \ 
GROUND LEAD 
COUPLES TO 
BATTERY CIRCUIT
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Figure 4-13— 
Installing Separate Switch 

for Battery Circuit
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frame at some point several inches from the switch. This 
unshielded lead is a prolific radiator. (See fig. 4-14.) This 
trouble is easily remedied by grounding the unshielded 
lead inside the switch shield box.

h. BOOSTER COIL AND INDUCTION VIBRA­
TORS.—The engine starting ignition booster coil and 
induction vibrators are prolific sources of ignition radio 
noise.

This radio noise is not due to the operation of these 
units for they are used only during the starting of the 
aircraft engine. The noise is due to these units being 
connected electrically to the magneto. (See fig. 4-15.) 
The noise caused by the booster coil and induction vibra­
tor comes from three sources:

is often incorporated in the ignition switch similar to 
Type A-9. (See fig. 4-12.)

(2) REMOVAL OF WIRING FROM BATTERY 
CIRCUIT.—It is necessary to remove the wiring asso­
ciated with the airplane battery circuit from the ignition 
switch and provide an additional switch for this pur­
pose. (See fig. 4-13.) The reason for this is clearly evi­
dent in that the radio noise on the ignition control cir­
cuits will couple to the battery wiring, thereby causing 
the whole airplane electrical system to become a source 
of radio noise. Another common fault in ignition switch­
es is the use of an external unshielded ground lead 
which is connected to the ignition switch and then leaves 
the switch shield box and is grounded to the airplane

MAGNETO GROUND LEADSSWITCH

MAGNETO WIRES

SWITCH A9

B-5A ■NEW SWITCH FOR BATTERY 
[LEADS

REMOVE THESE WIRES FROM IGNITION 
SWITCH. SEPARATE WELL FROM MAGNETO 
LEADS AND CONNECT TO SEPARATE 
BATTERY SWITCH

■THESE TERMINALS NOT 
USED
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Figure 4-16—Radio Noise from 
Poorly-shielded Wiring

Figure 4-17—Radio Noise from Poorly-shielded 
Coil and Vibrator
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Figure 4-18—Correcting Faulty Conditions 
in Coil or Vibrator

(1) Poor shielding on the electrical wiring between 
the magneto and the booster coil or induction vibrator. 
(See fig. 4-16.)

(2) Poor or complete absence of shielding around 
the booster coil or induction vibrator unit. (See fig. 4-17.)

(3) Noise coupling between that portion of the 
booster coil or induction vibrator connected to the 
magneto and the battery operated portion. This couples 
the noise into the aircraft electrical system.

To remedy the above faulty conditions, it will 
be necessary to provide the following: (See fig. 4-18.)

(1) Well-shielded flexible metal conduit for all 
wiring between the magneto, the booster coil, or induc­
tion vibrator and the ignition switch.

(2) A well-shielded metal box must be used for 
completely enclosing the booster coil or induction vibra­
tor.

(3) A radio noise filter must be installed inside 
the shield box provided for the induction vibrator or 
booster coil. The filter is connected in the battery lead, 
using connections that are as short as possible. This 
filter will prevent the noise from entering the airplane 
electrical system.

<D
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CAUTION
Use extreme care when installing shielded igni­
tion ground circuits for an accidental short 
circuit will cause the engine to fail.
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Figure 4-20—Noiie from Unshielded 
Ground Lead in "Y" Joint

fl
2

ENTER OUTPUT METER VOLTAGE7^ 
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REPLACE WITH SHIELDED MAGNETO 
GROUND LEADS

i. FLEXIBLE CONDUIT.
(1) NOISE ENERGY LEAK.—Flexible metal con­

duit generally used in aircraft ignition control circuits, 
particularly the portion used between the magneto, igni­
tion switch and booster coil or induction vibrator allows 
the noise energy to leak through. The ordinary type 
flexible metal conduit simply does not have enough 
shielding quality.

(2) DETECTING CONDUIT LEAK WITH 
PROBE.—Where the flexible conduit does leak, it can 
be easily detected with the probe. When leaky portions 
of conduit are localized the remedy is simple. (See fig. 
4-19.) An additional layer of metal shield braid can be 
put over the existing braid or the unshielded wires in­
side the conduit may be removed and replaced with 
shielded wire with the same electrical characteristics. 
No portion of the ignition control circuit should be 
unshielded. In some aircraft, it has been common prac­
tice to shield ignition ground leads up to a certain 
point, then use unshielded wire from there on. A spe­
cific illustration of this sort is the unshielded ground 
lead at conduit *'Y” connections. (See fig. 4-20.)

TESTS ARE MADE

3. GENERAL AIRCRAFT CONSIDERATIONS.
a. General application of noise suppression techniques 

to the aircraft as a whole are not specific but are general 
considerations that are deemed good engineering prac­
tice. Practically all of these are covered in section III.

M AG. LEAD

IUN SHIELDED 
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SHIELDED 
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Figure 4-22—Noise Sources in Electric 
Pitch Change System

Figure 4-23—Noise Sources in Control 
Circuit of Pitch Change System
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c. After the aircraft ignition circuits have been sup­
pressed as completely as possible, all other electrical 
items in the aircraft should be suppressed individually if 
the need for suppression is apparent from the noise test 
records.
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swtt^hes

\ \X/>x\

4. ELECTRIC PROPELLERS.
a. SOURCES OF RADIO NOISE INTERFERENCE. 

—The electric-type controllable pitch propellers and 
associated controlled equipment and wiring are a source 
of radio noise that may be difficult to eliminate. Sources 
of this interference produced in the electric pitch change 
system may be seen in observing figures 4-22 thru 4-25. 
Radio noise produced by the electric propeller pitch 
change system emanates from four central sources:

(1) Propeller pitch change motor.
(2) Slip ring and brush assembly.
(3) Governor relay and solenoids.
(4) Fast feathering booster.

b. When aircraft is being checked for radio noise, it 
is extremely helpful to record the results of all noise 
test on suitable forms so that as noisy items are localized 
a record is available to guide the personnel responsible 
for the application as suppression techniques. (See fig. 
4-21.)
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Figure 4-28—Choke and Capacitor Used in 
Ground Return of Motor

In aircraft in which the feathering lead is employed for 
feathering the common ground return lead may be 
employed as a common ground between the propeller 
proper and the brush-assembly housing or holder. A 
noticeable reduction in the "hash” or noise created by 
the pitch change motor should be observed. If further 
observed, insert a small radio-frequency choke of ap­
proximately eight turns in the common ground return 
lead and connect a 0.0005 mfd capacitor from the com­
mon ground return lead terminal to ground. (See fig. 
4-28.)

b. CHECKING FOR PROPELLER SYSTEM RADIO 
NOISE.—An effective method of checking for propeller 
system radio noise is illustrated in figure 4-26. This 
method of checking for interference requires the em­
ployment of Antenna AN-104 secured to the propeller 
blade with friction tape. Antenna AN-104 is connected 
to any available receiver covering the required frequency 
range and connected by means of a suitable coaxial line. 
This test is conducted without operation of engine or 
propeller.

If, during this test, a motor "whine” or "hash” is 
noticed in the output of the receiver, when the pitch 
change motor is operated in either the increase or de­
crease position the following steps may be taken to 
reduce this undesired radio noise.

(1) PROCEDURE USED FOR GROUNDING 
FEATHER HEADS.—In aircraft employing single en­
gine electric propeller stysems, not previously equipped 
with bonding brushes, in which the number 1 feather 
lead is not employed, this lead may be utilized as a com­
mon ground return lead by grounding this lead on the 
propeller proper and grounding this lead also at the 
brush assembly housing by means of a small clip. All 
surfaces of the brush holder and housing and adjacent 
surfaces of the brush-holder mounting should be thor­
oughly cleaned, removing all paint and anodizing, figure 
^'27, in order to secure a low impedance path to ground.
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Figure 4-29—Removing the Pitch Change 
Motor from the Circuit

Figure 4-30—Bond Strap from Junction 
Box to Ground
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(2) TO CLEAN SLIP RING BRUSHES AND 
BRUSH ASSEMBLY.—In providing low impedance 
ground returns and in all aircraft where slip rings are 
employed, wipe the slip ring brushes and brush assembly 
with a clean dry cloth (do not use cleaning solvent on 
brushes or brush assemblies) to assure that oils and 
hydraulic fluids are not present on the slip ring and 
brushes. In allowing oil to accumulate on the slip rings, 
a high impedance film is reduced thereon and reduces 
the effective grounding herein described.

In single-engine airplanes where there is no pro­
vision for feathering the propeller, it is advisable to use 
as many brushes as possible for ground return paths. 
Connect the brushes to ground with a short copper strap 
from the ground return lead to the brush housing. 
Where the ground return lead runs to the instrument 
panel for a ground connection, remove the section be­
tween the relay junction box and the instrument panel 
and ground the ground return lead at the relay junction 
box. Make certain that all Lord shockmounts in the 
vicinity of the propeller are well bonded with short 
metal straps.

c. RADIO NOISE TEST PROCEDURE.—One source 
of noise is the propeller pitch change motor, the second 
is the slip ring brush assembly, and the third is the pro­
peller governor circuit which makes and breaks large 
amounts of current. If a fast feather booster is used, 
it may be another source. If a "whine” or "hash” is 
heard in the noise receiver while the pitch control in 
the airplane is being operated in either the "Increase” or 
"Decrease” position, take the following steps to reduce 
the radio noise present:

Provide a good low impedance ground path for the 
negative lead of the pitch change motor. The pitch 
change system may be checked without the engine run­
ning. (See fig. 4-26.) Antenna AN-104 is connected to 
the antenna terminal of the receiver being used for the 
radio noise test by a coaxial line.

After the pitch change motor radio noise has been 
eliminated, check the governor and relay circuit. For 
this check, use the regular aircraft receiver connected to 
the normal antenna installed on the airplane. The radio 
noise test procedure is as follows:

(1) Start the engine and run at approximately 
1500 to 1600 rpm so that the propeller governor is in 
operation. Pull the propeller quadrant control approxi­
mately three quarters of the way back so that a decrease 
of about 300 rpm is noted. By alternately increasing and 
decreasing the throttle adjustment slightly, the governor 
can be made to operate.

(2) If a steady "click” or “pop” is heard while 
operating the propeller governor, stop the engine and 
remove the pitch change motor from the circuit by dis­
connecting the connector plug at the brush housing. 
(See fig. 4-29.)

(3) Separate the governor leads as far as possible 
from other leads in the relay junction box.

(4) Add an additional ground strap between the 
relay junction box and the airplane structure. (See fig. 
4-30.)

(5) Start the engine again and repeat the procedure 
in subparagraph (2). If a steady "click” or "pop” is 
heard, then there is definitely some governor or relay 
interference present.

d. TO ELIMINATE RADIO NOISE.—Make the fol­
lowing changes to eliminate the radio noise from these 
circuits.

(1) Connect a 27 microhenry inductance in series 
with No. 5 lead in the relay junction box. (See fig. 4-31.)
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(2) Connect a 0.5 mfd capacitor between No. 4 
terminal and ground and between No. 8 terminal and 
ground. (See fig. 4-32.) These capacitors must have at 
least 600-volt d-c, working voltage. In order to prevent 
radio noise from being conducted to associated wiring 
throughout the aircraft, filters may be employed. Details 
of one type of filtering are shown in sketches figure 4-31 
and 4-32. However, if added filter is required as shown 
in figures 4-24 and 4-25, care should be taken when 
filters are added as shown. These filters should be of 
sufficient current-carrying capacity rating so as to insure 
proper operation of the propeller pitch change motor. 
In single-engine aircraft, employ a filter of not less than 
25 ampere rating. In return leads from dual engine air­
craft, filters of not less than 50-ampere rating should 
be employed.

-.5 MFD 
600 V. 

p
“.5 MFD

600 V.

D

ing this test as the voltage input to the radio receivers 
varies with the generator on or off. When the generator 
is "off,” the receiver is being operated directly from the 
aircraft battery which is 24 volts. When the generator 
is "on” the receiver input voltage is 28 volts. The differ­
ence in voltage at the receiver input will cause a variation 
in receiver background noise which will be highest when 
the generator is on. This must not be mistaken for 
generator radio noise.

In most cases, the radio noise from the generators 
will be most apparent in the lower-frequency bands up 
to 10 me. It has also been detected in the 100- to 150-mc 
band.

b. ELIMINATION OF RADIO NOISE IN THE 
GENERATOR SYSTEM.—The radio noise elimination 
in the generator system is generally very easy requiring 
only a single CA-275X, 4-mfd capacitor from the gen­
erator positive terminal or B-lead. If this does not 
eliminate the radio noise, use a "brute force” filter in 
place of the CA275X capacitor, placing the filter in 
series with the positive lead. (See fig. 4-34.)

5. GENERATOR CIRCUITS.
The engine-driven generator which furnishes the 

power used in the aircraft 28-volt electrical circuits is a 
potential source of radio noise. (See fig. 4-33.)

a. TO CHECK GENERATOR CIRCUITS.—In order 
to check the generator circuits, the engine is run at a 
speed that will operate the generator control circuits 
which are located in the switch relay box. When the 
proper speed is reached, a listening test is made on all 
receivers and the generator radio noise is tested by oper­
ating the generator "OFF-ON” switch. Use care in mak-

LINE FILTER
BRUTE FORCE TYPE

—1------- oB o-
S WITCH
RELAY47

GENERATOR
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Figure 4-35—Liaison Transmitter Dynamotor
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6. ROTARY EQUIPMENT. MOTORS. INVERTERS, 
DYNAMOTORS. ETC.

a. SOURCES OF NOISE.—-The most prolific source 
of radio noise other than the airplane ignition system is 
the radio noise resulting from the operation of rotary 
equipment supplied with commutators or slip rings. The 
sparking resulting from commutation present in nearly 
all direct current motors and generators is a cause of 
radio noise, the amount of radio noise depending upon 
the type of commutation employed, the power handled 
during commutation and other mechanical and electrical 
characteristics of the rotary equipment. Any accessory 
equipment in the airplane which incorporates a motor 

* must be suspected as a potential source of radio noise.
A partial list of some of these units include:

(1) Landing gear motors

Figure 4-36—Bond Strap

Landing flap motors
Fuel boost pumps
Hydraulic boost pumps
Inter-cooler actuator motors
Oil-cooler motors
Camera motors
Windshield wiper motors
Gun turret motors
Ammunition boost motors

are similar to both motors and gener- 
a motor-driving section 

generator output section. Both portions of this 
potential sources of noise and each must be sup-

on Rotating Equipment

c. TO CHECK BRUSH SETTING.—Check the brush 
setting on generators for excessive sparking. The brush 
assembly may have to be either advanced or retarded 
to reduce the sparking. Excessive overloading of the 
generator circuit will also cause sparking and radio 
noise. Investigate this condition thoroughly.

If a filter is used on the generator circuit, it may be 
necessary to use shielding over the leads between the 
generator and the filter.

(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)

(10)
Inverters

ators in that they contain both 
and a 
unit are j 
pressed individually.

CAUTION
Caution must be observed in applying filters to 
the alternating current section of the inverter. 
Filters used must have little capacity or they 
will act as an additional load on the inverter 
a-c output.

b. METHODS OF SUPPRESSION.—(See fig. 4-35-) 
—The technique of noise suppression on motors, in­
verters, and dynamotors, consists of the following:

(1) EFFICIENCY.—Keeping the commutation sur­
faces clean and free from scores and pits, brushes well 
fitted and free in the brush holders, and the position of 
commutation adjusted so that a minimum of sparking 
results with the motor operated at full load conditions. 
The most efficient rotor makes the least radio noise.

(2) ISOLATION.—By keeping, all leads, cables, 
leadin wires, etc., as far away from any item of rotating 
equipment as possible. Severe cases of noise may be com­
pletely cured simply by rerouting cables in the vicinity 
of the rotating equipment.

(3) BONDING.—By providing short low im­
pedance bonds at each item of rotating equipment, the 
noise may be entirely suppressed. (See fig. 4-36.)

LIAISON TRANSMITTER DYNAMOTOR
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7. AIRCRAFT HEATING SYSTEMS.
a. GENERAL. — All aircraft heaters are potential 

sources of noise. The item usually responsible for noise 
is the blower or fan unit motor. Some heaters use spark­
type ignition circuits. All these sources of noise are 
easily suppressed by the application of one or more of 
the existing suppression techniques.

b. JANITROL HEATERS.
(1) GLOW PLUG IGNITION-TYPE HEATER. 

—Surface Combustion Company (Janitrol) Cabin Heat­
ers are manufactured with two basic types of ignition. 
The glow-plug ignition type uses a low a-c voltage and 
high current for igniting the vaporized gasoline. (See 
fig. 4-41.) This type heater offers no radio noise problems

(6) POOR COMMUTATION.—As severe radio 
noise in rotating electrical equipment is generally pro­
duced by poor commutation, thoroughly check the me­
chanical and electrical conditions of the noisy item. 
Severe radio noise indicates a poor commutation condi­
tion and as the radio noise increases, this indicates that 
this condition is becoming progressively worse. There­
fore, severe radio noise which increases from day to day 
indicates possible failure of the electrical item. Poor 
commutation results from burnt commutator bars, loose 
commutator segments, loose brushes, loose bearings, and 
generally poor mechanical condition of the motor. There­
fore, thoroughly check the motor before applying sup­
pression to insure that the motor is not in such poor con­
dition that it should be replaced in order to guard against 
imminent failure. It is generally true that any sudden 
increase in radio noise in electrical items provides a 
warning of a failure.

(4) SHIELDING.—Nearly all items of rotating 
equipment are provided with metal cases having dust 
covers. (See fig. 4-37.) These covers must be cleaned 
of all insulating finishes where they mate with the main 
portion of the machine. (See fig. 4-38). In this manner, 
the machine itself becomes its own shield.

(5) FILTERS.—If the above methods do not sup­
press the noise, install a suitable filter on the noisy item. 
Mount the filter, if possible, directly on the case of the 
noisy item. If this is not possible due to space require­
ments or other considerations, the filter may be mounted 
away from the noisy item provided the distance is held 
to a minimum and that the leads between the noisy item 
and the filter arc well shielded. The voltage rating of 
filters applied to dynamotors must be adequately high 
to reduce the possibility of breakdown and short circuit­
ing. (See fig. 4-39.) When filters are added to the 
alternating current portion of the inverter the design 
of the filters must be such that they will not affect in 
any way the output of the alternator portion of the 
inverter. This means that the capacity and inductance 
used in the filter will have to be held at a minimum.

INVERTER

■^-VENTILATING HOLES ON INVERTER ARE COVERED 
WITH FINE MESH WIRE SCREEN

paint under 
END COVERS
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DYNAMOTOR NOT 
GROUNDED DUE TO 
THE LAYERS OF 
PAINT BETWEEN 
THE SUPPORTS AND! 
GROUND POINT
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transformer type ignition system_____ __
. Figure 4-44—Transformer-type Ignition System

HEATER

except in the blower motor or other associated motors. 
(See fig. 4-45.) The noise caused by this source can 
readily be suppressed with noise filters of (he capaci­
tance or ’’brute force” type. However, the type of heater 
employing a spark plug ignition operating with high 
voltage for igniting the vaporized gasoline necessitates 
major changes in the ignition system, in addition to the 
blower filtering for effective radio noise elimination. 
(See figs. 4-43 and 4-44.)

(2) HIGH-VOLTAGE SPARK-PLUG TYPE 
HEATER.—In suppressing the radio noise caused by the 
high-voltage spark-plug type ignition system, both 
shielding and filtering must be applied. The only tech­
nical problems that arise are the application of proper 
filtering and sufficient shielding to "bottle-up” the radio 
noise at its source. In breaking down the various sources 
of radio noise on the spark plug ignited heater, it will 
be found that the noise can originate at the following 
points (see fig. 4-45):

(a) The high voltage power source.
1. Transformer
2. Spark coil

(b) Primary leads to high voltage source.

NOISE RADIATES FROM — 

UNSHIELDED SPARK PLUG

NOISE RADIATES —\ 

FROM UNSHIELDED HiGhS 

TENSION LEAD .

-N0I5E RADIATES FROM 
UNFILTERED BATTERY LEAD

-NOSE LEAKS 
THROUGH 

ASBESTOS 
GASKET

•iOlSE RADIATES “\\\ 

From unshielded
SPARK COIL

-VAPORIZED GAS 
IGNITED BY 
GLOW PLUG

GLOW PLUG \ 

HIGH AMP CURRENT

HEATER/'-'

GLOW PLUG TYPE IGNITION »FOR HEATER

FILTER

SR^RK COIL

SPARK PLUG IGNITION SYSTEM FOR HEATER

=y
VAPORIZED GAS-1

IGNITED BY
SPARK PLUG
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SPARK COIL4—
(c) Poor shielding or lack of shielding over high 

tension lead from power source to spark plug.
(d) Nonconducting gasket or poor-conducting 

gasket under combustion chamber head.
(e) Unshielded spark plug.

The corrections of the above radio noise sources 
are covered in the following paragraphs in order as 
named above. Use of the loop probe will indicate which 
of the above troubles are to be corrected.

c. ELIMINATION OF HIGH-VOLTAGE 
POWER SOURCE OF RADIO NOISE.

(1) TRANSFORMER.—As far as is known, all 
transformers used with this heater are manufactured by 
General Electric Co. Models 57G713 and 57G715 are 
two that were produced in quantity before new models 
eliminating the radio noise were produced. The best pos­
sible fix for these two transformers is to replace them 
wherever they are used. Model 70G158 replaces Model 
57G713 and Model 7OG145 replaces Model 57G715. 
When the replacement cannot be obtained, the alterna­
tive method is to shield and filter the transformer.

(2) SPARK COIL.—Several different ignition sys­
tems have been used utilizing a spark coil for high- 
voltage power. (See fig. 4-46.) The best possible fix on 
this system is also replacement. This ignition box should 
be replaced with ignition box No. 53A83 manufactured 
by the Surface Combustion Company. The alternative is 
also to shield and filter the present system.

d- PRIMARY LEADS TO HIGH VOLTAGE 
SOURCE.—If the radio noise found on the primary 
leads (fig. 4.46) t0 the ignition source are caused by 
eedback from a noisy ignition box or transformer; it 

w*ll be necessary to effect the changes described in the 
Preceding paragraph 7, subparagraph c(l) and c(2).

However, the noise may be found to be caused by an 
inverter or other supply to the primary of the ignition. 
In this case, filtering will have to be done at the source 
of the noise.

e. POOR SHIELDING OR LACK OF SHIELDING 
OVER HIGH TENSION LEAD FROM IGNITION 
POWER SOURCE TO SPARK PLUG.—In either case, 
poor or no shielding on the high tension cable, figure 
4-46, the correction is the same. Replace with or install 
an effective shielding over this lead. It is preferable to 
run the shielding from the power source to the spark 
plug proper, doing away with any special adapter be­
tween shielding and spark plug. Do not leave any part 
of the cable unshielded. Commonly used shielding with 
only the convoluted tubing and one layer of braid does 
not have sufficient shielding properties. Use the best 
grade of ignition-type shielding. Also, it is desirable to 
use hex. nuts and solid brass ferrules at the ends of 
shielding so that a tight connection can be maintained.

/. NONCONDUCTING OR POOR-CONDUCT­
ING GASKET UNDER COMBUSTION HEAD.

(1) If a nonconducting gasket is under the com­
bustion head (fig. 4-47) it should be replaced with a 
metallic-covered asbestos gasket. This gasket can be 
obtained from Surface Combustion Company, (part No. 
52A02). Both head and combustion chamber mating sur­
faces should be clean so that a good metallic contact can 
be maintained around the complete circumference.

(2) If a metallic-covered gasket is already installed 
and noise is experienced, clean both surfaces as instructed 
in the preceding paragraph and also clean the gasket 
with very light sandpaper or Crocus cloth and reinstall.

p UNSHIELDED SPARK PLUG.—(See fig. 4-46.)— 
As mentioned above, shielding should go completey to 
spark plugs. Use a shielded spark plug to effect this and

4-19
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9. ARMAMENT.
All electrically-operated items of armament equipment 

are potential sources of noise. Some of the most trouble­
some are turrets, intervalometers, gyro stabilizers and 
sighting equipments. It has been found that a single 
"brute force” filter connected in the positive lead of the 
turrets reduce radio noise to a low value.

11. RADIO AND RADAR EQUIPMENTS.
a. SOURCES OF NOISE.

(1) DETECTING SOURCE OF NOISE IN 
RADIO SETS.—The engine and other airplane equip­
ment are not the only sources of radio noise. Some of 
the radio sets themselves can cause interference in other 
radio equipments. Radar equipment is quite often a 
source of radio noise. (See figs. 4-49 and 4-50.) Not all 
radio noise will make itself known by a sound. Some 
radio-frequency receivers give no audible output. Among

□
1-400 CYCLE TRANSFORMER

Figure 4-48—Turbo Amplifier Units

of Radio Set SCR-522. This noise has a 400-cycle tone 
and is generally only found in installations where the 
turbo amplifiers are mounted adjacent to Radio Set SCR- 
522. If this type of radio noise is found, the remedy is to 
separate Radio Set SCR-522 from the turbo amplifiers.

8. AUTOMATIC REGULATING SYSTEMS.

a. GENERAL.—Electrical systems installed on air­
craft that are operated automatically must be thoroughly 
checked and suppressed even though the time cycle these 
units are in, operation may be short. Temperature, pres­
sure, and mixture controls frequently are sources of noise.

b. TURBO AMPLIFIERS.—The turbo amplifier (fig. 
4-48) associated with the Minneapolis Honeywell Turbo 
Regulator System can be a source of radio noise which is 
caused by direct magnetic coupling between the turbo 
amplifier unit and the unshielded audio-amplifier section

10. PHOTOGRAPHIC.
Aircraft cameras of certain types are extremely noisy. 

The greater part of the noise coming from the camera 
reloading motor, intervalometer, and the camera com­
partment air-temperature control assemblies. The camera 
must be filtered at the camera with "brute force” filters 
placed as close to the camera unit as possible. Bypass 
capacitors alone are not effective. In most cases, the three 
leads coming from the camera must be filtered individu­
ally. The intervalometer must also be filtered with "brute 
force” filters as bypass capacitors alone are not effective. 
It may be necessary to use a filter in each lead of the 
intervalometer. The blower motors used in the camera 
compartment temperature-control system will generally 
respond to bypass capacitor filtering. A CA 275X capaci­
tor is recommended for this purpose.

THAT'S MY 
RADAR, GOOFY.
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,^s readily visible so that some investigation of the 
itself, by talking with other radar personnel familiar 

with it, is necessary.
(b) CIRCUITS.—The most serious source of 

noise in radar equipment is caused by the nature of the 
circuits. It has been mentioned before that opening and 
closing circuits can cause noise. In radar sets, circuits are 
electronically opened and closed often with very large 
amounts of power being handled. This noise can be heard 
in some of the receivers as a harsh musical tone.

Since radar sets have various methods of opera­
tion, it is well to have an operator operate the set in all 
of these methods of operation when checking noise.

Of the sources of radio noise mentioned above, 
some can be completely suppressed, some can be partly 
suppressed, and some cannot be suppressed at all. In 
checking radio sets for noise due to radar equipment, 
remember that noise may be heard when the plane is on 
the ground and yet when in flight the radio is quiet. 
Since the radar equipment is normally not operated on 
the ground, hearing the noise while on the ground 
should not be considered a serious radio noise problem 
until it is certain that the same noise is present in flight. 
Only if the noise is heard in flight should any steps be 
taken to eliminate it.

b. METHODS OF SUPPRESSION.—The most prac­
tical methods of noise suppression for the interference 
between radio and radar sets are listed below:

(1) ISOLATION.—Keep all receivers, leadin wires, 
and antennas as far away from noise sources as possible. 
(See fig. 4-50.) When there is a radar set on the airplane, 
it is vitally important that the antenna leadin wires be 
routed far from any of the units of the radar set and the 
cables which run between the units. Route the cables of 
the radar set in a manner to make this possible. Use the 
natural shielding of the plane. That is, run the cables 
behind metal parts of the plane, lay them in corners 
rather than stringing them out across the floor or sides

NOISE LEAKS OUT LOUVRt 
AND SET COVER. NOISE A 

---------------------- ------------------FLOWS ALONG CABLE.

Figure 4-49—Noise Leakage Through Dust Covers

these are blind landing sets, radio altimeters, and the 
receiver sections of radar equipments. In any case, radio 
noise is still the sound or signal that conveys no intelli­
gence and performs no useful function. In other words, 
in the case of radio equipments having no audio output, 
the radio noise will affect the visual indication present 
on a meter or cathode-ray tube screen in an erratic and 
unintelligible manner. This’can cause difficulty in observ­
ing the desired results or even make it impossible to 
interpret the results obtained.

The chief source of radio noise from a radio set 
seldom shows up in that particular radio but will affect 
the operation of other nearby receivers. This is of con­
siderable help in locating the noisy radio for when the 
noise is found on one set, all other radios can be turned 
off one at a time until the noise stops. This last set turned 
off will be the noisy one.

(2) TRANSMITTER DYNAMOTOR. — Some­
times only the transmitter of a radio will cause noise so 
that it is well to check the radios with the various other 
transmitters turned on. In many instances, the transmitter 
dynamotor of a radio set will cause noise in the receiver 
of the same set.

Thoroughly check all dynamotors as a source of 
radio noise. This includes interphone and receiver dyna­
motors.

(3) OSCILLATOR.—Radiation of useless and un­
wanted signals at only one frequency may come from 
within a radio set. This is usually from oscillators inside 
the set, which are necessary for proper operation of the 
set. Since this type of noise covers only a single frequency 
and usually has no change in power, it can be heard only 
with the oscillator operating. (See fig. 4-49.)

(4) CHECKING NOISE IN RADAR EQUIP­
MENT.

(a) INVERTERS, MOTORS AND ANTEN­
NAE.—Radar equipment is often a cause of radio noise. 
The inverters used With radar equipment handle large 
amounts of current and turn at high speed, both of which 
are prime factors in causing radio noise. Radar sets have 
blower motors for cooling various internal parts an 
sometimes have switching motors for automatic switch- 
lng- Some sets have motor-driven antennae. All o t ese 

Motors are possible noise sources. These motors are no
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Figure 4-52—Bonding Electrical Equipment
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Figure 4-53—Bonding the Radio Receiver

RESTRICTED4-22

-----------►
+ 24 V.

Section IV
Paragraphs 1 lb(l)-l lb(2)(c)l

KEEP THIS 
i LEAD SHORT

RESTRICTED
T. O. No. 16-1-45

of the plane, run them under metal floors, etc. In some 
cases, it will be necessary to relocate either the noise 
source or the receiver when this is necessary. The equip­
ment must not be relocated so as to make operation diffi­
cult because an operator who becomes tired because of his 
strained position is no better off than the comfortable 
one with noisy equipment.

(2) BONDING AND GROUNDING.—Be sure 
that all items of radio and radar equipment shields on 
any of their cables and dynamotors, etc. are well 
grounded to the airplane proper. Always use short bonds 
of low impedance connected at points cleaned of all 
paint and other matter. (See fig. 4-51.) Make certain that 
the noise source is well grounded.

(a) REMOVING PAINT. — The bond strap 
should not be longer than 4 inches between the point 
where it attaches to the machine and point where it 
attaches to the airplane, (fig. 4-52) which should be 
bright and clean, completely cleared of paint. For any 
equipment mounted on shockmounts, a bonding strap 
around the shockmount will be necessary. On some items, 
more than one bond may be’ helpful if the bonds are 
attached at different places on the machine.

Some machines are made up of several pieces 
held together by screws or other means. Often there will 
be paint between these pieces since the pieces are painted 
before final assembly. Cleaning this paint from the ma­
chine removes an "insulator” from between the pieces 
and makes the grounding more effective for eliminating 
noise by providing a low impedance r-f path.

(b) IMPORTANCE OF GROUNDING. — Be 
sure that the radio picking up the noise is also well 
grounded. This prevents the case of the radio from pick­
ing up the noise and then the only way for noise to get 
into the set is through the antenna. (See fig. 4-53.)

When radar cables are inadequately shielded 
conduit, be sure that the conduit is grounded at as many 
points as possible. A grounding clamp every 18 inches 
is a good rule.

Be sure that all coupling rings and coupling 
nuts are clean and tight. This grounds both ends of the 
conduit and also prevents the noise from leaking out 
through the cracks.

Ground all units of the radar set. This is fairly 
easy to do on the units which are rigidly mounted in 
the airplane. Use low-impedance bond straps of less than 
4 inches in length and be certain that the points of con­
tact are clean of all paint.

(c) GROUNDING MOVABLE UNITS.
1. On the movable units found on some radar 

sets, it is more difficult to get a good ground. This is 
true particularly of units which make up the "turret.” 
These units are ordinarily mounted in the ball turret 
hole, or a hole cut in the plane if there was no ball turret, 
and supported by some sort of retracting device hung 
from the top of the airplane. Common practice is to 
mount a wood board on the retracting device and set the
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SHOCK MOUNTS-
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(3) SHIELDING.
(a) Quite an amount of noise is often radiated 

from the unit itself even when it is well grounded. This 
noise may come out of the ventilating holes on the unit. 
Keep all antenna leadin wires away from this area to 
prevent them from picking up noise coming out of these 
ventilating holes.

(b) Naturally, it is impossible to seal up the 
ventilating holes with a sheet of metal; however, it is 
possible to seal up these holes electrically without hinder­
ing the ventilation. This can be done by covering the 
openings with cadmium-plated or tinned-copper screen 
which has a mesh size about the same as window screen. 
This screen should be attached firmly all the way around 
the edges and the surface to which it is attached should 
be bright and clean, cleared of all paint.

Figure 4-55—Placing Screen Over 
Ventilating Holes

6. Often one brush of a motor or generator will 
be connected directly to the negative lead but not con­
nected directly to the frame. In such cases, ground this 
brush directly to the frame. However, before any changes 
are made, check a diagram to make certain of the circuit 
°n which you are working, as the resistance in some of 
f ese machines is so low that an accurate interpretation 
Cannot be made with an ohmmeter.

i 
i 
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radar units on the board. This makes it very difficult to 
good ground.

2. If the retracting device is used as a ground 
} running bond straps to it from the radar, it is nearly

impossible to get a bond strap of less than 4 inches. Even 
if the bonds are less than 4 inches, the long structures of 
f c retracting device look like long bond straps to radio 
noise. Therefore, some extraordinary treatment must be 
given to the problem.

If the structure of the airplane could be built 
right across the surface of this board on which the radar 
units are mounted, there would be little trouble in 
grounding. Since this is impossible when the board moves 
up and down, personnel must try to build a device which 
looks like the airplane itself to radio noise.

3. Use metal strips about 21/^ to 3 inches wide 
on the board, installed in such a manner that the shock­
mounts of the units will rest on them. Use these strips as 
the ground and run short bond straps to them. Both ends 
of these metal strips should connect to the retracting 
device. This may mean cutting an odd-shaped strip or 
bending a straight one. Because of the large amount of 
surface present on these strips, compared to their length, 
it will appear to be a part of the airplane itself to radio 
noise.

The problem of long bond straps is solved. 
But the long, slender structures of the retracting device 
still look like long bond straps to radio noise. Fortu­
nately, metal guide rails are usually attached around the 
inner edge of the turret hole to keep the whole assembly 
from swaying. By placing steel springs on the board in 
such a position that they will rub with considerable force 
on the guide rails and running the metal strips previously 
mentioned over to these springs, a good ground at the 
lower end of the retracting device can be made. The 
whole assembly, radar units and retracting device, should 
not be at ground potential and therefore cannot give off 
radio noise.

5. On some airplanes, the turret will not be 
movable. Here, the problem of the retracting device is 
not present and the metal strips placed on the board can 
be run clear over to the airplane itself.

In many cases where mast Antenna AN-104 is 
mounted in such a manner that the mast ground terminal 
and ground strap is outside the aircraft skin, it has been 
found extremely helpful to place a ground strap inside 
the aircraft skin between the antenna coaxial transmis­
sion cable (as close to the base of the antenna as possible) 
and the skin of the airplane. This drains off all the radio 
noise energy picked up by the antenna cable, thus pre­
venting it from reaching the antenna mast. (See fig. 
4-54.)
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Figure 4-57—Use of Wire Braid Gasket

Figure 4-58—Cleaning Paint from Cover Surface
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Figure 4-56—Improved Shielding to be 
Used on All Cables

Note
Use care in performing this task so that the 
ventilation of the internal parts of the set is 
not reduced to where overheating may occur. 
(See fig. 4-55.)

Lwire braid 
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(c) SHIELDING OF RADAR CABLING.
1. If the radar cabling is not in shielded con­

duit, it is very often advisable to place it in such conduit. 
Ordinary braid is not very good for this purpose. Shield­
ing conduit of improved design should be used. Make 
certain that the conduit fits tightly to the plugs or junc­
tion boxes or the noise will leak out. (See fig. 4-56.)

2. Larger and more powerful radar sets are 
sometimes very difficult to shield. These sets handle large 
amounts of power with quick starting and stopping of 
very great amounts of current at extremely high voltages. 
This power is so great that it will radiate noise right 
through ordinary braid shield placed over cables. The 
power present is often greater than in an ignition system 
of the airplane engine. All this adds up to a very compli­
cated problem as far as radio noise is concerned, but with 
extreme care, radio noise can be handled in a very satis­
factory way in almost all installations.

3. Cracks where parts of a unit fit together that 
allow noise to leak out can be sealed by use of a conduct­
ing gasket of braid or w-ire mesh. (See fig. 4-57.)

CAUTION
Care must be taken where a pressure seal is to 
be maintained at the joint. The construction of 
some sets is such that a gasket of conducting 
material cannot be placed in the joint without 
removing the pressure gasket entirely. This, of 
course, cannot be done. Therefore, the only 
thing to do is make certain that the antenna 
and leadin wires do not pass close to the unit.

Some joints or cracks on the units where no pressure 
seal is maintained cannot have a gasket placed in them 
due to physical construction. Here, the best practice 
is to clean the contact surfaces of all paint and other 
insulating material and force the two pieces together as 
tightly as possible. (See fig. 4-28.)

(4) FILTERS.
(a) INSTALLATION OF FILTERS.—Because 

of their size and weight, it is best to try all other means 
of noise suppression before trying filters. If no other 
method will eliminate the noise, install filters in the 
leads found to be noisy when checked with a noise 
probe. Filters should be installed as close to the machine 
as possible, being sure that the ground connections are 
short and are securely fastened to a ground object.

6)

FILTER

IMPROVED TYPE RADIO 
SHIELDING CONDUIT 
OVER ALL CABLES

RADAR CONTAINER

CLEAN PAINT AT POINTS 
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Figure 4-60—Paper and Mica Capacitors 
for Wide Range Filtering

Figure 4-61—Bond Between Dynamotor 
and Receiver
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Figure 4-59—Paper Capacitor for Filtering Noise 
on Low-Frequency Bands
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1. A large paper capacitor is satisfactory for 
noise on the low-frequency bands, (fig. 4-59) up to 20 me 
while on the higher frequencies above 20 me a mica ca­
pacitor must be used. If the noise is over a wide range of 
frequencies, use both a paper and a mica capacitor. The 
paper capacitor should be a type CA-275X. The mica may 
be any approved mica capacitor. (See fig. 4-61.)

2. If radio noise comes off some of the external 
wiring bypass capacitor added to the wires suspected of 
carrying radio noise energy may help. Use bypass capaci­
tor on noisy leads. If bypass capactitors do not help, use 
filters. Always install capacitors and filters very close to 
the noisy unit, using extremely short leads.

3. Because of the very great number of wires 
coming from radar units, it is ordinarily impractical to 
try to filter each one. A bypass capacitor from each lead 
to ground may help but, because of the large amount of 
power present, this may not do the job. Always be careful 
that 110 large capacitors are placed across a-c leads or 
from a-c lead to ground.

4. In installations where the cabling is run in 
shielded conduit, some of the noise may come from the 
leads which feed 28 volts to the radar set or its inverter. 
Since this lead eventually comes out of conduit and runs 
as open wire, a filter in the lead very close to the point 
where it leaves the conduit may help. A bypass capacitor 
at this point is ordinarily not effective but should be 
tried.

5. On motors, inverters, and dynamotors, if a 
good ground on the machine does not eliminate the noise, 
try bypassing internally on the brushes. It may be that a 
bypass capacitor between the zh24-volt lead and ground 
very close to the machine will help. The leads to the 
capacitor from the machine and from the capacitor to 
ground should be very short.

6. On dynamotors, some of the noise may be 
coming from the high-voltage leads, in which case it will 
be necessary to try bypassing these leads. Be sure that the 
voltage rating on the capacitor is high enough to with­
stand the output of the dynamotor.

7. Do not place large capacitors or filters across 
the output of inverters as this will upset the power factor 
of the machine and possibly cause overloading. Small 
mica capacitors and r-f choke coils are permissible but

n(®l I®1a
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Figure 4-63—Bonding IFF Unit
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Figure 4-62—Bonding IFF Control Box

Figure 4-64—Determining Length of Wave Trap
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the IFF set or the cables to it or both. Make 
units of the IFF set are well grounded with 
resistance bond. (See figs. 4-62 and 4-63.)

CAUTION
Extreme care should be taken to keep all an­
tenna leadin wires away from all other wiring. 
Power wiring and control circuit wiring is al­
most always noisy. Do not invite trouble by 
having receiver leadins close to these noise 
sources.

It may be necessary to move the control boxes to get 
these noisy parts far enough away from receiver leadin 
wires or other radio sets, but remember to keep the con­
trols where the operator can still operate them easily. 
A bypass capacitor from the positive lead may help. By­
pass as close to the IFF as possible with a very short lead 
(under 4 inches). A filter in this lead will also help but 
try bypassing first. Make the negative lead as short as 
possible.

Intermittent squeals come from radiation from the 
IFF antenna and are picked up by the antenna of the 
radio where the squeal is heard. This may be helped by 
a "quarter wave length wave trap.” This is constructed 
by cut and tried methods as follows:

(1) Obtain either a piece of parallel two-conductor 
lamp cord or a piece of single-conductor coaxial about

sure that all 
a short low

ordinarily the output of an inverter is not a source of 
noise even though noise may show up on these leads. It 
generally originates at some other source. Using a shield 
on the leads may help. Try all other methods of noise 
elimination before attempting to work on the a-c leads.

8. If these steps do not remedy the trouble, try 
a bypass capacitor across the brushes of the machine or 
from each brush to the frame, or both. On some ma­
chines, one brush is grounded so that a capacitor from 
the other brush to the frame is all that is necessary.

c. DYNAMOTORS, INVERTERS, ETC.
(1) All dynamotors, inverters, etc. should be "run 

in” for a short period of time to be sure that the brushes 
are seating properly on the commutator and slip rings. 
Be certain that the commutator and slip rings are clean 
and not pitted. Proper methods for cleaning commutator 
and slip rings and for insuring the proper seating of the 
brushes will be found in the instruction book for the 
particular machine in question. It is necessary that 
brushes seat properly and that commutators and slip 
rings are clean and free from pitting if the machine is 
to be quiet.

(2) The dynamotor unit associated with Radio 
Receiver SCR-274 units has been been found to be a pro­
lific source of radio noise. The main reason for this is 
the poor radio-frequency ground connection between the 
dynamotor unit and the receiver unit which is largely 
responsible for this excessive radio noise. If trouble of 
this nature is encountered, it may be readily cured by 
the installation of a bond between the dynamotor and 
the receiver as shown in figure 4-61.

d. IFF SETS.—IFF sets in some airplanes cause radio 
noise. This may be harsh noise like that from dynamotors, 
clicks like those from switches, or intermittent squeals. 
The first two types are caused by noise which is mostly 
inside the airplane. It normally comes from the case of
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Figure 4-66—Airplane Passing through an 
Intense Electric Field

charge, resulting from the friction or impact between 
the plane and the particles. The airplane is generally 
charged negatively, while the particles are charged posi­
tively (just as a comb passing through the hair becomes 
charged). (See fig. 4-65.) When charge is accumulated 
on the airplane at a rate exceeding 5 microamperes, the 
potential of the airplane builds up rapidly (because of its 
low capacity) to high potentials (250,000 to 1,000,000 
volts) with the result that the extremities of the airplane, 
the antenna, the wing tips, the propeller tips, and the 
empennage go into corona. It is this corona discharge 
which generates precipitation static interference, heard 
in the headset as anything from a light ’’hash” or a series 
of pipping noises to a rushing howling racket that tears 
the ears off. The more charge accumulated by the air­
plane, the greater the corona discharge and the worse the 
racket.

(2) EXTERNAL FIELD STATIC. (See figure 4- 
66.)—When the airplane flies through regions of high 
electric-field intensity—as in the vicinity of thunder­
storms, or other electrically-active clouds (sometimes this 
electrical activity can be observed on perfectly clear days) 
conduction currents pass through the airplane. One part 
of the airplane is positive, the opposite part negative. 
The currents involved range from microamperes and can 
get as large as thousands of amperes—if the airplane is 
struck by lightning. The net result of external fields is 
the same as in snow or dust static, and the same kind of 
racket is heard in the headsets. While atmospherics are 
generated some distance away from the airplane, precipi­
tation static of the external field type is generated by 
corona discharge from the airplane itself.

(3) ATMOSPHERICS.—Often in the summertime, 
or whenever there is thunderstorm or lightning activity

Figure 4-65—Airplane Becoming Changed 
by Precipitation

12. PRECIPITATION STATIC.

a. INTRODUCTION.—The preceding chapters have 
dealt with radio interference generated primarily by elec­
trical equipment, namely generators, motors, ignition 
systems, and radio and radar equipments installed in the 
airplane. Precipitation static interference results from 
none of these. It is the result of the interaction of the 
airplane and certain kinds of weather.

b. PRECIPITATION STATIC DEFINED.—Three 
kinds of radio interference are sometimes loosely 
grouped under the heading precipitation static. They 
may be encountered separately or in any combination.

(1) CHARGING STATIC.—In flight through an 
atmosphere filled with snow, ice crystals, dust, or other 
solid particles, the airplane accumulates an electric

15 inches long. On one end skin each conductor far 
enough so one can be inserted into the "ANT” connec­
tion and the other into the ground connection of the 
radio picking up the noise. (When using coaxial cable 
always connect the outer conductor to ground.) It will 
be necessary to solder a very short piece of wire to the 
outer conductor of coaxial cable to do this.

(2) Connect this length of cord or 
receiver as mentioned above.

(3) Turn on the radio and the IFF to get the noise. 
Time the radio for the maximum noise. It may be neces­
sary to have the operator in charge of IFF maintenance 
use his test set to "trigger” the IFF in order to hear the 
noise when the airplane is on the ground.

(4) With a pair of diagonal cutters start cutting 
off pieces from the "wave trap” at the end not con­
nected to the radio set. Cut off pieces of about *4 inch 
at a time. (See fig. 4-64.) As the length of the "wave 
trap” becomes less, the noise will decrease. With the 
length somewhere between 7 and 10 inches, the noise 
will be least noticeable. If any more is cut off, the noise 
will start to increase again. When the point of least 
noise has been found, use the length of "wave trap” 
with which least noise was heard as the means of elim­
inating the intermittent squeal. The proper length will 
be different for different types of cord or cable.

IPITATION PARTICLES CHARGED
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STATIC DISCHARGER AH/ASA-3
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Figure 4-68—Static Discharger AN/ASA-3
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Figure 4-67—Position of Radio Compass Control 
Box and Azimuth Dial During Static
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Figure 4-69—Insulated Metal Frame and Thermom­
eter on the Nose of a B-17 Airplane
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Other things that may be effective in snow static are:

J. SLOW SPEED.—The rate of charge accu­
mulation increases with the third power of the speed of 
the airplane. Slowing down may reduce this charging 
sufficiently to improve reception.

somewhere in the vicinity, the radio pops and crackles. 
Radio waves are generated by electrical discharges in the 
atmosphere, often at considerable distance from the air­
plane, and are received by the radio much as any other 
signal is received.

c. REMEDIES FOR STATIC.
(1) INFLIGHT.

(a) In flight there is very little that can

Note
Do not attempt to do this if there is any chance 
of a thunderstorm nearby for the wire may 
cause a strike.

except "grin and bear it.” Some receivers are less sus­
ceptible to precipitation static interference than others. 
Atmospherics arc much less serious on the VIIF than in 
the lower-frequency range. Radio Set SCR-522, equipped 
with a noise limiter, is one of the most effective weapons 
for combating static in flight. If interference is encoun­
tered on lower-frequency receivers, switch to the VHF 
whenever possible. It will be found effective for commun­
ication in snow static and in all but the most severe exter­
nal field static. Precipitation static caused by snow can 
generally be overcome by use of the compass in the loop 
position with the loop rotated to the anti-static position, 
which means 90 degrees on the dial. The pilot can ride 
the range this way, but remember that the signal will 
fade and increase as turns are made because the loop null 
will be pointed away and toward the station when turn- 
ning. Using the loop in this manner is the best method 
of combating any static. (See fig. 4-67.)

(b) Sometimes a brief message can
—in snow or dust static—by grounding, then reeling 
out about 80 feet of trailing wire antenna. This helps 
the plane get rid of excess static electricity. In the in­
terval between the discharge and charging up again, the 
operator may be able to pick up a signal.
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Figure 4-71—Antenna Guy Wire and Tension Unit
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Figure 4-70—Secfion of Marker Beacon Antenna 
Guide Wire Insulated from the Airplane by Two 

Strain Insulators
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13. LIST OF ARMY AIR FORCES MANUALS.

Some of the principles outlined in Air Forces Manual 
No. 40 are already being used by the Army Air Forces 
and are covered in the following technical orders.

T.O. No. 16-40-2—Reduction of Precipitation Static, 
SCR-183 Series, SCR-283 Series, SCR-274N, BC-348-J, 
BC-348-N, and BC-348-0.

T.O. No. 08-40BC624-21—Modification of Radio 
Receiver for Suppression of Noise BC-624-A and BC- 
624-T2.

T.O. No. 01-1-179—General—Reduction of Precipi­
tation Static Effects on Radio Compasses.

T.O. No. 01-1-229—General—Installation of Static 
'Dischargers AN /ASA-3—Bombardment and Transport 
Aircraft.

T.O. No. AN 08-30ASA3-2.—Handbook of Mainte­
nance Instructions for Static Discharger AN/ASA-3.

Note
The foregoing procedures will alleviate but will 
not entirely eliminate noise caused by electrical 
discharges from fixed wire antenna. Efforts arc 
currently being made to provide corona resist­
ant antenna wire and corona shields for insula­
tors to prevent corona discharge at this source. 
Further useful information may be obtained in 
Air Forces Manual No. 40 "Precipitation Static” 
published by Training Aids Division, Office of 
the Assistant Chief'of Air Staff, Training, HQ, 
AAF, 1 Park Ave., New York 16, New York.

4-69) sections of antenna wire between Lwo strain in­
sulators, (fig. 4-70) or between an insulating mast and 
strain insulators, (fig. 4-71) which are not grounded to 
the airplane through associated radio equipment, acquire 
potentials different from those of the airplane proper 
and spark over to the structure of the plane, generating 
severe radio interference. These must be bonded by 
means of metallic bonding braid.

2. CHANGE ALTITUDE.—This may bring 
the plane out to the snow, ice crystal, or dust.

(c) If any of these suggestions do not help at 
one time, the next time static is encountered try them 
again. Depending on the type and intensity of the dis­
turbance, they may not help once and may help another 
time. When precipitation static is encountered be sure 
that the course and drift are known. The operator may 
lose all radio and be forced to dead reckon for long 
periods.

(2) ON THE GROUND.

(a) Most of the defense thus far evolved against 
static is passive defense. When it works, the operator 
doesn’t know because radio reception is satisfactory. 
The only time that is known where precipitation static 
has been encountered is when this defense is not satis­
factory enough. The precautions outlined below can be­
taken only on the ground. They will reduce the inci­
dence of precipitation static by raising the threshold of 
weather conditions sufficiently severe to cause inter­
ference.

1. Install Static Discharger AN/ASA-3. (See 
fig. 4-68.) Ten of these are required for a twin tail 
aircraft like the B-24 or B-25. Twelve are required for a 
single-tail aircraft. Once these are on the airplane, main­
tain them properly, as described in Handbook of Mainte­
nance Instructions for Static Discharger AN/ASA-3, 
T.O. No. 08-30ASA3-2.

2. Install a noise limiter on Radio Set SCR-522.
3. Install static leak resistors in the radio re­

ceivers indicated in T.O. No. 08-40-2, "Reduction of 
Precipitation Static—SCR-183 Series, SCR-283 Scries, 
SCR-274-N, BC-348-J, BC-348-N, and BC-348-Q.”

4. Ground all insulated metal objects longer 
than 3 inches in their greatest dimension on the surface 
of the airplane. Metal objects mounted on the plexiglas 
nose (free air thermometer, or metal framework) (fig.

ANTENNA GUY WIRE AND IENSION UNIT 
(INDICATED BY ARROW) INSULATED FROM 
THE AIRPLANE BY (A) STRAIN INSULATOR 
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